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ERRA'IA AND REVISIONS 

FUNDAMENTAL~ OF PCWER PLANT ENGINEERING 

by 

GEORGE E. REMP 

Page 9, first line after Table I:. "load" should read 
"demand." 

Page 10, second line in solution of Example 1: "lead" 
should read "demand." 

Page 11, equation in 3rd line from bottom of page:. "5.3" 
should read "5.9." 

Page 37, last paragraph on page should read: 

Make a block meter rate which will recover the fixed 
element in the first 8 kwh per customer per month; the cus­
tomer elewent in the next 15 kwh per customer per month; and 
the energy and profit elements from the excess over 23 kwh 
per customer per month. 

Page 39, load table in Example 4:. "11.2" in hours from 
6- 7 and 7 - 8 AM should read "12.2." 

Page 39,· 15th line from bottom of page: Annual fuel cost 
"$363" should read ""$3630." 

Page 39, lOth line from bottom of page:. total annual energy 
element "$10803" should read "t14070." 

Page 40, section E of Example 4 should read: 

E. Block meter rate: 

First block: 

U8730 
rate = 12(8000) 

Second block:. 

$0.195/kwh for first 8 kwh 

"f27P55 
rate = 12 (lSOOO) = $0.155/kwh for next 15 kwh 

(continued next page) 
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Third block: 

:£14070 + :£15750 
rate = 

12[365 ( 1~53 ) - 23000] 
12 

$0,091/kwh for 
excess over 23 kwh 

Page 41, section B of Exam~le 5: Total annual energy element 
":£10803" should reaa "$14070." 

Page 41, sectio~ E of Example 5 should read: 

E. Block meter rate: 

First block: 

U9148 
rate = 12(£1000). 

Second block: 

:£0.199/kwh for first 8 kwh 

. :r28235 
rate = 

12 
(
15000

) = ·ro.157/kwh for next 15 kwh 

Third block: 

:£14070 + 't15750 
rate = 

12
(
27300

) = ·:ro.091/kwh for excess 
over 23 kwh . 

Page·43, lOth lir-e from. bottom of nage: Machine shops 
"7 AM to 5 PM" should read "8 .AM to 5 PM." 

Page 44, last paragraph should read: 

(e) Set up a block meter rate which will recover the fixed 
element in the first 30, the customer eleme~t in the next 40 
and the energy and profit elements in the excess over 70 kwh 
per customer per month. 

Page 46, Figure IV-2: Designations of points ~~' and 5b 
should be reversed. 

Page 98, solution of Example 9: Last term in denowinatcr of 
"~[-1- II "C.75 [ 1 J ex~r~.ssicn for U, a. €52 30001 should read c.e52 "'i6'i'5 

Page 115, 5th line from bottom of page: "on of the" should 
read "one of the." 
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Page 136, solution of Example 1e: Last term in equation for 
M1d. •c.025 11 should rea~ •o.C38. • 

Page 150, solution of Example 20: Numerator of equation for 
· SH, •497• should read 8 4C7" and 11 0.24·[535 - 70]" should 

read 110.24[535- 70](14.e2].• Add the following note: 
See Example 24 for determination of M•• = 14.82._ 

Page 161, 5th. line from hottom of page: "~2)/4.5" should 
read 8 20(12)/4.5.• , 

Page 162, solution of Example 22-A beginning at the third 
line from the top of the page should read: 

If the superheater is disposed in two of three boiler 
passes, each rass will be 2C ft wide by 6.e7 ft deep. Then 
the area for gas flow between the superheater tubes will be 
(53- 1)(4.5- 2)(6.S7)/12 = 72.3 sq ft •. 

'!'he mass flow of gas between the tubes will be: 

291000 
= 1.12 lbs/sec/sq v, = ft 3600( 72.3) 

and, h = o. 41(1.12 r·· Bali (2048)' 0
• n• = 10.12 I (2 .0/12)' 0

• 
6111 

Then, the overall coefficient .of heat transfer is: 

u • (0.90) 
1 

2.0 1 .= 8.6$ 
_1_. + 4.0 . [0.1651 + 1.67[23"'1 
10.12 2.0 + 1.S7 12(20) o 

Superheater area is: 

50,fOO,OOO 
A = e.es(~eo) = 6800 sq ft 

Each foot of superheater tube has aa area of 2n112 = 
0.523 sq ft. '!'here will be 6800/0.523 ~ 13000 linear feet 
of tube, and the length of each element will be 13000/53 =~ 
24e feet. 

Page 1F6, solution of Exa~ple 26-A: Viscosity •z = 0.025• 
should read •z = 0.022• and Reynolds' nu~ber •r = 
1,4es,ooo• should read •r = l,f90,ooo.• 
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Page 188, solution o~ Example 26-B, add at top of page: 

~h = 0 745(0.041)(882){2.91)• • 49 ~ ft of oil 
• ~ 3.548 •" 

Page 207, Example 30, add th~ following: 

Note: The .above method of expressing entrance and erit 
losses is often used. Another method would be to expres~-­
~he entrance and exit losses as equivalent lengths of straigb 
pipe added to the fi.ttings, etc., when calculating the fric­
tion losses. 

Page 239, 12th line from bottom of page: "states in" should 
read "stated in.h 

Page 246, equation for draft produced by.& stack should read: 

Page 

R 
r, 
H:C-

-~ 

D1/H 

1 1 
h = 0.254 B R (-- -) - 1.49 X 

'l'CI T t 
to-'• !..!!...!I~ 

P r/ 
where: wt = weight of flue gas, lb per hr 

"f O.C013" for steel stacks should read "f = 0.013" 
o.ooi8" "f for brick lined stacks should read 

"f 0.018. h 

248, last part of solution of Example 34 should read: 

Then, by trial in the equation ~or stacks: 

0.8 
R 

0.00384 H- 43.4-ne-n,, 
160 170 H?O 190 200 210 

13.60 10.70 9.68 9.11 8.76 8.50 
2180 1810 1740 1730 1750 1785 

0.085 0.063 0.054 0.048 0.044 0.041 

It can be seen that the product RD.i has reached a mini­
mum at a stack height of UlO ft. This stack height by 
chance produces a diameter which falls within the stability 
range for the param~ter D,IR. 



PREFACE 

~his book is the outgrowth of the author's experienc: 
in Qperating power plants and in teaching power plant engln­
eering to students in m~chanical~ electrical and.che~ical _ 
engineering. The princ1pal port1on of the ma~er1al 1s con 
fined to steam power plants and is presented 1~ w~at t~e 
author has found to be a logical sequence, ~eg1nn1ng w1th a 
study of load curves a~d power plant econom1~s a~d progress­
ing through vapor cycles and a de~ailed exam1nat1on of the 
fundamental principles of the var1ous plant components. 
Chapters are added, as a matter of interest, on the subjects 
of the economics of load division and Diesel-electric, hydro 
-electric and gas turbine power plants. No attempt is made 
to treat the subject of power plant wiring, as this subject 
properly belongs to the field of the electrical engineer. 

The presentation of the material in this book is based 
on the assulftption that it will be -presented as a one-semes­
ter course, and that the student is familiar with the funda­
mentals of engineering thermodynamics. ~he ~uthor prefers 
the project method of presentation of problems to the student 
because he has found that the metho4 has the advantage ~f 
making it possible ~o integrate the problem~ into a whole 
which bas meaning to the student. Examples are given in the 
text in sufficient quantity and detail to guide the ·stude~t 
~n the.exe:utio';l of the projects. Only one series of pro­
Jects 1s g1ven 1n the text as an aid to the instructor in · 
prepa~ing additional projects from ~aterials out of his own 
experlence. 

In order to hew to the line of fundamentals, it has been 
found necessary to say little about the minor details of de­
sign and operation, because these only serve to obscure the 
job at hand, which is to give a broad picture of power plant 
engineering in a limited ti~e. It is expected that the in­
structor will make free use of visual aids, such as motion 
pictures and plant inspection trips, to supplement and clar:.. 
ify tpe presentatipn in the text. A bibliography of select­
ed reference~ is given at the end of each chapter for the 
benefit of those students who would delve more deeply into 
this extremely important and intensely interestirig subject. 

v 
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FUNDAMENT.LS OF POWER PLANT ENGINEERING 

CHAPTER 

IICTRODUCTION 

1. It is the function of the power ~lant engineer to 
specify the equipment for the production of power at the low­
est possible cost per unit. This function requires the un­
derstanding of the fundamentals of power plant engineering 
from the standpoint of mechanical design as well as from the 
standpoint of economics. The word s~•~if7 should be care­
fully noted. It is the function of the specialist in equi~­
ment design to supply machinery which will fit the specif­
ications of the power plant engineer. Obviously, if the 
~ower plant engineer does not have a thorough knowledge of 
the possibilities and li~itations of the machinery with which 
he is dealing, he cannot make workable recom~endations. 

2. Gro-th of Power Generation in the United Stetes••Un­
til Tho~as A. Edison built the Pearl Street Station for the 
New York Edison Company in 1880, very little power was pro­
duced in the form of electricity. Most of the ir.stal1ed 
power machirery was in the fer~ of steam engi~es of various 
specialized types in ~ills and mines. Some hydro power was 
utilized ir. mills located at the sites of the water wheels. 

Before the turn of the century, the largest and most 
efficient steam power ~lants we~e found on ships. At about 
this ti~e, however, the large central steam-electric station 
became a necessity and it was not long before these stations 
surpassed the marine power plant in both size and efficiency. 

The growth of the power ir.dustry in the United ·states 
has been phenomenal. A study by the Twentieth Century Fund 
has shown conclusively that the rise in our standard of liv­
ing has paralleled the rise in the utilization of power. 
Figures I-1 through I-3 show some import~nt data on the growth 
of the power industry in the United States and· the increase 
in our standard of living during the sa~e period, with an 
extension of the electric production and installed capacity 
curves to 1960 to correspond with the Twentieth Century fund's 
predictions. 

3. l~proveaent in Therael Efficiency of Stee• Power 
Pltnta••Examination of the data on growth of the power indu~ 
try is not sufficient to show the contributions of the engin­
eer. The engineer's contribution bas been the continual i~~ 
prover.ent in thermal efficiency of the power plant. Figure 
I-4 1hows this improvement in terms of British thermal units 
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per kilowatt-hour for plants ~n the United States. It will 
be seen that the rate of improvement has appa~ntly reached 
a minimum, and truly it seems that it is impossible to fur­
ther i~prove our steam power cycles. The end of the engin­
eer's contribution is not yet in sight, however. Binary 
vapor cycles have been proven practicable and thermal eff­
iciency improvements up to 50 per cent will be seen in the 
not-too-distant future. Power from nuclear fission may some­
day become economical when cheaper .sources of energy become 
exhausted or so scarce as to be more valuable as raw mater-
ials for chemical syntheses. . · 

'· Progress in Hydro and Internal Combuatien Power--Fig-
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ure I-1 showed that the larger part of the nation's power 
production has been obtained from steam power ~lants, and it 
is likely that such a relation will continue so long. as fuels 
are easily obtainable. Hydro plants at present provide 
slightly more than half as much power as steam plants, and 
they are not likely to improve their relative position very 
much in the future due to the decreasing availability of 
suitable dam sites. A good example of maximum utilization 
of hydro power possibilities is to be seen in the install­
ations of the Tennessee Valley Authority which has 26 dams 
in the more than 1000 miles of the Tennessee River and its 
tributaries. The TVA, as well as any other well designed 
hydro system, makes use of steam power plants as auxiliary 
power sources during the annual dry season. 

In Figure I-1, internal combustion engine plants have 
been included with steam plants because the power produced 
by the internal combustion engine plants is somewhat less 
than one per cent of the total production. It must not be 
concluded, however, that the internal e'Ombustion engine plant 
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is insignificant, because there are locations where condit­
ions are such tha~ steam power plants would be impractical. 
As a general rule, where the tctal load is less than about 
7,500 kilowat:ts the Diesel-generator plant will be found to 
be most economical. 

5. Power Systems--Due to the fact that larger ~ower 
plants can produce power II!Ore cheaply than small plants, we 
have the central station rather than individual power plants 
for each consumer. The problem of supplying power to the 
consumer from the central station gives rise to a rather 
complicated system of transmission and distribution lines. 
Figure I-5 shows the elements of a power system which in­
cludes a power plant and a primary and secondary distribu­
tion system. The secondary distribution system is always 
existent in any power system, but the primary distribution 
(sometill!es called transmission) syste~ may or may not be 
present depending upon the distance between the power plant 
and the area which it is to serve. The complexity of the 
secon~ary distribution system depends upon the types and 
sizes of the loads served. Figure I-6 shows a schematic 
wiring diagram for a typical power system with the varicus 
voltages used in present practice. The voltages selected 
for a particular system will depend largely on the distance 1 
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to be covered and the type of loacf to be supplied. 

&. Public Utility Organizatlon'--At the present time in 
the United States there are three classes of utility busi­
nesses: 

1. Private utilities. 
2. Municipal utilities. 
3. Federal utilities. 

Gener­
ator 

High Tension 
Transmission 

Volta~e 

System 

·substa. · 
Secondary 

Voltage 

"System 

Service 

Voltage 

Pit• 1•1. A trplcel pnuer •r•t••· 

-------------------------------------------------
~ "Pahllc atllltr" I• the aenerlc tera fnr utllltlee of all 
c I • a • • •. 
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11.0 13.8 22.0 110 .o 1 • 
22.0 33.0 132.0 13 ·8 

22.0 

~ 
I r{] 
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110 
220 
440 

2300 

r11• 1·1• Wlwlne dlaewaa fow a typical powew ayatea. 

Pri~•~• uti,ities are almost always incorporated and are 
usually a part of a very complex organization called a hold­
ing company. Briefly, the holding company owns all or a 
majority of the common stock of a number of subsidiary power 
c9mpani1:1s, known as operating companies. The comn;on stock 
of the holding company is usually held by the public, but a 
few individuals may hold sufficient of the comn;on stock to 
exert ~ffective control of the whole holding company system. 
Ordinarily the comn;on stock in any corporation amounts to 
only 40 to 50 per cent of the capitalization, therefore it 
is possible by pyramiding through sub-holding companies for 
a few individuals to control huge enterprises. This is not 
to say that the holding comrany system is undesirable from 
the theoretical point of view, because it is possible to ef-

. feet great economies in equipment purchasing and in the fur­
nishing of engineering services with an organization of this 
type. The Public Utilities Holding Company Act of 1934 was 
intended to break up these large -aggregations of power com­
ranies, and it ~as had some success to date with several 
which had been in particularly vulnerable positions due to 
mismanagement. 

Mu~i~i~•' uti&ities are operated by municipal governing 
bodies for the benefit of the citizens of the municipality. 
Financing is obtained by the sale of either bonds or revenue 
certificates. Revenue certificates encumber only the future 
income of the system and usually do not require a property 
owners referendum for their authorization. Municipal utility 
financirig lately ha~ been largely accomplished with revenue 
certificates.-
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Fathrd vtHHi·u do not usually sell power directly to 
the consumers but lfholesale it to municipaliUes, private . 
utilities and rural electrification cooperatives. State 
governments are compensated fqr loss of tax revenues by pay­
•ents in lieu of taxes which would have been collected from 
the former owners of lands which have been permanently 
flooded by storage reservoirs which are necessary for most 
hydroelectric plants. These payments are sometimes claimed 
to be inadequate by the States which receive them. 

BIBLIOGRAPHY 

Anon., "Interconnection of Electric Systems," Posar Pl•~t 
E~ri~••riwg, May, 1926. 

Annual Statis~ical Numbers, Elactri~4l ~orld. 

Benton, Harry W., •Power Use and Ruman Progress," Po~•r 
Phd E.~riwaari?at 1 January, 1931. 

Frank~ ~len~, •!ower," the Background of Our Present~ay Civ-
11lzat1on, lsch•~i-c•l E~tiJJnri~g, April. 1928. 

Vowles, H-. P., and Vowles, M. W ., Th·a 'vast for Po .. ar fro• 
Pr-ahistoric 7'i••s to tlra Pri!S'Iwt D•,, Chapman and Hall, 
London, 1932. ' 



CHAPTER II 

LOAD CURYE"S 

1. Before an attempt is made to design any type of power 
plant, whether a new installation (quite rare) or an extension 
to existing facilities, it is necessary to make an exhaustive 
analysis of the load which the plant is to serve. This 
analysis must take into account the various types of loads, 
their probable maxiuum demands and their geographic location 
in relation to the plant. Other items for consideration 
would include a decision as to the relative priority for 
maintenance of service during an emergency and provision for 
future growth of load. 

8. De•and and Diversity--Consideration of the problem of 
providing adequate plant capaciti for a given situation will 
show that in very few cases will it be necessary to provide 
capacity to serve everi electrical device in the system at 
the same time. Engineers have developed two statistical fac­
tors to deal with this ·fact: the demand factor and the di­
versity factor. 

. .. . D•••11d tutor expresses as a fraction the probability 
that any. one customer will require full. rated· power for any 
particular class of service at any given ~oment, or during 
any given period of time. The periods of time are not stand­
ardized, but usually are taken as fifteen or thirty minutes. 
Expressed as an equation, the demand factor is the maximum 
load demand in kilowatts during a given reriod for a partic­
~lar class of service divided by the total rated load in 
kilowatts for the same class of service, or 

actual maximum demand in kw 
f =-------....,-----,-__,.-

d total connected load in kw 

Dive~sity J•ctor expresses as a fraction the probability 
that any nu~ber of customers will require the maximum demand 
for a particular class of service at the same moment. Ex­
pressed as an equation, the diversity factor is the ratio of 
the maxi~um demand in kilowatts for a class of service meas­
ured at the point of supply, to the sum of the individ~al 
cust?mers 1 maximum demands in kilowatts for the same class of 
serv1ce, ?r 

maximum deman~ in kw at point of supply 
f' = ~~~~~~~------~-~-~~~~ 

d & individual maximum demands in kw 

8 
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Table I gives the generally accepted demand and diversity 
factors for a number of classes of service. 

TABLE I 

DEMAND FACTORS 

Residence Lighting 
Commercial Lighting 

General commercial· lighting 
Restaurants, stores, offices 
Theaters 
Schools and churches 
"Hotels 
Hospitals 
Warehouses 

General Power Service 
Less than 10 hp 
10 to 20 hp 
20 to 100 hp 
Over 100 hp 

DIVERSITY FACTORS 

Residence Lighting 
Commercial Lighting 
General Power 

Between Between 
Cust. Trans. 

0.30 
0.70 
0.70 

0'.75 
0.75 
0.75 

0.50 

0.80 
0.70 
0.60 
D.55 
0.50 
0.45 
0.40 

0.75 
0.65 
0.55 
0.50 

Between Between 
Fdrs. Substa. 

0.85 0_.90 
0.85 .0.90 
0.85 0.90 

Example 1 shows the use ofde~Jand diversity factors 
in the determination of the capacity of the various compon­
ents of an elementary power system such as is shown in Fig­
ure II-1. 

Exa11ple I. 

A rower plant surplies energy to a town through a pri­
~ary distribution system consistirg of a transmission line 
and three substations. Substation A serves a residential 
district through two feeders and five transfor~ers; Sub­
station B serves a com~ercial district through two feeders 
and five transformers; and substation C serves an industrial 
district through three feeders and four transformers. In-
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-
••. c • • f .• b l I • I • • • . . • w • • • ., • • ,. • 

•••• II • 1. Ble••nt•r• ••••• ·~It ••, 

dividual customer connected loads are as follows (Refer to 
Figure :II-1): 

a. 3 kw j. 1E kw {theater) t. 10 hp 
b. 2 kw k. 20 kw (restaurant) u. 50 hp 
c. 5 kw 1. 1? kw (store) v. 35 hp 
d. 4 kw m. 2fi kw (warehouse) "· 2 hp 
e. 6 kw n. 20 kw {school) x. 100 hp 
f. 7 kw o. 26 ,kw (hospital) "'· 40 hp 
g. 5 kw P•. 15 kw (office·) z. 60 hp 
h. 10 kw q. 18 kw (store) 
i. 8 kw r. ~5 kw (store) 

B • 40 kw (hotel} 

Determine the rating of each transformer, feeder, sub~ 
station, transmission line section; and the probable maxi­
mum demand on the power plant. 

·Solution·: 

1. reter~ir.e the probable ~aximum.kilowatt demand for 
each.· custc.mer by applying the <hmanclfactor appropriate for 
each case, as follow~: 

.. a. 

b. 

c. 

d. 

3(C.E)=l.5 kw j. 1B(0.60)= 9.0 kw t. 

2(0.5)=1.0 kw k. 20(0.70)=14.0 kw u. 

5(C.f)=2.5 kw l. 17(0.70)~11.9 kw v~ 

4(0.5)=2.0 kw m. 25(0.a0)=10.0 kw w. 

10 (0 .65 )(O. 746) 
+ 0.80 = 6.1 kw 
50(0. f5)(0. 746) 
+ 0. 80 = 25 • 7 kw 
~f (0 .55)( c. '146·) 
+ 0.8C = 18.0 kw 

2(0.75){0.746)' 
+ 0.80 = 1.4 kw 
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e. 6(0.F)=:?.O kw n. SO(O.EF)=1.6.5 kw x. 100(0.F5){0.748) 
+ o.eo = f1.3 1rw 

f. 7(0.5)=2.5 kw o. 26(0.45)=11.7 kw y. 40(0.55) (C.746) 
+ 0.80 = 20.13 kw ,. f(C.5)=2.5 kw p. lf(0.70)=10.5 kw z. 6C(0.5f)(0,746·) 
+ o.ec = :?o.e b 

h. 10(0.5)•=F.O kw q. 18:(o. 70 >·=12 .6 kw 
Note: Motor eff-

i. 8(0.5)=4.0 kw r. :?5(0.70)=24.5 kW iciency estimated 
8(} per cent. 

s. 40(0.50) =20.C kw 

2. Determine the kilowatt r~ting of each transformer 
by ap~lying the aprropriate diversity factor for consumers, 
as follows·: 

at 

1. (1.5 + 1.0)(0.30)=0.75 kw 
2. (2.5 + 2.0)(0.30)=1.35 kw 
:?. (2.0 + 3.5)(0.30)=1.95 kw 
4. (2.5)(no div.) =2.50 kw 
5. (5.0 + 4.0)(0.:?0)=2.70 kw 
6. (9.C +14.0)(0.70)=16.1 kw 
7. (11.9+10.0)(0.70)=16.3 kw 

8. 
9. 

10. 
11. 
12. 
13. 
14. 

(16.5+11.7}(0.70}=19.8 kw 
(10.5+12.6}(0.70)=16.2 kw 
(24.5+~0.0}(0.70)=31.2 kw 
(6.1 +25.7){0.70)=22.2 kw 
(18.0+ 1.4)(0.70)=12.6 kw 
(51.3)(no div.) =51.3 kw 
(20.5+30.8)(0.70)=35.9 kw 

3. Determine the kilowatt rating of each feeder by 
applying the dlversity factor for transformers, as follows: 

D. (0.7f + 1.35)(0.75) = 1.58 kw 
E. (1.95 + 2,50 + 2.70)(C.75} ~ 5.36 kw 
F. (16.1 +. 15.:?)(0.75) = 23.6 kw 
G. (19.8 + 16.2 + :?1.2)(0.75} = f0.4 kw 
H. (22.2 + 1:?.6)(0.75) 26.8 kw 
I. (51.3Hno div.) 51.3 kw 
J. (?E.9)(no div.) 35.9 kw 

4. Deteru.ine the kilowatt rating of each substation 
by· applyin~ the diversity factor for feeders, as follows: 

A. (1.58 + E.:?6)(0.e~) 5.9 kw 
B. (23.6 + 50.4)(0.85) = 63 kw 
C. (26 .8 + 51.:? + :?5 .9 )(0.85) = 97 kw 

f. retermine the probable maximum de~and on the power 
plant by ap~lying the diversity f~ctor for substatio~s, as 
follows: 

(5.9 + 63 + 97)(0.90) = 149 kw 

It will be obvious from the p·receeding analysis that 
the ratin~ of an1 component of the system will never be _less 
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than the probable maximum demand of the largest eom~cnent 
served by it. For example, transfor~er 1 would of necess­
ity have a rating of t.f kw in spite of the mathematics 
which indicates that the rating is 0.75 kw. However, as 
the size of the system increases, the behavior of the sys­
tem approaches the statistical ideal and these irration­
alities disappear. 

9. Load Curves--The foregoir-g discussion of demand and 
diversity factors indicates that a constant load cannot be 
expected for any actual power plant. This indication is 
found to be true, and furthermore, it has also been found to 

·be true that systems serving approximately the same classes 
of'loads anywhere will have approximately the same type of 
load curves. For example, industrial plant load will show 
flat-topped curves.with sharp drops at the time of shift 
changes and at meal times. Utility plant loads will show a 
minimum during the night; a minor and somewhat flat-topped 
peak during the morning; a sharp drop at noon; and a sharp 
peak in the early ev~ning .. These characteristics are shown 
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in 'igures II-2 and II-3. Load curves of these types can 
easily be synthesized if the character and size of the loads 
of various classes along with the time of their demands are 
known. 

Other types of load curves.can be drawn in addition to 
the daily load curves. For example, the daily maximum loads 
may be plotted to give an annual peak load curve. This type 
of curve is useful in deciding upon the best .time during the 
year for scheduling major plant maintenance operations. The 
yearly maxi•um loads may be plotted to give a load growth 
curve. This type of curve will give information as to when 
it •ill be necessary to increase plant capacity. These two 
types of curves are used most frequently with the public 
utility plant because electric power is the primary product. 
The industrial plant will make use of similar curves with 
units of production, such as tons of steel, for ordinates 
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rather than kilowatts of load. In the ordinary industrial 
plant power is not a salable commodity. There are cases, 
however, where industrial plznts have arranged to sell power 
to public utilities, and vice versa, when.the peaks in the 
two types of operations do not coincide. Figures II-4 and 
II-5 show typical annual peak and lead growth curves fo·r a 
public utility. 
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J'l•• 11·4• Annual peak load curve for public utllltJ', 

The daily lead curve or the annual reak load curve may 
be plotted in a form known as the load duration curve. This 
curve is plotted with time units as abscissa and load as ord­
unate, such that any point en the curve gives the total time 
for which the particular lead was in demand. Figure II-8 
shows a typical daily load duration curve for a public util­
ity. It will be noted that since power output is the Iroduct 
of load and time, the area under the load duration curve is 
the same as under the load curve. 

Example 2 shows the method of synthesis of a daily load 
curve for the elementary power system of Example 1. 
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Exa111pte 2. 

The various loads in the town of Example 1 are to be 
expected at the following times: 

Residential load': 
10 o/o 

100 o/o 

Commercial load·: 
· Theater, j 

Restaurant, lc 

Stores, 1, q, r 
Offices, p 

Schools, n 

all day 
6 AM to 9 AM 
4 FM to 8 FM 

11 AM to 
6 .AM to 

· 11 .AM to 
5 ·FM to 
9 AM to 
9 .AM to 
1 •FM to 
9 .AM to 
1 FM to 

11Ftf 
9 .AM 
2 Bl 
9FM 
6 Hoof 

12 N 
6FM 

12 N 
4Hol 

IS 
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Hospitals, o 
10 o/o all day 

100 o/o 9 AM to 5 FM 
Warehouses, 111 6 AM to 6 PM 
Hotels, s 

10 o/o all day 
100 o/o 7 AM to 10 FM 

Industrial load: 
25 o/o all day 

100 o/o 8 AM to 12 ~, 

1 FM to 5 Ft.! 

Usin~ the demand and diversity data from Exa~ple 1, 
set up a load table and plct an expected daily load curve. 
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~elution: 

LOAD TABLE 
kw 

Service Con. fd f' f~ f~ f' max. d suC. dem. load cons. trans. fdrs. 

B 3 kw 0 EO 0.30 0.75 0.85 0,90 0.26 
b 2 kw " • " • 0.17 

5 kw n II II n C.43 c 
d 4 kw .. " " " 0.34 
e 8 kw II " " II 0.~2 

f 7 kw n II II II o.ec 
g 5 kw 1.00 II " " 1.44 -h 10 kw 0.:30 " " " o.ee 
i 8 kw • II n II 0,89 

j 15 kw 0,80 0.70 0,75 0.85 0,90 3.81 
k 20 kw 0,70 " " II 5.82 
1 17 kw 0.70 " II II 4.78 
m 25 kvt 0,40 H n· n 4.01 
n 30 kw 0.55 " n II 6.e3 
0 28 kw 0.45 II n II 4.70 
p 15 kw 0.70 II II " 4.21 
q 18 kw C.70 n II " 5.06 
r 35 kw 0.70 II n n 9.85 
s 40 kw 0.50 n " II 8.04 

t 10 hp 0.85 II II " n 2.43 
u 50 hp 0.55 II " n II 10.28 
v 35 hp 0,55 II " " n 7.21 
w 2 hp 0.75 II n II 'n 0.56 
X 100 hp cJ .55 1.00 1.00 n n 39.30 
y . 40 hp 0.55 0.70 II " n 11.00 
z 80 hp 0.55 II II n n 16.£0 

Serv. MN-lAM 1-2.AM 2-3.AM ~4.AM 4-5.AM 5-6 .AM 

Res. 0.53 C.53 0.53 0,53 0.53 0 •. 53 

j 
k 

l,q,r 
m 
n 
0 0.47 0.47 0.47 0.47 0.47 0,47· 
p 
s 0,80 0.80 0,80 o.so 0.80 0,80 

Ind. 21.70 21.70 21.70 21.'70 21.70 21.70 

Total 23.50 23.50 23.50 23.50 23.50 23.50 
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'Serv. 6-7.AM 7-B.AM 8-9.AM 9-10AM 10-11AM 11-12N 

Res. 6.31 6.31 5.31 0.53 0.63 0.63 

j 3.61 
k 5.82 5.62 5,62 6.62 

.l,q,r 19.89 19.69 19.6.9 
m. 4.21 4.21 4.21 
n 6.63 6.63 6.Ei3 
0 0.47 0.47 0.47 4.70 4.70 4.70 
p 4.01 4.01 4.01 4.01 4.01 4.01 
s 0.80 8.04 8.04 8.04 8. 04 8.04 

Ind. 21.70 Ol1.70 86.78 86.78 . 86.78 86.78 

Total .37 .91 37.91 110.23 134.59 134.59 143.82 

Serv. 12-1PM 1-2PM 2-3PM 3-4PM 4-5PM 5-6 PM 

Res. C.53 0.53 0,53 0.53 5.31 5.31 

j 3.81 3.81 3.61 3.61 3.61 3.61 
k 6.82 6.82 5.62 

l,q,r 19.e9 19.69 19.89 19.69 19.69 19.69 
m 4.21 4.21 4.21 4.21 4.21 4.2+ 
It 6.63 6.83 6.63 
0 4.70 4.70· 4.70 4.70· 4.70 o:47 
p 4.01 4.01 4.01 4.01 4.01 
s 8.04 8.04 8.04 8.04 8.04 8.04 

Ind. 21.70 86.78 86.78 86.78 86.78 21.70 

Total 68.20 143.82 138.20 138.20 136.35 72.66 

Serv. 6-7PM 7-.8PM 8-9PM 9-10PM 10-llPM 11-MN 

Res. 5.31 6.31 0.53 0.53 0.53 . 0.53 

j 3.61 3.61 3.61 3.61 3.61 
k 5.ti2 5.82 6.62 

l,q,r 
111 
n 
0 0.47 0.47 0.47 0.47 0.47 0.47 
p 
s 8.04 8.04 8.04 8.04 0.80 0.80 

Ind. 21.70 . 21.70 21.70 21.70 2}..70 21.70 
., 

Total 44,75 44,76 . 44.75 34.35 27.11 23.50 
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10, Factors Used in Operation Analysis--Due to the var­
iability of the load on power systems, it is seldom that a 
plant operates at its ultimate capacity continuously. In 
order to express the power output of a plant in terms that 
are easily-analyzed, several factors have come into use, 

Load facto~ is the average load during any specified 
time divided by the peak load of any specified duration. 1he 
average load may be taken over a day, month or year, and the 
peak load duration may be taken as fifteen or thirty minutes 
or one hour. For t.he most common case of daily load· factor: 

total ~eneration for day in. kwh 
f' = 24[maximu~ demand in kw sustained for one hour] 

Ca~acity facto~ is the total power production for any 
specified time divided by the product of the installed cap­
acity ti~es the length of the specified period. For the most 
common case of daily ca~acity factor: 

total ~eneration·for daz in kwh f = . . 
c 24[installed capacity in kw] 

·o,. futo~ is the total power prcduction for an;v given 
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· time divided by the summation of the products of the hours 
operated times the installed eapacity for each machine. For 
the most common case of daily use factor: 

f = total generation for day in kwh 
v E[(hours operated)(capacity of machine in kw)] 

II. Determination of Size of Ec!uipment--'rhe problem of 
variable load and the necessity for insurir.g continuity of 
service are the two factors which have the greatest influence 
in the selection of equipment for a power plant. It has 
been seen that the plant must have a capacity sufficient to 
carry the maxi~um demand, but it is almost never the case 
where only one generating unit is selected to meet this de­
mand. It is much more usual to select two or ~ore units for 
the installation. Examination of Figure II-8 will show why 
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this is the case. Power generating equirment design involves 
many compromises, especially when the equipment is e~pected 
to operate with variable load, and the usual result 1s that 
the thermal efficiency of the machine is at its m.aximum be­
tween three-fourths load and full load, with the efficiency 
falling as .the load increases or de.creases beyond this range. 
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It can be seen, then, that for maxi~um operating eff­
iciency the machine should operate at or near its rated load. 
This means that the usual plant will have more than one 
machine, and they may very well be of different sizes so 
that maximum efficiency could be approached at all loads. 
Such an ideal case is never the most economical, however, 
when the complete picture is considered. It is a fact that 
as the size of the machine increases the thermal efficiency 
at full load increases and the cost per kilowatt of install­
ed capacity decreases. Economies in investment can also be 
made by installing duplicate machines wherever possible. 

Continuity pf service and ability to meet unusual con­
ditions require that: 

1. In order to insure against breakdown in equipment, 
reserve idle capacity must be provided equal to 
the capacity of the largest machine in the' plant 
or system. · 

2. In order to insure against inability to meet audden 
~nusual demands, spinning or active reserve capacity 
must be provided, usually to the extent of about 
26 per cent of the demand at· any time. · 

The following criteria are useful in the examination of 
a proposed design, or will be of help in selecting equipment 
to fit a particular situation: 

1. The total plant investment per· kilowatt of capacity 
must be at the minumum, or it must be demonstrated 
that the sum of the operating costs and fixed charg­
es are at the minimum. 

2. Capacity and use factors for the plant must· be at 
the maxi~um consistent with adequate idle and spin­
ning reserves and with leeway for growth of load. 

Similar considerations apply to the selection of boiler 
and other equipment in the plant. Each major item of equip­
ment should be subjected to a critical analysis in order to 
determine the most economical combination. 

ixample 3-A shows the method of selection of machines 
for the installation considered in the elementary power sys­
tem of Example 1 and Example 3-B shows the method of selec­
tion of machine sizes to fit an extension of a lead growth 
curve. 
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Eu11ple 3-A. 

The tQwn of Examples 1 and 2 is to be served by a 
Diesel-electric plant. Available generator sizes are: 25 
kw, 50 kw, 75 kw and 100 kw. Select a unit or units which 
will give the maximum use and capacity factors consistent 
with required reserves. Set up an operating schedule for 
the plant. · 

Solution:- -

Since th~ peak load is almost 150 kw, provision for 
adequate spinning reserve would dictate an assured plant 
capacity of at least 185 kw to care for present needs. This 
capacity would necessitate the use of at least two machines 
in addition to a spare machine for assuring plant capacity. 
Possible combinations are: (a) 3- 100 kw (one spare); 
(b) 5- 50 kw (one spare); (c) 1- 25 kw, 1- 50 kw and 
2- 100 kw (one spare); and (d) 2- 50·kw and 2- 75 kw (one 
spare)·. Capacity factors for these combinations would be: 

(a} f = 1652.7 
0.229 c: 24(:300) 

(b) and (d) f = 
1652.7 

0.275 
24( 2SO~ = c: 

(c) f = 
1652.7 

0.250 c: 24(275) 

On the basis of capacity factors alone, (a) could be 
eliminated from further consideration, although some lee­
way would be provided for future .growth of load. However, 
(b) offers the same leeway with a higher capacity factor, 
and (c) and (d) offer high capacity factors with no leeway 
for growth. From this analysis, then, (c) and (d) are 
eliminated and the next step is to investigate the use fac­
tors. Load factors are determined after setting up oper­
ating schedules as in Figure II-9. These schedules with use 
factors are: 

(a) 1- 100 kw on 24 hours 
1- 100 kw on 7:30 AM, off 6:30 PM, 11 hour.s 

1652.7 
f" = 24( 100) + 11(100) 

= 0.472 

1 -50 kw on 24 hours 
1 - 50 kw on 7:30 .AM, off 6:30 PM, 11 hours 
2- 50 kw on 7:30 AM, off 5:30 PM, 20 hours 
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1652.7 
f" = 24 ( 60) + 11 ( 60) + 20 ( 60 ) 0.602 

Then, from the standpoints of maximum use and capacity 
factors and leeway for growth, combination (b) consisting of 
6- 60 kw machines would be selected. Additional advant­
ages would be realized in the purchase and maintenance of 
identical units. 

EXIIIIP le 3-B. 

The power plant whose load growth curve is shown in 
Figure 11-5 bad a net assured capacity (total plant capacity 
less the capacity of the largest machine in the plant) of 
49,000 kw in 1945. At this time the peak load was 60,000 kw 
which necessitated operation with practically no reserve 
capacity. An order for a 15,000 kw machine had been placed 
in 194~. but, due to wartime conditions, the plant extention 
was not placed into operation until 1946. Another 15,CCO kw 
machine was ordered in 1945 and was seheduled for operation 
before the 1948 peak load. In 1948 the net assured capacity 
of the plant was 79,000 kw and the peak load was 66,000 kw. 
At ~hi~ time it was decided to plan for future load growth. 
The load growth curve was projected and it appeared that the 
peak load would equal the plant net assured capacity in 
1954. It was decided to order another 15,000 kw unit to op­
erate initially in 1962, and indications were that the plant 
net assured capacity would then be sufficient until about 
1960. It was also decided that the situation would· be re­
surveyed in 1955 with the view of retiring sowe of the older 
machines which had been operating since 1920. 
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CHAPTER Ill 

ECONOMICS OF POWER PRDDUCTI~N 

12. Power Plant Income--The public utility derives its 
incorue directly fro~ the customers it serves, while the in­
dustrial power plant usually receives its operating funds from 
the revenues of the company of which it is a part. 

It can be seen, after some thought, that the public 
utilitJ company's charge, or rate, f•r electrical service to 
its customers must include an element to pay for the 1abor1 
materials and fuel, an element to pay for the cost of the 
necessary machinery, and an element which represents the in­
vestors' profit. Furthermore, since industrial customers 
usually supply a higher type of load than domestic customers, 
the industrial customers are usually aceorded a more favor­
able rate than the domestic customers. These considerations, 
when coupled with the inevitability of daily and seasonal 
demand fluctuations, result in a somewhat complex rate struc­
ture for a public utility. 

The industrial power plant is not usually faced with the 
problem of setting a rate for its power. The present method 
of cost accounting in industry takes only the average ann­
ual cost of power per unit of production for the determin- . 
ation of the power element in the cost of the manufactured 
product. This may not be a fair method of accounting if the 
ir.dustry suffers from seasonal reaks, but, on the other hand, 
it is only the net annual profit for the industry which is 
significant. 

In spite of the tremendous growth of the manufacturing 
industries in this country, the domestic customer-supplies 
the greater part of the public utilities' revenue. Figure 
III-1 shows the growth of load and decrease in cost per kilo­
watt-hour for domestic customers. The engineer's contrib­
ution can be seen clearly in these curves. Increasing eff­
iciency, as seen in Figure I-4, has made lower rates poss­
ible, which in turn has made it possible for customers to 
ir.crease their use of electricity. It should be noted that 
the trend of rates has been continually downward in spite of 
the fact of creeping ir.f•lation which has been reducing the 
reel value of money. 

13. Public Utilities as Monopolies--It does not take 
careful consideration to arrive at the conclusion that a ser­
vice such as electric power can be supplied most econo~ic-
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ally by only one company operating within a given area. Any 
other arrangement.would be wasteful and even inconvenient. 
Consider, for example, the case of a large city which has 
two telephone companies competing in the same area.. Obvi­
ously, the customer is being made to pay for two systems 
where one ·-..ould be sufficient. The public utility, then, 
takes on the character of a monopoly, but abuses are prevent­
ed, .in the case of private ownership, by the necessity of 
obtaining a renewal of its permit to do business (or t~•8-
chi•se) at intervals of time. Franchise granting agencies 
always reserve the right to purchase the utility at the end 
of the franchise period, or to grant a new franchise. Fur­
ther insurance against abuses is provided by regulation by 
val;'ious public utility commissions, local, State or Federal. 

The munici~al utility has no such restrictions upon it, 
and the rates charged may or may not include an element of 
profit. Most cities which own and operate their own power 
systems do include an element of profit which is intended 
to make it possible to charge lower ad valorem property tax­
es. This' method of collecting taxes for municipal operat- · 
ing expenses is based on the theory tpat taxes will receive 
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the least opposition from the public when they are spread 
out in small payments attached to some widely used commod-
ity. . 

1~. Retes--Any rate for power should be examined with 
the following criteria in mind: 

1. Fairness--Rates should distribute costs in accord­
ance with the variability of the customer's dem&nd. 

2. Simplicity--Rates, esrecially domestic, should be 
as si~ple as possible in order to avoid antagonism 
from the public. 

3. Cost--The outlay for metering etlipinent and accountr 
ing machinery should not be so great as to increase 
costs to a greater amount than can be paid for out 
of increased revenues fro~ more complicated rate 
structures. 

Every rate charged the cons~mer of electrical energy 
contaiDs the following elements: · 

1. ii%•d •'•••~t is the elemeni of cost which is pres­
ent in the system ·operation whether or not energy 
is produced. 

2. E8e~gy •l•••~t is the element of cost which is pro­
portional to the amount of energy produced. 

3. Y4~i40t• lo4d •'•••~t is the element of co~t which 
is due to·the character of the load served. 

4. Cvsto .. ~ •h••at is the element of cost which is 
proportional to the number of customers .. 

5. r~~•sto~s' ~~ojit is the el~meftt af cost which goes 
to reimburse the investor for the use of his cap­
ital. 

15. The Fixed Element--The fixed element of the cost of 
producing power is the sum of the following factors: 

1. Capital cost of the power plant. 
a. Real estate. 
b. ·Building and machinery. 
c. Cost of construction. 
d. Engineering fees .• 

2. Capital cost of primary distribution or transmission 
system. 
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a. 
b. 
c. 
d. 

Cost of easements or right-of-way. 
Cost of line and substation e~uipment. 
Cost of construction. 
Engineering fees. 

3. Interest, taxes and insurance. 

4. Depreciation of buildings and equipment.& 

5. Sirkin.!! fund contributions. for bond retirement . 1 

6. Cost of management. 

7. Capitalized maintenance, or the cost of general 
maintenance required whether or not power is pro-
duced. · 

Estimating the capital cost·of a power plant is a rather 
difficult J:roblem. due to variations in such factors as lo­
cation, availability of labor and materials and size of plant. 
Table II in connection with. Figure :111-2 may be useful in 
making a first approximation. The lower figures in Table II 
apply to·larger plants. 

In the final analysis, the only way to prepare an acc­
urate cost esti~ate is from manufacturers' and contractors' 

'bids after the general layout of the plant has been deter­
mined. 

If the plant is not situated within very close proximity 
to the area which it is to serve, a primary distribution sys­
tem will be necessary. This system should be laid out to 
carry the expected load of the plant, therefore its cost will 
be proJ:·Ortional to the caJ:acity of the plant and to the dis­
tance. over which the lines extend. .It is almost impossible 
to give any figures as to cost per mile for transmission 
systems because of the n:any ~actors, ·nch aa type cf terrain 
and size of conductors and carrying capacity, that enter 
into the cost. However, for purposes of estimating very 
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tbe eeot. loaotlaeo • depreclotlon reoerwe lo olao Included 
te pw·oaldo for roploeeaont of oqulpaent when It becoaeo ob• 
••Iota, b•t ••r• often • •••11 r•••r•• le ••lntelned for aln­
or ••••••••••t• oal.,, and wbaa ··•Jor l••r••••••t• •r• requlr• 
ad b•••• or ••••••• certlfleatee are eold. 

,Tbo priaoto utlllt~ •I••~• lncludoo • doprociotlon reaerwe 
Ia tho floed oloaont of the coot, bat lt lo expected to pro• 
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!'ABLE II 

APPROXIMATE POWER PLANT CA·PITAL COSTS 
dolla~s per kilowatt capacity 

(base year 1932) 

Turbo-generator plants 80 to 150 
Engine-generator plants 70 to 150 
riesel-generator plants 130 to 250 
Hydro-generator plants 100 to 300 

1950 

roughly, the cost of the primary distribution system may be 
taken as ranging between E1500 and !6000 per mile ( based on 
1928), the lower figure a~plying to low voltages and light 
loads in relatively flat and open country. 

Since it is uscal to finance part or all of the cost of 
construction by the issuance of bonds or revenue certificates, 
interest on these securities is part of the cost of operation. 
Interest rates vary according to the money pclicies of the 
Federal Govern~ent. At the present ti~e, interest rates are 
low, usually around three per cent, but in the past they 
have been as high a~ six per cent. 

If the utility is privately owned, ad valore~ property 
taxes and occupational licence fees must be paid. These 
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usually amount to from two to three per cent of the invest­
m~nt annually. In some States municifally owned utilities 
must pay the State occupational licence fee. 

All utilities maintair. insurance on their equipment and 
liability insurance for protection against claims for damages. 
The cost of in:s:ural'lce amounts to from one to two per cent 
of the investment annually. 

In order to provide a fund for eventual re~lacement of 
worn-out or obsolete equipment, a retirement reserve is ac­
cumulated over a period of years. The length of time for 
the accumulation of the reserve depends upon the estimated 
life of the equipment. Table III shows the.legally approv­
ed retire~ent periods for various types of equipment. The 
r~se~ve m~y be accumulated in two different ways: by the 
s1nk1ng fund method or by the straight line method, although 
the straight line method is most usual. In either case, the 
sum accumulated will be equal to the original cost of the 
equipment less a salvage value. For a number Cf years bus­
iness organizations have been attempting to have income tax 
laws amended to allow retirement reserves to be accumulated 
on the basis of present re~lacement cost, but they have had 
no ~uccess up to the ti~e of this writing. Inadequate re­
tirement reserves have necessitated the sale of additional 
stocks and bonds to·obtain capital for needed modernization. 

The sinking fund for retirement of bonds or obsolete / 
equipment is si~ilar· to an annuity, and; as a matter of fact, 

'annuity tables can be used for computing the annual payment. 
The sinking fund is accumulated by making an annual payment 
to an account in a bank, which draws interest at the current 
rate, or by purchasing negotiable securities which draw int­
erest. The total of the payments plus the interest earned 
over the retirement period will equal the total sinking fund 
reserve. The annual payment can be calculated from the fol-
lowing equation: · 

annual payment 
where: P 

s 
r 

{P- S}lr.+ {(1 + r)~- 1]1 
original cost 
salv~ge value 
rate of interest earned 
(compo~nded anbually) 

n = number of years 

Since the accumulation of the plant retirement reserve 
is not a very accurate process at best, it is more usual to 
use the,straight line method of depreciation and to treat 
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TABLE III 

~OBABLE LIFE OF POWER ?LANT COMPONENTS 

Component 
Boilers, fire-tube 
Boilers, water-tube 
Breechings and ducts 
Buildings 
Cables and feeders 
Coal and ash machinery 
Condensers 
Cranes 
Econo~izers and air heaters 
Electric generators 
Electric motors 
Engines, stea• 
Engines, Diesel 
Feed-water heaters 
Fuel oil handling equipmen~ 
Pipe and pipe covering 
Pumps 
Stacks, brick or concrete 
Stacks., steel 
Stokers and other coal burning equipment 

Superheaters. 
Switchboards and equipment 
Transformers 
Turbines, steam 
Turbines, hydro 

Years 
10 to 15 

20 
10 to 30 
20 to 30 
15 to 25 
10 to 20 

20 
30 
15 
20 
20 

15 to 35· 
15 
20 
20 

16 to 25 
15 to 20 

30 
12 to 15 

20 

20 
20 
15 

H .to 20 
30 

any interest earned as income. The annual payment can be 
calculated from the following equation, with symbols as 
abo.ve: 

(P - S) 
annual payment = 

n 

31 

Unlike the plant retirement reserve, the amount neces­
sary for bond retirement is known exactly. For this reason, 
the sinking fund is universally used for bond retirement. 
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The annual payment can be calculated from the previous sink­
ing f~nd equation (leavir:g out the salvage item). It is 
necessary to recalculate the annual payment from time to ti~e 
as interest rates change. 

The cost of management is included in the fixed charges, 
and usually management. is taken to include all administrat­
ive officers down to and including the plant superintendent. 

Usually about ten per cent of the total maintenanee for 
the system is included in the fixed charges.· This so-called 
capitalized maintenance is assumed to be the pcrtion of the 
maintenance which is independent of the amount of power pro­
duced. 

16. The Energy Element--The energy element of the cost 
of producing power is the sum of the following factors: 

1. 

2. 

3. 

Cost 

Cost 

Cost 
a. 
b. 
c. 

of fuel. 

of labor. 

of water. 
Boiler feed makeup water. 
Condensing water. 
Service water. 

4. Lubricating oil and operating supplies. 

5. Maintenance. 

The greatest portion of the energy element is due to 
the cost of fuel, and for this reason it will be found that 
highly skilled labor in the power plant will always operate 
the plant in such a way as to save more than enough fuel to 
pay the difference in salary_ over unskilled labor. Due to 
the fact that the labor force required is proportional to 
the capacity of t~e plant rather than to plant output, em­
ployment in the public utility business is very stable and 
attractive to those who would make a career in the business. 

Since the steam power plant operates best with pure 
water, and natural waters are very seldom pure enough, the 
cost of preparation of the water for use as well as the cost 
of the water itself, in cases where it must be purchased or 
pumped, must be considered. 

A not inconsiderable item in operating costs is that of 
supplies of various sorts. These would include forms and 
charts f~r.record keeping, cleaning and wi~ing sundries, and 
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all other expendable items which ~ight be needed. Lubrfca­
tiog oil is not a large item of expense in the well operated 
turbo-generator plant, since with proper care a lubricating 
oil charge will last aluost indefinitely and requires only a 
small amount of makeup at infrequent intervals. 

Maintenance costs include the cost of repair and of re­
placement of parts which wear cut. Properly supervised plants 
have a schedule of contirucus maintenance designed to keep 
the machinery in the best possible condition at all times~ 
All but the smallest plants employ a maintenance force in 
addition to the plant operators. The cost of maintenance is 
usually esti~ated at about one per cent of the investmen\ 
annually. 

17. The Yerlrble Load Ele~ent--This element of the cost 
of ~reduction cf power is usually included with the energy 
element because of the difficulty in assessing its effect. 
Consideration would have to be made of the reserve capacity 
required and the status of the plants in the system with re­
spect to the type of loading, that is, base load, standby or 
swinging. 

18. The Customer Ele~ent--The customer element in the 
~ost of producing power is the sum of the following factors: 

1. Capital cost of the secondary distribution system. 
a. Cost of easen•ents or right-of-way. 
b •. Cost of line and substation equipment. 
c. Cost of construction. 
d. Engineering fees. 

2. Interest, taxes and insurance. 

a. Depreciation of equipment. 

4. Sinking fund contributions for bond retire~ent. 

5. Cost of franchise. 

6. Fublicity. 
a. Fublic relations. 
b. Advertising. 

7. Cost of collecting revenue. 
a. Meter reading . . 
b. 9illing and collectin~ 
c. Accounting. 

e. Maintenance. 
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Most of the factors a~pearing in the customer element 
have been discussed under the fixed element~ In the matter 
of de J:reciation and sinking fund, the remarks in the foot­
note on page 28 also apply. 

Invest~ent in the secondary distribution system is rough­
ly proportional to the number of customers served, and for 
purpoaea of esti~ation may be taken as &~proximately S50 per 
customer (based on 1928). 

The coat of publicity is usually lDmped together with 
the cost of the franchise and may·be taken as between one and 
two. dollars per year per customer, der:ending upon the amount 
of advertising considered necessary. The cost of the fran­
chise itself is usually nominal, and is usually considered 
to be in the nature of an occupational licence tax. 

'l'he cost of collecting revenue may varr between ·u .50 
aqd S3 per customer per year (based on 1932) 1 the smaller 
figure applying to the larger systems. 

19. Investors' Profit--The profit element in the cost 
of producing power may or may not be present, according to the 
type of utility operation. It is inherently present in the 
private utility system, and it may be present in the munici­
pal utility operation, as previously pointed out; when it is 
desired to reduce property taxes; It is usually absent in· 
the Federal utility system, an4 as a matter of fact, the 
Federal utility may suffer a deficit without danger of bank­
rupcy. 

The profi~ on electric utility operations is usually 
esti~ated at about ten per cent of .the investment annually 
before income taxes and bond sinking fund deductions are 
made. 

20. Types of Rates--There have been a great number of 
methods of calculating rates for electrical power used in 
the past, but of them only the following remain to any con­
siderable extent: 

Block Meter Rate--In this type of rate a certain spec­
ified price per unit is charged for all or part of a 
block of units, and reduced prices per unit are charged 
for succeeding blocks. Figure III~3 shows a rate sched­
ule based on this system. The block meter rate has the 
advantage of encour~ging the use of electricity, pro­
viding the initial blocks are not too large, and is al­
most universally. used for residential service, 
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Rate Schedule RS.l 

RESIDENTIAL SERVICE-ELECI'RIC 

For owrioo lor oil domeotie .....,._ Ia pr!Yote noid...- ud iadividaollr metend - 1111111. 

IJMITATION OF SERVICE• 

35 

AU ouldeaoitol Mrrioo required oa lbe premiteo bJ Caotomer oiWI be -liad lbroap DDO -· !llmdobr er reo 
oole ..moo 1101 permitted be"'aador. 

CIIARACJ'ER OF SERVICE• 

Sialle phooe, US /230 ••Ita. I wiro or llS .. 111. I ,;,.. dependin1 upon Caotomer'o oeqalromenta. Three phue, 130 
nit eeniH mar be familbed h111 oaly UDder epeeial aiTIInaementa. 

MONTHLY RATEo 

11.00 whirb eatideo Cnotomer to aoe I' kwb, 
U# per kwb lor tbe - 36 kwb, 
1.5# per kwla lor tbe next no kwh, 
1.5# per kwb lor olloddidontol kwh. 

Tu Adjuetmeat,-Plua the applieable proportionate part of any tu.ee and auenmeall impo~ed by any 1ovenamen"' 
a1 authoritJ iD exeen of thoee ia efreet January 1, 1937, which are anened oa the ba1i1 of JPeten or cuatomen or the 
price of or reYeauea from electric enerl)' or aervice aold or the .olwne of eaergy pnented or purchaaed for Ale 
or oold. 

lnftatioa Adjaelment.-ln order to take c:are of estreme inc:re~~tel iD coste iD the event of ianalioa there 1hall be added 
to the above nte% of 1% for earh 1% increue ia coal of oil over 12.00 a bane) (or 12.00 per UOB.OOO Btu. if fuel 
oued 1o olber tbu oU) booed o~ lbe ....... eoot of lnel aoed iD CompuJ'o planll darin1 tbe - -din1 moadt. 

Es .... Capacity Cborp: For eorb kw of Demond Ia eouu oliO, odd SUS. Tbe kw of Demmd Ia tbe aftrop kw 
onppUed darinl tbe IS-minute period of mulmam ..., durin1 lbe earnnt monlh. 

RULES AND REGUlATIONS• 

Serviro nnder dUo orbedale io onbieot to ordero of IOVernmontal bodioo hovin1 lurlodidloa and to lbe earnndr of· 
loetlft "Coaeral Raloo ad Re..,Jadono lor Eleelrie Service• on IU. Ia Compony'e olliee, whirb - benbt mode a put h.,. 
of. A COPJ of tbe prooont elfeetl .. "Coaend Raleo end Replodono lor Elortrie Sorw~ee• io anoehod bereto. In - of -
ftlot between oar pro.Uion of dUo oebedale •d Aid "Gonortol Raloo and Reploliono lor El- Sorw~ee• lbe pro.Uioa 
of ddo wbedalo oiWI apply, 

n.ORIDA POWER a· UGBT COMPANY Ellec:ti .. Jnno I, IHII 

"'•· 111-1. 

Block Hopkinson Demand Rate--In this type of rate a de­
mand charge based on the maxiuum demand during any stat­
ed period is added to a block meter rate. Figure :III-4 
shows a rate schedule based on this system. It is 
named after Dr. John Hopkinson, an Englishman who did 
much to develop the theory of rate making. This rate 
has the advantage of encouraging commercial and indus­
trial customers to develop a high load factor. It is 
almost never used for residential service because of 
the necessity for demand meters. 

Room Rate--In this type of rate the block meter rate is 
modified to include the number of rooms in the residence. 
For example: 9i per kwh for the first three kwh per 
room; 6-1/2~ .per kwh for the next three kwh ·per room; 
and 3-1/2~ per kwh for the excess over aix kwh per room. 
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Rate SeheduJe m 

INDUSTRIAL SERVICE-ELECTRIC 

API'UCATION• 
For po- """'"" for lachutrlol, mmafaetarln1 or proeeuia1 parpooeo. The ue of 011eJ11Y for llahtln1 .....,.,.. with. 

ID ad about the ba.ildiop."' llnletaree IIDd premilee bo'Diin1 or eneloaio1 the power driftll and opented muhinery 111d 
~ipment ueed in or iD eoaueetioa willa neh indutrial, mmufatturin1 or proeeuiD1 purpoaea and illcideatal to the ase 
pro~· mdp::i!.!.&d.:.!%:0~ ':T~'.;'=:=r lhil Schedule. For nch liahtio1 aee, Cwtomer will 

CIIARACI'EB OF SERVICE• 
SiDIIo ar line phue, 60 .,.leo oaul d 0117 aniloble Olmdard ...,Jtop. 

LIMITATION OF SERVICE• 
AD .moo reqai.H oa premiMo 1>1 Caatomer oh.oiJ be famished throap oao meter. Not -Ueohle m eemee Ia ::":: :!h.;'!~d=--lheat:re~t apartmeDI ho~~~e~t reataanna.. elaba. or ia IIDY other CODllllf:l'cial eatabliahmeau. 

MONTHLY RATE• . 
11.50 per kw for the lint 400 kw of Demecl, 
11.00 per kw for oil odditiOIUII kw of DomuuL u• - kwh for the lint 1,700 kwh, u• per kwh for tho -· 4,300 kwh, 
1.0. per kwh for tho DCSI 34,000 kwh, 
8.8- per kwh for the ae•t 40,000 kwh, 0.6• per kwh for oil additio.W kwh. 

For eaeh kw of the hlpeOI E.eeu O...Peak Demmd ootohiW.ed daria1 the 12 moathe eadin1 with the eameat mouth, 
odd to the 2.6. hloek: 100 kwh- kw for the r .... 50 kw, 80 kwh per kw for the- 100 ..... aad 70 kwh per kw 
for oil odditiOIUII kw, A.U-· 

Fint,-Minaa or plu ,0183- per kwh aaed for eoeh •• below 121 or aho.., 181, respeetively, Ia' Compey'e ~·• 
per millioa Britith Thelmal Uaitl of fuel For thil purpose there ahall be employed the weilhled averap delivered cod 
(illeludinl freilht. llOnp and haadliD1 eoate) a thowa by Compaoy•a hoolu, of all fuel 1111oed dur.iD& the aest 
preeediq mouth ia the paentin1 ltalioDI illltereormeeted with Company'• 11111io tn:umiaeion eyatem. 

thoritt &;m~:; ::. ):Ue~: r:::«tna:93f::bi!.t.an:re "':!:~ :~:b:i!n:f-:.~~~ -:: ::,:::.en:' d.ta; 
price of 01' l'eftll1lel from eleetrie eDei'IJ' or aenriee 10ld or the volume of eneriJ' 1caented or purehaeed (or sale or 
aold. 

lllalmamo Sl.50 - kw of the •ilheet Domed ootohliehed dariat tho II moathe eadinw with the eamont month, 
lnll DOt more thm • amoUDt nffieieal to mUe tbe total ehartea for neh 12 montha equl to 120.00 per kw 
of neh Demmd, ad - leae thm tho eharp for tho earrelldy effeetive Dem1111d. 
The forqoia1 nte il net ad DOl nbjecl to uy JDIIDicipal, coQDty or other diJecnmt. 

DEMANDo 
The kw u determined from Compey'o domed meter for the 15-minate period of Caatomer'a ........ 1110 durlaw the 

mouth, ad,i1111ed for power foetor, hut aot leae thm 15 lr.w. 

·ON-PEAK DEMAND: 
The kw 01 detenalned from Compmy'a domed- for the 15-miaate period of Caatomer'o ...,.,... ue daria1 tho 

O...Peak Boan af tho .........,. mouth, odj111ted for power factor, 
The o...Peak Hoare ehaU"he from 5 to g p.m. eoeh day, .. cladia1 S.U.daya, Chrielmu md New Year's, from D.....,. 

her I to Mareh Sl incla•i- Compmy reeervoo tho riaht m ebanre the moathly ad hoarly periods after pvinr 30 da)'l' 
t18tlee, hut the Oa-Peak Boan of eoeh day oh.oiJ aJ...,. be eoueeative. 

EXCESS ON-PEAK DEMANDo 
The number of kw 1>J whieh the O...Peak Demaad .. eeede 20'lf, of the averore of the line hlpeOI Demands 

4letennined cluriq the aat precediac ealendar montha of April to November, incla•ive. 
The E..... O...Peak Demaad elfeeti.., for eoeh month of the lim eontnet year will be mataolly a...-d apoa hy 
~ ad Caetomer, ad aaed aatil ..,.... operetiq data are ovailahle. 

POWER FACI'OR1 
U Cttllomer'a power faetor tha1l ..en&e leu than 85" lan:ia1 durin1 any month. theu Company D1IJ' adjuet the 

teadinp takea ro determine the Demutd by multiplyinl the kw oblained throoP mch readiog1 by 85 and by dividin111 
tho rooalt 1>J the overooe power foetor oetaollr eotohliobed darin1 the .........., mouth, Saeh adjusted readinp shall b. 
1110d iD determininl the Demaad. 

TERM OP SERVICE• 
Not leu thou oae year. Ia the oveat this aehedale b a part of ao ..... meat for a term of leae thou 5 _., S'lf, oh.U 

be added to tho -o- eompatecl aader tho ......, Moathly Rate, before Adjuotmeala, ad m tho above Minimum. 

RULES AND BEGtlLATIONSo 
Senlee acler thlo eehedale b oaiJjeet to arden of IOTerameatol hodiee hevlat jarbdietioa md m the earreatly ef· 

feetm. -ceaeni Rulel ad ReplatioDI for Electric Seniee" oa file in Company's ofrice. which are hereby made a part 
ltereof. A eon of the preeent effeetiw MGeneral Rules and Replaliom for Electric Service" is attached hereto. In 
eue of eonllict betweea ...,. provilioa of this lebedole and uid "Geaeral Rulea u.d ReplatiODI for Eleettic Serviee• the . 
-..Woa of thia eehedale oh.oiJ _.,., 

ft.OBIDA POWEll A UCBT COMPANY Effeetive May I, 1946 

I'll• IIJ-4, 
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• I 
The computations invclved are somewhat cumbersome, but 
the rate is used to a great extent in large cities where 
the majority of the population lives in apartments. 

Example 4 shows the method of computing rates for the el-
ementary power system of Example 1, based on the assumption 

that the system is privately owned, and Example 5 shows the 
calculations for rate making for the same power system based 
on the assumption that the system is owned by a municipality. 

Example JJ, 

The power plant of Examples 1, 2 and 3-A contains five 
50 kw Diesel-generators which cost 1250• per kw, installed, 
and have a salvage value of 10 o/o at the end of 15 ·years. 
The primary distribution system cost 120000, and has a sal­
vage value of 20 o/o at the end of 12 yea~s. Management 
cost is 16000 per year and.taxes and insurance together are 
7 o/o. Depreciation of the investment is on the straight 
line basis. Sixty per cent of the investment is raised by 
the sale of bonds which mature in 20 years and bear interest 
at ~.f olo. The bonds are to be retired out of profits and 
tile remaining 40· o/o of the investment is raised by the sale 
of common stocks. · 

The engine heat rates (Btu/kwh net output) ar•: full 
load, 11800; 0.75 load, 12000; 0.5 load, 12900; 0.25 load, 
14850. Fuel oil having 6,300,000 Btu/bbl and costing "$3.00 
per bbl is used; maintenance '$600 per year; ·labor 1800 per· 
month; supplies Si200 per year; and cost of water '!100· per 
year. 

The system has 1000 customers and the cost of collec­
tion is 13.00 per customer per year. ~he secoridary distrib-. 
ution system cost Si75000 and has a salvage value·of .15 o/o 
at the end of 12 years; labor ·a;1000· per month; maintenance 
Si800 per year; and taxes and insurance together are 7 olo. 
The depreciation and financing are managed in the same way 
as for the plant and primary distribution system. 

The annual profit is expected to be 10 o/o of the total 
investment, before income taxes are deducted. The income 
tax rate is 30. o~o. Find the ·amount of money available for 
common s!ock d1v1dends !ft~r settin~ up a sinking fund for 
bond ret1rement. The s1nk1ng fund earns interest at 2 olo. 

Nak: a bloc~ meter rate which will recover the fixed 
element 1n the ftrst t? kwh per customer· per month· th 
tomer element in the next 15 kwh per cu~tomer per ~ont:;c:~~ 
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the energy and profit. elements from the excess over 30 kwh 
per customer per month. 

~olution: 

A. Fixed element: 

Investment in plant= 250($250) 
Investment in pri~ary distribution system 

.Annual depreciation of plant = 0.90 
6 ~:00 

20000 
.Ann. depr. of pri. dist. sys.= 0.80~ 

Taxes and insurance = 0.07(82500) 
Interest= 0.035(0.60)(82500) 
Capitalized maintenance = (0.10)(1400). 
Management 

Total annual fixed element 

B. Energy element: 

$ 62500 
20000 

$ 3750 

5775 
1732 

140 
6000 

$ 1873) 

In Figure III-5 a the en~ine heat rates are plotted vs 
kw output. ~ince all units are identical, the load will be 
divided equally among the units operating at any particular 
time. Figure III-5 b shows the plant heat rate vs plant 
load in kw. The following table can then be calculated': 
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Time kwh HR Beat Time kwh fiR Heat 
.AM K KBtu PM K KBtu 

MN- 1 23.5 13.1 308 N - 1 68.2 13.7 935 
1 - 2 23.5 13.1 308 1 - 2 143.8 12.3 1770 
2 - 3 23.5 13.1 308 2 - 3 138.2 12.4 1715 
3 - 4 23.5 13.1 308 3 - 4 138.2 12.4 1715 
4 - 5 23.5 13.1 308 4 - f 136.4 12.4 1690 

13.6 
5 - 6 23.5 13.1 308 5 - 6 72.7 { } 968 

13.0 
13.2 

6 - 7 37.9 12.2 425 6 - 7 44.8 { } 565 
12.0 

12.2 
7 - 8 37.9 { } 591 7 - 8 44.8 12.0 533 

20.0 
8 - 9 110.2 12.8 1410 8 - 9 44.8 12.0 533 
9 -10 134.6 12.4 1670 9 -10 34.4 12.3 424 
10-11 134.6 12.4 1670 10-11 27.1 12.8 347 
11- N 143.8 12.3 1770 11-MN 23.5 13.1 308 

Total Btu/day = 20' 887' 000 

Cost of fuel/ day 20,887,000( q 00) $9.95 6 300 000 $~. 
' ' 

.Annual fuel cost 365($9.95) $-16~0 

Labor = 12( :13800) 9600 
Water 100 
Sup-r:lies 20C 
Maintenance = 0.90($600) 540 

Total annual energy element a; 1 'in,_:; 

c. Customer element: 

Investmer.t in sec. dist. sys. = $75000 

repr. of sec. dist. sys. 0.85 75000 
12 lE 5::010 

"Taxes and irsurance = 0.07('75000) 5250 
Interest = 0.035(0.60)(75000) 1575 
Maintenance = 0.90(800) 720 
Labor = 12(1000) 12000 
Cost of collection = 1000 ( $3.00) 3000 

Total annual customer element $27855 
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D. Protit element: 

Total investment 

Profit = 0.10·{167500) 
Less income tax = 0.30(15750) 

Profit after taxes 
Less sin~ing fund cont.= 

0.60( 167500 )' 0 ·02 
(1 + 0.02) 2 ' 0 -1 

.Ava.ilable for dividends 

Dividend rate = 7145( 100) 
0,40( 167500) 

E. Bloclt meter r~te: 

First block: 

U57500 

ln5750 
4,7~6 

'U1025 

3880-

11.:3 o/a 

:nS730 
rate = 12(10000) ·$() .156/kwh for first 10 kwh 

Second block: 

t27855 
rate = 

12
( 20000) = ·s;o .116/kwh for next 20 kwh 

Third block: 

1110803 + U5750 
rate = 

12[365(1653) - 30000] 
12 

Exa111ple 5. 

10.109/kwh for 
excess over 3~ kwh 

This example is.the same as Example 4 except for the 
method of financing, which is typical of municipal practice. 
All of the capital is raised by the sale of revenue certif­
icates which mature in 20· years and bear interest at 3.5 o/o 
and the sinking fund earns interest at 2 ole. Profit of 
10 o/o on the investment goes to defray town 9perating ex­
penses. No taxes are paid, and insurance is 2 olo. 

Eolution: 

.A. Fixed element: 
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Investment in plant = 250(Si2SO) 
Investment in primary distribution system 

Annual depreciation of plant 
Annual depr. of pri. dist. sys. 
Insurance = <> .02(82500) 
Interest = 0.035(82500) 
Capitalized maintenance 
Mana-gement 
Sinking fund eon t. "" 0 .0411(82500} 

Total annual fixed element 

B. ~nergy element: 

Total annual energy element 

C. Customer element: 

Investment in secondary distribution system 

Depreciation of see. dist. sys. 
Insurance = 0.02(75000) 
Interest = 0.0~5(75000) 
Maintenance 
Labor · 
Cost of collection 
Sinking fund eont. ~ 0.0411(75000) 

Total annualeustomer element 

r. Profit element: 

Frofit = 0.10{157500) 

E. Block meter rate: 

First block: 

s 62000 
2>000· 

J 3750 
13'3'3 
1660 
2886' 
140 

6000 
3390 

lli19148 

'110803 

175000 

5310 
1000 
2625 

720. 
,12000 

3000 
3080 

U8235 

115750 

119148 
rate = 12(10000) E0.159/kwb for first 10 kwh 

Second Block: 

rate _ $28235 = 
- 12(20000) ro .118/irwb for next 2() kwh 
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"Third block: 

rate = 110803 + 115750 = "1)0.109/kwh for excess 
12l20300) over 30 kwh 
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PROJECT 

1. A certain town of 20,000 population is served by a 
private utility and has the equivalent of 6,000 customers, 
divided among three substations. Substation A serves a res­
idential district; substation B serves a commercial district; 
and substition C serves an ir.dustrial district. Street 
lighting is supplied.from substation D. The system (incom­
plete) is shown in Figure III-6. Connected loads and hours · 
of use are as follows: 

Class of Service 

Substation A: 
Residences 

Apartments 

Substation B: 
Public buildings 
Churches 

Hospitals 
Theaters 
Laundries 
Retail stores 
Offices 
Newspapers 

Substation C: 
Factories 
Machire shops 

Substation D: 
Street lighting 

Connected Load 
kilowatts 

7500 

2500 

250 
140 

450 
250 
1CO 
450 
300 
150 

3000 
600 

500 

Hours of Use 

6 to e AM 
5 to 11 PM 
6 to 8 AM 
5 to 11 PM 

9 AM to 5 PM 
10 AM to 1 PM 
6 to 9 PM 
all day 

2 to 11 PM 
7 AM to 5 PM 
9 AM to e ·PM 
9 AM to 5 PM 
9AMto8PM 

7 AM to 5 PM 
-'3 AM to 5 •FM 

6 PM to 6 AM 

(a) Find the probable maxi~um demend for each class of ser­
vice. 

(b) Find the probable maximum demand on each substation. 

(c) Fir..d the probable maxiuum demand on the power plant and 
plot a typical daily load curve lor the plant. 

(d) Turbo-generator sizes available are: 500 kw, 750 kw, 
1000 kw, 1500 kw, 2000 kw, 2500 kw-and 3000 kw. Choose a unit· 
or units which will give the maximum use and caracity factors 
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Ill• •• 
•••• 

ll•••atat~ pawer 
Pi'eJeet lo 

.,. .. 

consistent with requir­
ed reserves and leeway 
for growtn, and set up 
an operating schedule 
for the plant. 

2. {a) Estimate the 
cost of the plant and 
transmission system, 
assuming that the trant­
mission system consists 
of approximately five 
miles of 13.2 kv line 
in flat country. Man­
agement cost is $10000 
per year and taxes and 
insurance together are 
7 olo. Depreciation 
of the investment is on 
the straight line bas­
is. Sixty per cent of 
the investment is fin­

anced by the sale of bonds which mature in twenty years and 
bear interest at 3 o/o. The re~ainder of the investment is 
financed by the sale of common stock. What is the annual 
fixed cost? 

(b) It the turbo-generator heat rates (Btu per kwh net out­
put) are estimated as: full load, 17500; 3/4 load 1 17850; 
1/2 load, 18650; and 1/4 load, 20500; fuel oil having 
6,325,000 Btu per bbl, costing $1.50 per bbl is nsed; -labor, 
·s2,000 per month; supplies, $3,000 per year; ·and cost of 
water, S1,000 per year, what is the annual energy element? 
-(Assume that the typical day in part one is the average day.) 

{c) Estimate the cost of the secondary distribution system 
and the annual customer element if labor costs S5,000 per 
month and taxes and insurance together. are 7 o/o. The de­
preciation and financing of the investment is in the same 
manner as with the pl~nt and primary distribution system. 

(d) .If the annual gross profit is to be ten per cent of the 
investment, how much will be left for common stock dividends 
after setting up a sink~ng fund for bond retirement and pay­
ing income taxes? The sinking fund earns interest at two 
per· cent and the income tax rate is 38 o/ o. 

{e) Set up a block meter rate which will recover the fixed 
element in the first ten, the customer element in the next 
25 and the energy and profit elements in the excess over 35 
kwh per customer per month. 



CHAPTER IV 

VAPOR POWER CYCLES 

21. Carnot Cycle--A cycle composed of completely re­
versible processes was proposed by Sadi Carnot, a French en­
gineer, in 1824. The Carnot cycle is accepted as being the 
II'.OSt efficient between any two temperature limits. The eff­
iciency of the Carnot cycle can only be approached, however, 
because all real processes are irreversible. Figure IV-1 
shows the Carnot cycle on the T-S and H-S planes for satur­
ated steam and for superheated steam, both produced fro~ 
saturated water. 1 

Entropy 
{a) T-S Plane 

Entrupy 
(b) H-S Plane 

It will be noted that the Carnot cycle consists of two 
reversible isothermal and two reversible adiabatic processes. 
Examination of the cycle on the H-s plane w~ll show that the 
characteristics of real vapors, such as steam, will not al­
l~ a practical realization of the Carnot c7cle for the rea­
son that the isothermal additions of heat from 2 to 3 and 
from 4 to 4 1 require that the pressure must decrease as the 
heat is being added. 

-------
& IInce thaee fltu••• ••• not to •c•l•• coawlde~eble dl•tew• 
tlea ••lete, oepeelollp Ia tbo ll•uld realoa. 
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22. Rankine Cycle--The siuplest vapor power cycle which· 
has been proposed was conceived by Prof. W. J. M. Rankine of 
the University of Glasgow, in le49. This cycle is shown ~n 
the T-s and H-S planes in Figure IV-2, and will be seen to 
be a modification of the Carnot cycle to meet the require­
ments of real vapors. The expansion and compression lines 

Q) 
a.· 
::s ... 
Ill 

"' . Q) . 
1:1. 
El 
Q) 

E-t 

Entrory 
(a) T-S Plane 

:>. 
1:1. 

...... 
a~· 

..d· ... 
c 

IZI 

Entropy 
(b) H-S Plane 

Fl1o IV•I. Rankine crcle .• 

are shown to follow paths of increasir.g entropy because of the 
irreversibility of real processes. The ideal Rankine cycle 
would have these two processes follo~ paths of constant en­
tropy. 

A scheiDatic diagram of the Rankine cycle is shown in Fig­
ure IV-3. The process 1-2 takes place in the pump and is 
one of subcoolirg in which the pressure is increased to that 
prevailing in the boiler. The process 2-3 takes place in 
the boiler and represents the constant pressure heatin~ of 
water to the saturation temperature. The process 3-4 takes 
place in the boiler, also, and represents the production of 
steam from water at constant pressure. The steam at state 4 
may be either wet or superheated. The process 4-5 re~resents 
the expansion in the engine, during which process work is 
done. The process 5-l takes place in the condenser and is a 
constant pressure rejection of heat. It should be remember­
ed that within the region of vapor mixtures (under the sat­
uration line) a constant pressure process is identical with 
a constant temperature process. 

The cycle represented in Figure IV-3 is closed, in that 
t.P-e sar•e working fluid is used over and over. Often in 
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4 

Condenser 

Pump 
2 1 

W/J,. 

si~ple plants the cycle is open, that is, the condenser is 
absent an~ the steam is exhausted to the atmosphere at state 
5. Sometimes part of the steam exhausted at state 5 in an 
o~en cycle is used to heat the feed-water going to the pump. 
This arrangement is shown in Figure IV-4. 

4 1 lb 

2 
Pump 

1 

W/J,. 

CD 

.~ w/J ••• 
I>(; 
s:: 

IZl 

fQ 
.Q 

steam ..-~. 

6 

makeup 
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The general energy equation of steady flow can be ap­
plied to each piece of equipment in the cycle and the var-. 
ious heat and work quantities determined, most conveniently 
on the basis of one pound of steam to the throttle of the 
engine. 

For. the closeQ Rankine cycle: 

Pump:i WI J. H,. - Ht ., IJ 

Boiler: o.i,. H .. - H,. H .. - Ht - tH, - Ht )· 
Engine: WI J ovt H .. - He, 

Condenser: Qowt H;;, - Ht 

The efficiency of the cycle will be the net out·put divided 
by the input, or 

- P .. --Heo- (F.,- Ht) 

E .. - H1 - (B.- H1 ) 

For the open.Rankine cycle with feed-water heating: 

Pump: WI J.i,. H,. - Ht 

Boiler: Q,i IJ H .. - Ht (E, - Ht) 

En~ine: VIIJOIIt H .. -He, 

The preceeding relations are the same as for the closed Ran­
kine cycle, but the fact that part of the exhaust steam is 
used for feed-water heating makes it necessary to introduce 
a weight term, M1, to represent the amount of steam used for 
feed-water heating and to make an energy balance for the 
feed1<t-ter heater, as follows·: 

1 Per proaaure rloea In tho pump of leao then 100 lbo per 
•• ln. the pump work termo ··~ be neeleeted without eppree• 
lehle error. Per preaaure rleea 1reater than 100 lho per ·~ 
ln. the pump work ean he deter•lned fro• Table 4 of rhe6••• 
dr•••l• •eopeetleo ol Ito••• •~ Keenan and Ke,eo. 
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R1 would ordinarily be unknown, but, from the conditions un­
der which the cycle operates, it can be no greater than the 
enthalpy of saturated water at the exhaust pressure (atmos­
pheric usually). Then as before, 

= P.. - F B 0 - . (H,.. - R.1 ) 
E. - B1 - (B,. - E1) 

This same sort of analysis could be afplied to the open. 
Rankir.e cycle without feed-water heating. The advantage of 
using part of the exhaust steam for feed-water heating can be 
seen if the expression for thermal efficiency is examir-ed. 
With feed-water heating E1 will be greater, thereby causing 
a decrease in the value of the deno~inator with a resulting 
increase in efficiency. In addition, less makeup water 
would be required. 

23. Engine Efficiency--The ratio of the actual work en­
ergy re~oved from a pound of steam in the engine to the 
amount that could be removed in an adiabatic expansion is 
known by several names: u•rirr• •Jfit.iuu:y1 Ra.'llkirr• c:yc:h 
•JJit.i•sc:y ra.tio 1 and Ra.skis• c:yc:l• ra.tio. Th~ preferred 
na~e, however, is engine efficiency. The mathematical re­
lation (referring to Figure IV-2) is: 

The engine efficiency can be determined directly for 
steam engines because it is possible to follow the path of 
the steam expansion with an engine indicator and to deter­
mine the power delivered to the piston. In this case, 

2545 
e .• 

S i (F. 4 - F. B a.) 

where: s 1 steam rate, lbs/inaicated hp-hr 

In the case of the steam turbine, it {s difficult to 
determine the engine efficiency because the path of the ex­
pansion cannot be followed completely and the mechanical 
efficiency cannot be determined easily. Therefore, the term 
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over•JJ ·~~•~• ejjicie~cy, which is the product of engine 
efficiency and mechanical efficiency (and generator effic­
iency, if electrical output is m~asured) is employed. In 
this case, 

2545 
=--~---...,. 

S,slR 4 - R 1 e~) 

where: S,s steam rate, lbslshaft hp-hr 

It should be pointed out here that the steam rate has 
significance in the above equations only for engines or tur­
bines operating on the Rankine cycle where all of the steam 
passes completely through the engine or turbine. In other 
cases the steam rate is of value only in comparing si~ilar 
cycles or for checking day to day performance of a partic­
ular machir.e. 

2~. Reheating Cycle--This cycle was pro~osed by Ferranti 
as a means of improving the efficiency Df the Rankine cycle 
for real engines. It is a characteristic of real engines 
a~d turbines that the engine efficiency is greater in the 
region of superheat than in the region of mixtures. The 

.ideal reheating cycle is intended to cause a greater portion 
of the expansion to take place in the region of superheat 
where the enthalpy dro~ between any two pressures is greater 
than the enthalpy drop in the region .of mixtures between the 
same two pressures. This difference is slight, however, and 
results in very insignificant gains in thermal efficiency 
for the ideal cycle. The opposite is true for the real re­
heating cycle, and very significant ~ains are made as a re­
sult of the iltproved engine efficiency. Figure IV-5 shows 
the reheating cycle on the T-s and H-s planes, and Figure 
IV-6 shows a schematio diagram of the cycle. 

. The reheating of the steam may be done in one of three 
wars: (a). Using steam from the boiler in a heat exchanger; 
{b) using a separate reheating furnace; or {c) using a re­
heater built into the boiler gas passages. The reheating 
cycle utilizing the first method of reheating has very little 
advantage, if any, over the Rankine cycle due to thermal 
losses in the reheating system. The second method has ther­
modynamic advantages over the first method, but requires 
considerable additional investment in fuel burning equip­
ment, etc. The third method has both thermodynamic and eco­
nomic advantages over the first method. 

The cycle can be analyzed as follows: 
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Engine L.P.: Vf/J t = 'H8 - 1!7. 
Off ':2 ., 

Condenser: 

'H,.- 'H 80 +'He- H7 0 - (P. 10 - Rs) 
etc H,. - B1 + H8 - Ha 0 - (H2 - H1) 

25. Regenerative Cycle--This cycle was proposed by •Frof. 
J. H. Cotterill in 1890, and depends for its improvement in 
thermal efficiency over the Rankine cycle upon the use of 
part of the steam from the engine, after it has done some 
work, to heat feed-water going to the boiler. The regener­
ative cycle is si~ilar to the open Rankine cycle with feed­
water heating except for the addition of the condenser to 
carry the expansion down to lower temperatures and to close 
the cycle. Figure IV-7 shows the regenerative cycle on the 
T-S and H-S planes, and Figure IV-8 (a) shows a schematic 
diagram of the cycle with two mixing (ot open) heaters to 
correspond with Figure IV-7. Figure IV-8 (b) shows the mod­
ification of the schematic diagra~ and the lower part of 
the H-8 plane that is necessary when the low pressure open 
hester is replaced by a closed (or surface) heater . 

·8 

Entropy 
{a) T-S Plane 

Pia. IY•7. 

• 

Entropy 
(b) H-S Plane 

R•••aeratlwe c~cle. 

R. L. Reynolds has given considerable data on the per­
formance of regenerative cycles with various numbers of feed­
water heaters, and Figure IV-9 shows some of his data which 
are used for the deter~ination of the best final feed-water 
temperature. It will be noted that the curves in Figure 
IV-9 (a) are drawn for a standard throttle temperature of 
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Entropy 
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Q ••• 

Me) lb 

750 F and a standard condens~r vacuum of 29 inches of mercury. 
The effect of de~;arture from these standa-rds can be computed 
with the aid of the correction curves in Figures IV-9 (b) 
and IV-9 (c). It is customary to select the extraction pres­
sures for feed-water heating so that the temperature rises 
in each heater are approximately equal. Ordinarily only one 
open heater is used in the modern regenerative cycle, so 
placed that the pressure in the heater is slightly above at­
mospheric at the mini~um normal load. 

The cycle can be analyzed as follows: 

A. For two open heaters: 

Pu11ps: 
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Enl!ine: 

Condenser: 
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Qi~= P.a·- Ea ~ (P.8 - E8 ) 

W/Jovt =He - Ee 8 + {1 - ~j)(H88 - R~ 08 ) 
+ {1 -~A - M8 )(E~ 08 - E~~ 8 ) 

Qo.·t = (1 - J.(A - MR)(Eu 8 - H~) 

The extraction quantities can be determined by the use of 
energy balances for each feed-water heater, as foli~ws: 

M,A[E80 - E 11 } = [1 - M,A] [R8 - E 11 - (E 4 - R 11 )] 

M8[Eso 8 - 'H 8 ] = [1 - M,A - M8l [E 11 - E~ - (E, - Ii~)] 

The thermal efficiency is: 

B. For orie high pressure open heater and one low pres­
sure closed heater: 

Pumps: 

Boiler: 

Enttine: 

W/Ji.,
2 

= (R,_..:..EsH1- y,,__·Ma) 

VII J i "' = ('if~ p d ·- 'H u c) 01 B) 
2 

w/Ji•s= <'H. -B.> 
Q.h = Fa - H8 - tHe - H 8 ) 

W/Jo.t =H .. -P.8 e + (1-M·AHH 88 -F108 ) 

+ (1 ..,. M·J - Ms)(P,~ u - Eu o> 

Condenser: Qo.t.: '{1- M,A- M8H'Hu
8 
-H~) 

Extraction quantities: 

M·J[H'et -Hal = [1 - M·Jl [H 8 - E:.l 

[1 - M·A- MsllHal +. [MsHRsoc:+ ('P.sod- H,.e')l 
F .. = [1 - NoJ] 

N8 [P.~., 0 - 'Hsocl = [1 - N,A - M8HE 8 ·- Hs - {F., - Hs)] 
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The addition of more stages of feed-water.heating mere­
ly makes the mathe~atics more complicated. An energy bal­
ance for each feed-water heater and for each junction point 
where closed heater drip pumps discharge into the main con­
densate line will give sufficient equations to solve for all 
of the unknowns. 

Modifications of the cycle are sometimes made in the 
minor details, such as disposal of the closed heater drips. 
Where closed heaters are placed in series, the drips may be 
cascaded counterflow to the condensate with a slight loss in 
thermodynamic efficiency, but with saving in installation 
and maintenance costs due to the elimiration of several pum~s. 
It is usual, however, to have at least one heater drip pum~, 
located at the closed heater nearest to the condenser. Fig­
ure IV-10 shows the heat balance diagram for a modern high 
pressure regenerative cycle. 

26. Reheating-Regenerative Cycle--The sinple reheating 
cycle is no longer used· in central station practice because 
greater efficiency gains can be realized by combining it 
with the regenerative cycle. In the last few years there 
have been several large stations built on this cycle using 
flue gas reheating. The rehe~ting-regenerative cycle is gen­
erally considered to provide the ultimate improvement in eff­
iciency over the Rankine cycle where only a single working 
fluid is concerned. The cycle analysis is made in the same 
m~nner as given for the two Seiarate cycles. Figure IV-11 
shQws the heat balance diagram for a modern high pressure 
reheating-regenerative cycle. 

27. Field Cycle--This ~ycle was proposed by J. F. Field, 
of the British Electric Authority, in 1948. The cycle elim­
inates the boiler and depends upon vapor compression to bring 
the steam back to the saturation condition before superheat­
ing. The cyc!e .is shown on the T-S and H-s planes in Figure 
IV-12, and a schematic diagram is shown in Figure IV-13. The 
unavailable energy is rejected in a small condenser called a 
"calorifier,"and the condensate is returned to the system 
through a spray nozzle. Field has also shown modifications 
of the cycle which. include reheating and regeneration. 

The simple cycle can be analyzed as follows: 

Pump: VIIJ,,.
1 

= .(M )(H, - Rs) 

~ompressor: WIJ. = H~' - H1 
""':~ D 

Superheater: Q. = Hs - H~' 
"" 
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The theoretical advantages of this cycle are such as to 
make the efficiency much greater than that of the reheating­
regenerative cycle because only a small portion of the steam 
flowing is condensed to water, The practical disadvantage, 
however, is the large amount of the output of the engine 
which is returned to the compressor. The cycle is similar. 
to the gas turbi~e cycle in this resP,ect. (see Chapter XIX), 
and for all practical purposes is a clcsed gas turbir-e cycle 
using steam instead of air ai the working fluid. 

28. Superposed Cycle--The superposed (sometimes called 
"topping") cycle was developed during the depression of the 
1930's to allow the addition of capacity without the necess­
ity for building complete new plants. The cycle is a com­
pound arrangement in which new high pressu~e boilers, re­
placing obsolete low pressure boilers, supply steam to a new 
high pressure turbo-generator which exhausts to the exist­
ing low· pressure turbo-generators. The low pressure turbo­
generators are rehabilitated to give additional useful life. 
This type of additional capacity can be installed for about 
one-half the cost of a complete new plant of the same cap­
acity. The upper portion of the cycle is shown on the H-s 
plane in Figure IV-14, and a schematic diagram is shown .in 
Pi:gure IV-15. 'To date, superposition has been practiced 
only on regenerative cycles. 

The cycle can be analyzed in the usual manner, remem­
bering that the condition of the steam at state lOb. (the ex­
haust of the high pressure turbi~e) must be identi~~l with 
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the specified conditions for 
the throttle of the old low 
pressure turbires. It will 
be seen that the high pres-
sure turbine must pass large 
weights of steam, but the 
initial and final specific 
vo.lumes are small enough to 
make the actual physical size 
of the high pressure turbine 
rather small in comparison 
with that of the low pres-.. , sure turbines • 

Perhaps the most import-
ant calculations in the super-
posed cycle have to do with 
the determination of the add-

C7cJe. itional power produced by the 



VAPOR POWER CYCLES 61 

high pressure turbine. The beat balance of the regenerative 
cycle upon which the high pressure system is superi~posed is 
already known, and it is only necessary to consider the ef­
fect of the superposition upon the complete system, as !ol-. 
lows: 

Additional pump work: 

W/Jin = (P.e - P.5)p - {Be - P.&)p 
~dd 9 lO 

Additional engine work: 

Jl/ J out 
l 

State 10 11 is known, but in order to determine state 9 t·he 
engine efficiency of the superposed turbine and the aPproximate 
amount of power required from it must be known. In 1eneral 1 
a superposed turbine produces about one-third as much power 
as the low pressure turbines which it supplies with steam. 
Then, if M is the total steam flow in pounds per hour requir­
ed for the low pressure turbines, and kw is the output of 
the low pressure turbines, 

e.e 
P.A - 'Ps "o 

PA - R, "~ 
i1413(kw) 

10 

Pia. IV-IS, Superpeeed e)'el e, 
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The two enthalpies, Be and B1 o51 will serve to locate 
the pfessure and temperature to the throttle of the super­
posed turbine, as a first approxiaation. A standard temp­
erature and pressure nearest to the calculated requirement 
is selected and then the heat balance is adjusted accord­
ingly. If steam is·e~tracted from the superposed turbine· 
for feed-water heating, the heat balance and throttle flow 
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are further adjusted. Figure IV-16 shows the heat balance 
diagram for a modern superposed i~stallation. 

63 

29. Binary Cycles--Some years ago it was realized that 
rrogress in increasing the efficiency of vapor power cycles 
was being retarded by the thermodynamic disadvantages of 
steam in the higher tempera-
ture ranges. That is, extreme­
l~.high pressures are requir­
ed for high initial temper­
atures so that the condition 
of the steam at the end of ex­
pansion in· the engine will be 
within a range that can be 
economically handled. This 
limitation led to the develop­
ment of the mercury-steam bi­
nary cycle. Mercury has the 
advantage of requiring much 
lower pressures for. higher 
temperatures than does steam. 

Q) .... 
:::s ... 
"' .. 
8. 
e .. 
Q) 

E-4 

Steam Cycle 

Entropy 

Plio IV-17, Mercury•ete•• 
bl•••r cycle, 

The mercury-steam binary 
cycle utilizes the latent heat 
of condensation of the mercury 
to generate steam. Figure 
IV-17 shows the cycle on the 
T-S plane, and Figure IV-18 
shows a schematic diagram of 
the cycle. Figure IV-19 is a 
vapor. 

Mollier diagram for mercury 

The cycle can be analyzed in two parts on the basi~ of 
one pound of each fluid, and then combined into the binary 
cycle, as follows: 

[lbs Ef!) 
[lbs R.O] 

E ~ - F. 6 - (R e - P s ) 

R1811 - Ess 

[lbs Rg) 
VliJH.20n;et + Vl/JHg[lbs E.O] 

[lbs R!.!] 
+ Qin.2[lbs "'H-,.0) 
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15 

8 

An interesting feature of the mercury cycle is the ab­
sence of a mercury pump. The mercury turbire and condenser 
is placed Qn an elevation above the mercury boiler, and the 
difference in derisity between liquid and vapor is sufficient 
to feed the boiler. One problem that has slowed down the 
acc~ptance of the mercury-steam binary cycle is that of seal-

Ling in the highly toxic mercury vapors. Rowever, this diff­
ic~lty has been overcome satisfactorily and a complete rlant 
is presently being built in New En~land. 

Other binary cycles have been rrorosed which use steam 
as the upper fluid followed by sulrhur dioxide, petroleum 
ether, butane or propane. The disadvantages of these cycles 
lie in theuundesirable properties of steam at higher temp­
eratures and in the toxicity and inflam~ability of some of 
the secondary fluids prorosed. The advantage, however, is 
in the fact· that both en"gines exhaust at pressures above at­
mospheric, thus eli~i~ating the necessity for a vacuum punp 
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on the condenser. There is little, if any, gain in thermal 
efficiency over the straight steam cycle. 
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CHAPTER Y 

PRIME MOYERS 

30. The only priue movers used in vapor power cycles 
are engines or turbir.es. The engine is a reciprocating de­
vice which utilizes both pressure and expansion energy of 
the steam, while the turbine is a rotating machine which 
utilizes only the expansion energy of the steam. 

Steam engines in sizes below 500 hp are more efficient 
than steam turbines and find their greatest application 
where variable speed and exhaust steam for process use is 
req~ired. Steam turbines have replaced steam engines in 
sizes over 500 hp, principally because of their compactness 
and higher efficiency. 

31. Steam Engines--The steam engine became a practical 
reality in the 1600's, and after improve~ents by Newcomen 
and Watt, and many others, reached the peak of its growth 
and use in the early 1900's. Engine sizes reached 25,000 hp 
on a single shaft with four cylinder triple expansion mach­
ines for driving battleships. As previously mentioned, how­
ever, the steam engine is finding its fie~d li~ited to small 
sizes. It appears that the steam engine on the railroads is 
also doomed to obsolescence. The American Locomotive Com­
pany, which built steam locomotives for 100 years, recently 
announced that its entire production in the future would be 
confined to Diesel-electric equipment. 

The principal types of engine remaining in use -today 
are divided into two general classifications, counterflow 
and uniflow, depending upon·t~e location of the main exhaust 
ports with relation to the stroke of the piston. The class­
ifications are further subdivided as to valve types, whether 
slide, rotary or poppet. .It can .be said, in general, that 
the uniflow engine is more efficient than the counterflow 
engine because of reduced thermal losses resulting from the 
avoidance of alternate heating and cooling of the cylinder. 
Rotary and poppet valve en.gines are more efficient than slide 
valve engines. The rotary and poppet valves reduce losses by 
avoiding the throttling of steam at the intake and exhaust. 
Figures V-1 and V-2 show two common types of steam engine. 

The mechanical efficiency of a steam engine can ~e de­
termined directly if the output horsepower (usually called 
brake horsepower because some form of brake or dynamometer 
is used for its measurement) and input horsepower (called 
indicated horsepower because an engine indicator is used 

67 
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for its determination) are known. Figure V-3 shows one type 
of brake used to determir.e engine output, and Figure V-4 
shows an engine indicator with a diagram (or card) drawn by 
it. If the constants of the brake, engine and indicator are 
known, the following equations will give the required infor­
mation: 

where: F 
L 

.Bhp 
2nFLN ----33CCO 

net force exerted by brake, lbs. 
length of brake arm, ft. 

N = speed of en~ine, rpm. 

where: P.h and P•c =mean effective pressures 
exerted on the head and crank ends 
of the piston, lbs /sq in. 

L = length of piston stroke, ft. 
AA and Ac = effective piston area of 

head and crank ends, sq in. 
N = speed .of engine, rpm. 

p 
• 

where: Ad= area of indicator diagram, sq in. 
Ld = length of indicator diagram, in. 
S =scale of•indicator spring, lbs/sq in./in. 

Bhp 
e =--

• lhp 

The mechanical efficiency of steam engines is high, and 
the shape of the efficiency vs load curve depends pri~arily 
upon the valve type, as can be seen in Figure V-5. Engir.e 
efficiencies are moderately high and depend primarily upon 
the flow direction within the cylinder, as shown in Figure 
V-6. 
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32. Estimation of 
Steam Engine Dimensions-­
In preliainary calcula­
tions for engine plants 
it is necessary to esti­
mate the dimensions of the 
engine. This estiuation 
is based on emrirical data 
as to piston speeds and 
departure from the ideal 
expansion ih the engine. 

The approxiuate work 
obtair.ed from the engine 
can be obtained from con­
sideration of the ideal 
indicator dia~ram with the 
application of a diagram 
factor to allow for the 
effects of compression and 
the departure of the ex­
pansion froa the adiabat­
ic.1 Figure V-7 shows the 
ideal indicator diagrau 
with a realized diagrau 
superimposed. From the 
ideal diagru: 

Net area = net work 

V21Vs is called the expan­
sion ratio, R. It can ~e 
seer. frorn the diagram that 
the larger the value of R, 
the larger the proportion 
of the total work done by 
the ext:"lr.siCJn of the steam. 
One u,ett.od of governing the 
out~ut of a steam engi~e is 
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to vary the expansion ratio. For purposes of estimation for 
full load, R is usually taken as being between three and four. 
Making the substitution for R, 

1 For ol••llcltr, the 4erlwatloa of the l4eel 4lel••• area 
••••••• thet the eapaaoloa lo lootherawl. 
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Net work 
v. 

= mean effective pressure, lbs/sq irr. 
and Pa = throttle and exhaust pressure, 
respectively, lbs/sq in abs. 

R = expansion ratio 
Fd =a diagram factor depending on the 

type of engine (Table IV) 

The engine dimensions ~re affected by the rotational 
speed and t.he allowable piston speed, as shown in Table IV. 

Example 6 shows· 
the method of esti­
mating steam engine 
dimensions by use of 
the preceeding in­
formation. 

Example 6. 

Determine the 
approximate dimen­
si.ons of a single 
cylinde~ double-act­
ing uniflow steam en­
gin~ to develop 250 
bhp at 200 rpm. 

Fllo \1.2, Unlflo• 
1t••• enalne eJlln• 
der wlth. D elide ....... 

• 
J/1 

• .. 
I> .. 
" 0 .. .. 
. .. . 
"' . .. -... 
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Steam to the throttle is at 150 psig and saturated. Exhaust.. 
is at 3 in. Hg abs. 

Solution: 

From Figure V-5, the mechanical efficiency is found to 
be about 90 o/o, and from Table IV, the piston speed and 
diagram fac·tor are est~mated to be '750 fpm and 0.80 respect­
ively. Taking the expansion ratio as 4, 

P = [164 ·
7

(1 +log 4)- 1.47][0.80] • 4 .• = 'I 'I. 5 'Psi 

750 
Length of stroke = 

2
(
2
0J) = 1.875 ft = 22.5 in. 

_ 250 = 8 = '17 .5(1.875)(200)l2)A 
Ihp- 0.90 27 33000 

from which, A= 158 sq in. and d = 14.2 in. 

The required engine dimensions are 22j in. X 141 in. ·x 
200 rpm. 

TABLE IV 

DESIGN DATA FO~ STEAM ENGINES 

ROTATIONAL SPEEDS 

Counterflow engines 
Uniflow en~ines 

·PISTON SPEEDS 

Counterflow engines 
Uniflow engines 

DIAGRAM FACTOR·s 

Counterflow engines 
Uniflow engines 

Condensing 
Non-condensing 

200 to 350 rpm. 
100 t.o 300 rpm 

600 to· 450 fpm 
900 to 600 fpm 

O.'lo to 0.85 

0.76 to 0.86 
-0.'10 to 0.80 

Figure V-8 shows the approximate cost (based on 1936) 
of modern steam engine-generator sets. 
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33. Steam Turbines--The steam turbir-e as we know it to­
day has been developed from the machine invented by DeLaval 
in 1E!E2 to run his cream separa.tor. DeLaval's machine was 
of the sir-r,le stage i~pulse type having an extremely hi~h 
rotational speed. C. A. Parsers, an English~ar., invented 
the multistage reaction turbine; Rateau, a Frenchman, the 
fressure ccrupcur.ded i~pulse turbine; and C. G. Curtis, an 
An1ericar., the velocity comfounded ilr:pulse turbine, all of 
which make it possible to reduce rotational speeds to reas­
cnab le levels. 
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The first com~ercial turbo-generator installations 
appeared around 1900, and were of the vertical type to con-
serve floor space. The largest vettical turbine, a 20,000 

( p • • • r ) 

Pia. V·9. ll•L••· 
•l l•pulae ata1e. 

kw unit, was built in 1914, but shortly 
after its initial operation the horizontal 
turbine was introduced in order to elim­
inate troubles which had been experienceQ 
with thrust bearings in the vertical mach­
ines. By 1930 50,000 kw single cylinder 
machines had been built, but further in­
creases in zize required multi-cylinder 
cross or tandem compound arrangements. The 
largest cross compound unit in existence 
is a three cylinder 1800 rpm machine at 
State Line Station at Hammond, Indiana. 
This machine has a rated capacity of 
208,000 kw, and consists of one high pres­
sure and two low pressure cylinders with 
separate generators and steam reheating 
between high and low pressure cylinders. 
Manufacturers now are confining their pro-
duction of compound machines to the tandem 
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type in capacities of from 40,000 to 100,000 kw and wit~ 
speeda of 3800 rpm. The 3800 rpm machi~es are attractive 
because of their saving in space over the 1800 rpm machines. 

All of the basic types of turbine are built in this 
country, and are more or less characteristic for the various 
Eanufacturers. Allis-chaluers produces 
the Parsons reactio·n turbine; Westing­
house produces a combination machine, 
usually with one Curtis velocity com­
pounded stage followed by Parsons stages; 
and General Electric makes what they call 
the Curtis turbine, but which at present 
is really a Rateau pressure compounded 
turbine, sometimes with an initial Curtis 
stage. DeLaval still builds the single 
i~pulse stage machine with reduction 
gearing. Figures V-9 through V-13 show (P••••> 
the various types of staging, with pres- ,. 11 • ,_ 10 • curtio 
sure and velocity relations for the ••laelt 7 ea•pound-
steam. ed ot•••n•· 

3~. Engine Efficiencies and Willens' Line for Steam 
Turbines--Steam turbines for power plants are divided into 
two classifications: auxiliary or mechanical drive turbines, 
and turbines for generator drive. 

M•eh•nie•t dri~• tv~Oin•s are made 
in sizes.from five to 2,000 hp and are 
used for driving fans, pumps, etc. They 
have from one to three velocity compound­
ed stages and exhaust at a back pressure, 
ordinarily to the open heater in the 
feed-water system. They are not very 
efficient due to the small ratio of blade 
apeed to jet velocity, but where process 
atea~ or steam for feed-water heating is 
required they can often be justified for 
continuous service. In other cases they 
are used for emergency service. Figure 
V-14 shows the variation in overall en­
gine efficiency (including mechanical 
efficiency) for ty~ical mechanical drive 

(Power) 

P'll• V-11. P•roono 
reaetlon •t•alna. 

turbines. 

r.ra ''"'s J o~ l"""~•t o~ dYiv• are made in sizes from EOO 
kw capacity upwards to a maximum of about 100,000 kw. All 
~ajor ~anufacturers have adopted the A.S.M.E.-A.I.E.E. Stan­
dards for Turbo-Generators which are shown in Table V. 
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( Pe • • r ) 

Fl1. V·12. R•te•u 
preeaure compounded 
1tagln1• 

Fi 1 • v.ta. 
•t•alna. 

TAB):.,E V 

AIFE-ASME·STANrAFriZEr TURBI~E GENEFATOF UNITS 

2600 rpm, 60 cycles, 3 phase 

Sinale-cuin&o Sinl(le-ftow Turbine I Tandem-compound, Doublo.flow Tarbiae . 

Ai•.-ledl I 
Generaror Hydroacn.cooled Geoen.tor 

I --

ll,SOO Kw 115.000 Kw 20,000 Kw 110,000 Kw 40,000Kw 60,000Kw 

Throttle pressure, lb gage . ... 600 850 850 850 850 I 1150 850 I 1150 
Throttle tempen.ture, deg F ... 825 900 900 900 900 950 900 950 
Exhaust pressure, in. Hg. abs . . 1.5 1.5 1.5 1.5 1.5 1.5 
Turbine capability, kw . . . ..... . . 11,650 16,500 22,000 33,000 44,000 66,000 
Number of extracrion openings . .. 4 4 s 5 5 
Saturation temperature at hr . 175 175 175 175 175 175 

openings at turbine--gen. 2nd . 235 235 235 235 235 235 
erator ratings with all 3rd .. 285 285 285 285 285 285 
extraction openings in 41h . 350 350 350 350 350 350 
service, deg F 5rh . - - - 410 410 410 

Generator kva 
Air-cooled generator . . .. . . 13,529 - - - - -
Hydrogcn..coolcd generator 

~:294 . 70,588 0.5 lb hydrogen pressure . . - 17,647 23,529 47,058 
15.0 lb hydrogen preuure . - 20,294 27,028 54,117 81,176 

:Power factor ..... 0.85 0.85 0.85 ·~.85 0.85 0.85 
Short.-circuit rario . . . 0.8 0.8 0.8 0.8 0.8 0.8 

. Fig~r~s V7lS a~d V-16 show the approxi~ate overall en­
~lne. efflc1enc1es (lncludinp mechanical and generator effie· 
1enc1es! to be expected from small turbo-generators, both 
conaens1ng and non-condensing. 
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Figure V-17 sh ows overall eng in e e ff icienc y d ata f or large 
c ond ensing turbo-generat ors; Fi g ure V-1 8 s hoVIs data for c or­
rec t ing engi ne efficiencies fo r Fa r t l oad operati on ; and 
Fi g ure V-19 sho,1s some turbo-genera tor cos t d a t a (based on 
1945) . 
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Where it is necessary to 
estirrate mechanical and ![er:erator 
efficiencies in order to predict 
the turbine expansion line, the 

followir~ empirical formulae will be useful: 

For 1800 rpm machines: em= 1.00-
0,026(Rating) 

/Rated kw/1000 (Load) 

eg 0.9885- 0.0685(Fating) 

IRated kw/1000 (Load) 
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For 3600 rpm machines: 
0.04(Ratin!!) 

e = 1. 00 - ~=~~;:::::;:::~-;:-:-: 
• /Rated kw/1000 (Load) 
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The likeness of a 1hrottle-governed turbine to an orifice 
having the back pressure less than the critical makes it pose-

. ible to predict extraction pressures at any ~artial load if 
they are knoym for any one load. It can be assumed, with very 
slight error, that the back pressure remains constant, and 
that the first stage and extraction absolute pressures will 
vary directly with load. With this relation it is possible 
to estimate part-load performance of a turbine, providing the 
expansion lines are known. The full load expansion line can 
be estimated quite closely, if the initial and final con­
ditions are known, by referring to Figure V-20. Connect the 
initial and final steam conditions on the Mollier diagram by 
a, straight line; move along the saturation line to point B 
which is 20 Btu per pound greater than point A, the inter­
section of the straight line with the saturation line. Con­
nedt the initial·and final conditions with a smooth curve 
through point B so that the slope decreases gradually from 
the initial to the final conditions. The extraction con­
ditions can then be located at the intersections of the pres­
sure lines with the expansion lines. For part-load expan­
sion lines, the curve will be of the saiJle shape from the in­
itial condition but with point X displaced to the right. A 
ship curve is excellent for drawing expansion lines. 
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The curve of 
total steam flow vs 
out~ut for a turbine 
is a straight line 
(called rHhns-' 
'ina), and can be 
estimated from engine, 
~echanical and gen­
erator efficiency 
data. The slope of 
the line is constant 
only so long as a 
single throttle valve 
is employed. As add­
itional valves open 
the slope becomes 
steeper. Example 7 
shows the method of 
estimating Willans 1 

line and the expan­
sion lines for a sin­
gle valve turbine. 

Example 7. 

X 

Entropy 
Fil• ~·20. Betiaetla1 turblae 
eapaa•loa linea. 

83 

A 2500 kw turbo-generator operates at 3600 rpm with 
steam to the throttle •t 40~ psig and 750 F and exhausts at 
2 in. Hg abs. Estimate the non-extraction Willans' line. 

Solution: 

From Figure V-15, the full load overall engine effic­
iency is esti~ated to be 0.68. From Figure V-18, the super­
beat correction factor is found to be 1.017 (superheat 305P) 
and the following table is made: 

Load Eng. eff. supbt. load corr. 
full load corr. . corr. eng. eff • 

Full 0.68 1.017 1.000 o.e9 
0.75 0.68 1.017 0.975 o~e7 
0.50 0.68 1.017 ' 0.940 0.65 
0.25 0.68 1.017 0.820 0.57 

The expansion lines are drawn as in Figure V-21, and 
from these lines the work output per pound of steam can be 
determined es: full load, 320 Btu; 0.75 load, 298 Btu; 0.50 
load, 274 Btu; and 0.25 load, 216 Btu. From these work out-
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Entropy 

• .. 
... 

~ 

117 l 

Pl1• V-21, Turbine espan•lon Jlnee for BsampJe 7, 

puts, the steam flows to the throttle at the various loads 
·can be con,puted from the relation: 

1 /h 
3412(2500)(lcad frac.) 

Throttle flow, bs r = ----------------~--~ Work, Btu/lb 

Flews from tbis relation are: Full load, 26700 lbs/hr; 
0.75 load, 21450 lbs/hr; 0.50 load, 15600 lbs/hr; and 0.25 
load, 9880 lbs/hr. 'l'lillans' line is plotted in Figure V-22. 

Note: The expansion lines in Figure V-21 are "apparent" or 
based on the overall engine efficiencies. For the true ex­
pansion lines which give the actual enthalries of the steam 
to the condenser, see Exawple e. 

Exampl_e 8 shOYIS the method of calculating the approx­
imate heat balance for a regenerative cycle using the steam 
turbine of Example 7. 

Example 8. 

The turbo-fenerator of Exa~ple 7 is placed in a regen­
erative cycle. On~ closed heater is used with the extraction 
point in the turbire located so that the extraction pressure 
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2500 

is 5 psia at 0.25 load. ·one open heater is· placed in th~ 
cycle so that the extraction pressure is 16 psia at 0.25 
load. The arrangement is si~ilar to that in Figure IV-S(b). 
Neglect pump work. Make a heat balance and esti~ate the 
extraction Willans 1 line. 

Solution: 

The expansion lines and engine efficiencies cf Example 
7 were on the overall basis. In order to estimate the ex­
traction performance it is necessary to estia:ate .the. mech­
anical and generator efficiencies and to replot the expan­
sion lines. 

e • = 1.00 -
0.04(rating) 

[ /25COhroo (load) 1 

eg=0,96- 0 .019(rating) 
[f2500/l(l00 (load)]. 

Load overall mech. gen. internal 
eng. eff. eff. eff. eng. eff. 

Full c.e9 0.975 0.946 0.749 
0.75 0.67 0.9€6 0.941 0 .7~7 
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Load overall mech. gen. internal 
eng. eff. eff. eff. eng. eff. 

0.50 0.65 0.949 0.932 0.735 
0.26 0.57 0.899 0.904 0.702 

The expansion'lines are plotted in Figure V-23 and the 
extraction entbalpies determined, remembering that the ex-
traction pressures are directly proportional to load. The 
following table is set up to aid in the calculation of ex-
traction quantities: 

Load H& H&oc Ha Hs He H••& Hsob Hssb 

Full 69.0 196.2 190.2 266.4 1387 '1224 1150 1040 
0.75 69.0 181.1 1'15.1 24'7.5 1387 1240 1169 1059 
·0.50 69.0 161.2 155.2 222.6 1387 1245 1175 1077 
0.25 '69.0 130.1 124.1 184.4 1387. 1262 1195 1120 

Plio Y-21. Turbine eapaoeloa llaee for ••••PI• I. 

It should be noted that it was assumed in setting up 
the preceeding table that H8 is 6 Btu/lb less than Hsoc due 
to the use of a clcsed feed-water heater. J~so, in order to 
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avoid the necessity of solving for w., the drip from the 
closed heater is assumed to be pumped diredtly to the open 
heater. 

The extraction quantities, KA and M8, can be found by 
use of the equations in Section 26, as follows: 

Full load: 

~A(1224- 266.4) = (1- ~A- M8)(266.4- 190.2) 

M8( 1160 - 196.2) 

0.76 load 
0.50 load 
0.26 load 

+ M8(266.4 - 196.2) 

(1- ~A- M8)(190.2- 69.0) 

M•A = 0.073 
0.068 
0.062 
0.062 

Mg = 0.104 lb/lb to throt. 
0.099 
0.074 
0.047 

Work output to the turbine shaft per pound of.steam to 
the throttle is then calculated, as follows: 

Full load: 

W/J = (1387 - 1224) + 0.927(1224- 1160) + 0.823(1150 - 1040) 

W/J = 322.0 Btullb to throttle 
0.76 load 
0.50 load 
0.215 load 

304.8 
292.3 
256.0 

Thrbttle flows are: 

Full load: 
3413(2500) 

322.0(0.975)(0.946) 
0.76 load 
0.50 load 
0.26 load 

Extraetlon and condenser flows 

Load open closed 
htr. htr. 

lbs/hr lbs/hr 

Full 2100 3000 
0.76 1570 2290 

28750 lbs/hr 

23100 
16500' 
10260 

are: 

eonden-
ser 
lbs/hr 

23700 
19240 -
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Load open closed conden-
htr. htr. ser 

lbs/hr lbs/hr lbs/hr 

0.50 1027 1225 14298 
0.25 545 481 9234 

The Willans' line tor extraction operation is plotted 
in Figure V-22. 
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CHAPTER VI 

CO~DE"SERS, FEED-~ATER HEATERS AND EVAPORATORS 

35. Condensers--The purpose of the condenser in a vapor 
cycle is pri~arily to lower the temperature of the priroe 
mover exhaust so that the thermal efficiency of the cycle 
can be increased. Due to the nature of steam, operation of 
the condenser at a temperature less than 212 F requires that 
the pressure within the condenser be less than a~mospheric. 
Operation of condensers at sub-atmospheric pressures requir­
es the use of vacuum pumps to remove the air which unavoid­
ably leaks ir.to the condenser and which, if not removed, 
would make it irr.possible to maintain the low exhaust te~per­
ature. 

Condensers ~ay be divided into two general classes: 
mixing condensers and surface condensers. The most import­
ant type is the surface condenser which allows the reduction 
of exhaust temperature while at the same time allowing the 
recovery of the condensate. The mixing condenser is able 
only to lower the exhaust temperature without recovering the 
condensate. 

36. ~ixlng Condensers--Mixing condensers may be either 
of the jet type or of the barometric type. The jet type de­
pends upon the aspirating action of a jet of water to con­
dense the steam and to remove the air from the condenser. A 
typical jet condenser is shown in Figure VI-1. The use of the 
jet for aspirating air requires more pump power for a given 
vacuum, but a separate vacuu~ pump is not required. The bar­
ometric condenser utilizes a leg of water to provide the 
seal for the condenser rather than power fro~ a pump as in 
the jet condenser. The ·baron1etric condenser is always provid­
ed with a vacuum pump for air removal. A typical baro~etric 
condenser is shown in Figure VI-2. With 70 F cooling water, 
about the best vacuuu which can be maintained with a mixing 
condenser is 28 inches of mercury. Due to the fact that the 
volume of the condenser is small in relation to the amount 
of steam and water handled, the mixir.g process does not reach 
equilibrium and the temperature of the mixture leaving the 
condenser will be about 5 F less than the saturation temper­
ature corresponding to the pressure in the condenser. The 
following equations can be written for the mixing type con­
denser, considerir.g it a steady flow device with no shaft 
work: 

89 
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M (R - H ) = M (H H ) • ~ • v v • 

where: M • M 
v 

H • 

wei~ht of condensing water, lbs/hr . 
weight of steam, lbs/hr. 
enthalpy of mixture leaving the 
condenser, Btu/lb. 
enthalpy of steam entering the 
condenser, Btu/lb. 
enthal~y of cooling water, Btu/lb. 

37. Surface Condensers--The surface condenser has the ad­
vantage of making it possible to save the condensed steam for 
use as boiler feed, but keeping the condensing steam se~arate 
from the cooling water requires that the heat be transferred 
throu~h a dividing wall. This necessity complicates the d~ 
sign of condensers by making it necessary to take into ac­
count the resistance of the dividing wall to heat flow. Two 
methods of calculating condenser size are available: calcu­
lating fro~ the known and estimated resistances to heat flow 
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Pia. Yl·l• B•r•••trlc conden•er. 

of the various elements in the heat flow path; and estimati~g 
from empirical data of the Heat Excharge Institute. 

Surface condensers will be ~ade in as many shapes and 
deaigns as there are manufacturers, the only si~ilarity be­
ing in the existence of water boxes, tubes, a shell and a 
hotwell. Figure VI-3 abows a typical surface condenser with 
its various parts. 
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38. Heat Transfer in Surface Condensers--Heat transfer 
in surface eondensers is accomFliehed entirely by conduction, 
and consideration of the process will reveal that the heat 
must pass first through a film of water forrued by the con­
densing steam, then in succession through the tube, scale 
from compounds and dirt deposited by the cooling water and 
finally through the boundary water filu on the cooling water 
side of the tube. Figure VI-4 shows the heat paths in re­
lation to a conventional condenser tube in which the tube 
conveys the cooli~g water and is surrounded by the steam, 

..... ,., .. . , 
• ~ . . .. . . 
~ • .. .. 

• • .. ., 

.. 
. 
"' , . .. • 

.. . .. 
• .. "r­', ------------ -~-----.... , ,.,.~ 

(a) Tube (b) Temperature rrcps 
Pl1• 91·4. Te•pewature reJ•tion• 
ln heat tran•fer throuch cond•n•er 

tube. 

The outside and inside diameters of the tube are the only 
definitely measureable distances in the heat path. It can 
be seen that the heat flow path is si~ilar to series resis­
tances in an electrical circuit, that ts: 

R 

where: R total resistance to heat flow 

R" resistance of steam film 
Rt = resi$tance of tube 

R• = resistance of water film 

'R.s resistance of scale 

It the icdividual resistances to heat flew are defined 
in ter~s of the thickness and area of each element, 
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1 
Rt = "'i{'""'S, etc . 

t t 

where: R = res-istance ;(hr )(deg F)(sq ft )/Btu 
l thickness in feet 
K- thermal conductivity, 

Btu/(hr)(sq ·ft)(de~ F)(ft) 
S = area, sq ft 

and if 1/R is called the overall heat transfer coefficient U, 
and S allowed to be one square foot, 

As previcusly mentioned, the only readily determined 
di~ensions are the inside and outside diameters of the tube. 
Furthermore, the area of condensing surface is always meas­
ured on the outside diameter of the tube.. For these reasons 
all areas are corrected to the outside area of the tube, so 
that if all elements in the heat flow path except the tube 
are considered to have no thickness, 

1 
u 

where: D
0 

and Di are the outside and 
inside diameters of the tube 

It is not possibl~ to determine 1/K for any resistance 
except the tube wall, so empirical for~ulae based on ration­
-al concepts of heat flow are eroployed·. Substitution of 1/h 
is made for the vapor film, scale and water filro, so that, 

The value of h for the vapor fil111 is dependent princi­
pally on the amount of air dissolved in the film. Nusselt 
and others have found that this Vilue varies between 15CO 
and 3000 1 and in the absence of better data a value of 2000' 
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mar be used. 

Table VI shows approximate values of K for several mat­
erials which are commonly used for heat transfer surfaces, 

TA?LE VI 

THERMAL CONrUCTIVITY OF METALS 
Btu per hr(sq ft)(deg F)(ft) 

Pure copper 220 
Aluminu~ 118 
Brasses (Admiralty, Muntz, etc.) 68 
Steel 30 

The amount of scale present in tubes is highly variable, 
depending upon the t7F3 of water and the season of the year, 
among other factors. For purposes of estimation, h for the 
scale mar be taken as ranging between 4000 for favorable con­
ditions and 2000 for unfavorable conditions, with an average 
of about 3COO. 

The value of h for the water filr may be calculated from 
Nusselt's equation, with water velocity between 6 .and 9 feet 
per second, as follows: 

where: t = arithmetic mean water 
temperature, deg F 

v water velocity, ft/sec 
o, = inside diameter of tube, ft 

Table VII gives the most useful size constants for tubes 
of various thicknesses and diameters. 

After having found the val~e cf U for the condenser, the 
total surface required may be found from the relation, 

Q 
A·=--

Ut.• 

where: A total area, sq ft 
Q heat transferred, 9tu/hr 
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u ·= overall heat transfer 
coefficient 

t = • mean temperature difference 
between steam end water, deg F 

TABLE VII 

~TANPARr CONfEN~ER TUBE DATA 

OD Thickness ID Outside Ir>side 
in. '3WG in. ir... surface sectional 

sq ft/ft area 
sq ft 

5/8 16 C.065 0.495 0,1626 0.00134 
18 0.049 0,527 0.1626 0 .001E2 
20 0.035 0.555 0.1626. 0.00168 

3/4 14 0.08:3 0,584 0.1963 0,00186 
16 0,065 0.620 0.1962 0,002],0 
18 0.049 0.652 0.1963 0.00232 

7/8 14 0.083 0.709 0.2291 0.00274 
16 0.065 0.745 0.2291 0.00303 
18 0.049 0.777 0.2291 0.00:"29 

1 14 0.083 0.824 0.2618 O,OO:'l79 
16 0.065 0.870 0.2618 0,00413 
18 0.049 0.902 0.2618 0.00444 

The value of the mean temperature difference is some­
what different fron' the arithmetic mean temperature differ­
ence due to the fact that the temperature rise of the water 
is not a straight line function cf the distance traversed by 

-it. Figure VI-5 illustrates this point. It can be shown 
that 

t • 11 •• 
log·e t ~ 

t" ,... a 
0 

t a - t a. 
t 0 t s 

· where: t • = mean temperature difference 
between steam and water, deg F 
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tv·= temperature of steam, de~ F 
t and t = inlet and outlet cooling 

ai •o 
water temperatures, deg F 

It is neces-
sary to have a 
temperature diff­
erence between 

Steam Temperature 
t.~----------------r------------------1 

the steam and the 
outlet cooling 
water in order to 
maintain heat 
flow. This diff­
erence in temper­
ature is called 
the termir,al 
difference; and is t., 
usually from 5 to 
lC F for surface 
condensers, the 
smaller applying 
to two pass and 
the lar!(er to 
single pass de­
si!(ns. Refrig­

''•· he at 

Len!(th of Tube 

VI-S, Te~peraturo relation• In 
trenefer thwou1h condeneer tube. 

eration or reheating (according to the desi•n of the conden­
ser) is encountered with the water leaving the hotwell. This 
action will have to be taken into account in the com~utation 
of the heat transferred, but it must be ignored in the com­
putation of the mean temperature difference because.of the 
smallness of the effect of removal of sensible heat in the 
condenser. In well desi!(ned condensers refrigeration will 
not exceed 5 F, and some designs will actually reheat as much 
as 2 F. 

Example 9 shows the method of calculating the pri~cipal 
di~ensions of a surface condenser for the regenerative cycle 
of Example 8. 

Exe11ple 9. 

Esti~ate the principal dimensions of a surface conden­
ser to serve the turbine of Example B. Inlet cooling water 
temperature 72 F, terminal difference 8 F. Use 3/4" X 18 
BWG alumir.u~ brass tubes with a water velocity of 8 fps. 
Assume h,

5 
= 3000 • 
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~olution: 

From Example B, the condenser flow at full load is 
23700 lbs per hour, and the heat removed in the condenser is 
(1040 - El9) = 971 Btu/lb. The temperature of. the steam in 
the condenser is 101 F. 

Q = 23700 ( 971) = 23,000,000 Btu/hr 

(101 - 8) - 72. 21 
16.3 F t = = • 101.- 72 29 

ha 

log.8 101 - (101 - 8) log,8 

93.6[1 + 0.01(82.5)] [8)'0· 8 

[C.652/12P·• 

1 

1615 

u = 1 1.5 J [ 0.049] 0.75[ 1 ] 0.75[ 1 ~ 
2000 + [0.75+0.652 12(58) + 0.652 3000 + 0.652 l615J 

u = 0.0~167 = 599 

A= 23,000,000 = 2360 sq ft 
599(16.3) 

. - 23,000,000 -
Water requ1red -

21
(

6
0)(

8
.
33

) - 2190 gal/min 4.88 cu ft/sec 

4.88 
Flow area = ---

8
-- = 0.61 sq ft 

0.61 
Number of tubes.= 264 

0."00232 

2360 
Length of tubes = = 45.E ft 

264(0 .ll:l63) 

The condenser would be too long for a single pass, so 
, two passes, each 22 1-9w long, are specified. 

The principal di~ensions of the condenser are: 

Area 2360 sq ft 
Tube material 3/4" X 18 BIG Alum. brass 

• Number cf passes 
Active tube length 
Heat duty 23 

2 
22'-9" 

mi Ilion Btu/hr 
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39, Commercial Heat Transfer Standards for Surface Con­
densers--Several of the large manufacturers of heat transfer 
equipment have cooperated in setting up the Heat Exchange 
Ir.stitute with the purpose of standardizing design data for 
this type of equipment. Figure VI-6 shows the curves in use 
for surface condensers. These curves are drawn for tubes 
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with no scale on the water side. In use~ the overall heat 
transfer coefficient from the curves is reduced by a so-call-
ed "cleanliness factor," which is usually taken as about . 
O.PO, Two other correction factors, for· loading and inlet 
water temperature, are used in addition to the cleanliness 
factor. In com~ercial practice loading ranges from 7 to 10 
pounds of steam per square foot per hour. Example 10 shows 
the method of application of the Heat Exchange Institute data 
to the determination of the dimensions of a surface conden­
ser for the same duty as in Example 9. 

Ex .. ple 10. 

Estimate the principal diaensions of the condenser of 
Example 9 by means of the Heat Exchange Institute data. 
Take the cleanliness factor as 0,85. 
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Solution: 

From Figure VI-6, U ~ 765, temperature corr. 
loading corr. = 1.0. 

Corrected U = 765( 1.01)( 1.0)(0 .85) 657 

.A - 23,000,000 -
- 657 ( 16 •3 ) - 2150 sq ft 

1.01, 

Cooling water flow and number of tubes would be the 
same as in Example 9. 

Length of tubes 
2150 

264(0.1963)(2) = 20 •7 ft 

The principal dimensions of the condenser are: 

.Area 
Tube material 
Number of passes 
Active tube length 
Heat duty 

2150 sq ft. 
3/4" X 18 BWG .Alum. brass 

2 
20 1-9" 

2~ million Btu/hr 

These calculations show that the method of Example 9 
is more conservative than the method of the Heat Exchange 
ll'stitute. 

~0. Feed-Water Heaters--The pri~ary function of feed­
water heater& is to utilize extracted or exhaust steam from 
pri~e movers to increase the temperature of water before 
feeding it to boilers. Feed-water heaters ~ay be divided 
i~to two general classes: open tor ~ixing) and closed (or 
surface) heaters. Feed-water heaters are counterparts of 
condensers, the difference being in their smaller size and 
higher operating temperature. 

~1. Open Heaters--The nane "open teater" often leads to 
a misconception of the operation of this type of heater. 
Actually, an cpen heater can operate at any pressure, not 
necessarily atmospheric. All modern regenerative cycles in­
clude one open heater in the feed-water circuit, so designed 
as to act as a scrubber for deaerating the feed-water before 
it enters the boiler. Deaeration is necessary to remove oxy­
gen and other gases which are har~ful to boilers and piping, 
and which have entered the system by leaking into the conden­
ser. There are a number of types of deaerating open heaters 
in use, but the most comrr.on is the tray type shown in Figure 
VI-7. It is quite com~on to provide integral or connected 
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storage for deaerated 
feed-water, as shown i~ 
Figure VI-8. This stor­
age is usually about a 
two or three minute sup­
ply at full load. Cften 
additional surge tanks 
are connected through 
overflows and surge pumps 
with the water storage 
section of the deaerating 
heater to provide add­
itional emergency storage 
for unusual co~ditions. 

The same consider­
ations of heat balance 
apply to open heaters as 
to reixing condensers. 
Well proportioned deaer­
ating heaters will pro-

Spnl, p/IJ'--------:::n, _______ _ 
:;::;:-------­

D~!~~~§~ 

duce water with almost Fl •• 

\Power) 

Yl-7. Tray type deaeratt ng 

feed·••ter heater. iremeasureable quantities 
of dissolved gases and 
with practically zero termi~al difference. 

~2. Closed Heaters--Due to the fact that the water 1~ 
separated fron the steam in a closed heater, it is possible 
to operate· them at high water pressures in relation to the 
steam pressure. Figure VI-9 shows a section of a typical 
closed feed-water heater. 

The same considerations of heat transfer apply to closec 
feed-water heaters as to surface condensersl Because feed­
water heaters operate with relatively clean tubes, the val­
ue of h for scale can be taken to be about 6000. Followin; 
are the terminal differences to be expected in good heater 
designs: 

Temperature of Terminal 
exit feed-water difference 

deg F deg F 

86 230 5 

220 - 300 10 
300 400 lf 
400 525 20 
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Refrigeration in the hotwell of horizontal heaters will 
be of about the same magnitude as for surface conrlensers, 
but will be from lC to 15 F for vertical heaters. Water 
velocities are somewhat smaller than for surface condensers, 

(Alee Ptollluete 

F I g • VI· 9, heater. 

ranging fro~ 3 to 8 
feet per second. The 
draina·ge from closed 
heaters is usually 
flashed to the next 
lower heater in the 
circuit, while the 
drainage from the 
first closed beater 
may be either pumped 
to the condensate 
line before the 
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deaerating heater or flashed to the hotwell of the condenser. 
The heater air offtakes are connected to the condenser 
through flow limiting orifices. 

Commercial closed heaters are designed using Kittredge's 
data fro~ Figure VI-10. 
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Examples 11 and 12 show the method of com~uting.the 
principal dimensions of a closed feed-water for the regen­
erative cycle of Example 8. 

Example 11. 

Spe~ify the principal dimensions of a six-pass clcsed 
feed-water heater to serve the regenerative cycle of Example 
8. Terminal difference 6 F. Use 5/8" X 16 BWG .Admiralty 
brass tubes. Water ve~ocity 6 ft/sec and ~s = 6000. 

Solution: 

From Example 8, the extracted steaw. to the closed heat­
er at full load is 3000 lbs/hr and the heat given up by the 
steam is (1150- 196.2) = 953.8 Btu/lb. The temperature of 
the steam in the heater is 228 F; water temperature to the 
heater 101 F and from the heater 222 F .. 

u 

Q = 3000(953.8) 

222 - 1Cl 

2,860,000 Btu/hr 

228 - 101 
loge228- 222 

121 
127 

log•e 

39.7 F 

93.6[1 + 0.01(161.5)] [6] 0
• 

8 

hit = [0 .495/12) O.l 1945 

1 

20~0 + [0 .6!~!~ .495] [1~(~:~] i ~ ::::[60~0] + ~::::[19!5] 
u = 684 

2,860,000 
.A= 684{39 •7 ) = 105.5 sq ft 

Water f.low = condenser flow = 23700 lbs/hr 

= 
23700

(0.0164) = 0.108 cu ft/sec 
3600 

= 
0 

•
108 

= 0 018 f Flew area 
6 

• sq t 

Number of tubes = 
0.00134 

0.018 
14 per pass 

Length of tubes 
105.5 

7.68 ft 
14(0.1636)(6) 
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The principal di~ensions of the feed-water heater are: 

Area 
Tube material 
Number of passes 
.Active tube length 

5/8" X 
105.5 sq ft 

16 BWG.Adm. brass 
6 

Heat duty 2.86 
7'-8" 

million Btu/hr 

Example 12. 

Esti~jte the area required for the closed feed-water 
heater of Example 11 by means of the Kittredge data. 

l:olution: 

Using Fi~ure VI-10, R 
222 - 101 
228 - 101 

U.A 
0.953,- = 3.0 

M 
and U = 760. From Example 10, M = 23700 lbs/hr, then, 

A = 23700(3.0) = 107 sq ft. 
760 

This area is quite close to the area determined by the 
method of Example 11. 

q3, Vacuum Pumps--As previously mentioned, a condenser 
l!'ust be supplied with son•e sort of air removal apparatus. 
The usual equipment consists of steam ejectors with suitable 
coolers, althou~h 
soll'e plants make 
use of mechanic- Air •••• Co•••••••! 
al air J:UI!"ps. T 

Figures 
VI-11 and VI-12 
show s Oll'e de­
tails ·Of the 
steam ejector 
type of vacuum 
J:Uilll=, and Fig­
ure VI-13 shows 
son:e operating 
characteristics. 
The size of the 
vacuun equip­
o;er..t 'liill de­
pend upon tt.e 
air leakage to 
be ex pee ted, 

Plrol Slo1o ljoc*or 

lnt:ereooler 

te C•••ea.•er 
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(Allii·Chalmer• Co.) 

Fig. VI-12. Steo., jet 
vaeuutn pump. 

which in turn depends upon the 
size and type of condenser. Fig­
ure VI-14 shows the approximate 
maximum air leakage to be ex­
pected. 

~~. Water Cool lng Eauipment 
--Plants must often be located 
where an abundant source of con­
denser cooling water is not 
available. In these cases it is 
necessary to provide a spray pond 
or cooling tower and to use a 
closed circuit for the cooling 
water. Both spray ponds and 
cooling towers depend upon the 
eva~oration into the air of a 
part of the water to be cooled. 
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s,r•y 'os~s are wasteful of ground s~ace because they 
depend upon natural air motion for their effective operation. 
On the other hand, they are relatively irexpensive to oper­
ate because they only require enough power to produce a pres­
sure of about 10 pounds per square inch at the spray. nozzles. 
Figure VI-15 shows a spray pond with the noz·zles arral'1ged in 
clusters, each 
cluster having a 
capacity of about 
200 gallons per 
r. inu te.. It can 
be esti~ated that 
a spray pond will 
require about one 
square foot of 
ground area for 
each 250 rounds 
per hour of water 
to be cooled. 
The de~th of the 
pond need not be 
greater than three 
feet. Fiture Spr•J pond. 

Vl-16 shows so~e typical spray pond perfcrrrance data. 

c 0 • ) 
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Cooling toae~s of the forced or induced draft types are 
~uch ~ore economical of ground space than the spray pond be­
cause they do not depend upon natural air motion for their 
cooling effectiveness. In either tyre the water is broken 
into drops by being allowed to impinge upon wooden packing 
in the tower. The air flows through the falling water dr.ops. 
The tower requires sufficient pump power to raise the water 
to the distributing troughs at the top, and sufficient fan 
power to rr.ove the required amount of air. Figures VI-17 and 
VI-18 show forced and induced draft towers, and Figure VI-19 
shows some typical performance data. 

~5. Evaporators--Since regenerative cycles operate with 
the same water continuously and leakage is slight, it has 
been found advantageous to use evaporators to produce dis­
tilled water for the small amount of makeup required. Make­
up requirements vary from about two to five per cent, depend­
ing upon a number of factors such as the amount of boiler 
blowdown and auxiliary stea~ unrecovered. The makeup water 
might be introdu-ced directly to the boiler as raw or treated 
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•ater, but it has been found to be much easier to clean a 
small eva~orator than to clean a large boiler. 

Evaporators are most often fitted into the feed-water 
and steam cycle so that they use stearr fro~ one of the high 
pressure extraction nozzles in the turbinP. and use condensate 
to condense the va~or produced. Figure VI-20 shows one of 
the 11ethods of arrangelllent of an eva):orator set in a regen-
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erative cycle. It will be noted that the only heat loss from 
the system is due to the necessary blowdown from the evapor­
ator shell. Figure VI-21 shows one of the usual types of 
evaJ:orator. 

In process industries which perform evaroration on a 
product, multiJ:le effect evaporator systems are used because 
of their econo1ry of operation. Figure VI-22 shows a tyfical 
quadruple effect system with a finishing pan for the produc­
tion of citrus ~rolasses. It will be noted that tbe vapor 
from a preceedir.g effect is used as a source of heat for 
successive evaporations. The evaporators are of the long 
tube type with vapor separating heads. In this type of evap­
orator the liquid flows inside the tubes. In the first four 
effects the circulation is natural, and in the finishing pan 
a pump forces circulation. Figure VI-23 shows long tube 
types of evapbrator. 
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Evaporetor in receneratiYe cyele. 

(Po • • r ) . 

Shell and tube e•aporator. 
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PROJECT II 

liS 

1. The power plant of Project I is to be designed 
around three turbo-generator units. One of the units will 
operate continuously, one unit ~ill be operated to handle 
peak loads and the remaining unit will be a spare. The 
plant will operate on the regeneritive cycle with one closed 
feed-water heater and one evaporator vapor condenser per. 
machine. There will be one evaporator and one deaerating 
feed-water heater common to all machines. Boiler blowdown 
is fed to the evaporator shell. The flow diagra~ is shown 
in Figure VI-24. 

It is expected that boiler and evaporator blowdown will 
each be five per cent and makeup will be two per cent. The 
open heater and evaporator will be supplied with stea~ from 
ex~raction points in the turbines so lccated that at full 
load the water temperature leaving the open heater will be 
at the most economical value. The closed heaters will be 
supplied with steam from extraction points in the turbines 
so located that at full load half of the feed-water' temper­
ature rise will be supplierl by the open heater. Throttle 
conditions are: ~50 psig, ?25 F. Back pressure is 2.5 in. 
Hg abs. Refrigeration in the condenser hotwell is 2 F and 
terminal difference in the open heater is zero. Make heat 
balances for the plant at full and half load (two Eachires 
operating). 

2. Specify the princip~l dimensions for a surface con­
denser to serve one of the turbines of part one. The aver­
age temperature of the inlet cooling water is 85 F •. Use 
3/4" OD X 18 BWG Admiralty metal tubes with a water velocity. 
of 7 ft per sec. 

3. Specify the area of an induced draft cooling tower 
to serve the condenser of part two. Design wet bulb temper­
ature is 78 F. 

4. Specify the principal di~ensions of a closed feed­
water heater to serve oneof the turbires of part one. Use 
5/8" OD X 1e BWG Ad1r.iralty metal tubes with a water velocity 
of 5 ft per sec. Maxi1rum tube length is six feet. 

5. Specify the principal dimensions of the deaerating 
feed-water heater for the regenerative cycle of part one. 
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CHAPTER Y II 

FUELS AND CnMBUSTION 

~6. The variety of fuels used for the production of 
power is large, and the type used in any particular locality 
is always dependent upon economic factors. The most import­
fuels for commercial power production, in order of import­
ance, are: coal, natural gas and fuel oil. Process indus­
tries often make use of cellulosic wastes as fueL. 

~7, Coai··Coal is a product of fermentation of vegetable 
matter laid down in prehistoric times. In this country, 
coal is found in almost every State in various phases of the 
evolutionary process. The most important coals for power 
production are the bituminous and semi-bituminous types, but 
some use is made of lignite and anthracite which are respect­
~voly younger and older than bituminous coal. 

Coal is made up of moisture, volatile matter, fixed car­
bon and ash. The proportions of moisture and volatile matt­
er decrease as the age of the coal deposit increases. Vol­
atile matter consists of hydrocarbons which have a greater 
heating value than carbon on a weight basis, but which are 
more difficult to burn in small furnace volumes. Table V1II 
shows the analysis of some of the more important coals, both 
in the proximate form (fixed carbon, volatile, ash and mois­
ture) and in the ultimate form. 

~8. Fuel Oil--The fuel oil ordinarily used in the pro­
duction of elegtrical power is residuum from petroleum re­
fining operations. Pe.troleum is found in large areas through­
the United ·states and South America, and is also a product 
of the fermentation of vegetable matter laid down in past 
ages. Its principal difference from coal is the almost com­
plete absence of fixed carbon and ash. Table IX shows some 
analyses of typical fuel oils. The most important sources 
of fuel oil for the United States are the Pacific and Gulf 
coasts and Venezuela. 

~9. Natural Gas·-Natural gas is principally a·by-prod­
uct from retroleum wells, although much gas is removed from 
the earth s crust through wells which are not connected with 
petroleum operations. Natural gas is a product of the fer­
mentation of vegetable aatter to rroduce coal and petroleum. 
Table X shows some analyses for natural gas. 
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Ark. Semi-anth. 
Penna. Anth. · 
Penna. Semi-bit. 
w. Va. Semi-bit. 
Penna. Bit. 
.Ala. Bit. 
Ill. Bit. 
Ind. Bit. 
N. Dak, Lig. 
Texae Br • Lig • 

TABLE VIII' 

ANALYSES OF TYFICAu .AMERICAN COALS 

Proximate 
H1 0 Vol. FC 

Ultimate - moia. incl. 
.Ash S H C N 0 HHV 

1.28 12.84 7~.59 12.21 2.01 3.74 77.29 1,39 3.36 13406 
2.19 5.6? 86~24 5.ao o.57 2.70 86.37 o.91 3.55 13828 
2.95 21.29 66,92 8.84 1.35 4.74 78.61 ·1.19 6.37 13901 
3.10 17.91 75.26 3.73 0 .• 65 4,60 84.02 1.17 6.03 14724 
2.44 28.44 60,68 8.44 1.32 6,07 76.91 1.31 6.96 13732 
2.53 26.94 69.48· 11.05 0,79 4.80 74,44 1.69 7.32 13286 

13.31 33.62 41.34 11.73 3.75 6,19 59.07 0,95 19.31 10648 
9,'69 28.59 41.04 10.68 4.79 5,39 62.36 1,28 16.60 11412 

26.18· 29.77 26.35 8.70 0,68 6,76 39,45 0,69 43.B2 6700 
13.04 42.75 29,00 14.85 1.04 5.51 52.06 0,95 25.33 9358 
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TABLE IX 

ANALYSES OF TYPICAL FUEL O~LS, 

Ultimate - mois. if!Cl. API0 

c H s N o; 60 F HHV ., 
000 

c:: 
Mexican 84.02 10.06 4.93 0,09 .11.9 18510 ,... 
Mid-cont. 85.62 11.98 0.~5 0.50 0~60 . 27.1 19376 

,... 
Cll 

Calif. 84.67 12.36 1.16 0,90 0.91 16.7 18835 • Texas 83.26 12.41 1.80 1.50 1.03 21~2 19654 z 
co 

TABLE X n 
0 
31: 

""' ANALYSES OF TYPICAL NATURAL GASES c:: 
Cll 
-4 

Volumetric- std. cond. 60 F, '30 in. Hg 0 

CH 4 C,H 4 c,H. co H. o. N.., co. HHV z 

Marion, Ind. 93.56 0.16 0.00 0.60 1.20 0.55 3.42 o.~o 1000 
Pittsburgh, fa, 72.18 3.00 (),00 1.00 20.00 0.80 o.oo 0.80 920 
Findlay, 0. 93.35 0,35 o.oo· 0.41 1.64 0.39 3.41 0.25 1010 
Monroe, La. 78.80 o.oo 9.50 0 .•. 00 o.oo 0.34 11.30 0,06 960 

(YGr.iotn iUIJrc-•1) 

-C8 
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50. Combustion--The process of combustion of fuels is 
one of rapid oxidation of the carbon, hydrogen and sulphur 
which it contains. In order to calculate the amount of air, 
which is the source of oxygen, for combustion, it is neces­
sary to know the ultimatd analysis of the fuel. Since the 
combustion process takes ~lace too rapidly to reach equilib­
rium; it is always necessary to supply more than the theo­
retical amount of air. The air supplied in relation to the 
theoretical air is known .as the total air, while that sup­
plied above the theoretical air is called the excess air. 
Both total air and excess air are expressed as percentages 
by weight of the theoretical air. Examples 13 and 14 show 
the method of making combustion calculations for each of the 
principal types of fuels. 

Example 13. 

Determine the weight of air required for theoretically 
perfect combustion and the flue gas analysis for t fuel 
with the following analysis by weight: C = 0.8339; 
H = 0,0428; 0 = 0.0283; N = 0.0103;,S = 0,0064; moisture 
= 0.025; and ash = 0.0533. Also, determine the weight of 
air" required and the flue gas analysis for combustion with 
::0· o/o excess air. 

8olution: 

The combustjon reactions are: 

c .+ o.- co2, o. = 2.67 c, co •. = 3.e7 c 
a. + i .o.~a.o, o •. = 8 H, a.o = 9 H 
s +-o.-so., o. = s, sol!'= 2 s 
N2 from air ,.; 3.31 0 2 from .air 

Theoretically perfect combustion: Basi·s, one lb fuel. 

Const. weight 01!• 
req. . 

c 0.8:339 2.230 

prod. wght. mol. 
prod. wt. 

mols. anal. by anal. by 
vol. wet vol. dry 

olo olo 

co. 3.060 44 0.0696 17.70 18.78 

H 0,0428 0,342 H2 0 0,385 18 0.0214 5.80 

0 0.0283 -0.028. 
N .. 0.0103 Nl!• 0.010 28 0.0004 76.50 81.22 
~-.... 0.00.64 0.006 sol!' 0.012 64 0.0002 

moist. 0.02150. HI!O 0,025 18 0.0014 

·ash 0.0533 

.. ,, 
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weight o. wght. mols, 
req. ·prod. 

1.0000 2.550 3.492 0.0930 

'N. air 8.440 8.440 0.3010 

Totals/ lb 10.990 11.922 
air gas 

For theoretically perfect combustion, 10.99 lbs of air 
are required and 11.932 lbs of gas are produced per lb of 
fuel burned. The dry {Orsat) analysis of the flue gas would 
be: co. = 18.78 o/o and N. = 81.22 olo. 

Combustion with 30 o/o excess air: Basis~ one lb fuel. 

0 1• req. 2.550 Gas prod., theo. 11.932 
01 supJ:l. 3.320 Excess o •. 0,770 
N1 • air 11.000 N1 with exc. o •. 2,560 

.Air suppl. 14.320 Gas produced 15.262 

Prod. wght. mol. mols. anal. by anal. by 
prod. wt. vol. wet vol. dry 

olo olo 

co. 3.060 44 0.0696 13.70 14.30 
a.o 0.410 18 0.0228. 4.48 
o. 0,770 32 0.0240 4.71 4.93 
N. 11.010 28 0.3930 77.21 80.72 
so. 0.012 64 0.0002 

15.262 0.5096 
~as 

For co111bustion with 30 o/o excess air, 14.32 lbs of air 
are required and 15.262 lbs of gas are produced per lb of 
fuel burned. The dry (Orsat) analysis of the flue gas would 
be: co. = ~14.3:> o/o, '01 4,93 o/o and N1 • = 8::> ,72 olo. 

Example Pl. 

Ceter~ine the weight of air required for theoretically 
perfect combustion and the flue gas analysis for a gaseous 
fuel with the following analysis by volume: co. = 0.004; 
CH. = 0.921; c.H. = 0.041; and N. = 0.034. Also determine 
the amcunt of air required and the flue gas anal;sis for 
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.combustion with 20 o/o ezcess air. · 

'Solution: 

Combustion. reactions are: 

ca. + 2 o.- co •. + 2. H.o, 01 = 4 CH., C01 = 2.75 CH., 
HI!O = 2.25 CH.-

C1H1. + 3lo 01!.--2 co •• + 3 H.O, O.• = 3.73 CI!H1, 
col! = 2.94 ci!H., 
H~O = 1. 79 CI!•H 1 

N1 from air =. 3.31 01 from air 

Theoretically perfect combustion: Basis, one lb fuei. 

Const. anal. mol. lbs~ anal. o •. Products 
by vol. wt. by wt. req. col! H.o N. 

co. 0.004 44 0.176 0.0103 0.01 
CH4 0.921 16 14.750 0.8630 3.45 2 .3'7 1.94 

· c.a. 0.041 30 1.230 0.0'120 0.27 0.21 0.13 
w •. C.034 28 0.953 0.0557 C.06 

1.000 17.109 1.0010 3.72 2.59 2.07 0.06 
N1 from air 12.30 12.30 
Total air 16.02 2.59 2.07 12.36 17.02 

MoL wt. 44 18 28 gas 
mols. 0·.06 0.12 0.44 0.62 

Anal. by. vol. weL o/o 9.SO 18.7 71.70 
Anal. by vol. dry o/o 11.80 88.20 

Froi the preceeding analysis it is seen that one pound 
of this particular fuel gas requires 16.02 lbs of air for 
theoretically perfect combustion and produces 17.02 lbs of 
wet flue·gas. The dry (Or~at) analysis· of the flue gas 
would be:. C01 =· 11.80 o/o and N1• = 88.20 olo. 

Combustion with 20 olo excess air·: Basis, one lb fuel. 

01• req. 3.72 Gas prod., theo. 17.02 

o. suppl. 4.46 Excess o. 0,74 

Nl!' from air 14.76 N1 with ezc. 01!' 2.46 

Air supplied 19.22 Gas produced 20.22 
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Prod. wght. mol. mols anal. by anal. by 
rrod. wt. vol. wet vol. dry 

olo olo 

co. 2.69 44 0.0589 8.10 9,63 
H.O 2.07 18 0.1150 15.82 
o., 0.74 32 0.0221 3.08 3.78 
N. 14.82 28 0.5300 13.00 86.69 

20.22 0 ;7270 
gas 

For combustion with 20 o/6 excess air, 19.22 lbs of air 
1re required and 20.22 lbs of flue gas are produced per lb. 
>f fuel. The dry (Orsat) analysis ~f the flue gas would be: 
:o, • 9.63 o/o, 01 = 3,78 o/o and N1 = 86~69 o/o. 

Often it is necessary to determine· combustion conditions 
from a fuel analysis and an analysis of the flue gas. Ex­
&mples 15 and 16 show the method followed for each of the 
types of fuels. 

Exe11ple 15, 

Fuel with an ulti~ate analysis of:. C = 0.83; H = 0.127; 
0 • 0.012; N = 0.016; S = 0.004; moisture= 0.01; and 
ash • 0.001 is burned in a boiler furnace. The flue gas has 
the following volumetric analysis on the dry basi~: 
CQ, = 13.7.o/o; 0 1 = 2.6 olo; CO= 0.4 olo; and N1 • ~ 83.3 o/o. 
F1nd the theoretical air, actual air and flue gas produced 
in lbs per lb of fuel fired. 

Solution: 

1. The theoretical air can be found from the formula: 

14 •t = 11.53 C hF'wed + 34 .36[H - fl + 4.32 S lbs/lb fuel 
0.012 w.,'"' 11.53(0,83} + 34.26[0.127- -8-] + 4.32l0.004) 

J( .t = 13.91 lbsllb fuel 

2. The dry flue gas produced can be determined with the 
aid of a carbon balance, as follows: 

44 CO, + 32 O,· + 28(N,· + CO) ( ] 
Mtd.. 12(co. + co> c "'"" ... ~~ + \S + f·::; lbsllb 
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y ... = 44(13.7)+32(2.6)+28(83.3+0.4) [ 8 (0 
.... 12(13.7+0.4) o. 3+ ,375)0,004]+ 

fO ,625(0 .004) 
Mgd = 19,93 lbs/lb fuel 

Note: Sulphur dioxide in the flue·gas is analyzed as carbon 
iioxide by the Orsat apparatus. If all of carbon in the fuel 
is not burned a correction is made (see Example 17). 

3. The wet flue gas produced can be found from a 
weight balance, as follows: 

Mg• = Mgd + 9 H + moisture lbs/lb fuel 

Mg• = 19.93 + 9(0.127) + 0.01 = 21.08 lbsllb fuel 

4, The actual air supplied can be found from a weight 
balance, as follow~: 

0 
Mu =. Mgd + 8[H -S]- Cb•r~red- S- N lbsllb fuel 

M •• = 19.93 + B[C.127-
0 ·~ 12 1 - o.e3- o.oo4- o.o15 

M55 = 20 ,08 lb s/lb fuel 

5, Excess air can be found from the relatio~: 

M - M 
Excess air o/o = 44 qt(10C) 

Mat 

Excess air o/o = 
20

'
08

-
13

'
91

(100) =. 44.-3 o/o 
13.91 

Example 16. 

A fuel gas having an analysis of CH4 = 77,5 olo, C2He = 
15.0 o/o C0

1
• = 5,3 o/o 1 N2 = 0.2 o/o is burned in a boiler 

furnace,' The flue gas has the following analysis on the dry 
basis:· C01 = 9.0 o/o, 0 1 • = 3.0 olo, CO= 0.2 olo, N2 = 
67.8 o/o. Find the theoretical air, actual air and flue gas 
i~ lbs per lb of fuel fired and the percentage of excess air 
supplied. 

Solution: 

The first step in the solution is the conversion of the 
volumetric analysis to a gravimetric analysis. 
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Const. anal. by mol. lbs. anal. by 
vol. wt. wt. 

CH,. 0.775 16 12.40 0.619 
c~H· C.160 30 4.80 0.239 
co, 0.063 44 2.77 C.138 
N. 0.002 28 0.06 0.004 

1.000 20.03 1.000 

1. Theoretical air: 

M = at 17.25 CH,. + 16.10 C1 H8 + 14.8 C1 H,. + 34.5 H1 lbs/lb 

Mat 17.25(0.619) + 16.10(0.239) = 14.53 lbs/lb fuel 

2. rry flue gas: 
44 CO, + 32 0 1 + 28(N1 + CO) 

12(CO, + CO) [0.75 CH,. + 0.8 C1 H1 

+ 0.857 CaH .. J + CO,f + N1 J · 

44(9.0)+32(3.0)+28(87.8+0.2)[0.75(0.619)+0.8(0.239)] 
12(9 .0t0. 2) +0.138+0.004 

M14 = 17.84 lbs/lb fuel 

!. Wet flue gas: 

lit• ... M14 + 2.25 CH 4 t 1.8 CI!He t 1.29 CI!H .. t 9 HI! 

M = 17.84 + 2.25(0.619) + 1.8(0.239) = 19.46 lbs/ib fuel ,. 
4. Actual air supplied: 

M
1111 

= Mgd + 1.25 CH,. + 0.80 CI!He + 0.29 CI!H,.· + 8 H1 

- N1 • - C01 

M
11

• 17.84 + 1.25(0.819) + 0.80(0.239)- 0.002- 0.138 

M•• = 18.47 lbs/lb fuel 

5. Excess air: 

27.1 o/o 
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51. Heating Value of Fuels--One of the most important 
properties of any fuel is its heating value per unit of 
weight or volume. The higher heating value (HHV) is the 
value which would be obtained if the products of combustion 
were cooled to the temperature of the original fuel and air, 
The lower heatir.g value (LHV) is the higher heating value 

, less the latent heat of vaporization of the moisture formed 
in ~he combustion process and present in the fuel originally. 
It l.s customary to base efficiencies on the higher heating 
values, although efficiencies would appear to be higher if 
they were based on the lower heating value. 

The heating values of fuels can be determined approx­
imately by calculation if the ulti~ate analysis, proximate 
analysis (for coal) or specific gravity (for fuel oi}) is 
known. 

For solid or liquid fuels with the ultimate analysis 
known: 

0 . 
HHV = 14600 C + 62000 (H - B) + 4050 S 

where: HHV = hi~her heating value, Btu/lb 
C, H, 0 and S = carbon, hydrogen, 

oxygen and sulphur, lbs/lb f~el 

For coals with the proximate analysis known, the heating 
value can be determined from Table XI. It will be noted 
that the proximate analysis must be converted to the com­
bustible basis before the table is used, and the result con­
verted to the as fired basis. These conversions may be made 
as follows: 

Converting proximate analysis as fired. to 
combustible basis, lbs/lb fuel: 

Volatile matter as fired 
Volatile matter ·= 1 - moisture as fired - ash as fired 

Fixed carbon as fired 
Fixed carbon = ~1----~.~~~~~~~~~~~--~--~ - mo1.sture as fired - ash as fired 

Converting· heating value on combustible basis 
to as fired basis, Btu/lb: 

HHV ·= (HV on comb. basisH1- mois. as fired- ash as fired) 
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TABLE XI 

HEATING VALUE OF COAL BASED ON PROXIMATE ANALYSIS 

.States Per cent Volatile 
on Combustible 
Basis 

Btu/lb on 
Combustible 
Basis 

Pa., Ohio, W.Va., Md., 0 18 HBV = 14650 + 7810 v 
Va., Ky., Ga., Tenn.,· 
Ala., Ind., Iowa, Neb., 16 - 36 HHV= 18180 - 2250 v 
Kan., Mo., Okla., 

38 HHV 18750 - 9440 v Ark., and Texas - up ·= 

Ul. and Mich. all RHV = 16062 - 3830 V 

where: HHV • higher heating value 
V • deci~al fraction volatile 

on combustible basis 

(F. C. Eflt~.,s) 

For heavy fuel oils with the specific gravity known: 

dHV =18850 + 40{A.P.I.' 11·-10) 

where: A.P.I. 0 =specific gravity 
on the American Petroleum 
Institute seale, or 
A.P.I. 0 ·= 141.5 - {131.5/sp.gr.ff) 

For gaseous fuels with the volumetric analysis known': 

HHV ·= 323 CO+ 328 HI!+ 1012 CH. + 1762 CpH 1 + 1641 CJ{ 4 

where: EHV ~ hirher heating ·value, Btu/cu ft 
at 60 F and 30 in. Rg 

CO, H:l!, cR., CI!Ba a'd C ,B. ·= carbon 
monoxide, hydrogen, methane; e\hane 
and ethylene, volume fractions 
as fired. 

The preeeeding equations &re only approximate, and for 
the most precise determination of beating value it will be 
necessary to emplo~ a calorimeter of a suitable type. 
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For heating val­
ue determinations on 
sclid or heavy liquid 
fuels, it is custom­
ary to employ one of 
the constant volume 
"bo~b" types of cal­
orimeter. The Parr 
bomb calcri~eter is 
shown in FiKure VII 
-1, and consists of 

(Parr Inatru~nent Co.) 

a heavy steel con­
tairer into which the 
fuel sam~le is placed 
with sufficient pure 
oxyKen to insure com­
plete combustion . . 
The bomb is immersed 
in a known weight of 
water whose temper­
ature rise is deter­
mined after igniting 
the fuel sample with 
an electric resis-

rt 1 . VJJ.t. P•rr bomb e•larlmeter. 

tance wire. 

For heating value determinations on gaseous or light 
liquid fuels, the steady flow 
calcrirreter is used. The Sar­
gent calcrirreter shown in Fig­
ure VII-2 is of this type and 
consists of a water jacket 
with flues for abs orbing heat 
fron: the products of c ombus­
tion of the fuel. If the 
pr oducts of combustion leave 
the calcrimeter at the same 
temperature as the inc oming 
fuel and air, the higher heat­
ing value will be determined. 
The heating value is calcu­
lated from the known weight of 
water heated through a known 
temperature rise by a known 
volume or weight of fuel. 

52. Flue Gas Analysis-­
Analysis of the products of 
combustion is most conven­
iently made with an ·crsat type 

(Pr,clllon Sclentlflc Co.) 

Plio Vll-2, Sorgent 
c•lorl•eter. 
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ot apparatus which absorbs 
the various flue gas con­
stituents, one at a tiae, 
by means of chemical sol­
utions. Figure VII-3 shows 
a comaon portable form of 
the apparatus. 

The Orsat analysis is 
given on the dry basis be­
cause the sample remains 
saturated with moisture 
throughout the test proced­
ure. The ordinary form of 
the apparatus measures vol­
umetric or mol fractions of 
carbon dioxide, oxygen an~ 
carbo~ monoxide. It is ass­
umed that the remainir.g gas 
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is nitrogen. Due to the 
tact that the reagent.for 
carbon dioxide will absorb 

(Fioher Sclontifle Co,) 

all acid gases, the sulphur­
ous gases in the products of 
combustion will be analyzed as 
is slight for ordinary fueis. 

Fla. 911·.1. Oroat a•• 
•n•l,•l• •PP•r•tu•• 

carbon dioxide, but the error 
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CHAPTER Y Ill 

STEAM 6EMERATORS 

53. St••• t•••r~tor is the preferred name for equipment 
which produces steam from water by means of fuel. Steam gen­
erators are divided into two general classifications: fire 
-tube and water-tube, depending upon whether the water sur­
rounds the tubes or is contained within the tubes. It might 
be said here that the term ooilar is used somewhat flexibly, 
but strictly s~eaking should only be applied to the convecti0.1 
steam generating surface in a steam generator, while the 
term •sha• ga11arau~-.ineludes the boiler and all auxiliary 
beat recovery apparatus. 

Steam generators in small sizes are rated in terms of 
boiler horsepower, which amounts to a heat absorption of 
33,4eO Btu per hour per boiler horsepower, or 34.5 pounds of 
steam per hour per boiler horsepower from and at 212 F. One 
boiler horsepower is also approxb:ately equal to ten square 
feet of convection beating surface. Large steam generators 
are rated in terms of the actual weight of steam produced 

- per hour at definite outlet conditions with feed-water at a 
definite temperature. 

5,. Stea• Generator Efficiency--Steam generator effic­
iency is the quotient of the heat output of the steam gener­
ator divided by the heat input frou: the "•1el. That is: 

_ M
11

(H -h/ ) + M
0
(h/.- h/ ) 

e ·- " J •a 2 
•st M/HHV) 

where·: M" steam flow, lbsihr 
M0 blowdown rate, lbs/hr 
u

1 
fuel feed rate, lbs/hr or cu ftlhr 

H
11 

= enthalpy of steam at 
boiler outlet, ~tu/lb 

h
12 

=enthalpy of boiler feed, Btu/lb 
h/ - ~ enthalpy of saturated water 

•:. at ·boiler pressure, Btu/lb 
HHV = higher heating value of fuel, 

Btu/lb or Btu/cu ft 

Quite often it is impossible to measure accurately the 
quantities of fuel, steam and blowdown, making it necessary 

130 
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to determine the steam generator efficiency by the method of 
losses. This method requires that the flue gas analysis and 
ultimate analysis of the fuel, as well as combustion air 
temperature, fuel temperature and flue gas temperature be 
known. The various losses per pound of fuel can then be cal-
culated and the difference between the heating value of the 
fuel and the losses considered as the heat abso~bed by the 
stea• generator. The losses are: 

(a) Due to sensible heat in the dry flue gase~. 

(b) Due to sensible and latent heat in the vapor for~ed 
from the moisture in the fuel. 

(c) Due to sensiblf• and latent heat in the vapor. foru;ed 
from the combustion of hydrogen in the fuel. 

(d) Due to carbon monoxide resulting from the incom­
plete combustion of carbon. 

(e) Due to unburned carbon in the ash pit refuse and in 
fly ash. 

(f) Due to radiation from the boiler.settingh 

(g) Due to unaccounted for losses, such as sensible heat 
in the ash pit refuse, unburned hydrocarbons, and 
moisture in the air used for combustion. (This 
item can be estimated at from C.l to 0.2 per cent.) 

The above losses might be regrouped into two general ·classi­
fications, as follows: 

A. Combustion losses due to failure to develop the full 
heating value of the fuel. These items would in­
clude items (d) and (e) and part of (g). 

B. ConverRion losses due to failure to transmit all of 
~e heat developed to the steam. These losses 
would include items (a), (b), (c) and (f) and part 
of (g). 

ExamJle 17 shows the method of determination of.steam 
generator effi~iency by the direct method and by the method 
of losses for solid or liquid fuels, and Example 18 shows 
the same procedure for gaseous fuels. 

Ex .. ple 17. 

The following data were recorded for a test on a boiler 
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rated at 200,000 lbs per hour and equipped with a completely 
water-cooled furnace: 

Average steam temperature 
Average steam pressure 
Steam generated in 8 hours 
Average feed~water temperature 
Heating value of coal as fired 
Fuel fired in 8 hours 
Heating value of refuse 

900 F 
910 psig 

1,600,000 lbs 
300 F 

14,400 Btu/lb 
74 tons 

Refuse collected in 8 hours 
Average flue gas temperature 
Average combustion air temperature 
Average fuel temperature 

5,100 Btu/lb 
5.9 tons 
250 F 
110 F 
70 F 

Flue gas analysis 
by volume 

col! 12.8 o/o 
0 11 6.4 o/o 
CO 0.2 olo 
N1 80.6 o/o 

Fuel analysis 
lb/lb as fired 
c 0.8152 
H 0.0447 
0 0.0495 
N 0.0100 
s 0.0063 
ash 0.0521 

II!Ois. 0.0222 

Make a h~at balance for the boiler: 

"Solution: 

A. Carbon burned: 

[wt. of refuse(heating value of refuse)] 
C- 14600(wt. of fuel) 

5.9(5100) 
0.8152 ~ [

14600
(
74

)] = 0.7873 lb/lb fuel 

B. rry gas: (See Example 15) 

M = 44(12.8)+32 ( 6 •4)+28 (80 · 6t0. 2)[0.7873t0.375(0.0063)) 
gd. • 12 ( 12 •8 +0 · 2) +0.625(0.0063) 

15.30 lbs/lb fuel 

C. Heat·absorbed by boiler: 

Wt. of water evaporated(heat added to·water) 
Wt. of fuel fired 

Btu/lb 
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1,600,000(1450. 9 - 269 ·e) = 12 780 Btu/lb fuel 
. 74(2000) , 

D. Heat loss due to dry flue gas: 

Qe• = 0.24(M
1

d)(temp. of flue gas- temp. of comb. ·air) 

~e = 0.24(15.30)(250- 110) = 515 Btu/lb fuel 

E. Heat loss due to moisture in fuel: 

'hen temperature of flue gas < 575 F: 

Q, = [mois. in fuel] [1088 - temp. of fuel +·0.46(temp. of 
flue gas)] 

When temperature of flue gas > 575 F: 
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Q, = ·[mois. in fuel] [1066- temp. of fuel + 0.50(temp. of 
flue gas)] 

Q, = 0,0222[1089- 70 + 0,46(250)] 25 Btu/lb fuel 

F. Heat loss due to moisture from combustion of H: 

When temrerature of flue gas < 575 F: 

Q4 = [9 H] [1089- temp. of fuel + 0,46(temp. of flue·gas)] 

Jhen temperature of flue gas > 575 F: 

Q4 [9 H][1066- temp of fuel+ 0.50(temp. of flue gas)] 

Q4 • 9[0.0447H1C89 - 7.0 + 0.46(250)] = 456 Btullb fuel 

G. Heat loss due to carbon monoxide in flue gas: 

co 
Q, • C0

2 
+ C0( 10160 )(Cov~aed) 
0.2 (10160)(0.7873) = 

Q, = 
12.8 + 0.2 

123 Btu/lb fuel. 

H. Heat loss due to combustible in refuse: 

Jt. of refuse 
Q, = Wt. of fuel (heating value of refuse) 
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1000~-------c;;~~~~~~-:~:-~~~~~~ .aoo Correction Factors 1 

Number of Walls 
600 Type of Wall 1 2 3 4 ;'/ 
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(A•er .. Boller 11f1r1. Ataoc.) 

PI~. VJII·l, o\,B.I!,o\, boiler rodlotlon looo chart. 

Q• = 5 •
9
(5100) = 407 Btullb fuel 

74 

I •. ~adiation losses from boiler setting: 

From Figure VIII-1, radiation losses for a 200,000 lb/hr 
boiler at full load are 0.75 o/o for brick walls, with a 
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correction factor of 0,75 tor four water-cooled walls. 

Q7 = 0,0075(0.75)(14400) = 81 Btu/lb fuel 

J. Unaccounted for losses: 

Q1 Heating value of fuel - [Qs + Q~ + Qa + Q~ + Q• + Q1 

+ Q?] 

Q8 = 14400 - (12780+515+25+456+123+407+81] = 13 Btu/lb ·fuel 

Recapitulation: Basis, one lb fuel as fired. 

Heat absorbed by boiler 12780 Btu/lb 88.7 olo 
Heat loss due to dry flue gas 515 3.6 
Heat loss due to moisture in fuel 25 0 • .2 
Heat loss due to mois. from comb. of H 456 3.2 
Heat loss due to carbon mo.noxide 123 0,8 
Heat loss due to comb. in refuse 407 2.8 
Heat loss due to radiation 81 0.6 
Unaccounted for losses 13 0.1 

Heating value of fuel 14400 Btu/lb 100.0 o/o 

Ex amp I e 18. 

The following data were recorded for a test on a boiler 
rated at 25,000 lbs per hour and equipped with plain brick 
furnace walls: 

Average steam pressure 215 psig 
F 
lbs 
F 

Average steam temperature 540 
Steam generated in 4 hours 86,000 
Average feed-water temperature 260 
Heating value of gas (std.cond.) 1,060 Btu/eli ft 
Fuel fired in 4 hours, at. 

70 F and 2 psig 
Average flue gas temperature 
Average· combustion air temp. 

Flue gas analysis 
by volume 

C02 • = 9.3 o/o 
0 1 • = 2.5 o/o 
CO 0.3 o/o 
Na 87.9 o/o 

89,400 cu ft 
350 F 
100 F 

Fuel analysis 
by volume 

CH 4 = 0,840 
c.H. •= 0.120 
Na = 0,025 
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Make a heat balance for the boiler. 

Eolution: 

The volumetric fuel analysis is first changed to a grav­
imetric:analysis: 

Const. anal. mol. lbs. anal. 
by vol. wt. by wt. 

ca. 0.840 18 13.45 0.759 
CI!HI 0.120 30 3.60 0.203 
Nl! 0.025 28 0.70 0.038 

1.000 17.75 1.000 

A. Dry gas: (See ixample 16) 

= 44(9.3)+32(2.5)+28(87.9+0.3)[0 75(0 759) ( 1 
12(9 3+0 3) • . +0.8 0.203) 

. • +O.OB8 

Mgd = 18.82 lbsllb fuel 

B •. Heat absorbed by boiler: (See Ezample 17) 

from the calculations converting the fuel analysis to 
the gravimetric basis, the apparent molecular weight is 
17.751 from which R = 1544/17.75 = 87.0. The weight of fuel 
fired is: 

= (3+14.7)(144)(89400) = 9 0 
MJ 87(530) . 4 5 lbs 

The weigh~ of one cubic foot of fuel at standard con­
.ditions is: 

p = 
30(0.491)(144) 

87(520) 
0.0469 lb/cu ft 

from which the heating value of the fuel is:. 

1060. 
HHV =. 

0
_
0469 

-= 22600 Btu/lb 

86;oo0(1287;8- 228.6) = 18400 Btu/lb fuel 
Qs = 4950 
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C. Heat loss due to dry flue gas: (See Example 17) 

Q• 0.24(18.82)l350- 100) = 1130 Btullb fuel 

D. Heat loss due to moisture fro.m combustion of B': 

When temperature of flue gas < 575 F: 
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Q4 = [2.25 CR. + 1.8 CI!He + 1.29 C11H. + 9 H11 ][1089- temp. 
of fuel + 0.46(temp. of flue gas)] 

When temperature of flue gas > 575 F: 

Q4 = [2.25 CR. + 1.8 Cl!He + 1.29 c.H4 + 9 JJ • .J [10M- temp. 
of fuel + 0!50(temp. of flue gas)] 

Q4 [2.25(0.759) + 1.8l0.20~)][1089- 70 + 0.46(350)] 

Q4 2440 Btu/lb fuel 

E. Heat loss due to carbon monoxide in flue gas: 

CO 
0

(10160)(0.75 CH. + 0.8 CeRe + &.857 Cl!H4 ) co,. + c 

0 •3 (10160)(0.75[0.759] + 0.8[0.203]) 
9.3 + C.3 

F. Radiation losses from boiler setting: 

232 Btu/lb 

From Figure VIII-1, radiation losses for a 25,QOO lb/hr 
boiler cperati~g at 21,500 lbs/hr are 1.5 o/o: 

Q, = C.015l22600) = 239 Btu/ lb fuel 

G. Unaccounted for losses: 

QB 22eoo - [18400+1130+2440+232+339] 59 Btullb fuel 

Recapitulation: Basis, on~ lb fuel as fired. 

Heat. absorbed by boiler 18400' Btullb 81.5 olo 
Heat loss due to dry flue gas 1130 5.0 
Heat loss due to mois. from comb. of H 2440 10.8 
Heat loss due to carbon monoxide 232 1.0 
Heat loss due to radiation 339 1.5 
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Unaccounted for losses 59 0.2 

Heating value of fuel 22600 Btu/lb 100.0 olo 

55. Fire-Tube Boilers--Fire-tube boilers (or steam gen­
erators•) a.re built in sizes up to about 500 horsepower and 
for pressures up to about 200 psig. The pr·incipal types are: 
horizontal return tubular; Scotch marine; vertical tubular; 
and firebox tubular. 

Boriaoa~al ret•r• t•b•l•r boile~s consist of a drum with 
long.itudinal flues set over a brick firebox, as shown in Fig­
ure VIII-2. They are moderately efficient and are suitable 
for use with any kind of fuel. 

Scotch ••ri•• boile~s are so na~ed because they were 
first used in steam powered ships built in Scotland. They 
have been adapted to stationary power plants and are most 
popular for packaged units lecause the furnace is internal 
to the boiler. Figure VIII-3 shows a modern Scotch marine 
package unit. 

Ver~icat t•bslar b~ile~s are built in small sizes up to 
about 50 boiler horsepower and are popular for laundries and 
small food processing plants because of the small flocr 

.J space requirement. Due to the fact that part of the flues 
are above the water line, the steam is delivered with a 
small amount of superheat. Figure VIII-4 shows a boiler of 
this type. 

P.ireboz t•b•l•r boil•~s are made in a number of differ­
ent designs, one of which is shown in Figure VIII-5. Their 
advantage is' the ability to put more heating surface in a 
given total boiler volume than the other fire-tube types. 

Fire-tube boilers are not made for high pressures be­
cause of the difficulty of staying the flat tube sheets 
against bulging, and because tubes are.relatively less re­
sistant to collapse from external pressure than they are to 
rupture fro~ internal pressure. 

56. Water-Tube Boilers--Water-tube boilers are built in 
capacities from about 1CC boiler horsepower to more than cne 
million pounds of steam per hour, with pressures ranging 
from 15 to 3500 psig. The variety of water-tube boilers is 
very large, but the general types are: straight tube and 
bent tube. 

Straight t•be b~ile~s require the use of headers for 
the tube ends. The main disadvantage is that the many hand-
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hole covers which are necessary have a tencency to leak. 
The main advantages are that all of the stea~ generating 
tubes are alike and they are easy to clean, when neces­
sary. Figures VIII-6 and VIII-7 show two ty~es of straight 
tube boilers. 

( P • • e r) 

Fla. ¥111·6. Lonaltu4ln•l 
dru• etr•laht tub• boiler. 

( P e • • r ) 

Fla. VIII-7. Croao dru• 
wtl'el•ht tube boiler. 

Be"t tube boile~s were designed to elirri~ate the tube 
headers and handhole covers which gave tr ouble in the straig~t 
tube boilers in the higher ~ressure ranges. Figures VIII-8 
through VIII-11 shew some modern bent tube boilers of var­
ious sizes and arrangements and Figure VIII-12 shows boiler 
cost data (based on 1946). 

67. Heat Transfer in Boilers--The major portion of the 
heat transfer in boilers takes place by convection fro~ the 
flue gases and by conduction through the tubes. Consider­
ation of the mechanisms of heat transfer in boilers will 
show that, while they are similar to those in surface condens­
ers, some of the factors are not easily determined. For in­
stapce, in most boilers the circulation of water is by nat­
ural forces set up by the difference in density between steam 
and water, and as a consequence it is not easy to deterrrire 
the velocity of the water Fassir.g over the boiler surface. 
In a siuilar rranner to the effect cf velocity on water film 
coefficients, the velocity of the flue gas over the surface 
of the tubes affects the gas filrr coefficient. For these 
reasons, manufactwrers of boilers employ empirical f ormulae 
to a great extent ir. c~lculating the heating surface re~u:r­
ed. 

One of the best known empirical forrrulae for estimation 
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( p 0 •• I') 

Fig. VIII•&. Longitudinol 
dru~ bent tube bniler. 

F l1, 

(Po••w 

VIII·9, Three dru• 
bent tube boiler. 
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F l 1 , VI I I - 1 0. Radiant 

b o i 1 e r. 

Fi e . VIII·It. T'Wo dru"' 
bent drue boiler . 
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of overall heat transfer coefficients in water-tube boilers 
is the Babcock and Wilcox equation: 

U 2.00 + 0.0014 G 

where: G mass flow of ~as, lbs/hr per sq ft 
of projected flow area transverse 
to the tubes. 

Example 19 shows the method of estin:ating the surface 
required for a water-tube boiler. 

Example 19. 

A boiler usin~ fuel oil of the analysis of Example 15 
with a heating value of 18500 Btu/lb and with the same flue 
gas analysis is to produce 20,000 pounds of steam per hour 
at 150 psig and saturated from feed-water at 212 F. Temp­
erature of flue gas 500 F, temperature of combustion air 
80 F, temperature of c6mbustion 2500 F, and temperature of 
fuel 180 F. The boiler is to be of the three-pass straight 
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tube sectional header type with 3 in. on tubes spaced fin. 
on centers. There will be 24 tubes per bank, and the tubes 
will be 12ft long. retermine the number of banks requ4red, 
neglectin~ the area of the sectional headers and the boiler 
drum. The furnace has plain brick walls. Assume that no 
refuse is for~ed. 

Solution: 

The heat absorbed by the boiler per pound of fuel fired. 
can be determined by the method of losses, allowing about 
1 o/o for unaccounted for. 

Q, 0,24(19.9~)(500 - BO) 2010 Btu/ib 
Q, = 0.01(1089 - 180 + 0.46[500]) 11 
Q4 9(0.1270)(1089 - 180 + 0.46[500]) 13:>0 

Q. :; 
0

/
0 4

(10160)(0.83) 239 
13.7 •. 

Q7 = o.015{1e5oo> = 278 
Qll o .ol( 1e5oo > 185 

Total losses 4023 

Q1 = 18500 - 4023 = 14477 Btu/lb 

~he wei~ht of fuel fired per hour is: 

N = 20 ,000( 1195.6 - 180 .1) = 1405 lbs/hr 
I 14477 

The heat transferred is: 

Q = 20,000(1195.6- 180.1) 20,300,000 Btu/hr 

The gas flow is: 

M = 21.08(1405) 
t• 

29600 lbs/hr 

The transverse gas flow area between tubes is: 

A = (24 - 1)(5 - 3)12 ft 
1 3 ( 12) = 15.35 sq 

29600 
from which, G = "'i"5.35 = 1930 lbs/hr/sq ft 

and from the Babcock and 'ilcox equation, 
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u = 2.00 + 0.0014(1930) = 4.70 

The mean temperature difference is: 

2500 - 500 
t• = --3~6-6---2-5_0_0 = 7 24 F 

log 8 366 - 500 

'and the boiler area required is: 

- 20,3>0,000 
.A- 4 _70 ( 724 ) = 5970 sq ft 

~. 

Each bank of tubes contains 12(~2){24) 226 sq ft 

therefore, the number of banks of tubes required is: 

5970 
. .226 = 26 banks of tubes. 

58. Water-Cooled Furnaces--The water-cooled furnace was 
introduced as a means of reducing maintenance on furnace re-

, fractories. Acceptance was slow because of difficulties 
with water circulation, but a modern steam generator is 
almost all water-cooled furnace with only enough boiler sur­
face to reduce the gas temperature to an econo~ical point 
for use in econo~izers or air heaters. Reference to the 
illustrations of water-tube boilers will show the application 
of furnace ccolir.g. 

Heat transfer to furnace cooling surface is almost en­
tirely by radiation and the heat transfer coefficients are 
extre~ely high. The amou&t of radiant heating surface re­
quired in a furnace is a function of several variables, such 
as the volume of the furnace, the temperature of the flue 
gas leaving the furnace, the sensible heat in the flue gas 
and the arrangement of the cooling surface. 

Table XII gives some generally accepted data on values 
of heat release per unit of furnace volume. 

The temperature of the flue gas leaving the furnace 
should always be at least 2CO F and preferably 25C F less than 
the ash fusion temperature of the fuel used in order to avoid 
tightly adhering deposits in the convection secticns of the 
steam generator. The result is that with fuels with very low 
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ash fusion temperatures (fuel oil has an ash fusion temper­
ature of about 1600 F) the steam generator would necessarily 
be mostly furnace. 

The sensible heat in the flue gas can be ealculated from 
the followir..g relation·: 

Sensible heat/lb fuel= LHV- h'- h'' + h''' 

where: LHV = lower heatin~ value of fuel 

Fuel 

Coal 
Pulverized 
Stokers 
Grates 

Gas and Oil 

h 1 = heat lost by radiation and 
convection from the boiler 
setting 

h 11 =heat lost due to incomplete 
combustion and due to combus­
tible in refuse 

h'' 1 =heat ~ained by use of pre­
heated air 

TABLE XII 

FURNACE BEA'I' RELEASE 

K~tu ~er cubic foot per hour 

All refrac- Air 
tory cooled 

12 - 18 15 - 20 
15 ~F 25 40 
25 40 3F 45 

20 25 25 40 

Water 
cooled 

18 - ~5 
30 - 45 
40- 50 

20- 50 

Lower values in a range are for smaller boilers. 

The arrange~ent of the coolirf surface affects the eff­
ective "&.rea as shown in Figure VIII-13. The effective area 
is related to the projected area on the furnace envelope by 
the equation: 

s ... scs 
r p 

where: S,. ... effective radiant coolin~ 
surface 6 sq ft 
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a = a slagfin~ factor (0.90 to 0.9E) 
Sp = projected tube area, sq ft 
~ = an arran~ement factor 

6 = [n/2] [1:~./d] 
up to 1:~/d = 1.5 

6 = ~12 + 6t 6 = [n/2][1:~/d] 
up to l:~ld = 1.5 

6 = 2 

Figure VIII-14 shows so~e empirical data which ties to­
gether the precee~ing factors in the esti~ation of furnace 
cooling area and Example 20 shows the method of estimation 
cf·the prir.cipal dimensions of a water-cooled furnace. 

Exa11ple 20. 

tetermine for the boiler of Example 17: 

1. The furnace volume required for full load operation us­
ihg pulverized coal. 

2. The amount of effective radiant furnace cooling surface 
required for a gas temperature of 1950 F entering the super­
heater (250 F less than the ash fusion temperature). Assume 
that the preheated air temperature is 535 F. 

3. The number and length of 2~ in. OD furnace tubes, 
on three inch centers. The boiler screen consists of 
banks of 2~ in. OD tubes spaced on nine inch centers. 
plan dimensions of the furnace are 20ft X 20 ft. 

Solution:' 

spaced 
three 
The 

1. From Table XII, a heat release value of 22,000 ·Btu 
per cubic foot per hour is selected. The total heat re-
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leased in the furnace is: 

Q .. 
7 4< 2000 )( 14400) 
8 

266,000,000 Btulhr 
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from which the furnace volume is: 

'SH "' 

SH·= 

266,000,000 =.12100· f 
22000 cu t 

2. The sensible heat per pound of flue gas is: 

LHV ...: hI - h I ' + h I I I 

Mt• + 0 .24[535 - 70] 
14-400 -[9(0.0447) + 0.0222][1066] - 81 - [123 + 497] 

1~.30 + 9(0.0447) + 0.0222 

SH = 856 Btu/lb flue gas 

Then, from Figure VIII-14, the area ·of effective rad­
iant surface per thousand pounds of gas per hour is 14 sq ft. 
The total area is: 

14 (15. 72].( 2000} ( 7 4/8) 
'Sr = 

1000 
= 4070 sq ft 

3. The boiler screen will have 20 ft t~bes, and there 
will be 20(12)/9 = 26 tubes per bank. Assuming a slagging · 
factor of 0.90 amd 6 = 21 the effective radiant area of the 
boiler screen will be: 

sr = 0.90(2}(2.25/12)(20)(26)(3) = 525 sq ft 

The furnace walls will have an effective radiant surfac• 
of 4070 - 525 = 3545 sq ·ft. The length of the furnace wall 
tubes will be approximately th~ same as the height of the 
furnace, or 30.2 ft. Assuming a slagging factor of 0.90 and 
6 =- (n/2}(3/2.25)- = 2.09, the projected area of the furnace 
wall tubes will be: 

3545 
-s,·= 0 •90 ( 2 •091 ~ 1886 sq ft 

The furnace walls can each have 20(12)/3 = 80 tubes, 
each 30.2 ft long, for a total of: 

S._ = 4(80}(30.2}(2.25/12) =. 1810 sq ft 
r.-,.t t•s 

This -le~ves 75 sq ft of projected area for the furnace floor, 
and since each floor tube would have a projected area of 
20(2.25)/12 = 3.75 sq ft., there would be 75/3.75 = 20 floor 
tubes. 
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59. Furneee Refractories end lnsuletion--In order to mifl­
i~ize heat losses from furnaces, it is necessary to supply 
some sort of insulating material, and in order to prevent 
fire damage to insulation it is necessary to supply refrac-
tory. 

Refractories are made from materials which have good 
resistance to damage from direct flame impingement. They 
are usually supplied in brick form, although plastic refrac­
tories are available. The standard refractory brick is 2l" 
X 4l" X 9", and other sizes are available in ~ultiples and 
submultiples of these dimensions as well as in special 
shapes. Figure VIII-15 shows some heat conductivity data 
for various refractory materials. · 

Insulation is made of material which has good resistance 
to heat flow but which is not necessarily resistant to di- · 
rect flame impingement. Several companies make insulating 
refractories which are very useful. Figure VIII-16 shows 
some heat conductivity data for various insulating mater­
ials. 

Heat flows through the furnace wall by conduction and 
leaves the outer wall by radiation and convection. It is 
usually assumed that the heat lost by convection is about 50 
per cent of th~t lost by radiation, so thaV: 

Q = 1;5 CA(T: - T;) 

where: Q ~~eat loss, Btu/hr 
C = a·radiation coefficient 
A= area of radiating surface, sq ft· 
T1 = temperature of radiating 

surface, deg R 
T. = ambient temperature, deg R 

The preceeding expression will be recognized as a mod­
ification of the Stefan-Boltzman relation, and values of the 
radiation coefficient can be found from Table XIII. 

'It is obvious that the heat lost from the wall surface 
~ust be equal to the heat flowing through the wall, so that 
the determination of the ~bickness of insulation required 
resolves itself into a trial and error process. Ordinarily 
it will be known bow much structural brick is necessary on 
the outside of the furnace w~ll and bow much refractory is 
used inside the furnace (from 2i" to 4i" for backing water 
walla and from a• to 13j" for plain walls). Example 21 



152 FUNDAMENTALS OF PO~ER PLANT ENGINEERING 

shows the method of procedure. 

TABLE XIII 

RADIATION COEFFICIENTS 

Bare brick work 
Unpainted steel 
Asbestos cloth. 
Aluminum paint 
Flat black paint 
Glossy Jllack paint . 

Exa111p le 21. 

16.3 X ·10-u 
16,3 X 10-1° 
16 .o X 10-u 
11.0 x 10-u 
16.4 x 1c-10 
14.0 x 10-u 

Determine the thickness of insulation required for a 
furnace wall which ·consists of Armstrong insulation sand­
wiched between eight inches of hard burned red brick and 
nine inches of kaolin refractory brick. The furnace temp­
erature is 2300 F and ambient temperature is 95 F. Cesir­
able outside wall temperature is 175 F. 

Solution: 

The heat transferred through the wall is: 

Q = 1.5[16.3 X 10-1. 0 )[(635) 4 - (555)4) 
Q = 164 Btulhr/sq ft 

Temperature drop through the wall is 2300 - 175 = 2125F. 
~emperature drops through the individual sections of the 
wall will be determined by trial • 

.Assum-e mean t-emperature of red brick = 300 F and mean 
temperature of kaolin brick= 2150 F. From Figure VIII-15, 
the v~lues of k at these temperatures will be 6.5 for red 
brick and 15.0 for,kaolin brick. 

Then., for red brick, La = Qd/k = 164(8 )/6 .5 = 202 F, 
and for kaolin brick, ~t = 164(9)/15.0 = 98,5 f. 

Recalculation of mean temperatures gives for red brick, 
0,51175 + (175 + 202)] = 276 F, and for kaolin brick, 
0.5[2300 + (2300 - ~8.5)] = 2251 F. At these mean tempera­

.tures, k. for red brick is 6,4 and for kaolin brick is 15.5. 

Then, for red brick, ~t = 184(8)/6,4 = 205 F, and for 
kaolin brick, h~ = 164(9)/15.5 = 95,g F. 
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Recalculation"of mean temperatures gives for red br1ck, 
O.SL175 + (175 + 205)) = 278 F, and for kaolin brick, 
0.5[2300 + (2300- 95.3)] = 2257 F. These mean temperatures 
are reasonably close to the previous calculations so that 
further trials are not considered necessary. 

The temperature drop for the insulation will be 
~t = (2300- 95.3) - (175 + 205} = 1825 F, and the mean temp­
erature is 0 .5(2205 + 380) = 1292 F. .At this mean. temper­
ature, k for the insulation is 1.7, and the insulation 
thickness is d = k~t/Q ~ 1.7(1825)/164 = 18.9 inches. 

Example 21 shows clearly why insulated refractory and 
brick furnaces are seldom used in modern boiler installa­
tions. Better arrangements are water-cooled or air-cooled 
walls. 

In the water-cooled wall the inside.wall temperature is 
reduced almost to the saturation temperature of the steam in 
the boiler, thus necessitatir.g less refractory and insula­
tion. As previously mentioned, water walls are backed with 
up to 4i" of refractory, and ir. addition a layer of Superex 
block and 3" of rockwool (conductivities of these materials 
can be found from Figure X-13) with an outside casirg of 
sheet metal are usually used to complete the wall. The eff­
ect of the metal casing can be i~nored with respect to the 
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·amount of insulation required, but tba exterior finish (color 
of paint) must be considered in determination of the heat 
loss from the surface. 

In the air-cooled wall the refractory and structural 
brick are separated by an air space which serves as a conduit 
for combustion air. Thus, most of the heat passing through 
the refractory is salvaged and returned to the furnace .• 
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CHAPTER I X 

SUPERHEATERS, REHEATERS, ECONO~IZERS AND AIR HEATERS 

60, Superheaters--The econo~ies to be realized with 
superheated steam in a vapor power cycle have been set forth 
previously under the discussion of the various cycles. 
Superheaters are always made up of tubular elements and they 
are classified as to their arrangement in the boiler, that 
is, pendant or drainable, convection or radiant. 

P•~dant svparhaat•~s are hung from headers which are 
located at the top of the boiler . This is the s.implest 
arrangement, but they are difficult to ·clean.. Figure IX-1 
shows a pendant superheater in a bent tube boiler. 

(Pow e t') 

Fl •. rx. ·t. Pendent auperheater 
in bent tube boll•~· 

Drai~aole swpar­
~eate~s are mounted 
in such a way that 
condensation in the 
elements can drain 
back to the headers. 
This type of super­
heater is more diff­
icult to place in 
the boiler because 
it requires that all 
of the element slope 
toward the headers, 
but they are easy to 
clean. Figure IX-2 
shows a drainable 
superheater in a 
straight tube boiler. 

·Convect:io~ •svp­
er~ea~e~s are so 
named because they 
receive all or a ma-
jor portion of their 

heat by convection from the flue gas. They have a rising 
temperature characteristic because of increase in heat trans­
fer coefficients with increasing gas velocities. For this 
reason, modern boilers which contain convection superheaters 
alone have some means of bypassing part of the flue gas 
around part of ~he surerheater to effect temperat~re control 
in the steam from the superheater. The temperature control 
damper can be seen in Figure VIIJ-10. 

156 
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R•ttl •rat ·••;•~­
ll·••t•"• receive all 
or most of their 
heat through rad­
iation because the7 
are mounted where 
the7 can ".see• the 
fire in the fur­
nace. They have a 
drooping temperature 
characteristic be­
ca.use the temper­
ature of the fire in 
the furnace remains 
essentially constant 
throughout the load 
range. Radiant 
superheaters are of­
ten placed in series 
with convection sup­
erheaters, and prop­
er proportioning of 
the areas in each 
will result in a 
nearly constant steam 
temperature charac­
teristic over the 

( p 0 ••• ) 

Fll• IX•2, Drolneble ouperheoter 
In atr•i1ht tube boiler, 

normal boiler operating range .. Figure IX-3 shows a radiant 
superheater mounted in series with a convection superheater, 
and Figure IX-4 shows the temperature characteristics. 

61. Heat Transfer in Superheaters--Heat transfer in a 
convection superheater involves a decreasing flue gas temp­
erature and an increasing steam temperature. Wherever poss­
ible the surfaces are arranged so that the gases enter the 
superheater at the same end at which the steam leaves. This 
counterflow principle results in more uniform temperature 
differences and higher steam outlet temperatures in compar-
1son with parallel flow arrangements. Figure IX-5 shows a 
comrarison of the temreratures existing in the two arrange­
ments. 

· The logarithmic mean temperature difference for the 
counterflow ease can be found from the relation: 

'(t 
I; 

- t ) - (t 
"f· Ia 
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where: t• = log mean temperature diff­
erence, deg F 

t
11 

and t
10 

= inlet and outlet 
flue gas temperatures, deg F 

tv. and tv • inlet and outlet 
'steam tSmperatures, deg F 

(a) Counterflow 

t. 

-------------1t .. 

(b) Parallel !"low 

and for the parallel flow case from the reiation: 
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(t -t ) - (t - tv ) 
li vi lo o 

t 1 tv 
log i i 

·et t 
g 0 vo 

The overall heat transfer coefficient for a convection 
superheater is calculated in•a manner sirrilar to that for 
other heat transfer a~~aratus. There is no reliable em­
rirical equation for the overall heat transfer coefficient 
as there is for boilers, so that is is necessary to estimate 
film coefficients and combine them according to the usual 
~anner with the addition of a slaggir.g factor, as follows: 

1 
u 

The gas film coefficient can ce esti~ated from the 
equation: 

where: v
1 

=mass flow of ~as, lbs/sec 
rer sq ft of ~as flow area 

T =arithmetic mean gas temp­
erature, del! R 

D ·= outside diameter of tube, ft 
0 

The steam film coefficient can be approximated from the 
following equatiorr: 

h = 8.0 v0
•

8
. v . v 

where: vv =mass flow of steam, lbs/sec 
rer sq fi of ~team flow area 

The Nusselt equation·for radiant superheaters is used 
for the determination of the overall heat transfer coeffic­
ient, as .. follows': 
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where: k steam conductivity, 
0.01~1 + 0,000029 t 

t arithmetic mean steam 
temperature, de~ F 

G • mass flow of steam, lbs/hr 
per sq ft of steam flow area 

c~ = arithmetic ~ean specific 
heat of steam 

r. =inside diameter bf tube, ft 

Example 22-A shows the method of calculating the dimen~ 
sions of a convection superheater and Example 22-B· shov1s the 
procedure for a radiant superheater. 

Ex amp I e 22-A. 

Determine the number and length of tubes required for a 
convection superheater for the boiler of Examples.17 and 20. 
The tubes are 2 in. OD X 8 BWG and are spaced on 4} in. cent­
ers. Assume counterflow and a slagging factor of 0.90. Dis­
pose of the superheater in two of the three boiler passes·. 

Solution: 

M
1

., (74/8){2000)(15.72) = 291,000 lbslhr 

Q = 200,000(1450.9- 1197 .8) =. 50,800,000 Btu/hr 
50,600,000 

Attl~• g~s = 291000(0.24) = 725 F 

Temperature of ~as at superheater inlet 
Temperature of gas at superheater outlet 
Temperature of steam at superheater inlet 
Temperature of steam at superheater outlet 

(1950- 900) - (1225- 535) 
t. = ---1---:-1795~0:--_----::-9~070 ----'-

og81225 - 535 

880 F 

1950 F 
1225 r 

535 F 
900 F 

Since the boiler is 20 ft wide, there will be 20(12)/4.5 · 
= 5~ tubes in the superheater. Each tube has a flow area of 
[«/4][2.0- 2(0.185)]~/144 = 0,0152 sq ft~ and the total 
steam flow area is 53(0.0152) = 0,806 sq ft. 

The mass flow of steam throu~h the tubes will be: 
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200000 
9 v = 3600 (0 •806) = 69.0 lbs/sec/sq ft 

and, hv = 8.0(69.0) "· 8 = 236 

If the superheater· is disposed in two of three boiler 
pass~s, each pass will be 20 ft wide by e.67 ft deep. ~hen 
the area for gas flow between the superheater tubes will be 
(53- 1)(4.5- 2)16.67)/12 = 23 sq ft. 

and, 

The mass flow of gas between th~ tubes will be: 

291000 
vg = 3600 (23 ) = 3.52 lbs/sec/sq ft 

h' = 0.41(il,52) 0
•

188 (2048) o,au = 
g (2,0/12)U•·~· 19.8 

Then:the overall heat transfer coefficient i~: 

1 
(0.90) 1 = 16.1 + 4.0 [ 0.165] 2.0 [ 1 ] 

i"9."e 2.0 + 1.67 12(30) + 1.67 236 

Superheater area is: 

.A = 50-,600,000 = 3666 sq ft 
16.1(860) . 

Each foot of sup~rheater tube has an area of 2n/12 = 
0.52:3 sq ft. There will be 3666/0.523 = 7000 linear feet of 
tube, and the length of each element will be 7000/53 =. 132 
feet. 

_Example 22-B. 

The boiler of Examrles 17 and 20 is to be fitted with 
a combination convection-radiant superheater. Half of the 
temperature rise in the superheated steam is to be supplied 
by the radiant section which is in series with and follows 
_the convection section. The radiant superheater is to re­
place part of the rear furnace wall cooling surface. ~he 
t11bes will be 2·1" in. OD X 8 BWG spaced on 3 in. centers with 
a length of 5' feet. Find the number of tubes in the radi­
ant superheater. 
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folution: 

Steam temperature at rad. suphtr. inlet 
fteam temperature at ~ad. suphtr. outlet 
Temperature in furnace 

900 - 718 
t 

111 
• -..:...:..~~~-::--:: = 1134 F 

1950 - 718 
log 1 1950 - 900 

718 F 
900 F 

1950 F 

The heat transferred in the radiant superheater is: 

Q = 200,000(1450.9- 1S42.1) = 21,800,000 Btu(hr 

Assume, as a first approxil!'ation, that U = 400 based on 
effective radiant surface. Then the effective radiant sur­
face required would be 21800000/[(400)(1134)] = 48 sq ft. 
One linear foot of 2.25 in. OD tube, in this particular 
wall arran~ell'ent, has an effective radiant surface of 
0.90(n/2)(3.0/2.25)(2.25/12) = 0.~54 sq ft.· Then the lin­
ear length of tube required would be 48/0.354 = 136 ft. 
If each tube is 5 ft long, there would be 136/5 = 27 tubes 
in the radiant superheater. 

It is necessary to check the assumed value of U by 
use of the Nussel~ equation, as follows: 

The stean! flow area per tube is [~~:/4) [2.25-2(0.165)11144 
= 0.02 sq ft, and the total steam flow area is 27(0.02) = 
0.54 sq ft. The mass flow of steam is G = 200000/0.54 = 
370000 lbs/hr/sq ft. The conductivity of the steam is 
k • 0.0131 + 0.000029(809) = 0.0365 and the mean specific 
heat is O.S2, then the overall heat transfer coefficient is: 

U = 0 033')[
0 

·
0365 

]'O·H4 [370000(0 62)]'0· 78 • = 4o4 • ~ 1.92/12 . . 

This value of U checks very closely with the assumed 
value. 

62. Reheeters••All reheaters which are presently being 
built use flue gas as the heat source. For this reason, the 
reheater ~ay be considered to be the same as a superheater. 
Figure IX-6 shows a modern reheating steam generator. 

63. Econo•iurs·•An economizer is essentially a. feed­
wa~er heater employing flue gas as the heat source. "Its 
pru:~ry purpose is to lower the temperature of the flue gas 
leav1ng the steam generator in order to increase the effic­
iency. Economizers are made in several styles, some of 
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which are shown in Figure IX-7. 

6~. Heat T~ensfer in Economizers--Heat transfer in an 
ec onorrizer is from fl·ue gas at decreasing temperature to 
water at increasing temperature. The overall heat trans­
fer c oefficient may be approxirrated from the same Babcock 
and Wilc ox equati on used for boilers. 

Exarr ple 23 shows the method of estimating .economizer 
surface. 

( p • ..... ) 

J'il• JX•6, Reheetln1 
•-t••11 aener•tor. 

·a.-...-.-., . ..-..- ...... -.... ., ..... -...... --
--. -'hlolte- -· 
___ ,...__,.....,_ 
... ..-......-..--. ......... 

...................... -__ ,....._,_. __ --- .. --­.......................... 11 

~ ... - ............. ill __ .. _.._... .... 
.............. _lweiiF lfleM 

(P e ••·•) 
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Example 23, 

Deterreine the nu~ber end length of tubes required for 
an economizer for the boiler of Exare~les 17 and 20. ·The 
tubes are 2 in. OD X 8 BWG and are spaced on 3 in. centers. 
Tubes run lengt.hwise ir> the econ011:izer casing whose plan 
dimensions are 12 ft X 18 ft. The water flows counterflow 
to the gas. Gas inlet temperature is 1225 F, water inlet 
temperature is 300 F and water outlet temperature 485 F. 

Solution: 

The heat transferred in the economizer is: 

Q = 200000(470.2- 269.6) = 40,100,000 !ltu/hr 

The weight of wet flue gas is 291000 lbs/hr, so that 
the flue gas temperature drop is 40100000/[291000(0.24)] 
575 F. Then the flue gas tem~erature leaving the econo­
mizer is 1225- 575 = 650 F. 

t,. 
t1225 - 485) - te5o - 3~0) 

1225 - 4.85 
loft . ., 659 - 300 

520 F 

Since the economizer casir>~ is 12 ft wide, there will 
be 12(12)/3 = 48 tubes giving a gas flow area of 
(48 - 1)(3- 2)(18)/12 = 70.5 sq ft and a gas mass flow 
G = 291000/70.5 = 4130 lbs/hr/sq ft. 

Then, the overall heat transfer coefficient is: 

u = 2.0 + 0.0014(4130) = 7.78 

and, 
40J 100,000 

A= 7 . 78 ( 520 ) = 9300 sq ft 

Each linear foot of econo~izer tube has a surface area 
of 0.523 sq ft, so that there will be 9900/0.523 = 18950 
linear feet of tube. Then, the length. of each. tube will be 
18950/48 = 295 feet. 

65, Air Heaters--Air heaters are also devices for sal­
vaging heat from the flue gas in order to improve overall 
steam generator efficiency. They are of two general types: 
recuperative, either tubular or plate; and regenerative. 

Ruu,•rllt.it~• air A••t.,•s depend upon the flow of heat 
from the flue gas through a dividing wall to the air. Crd-
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i nar i ly, in the tubular type the air flows around the outside 
of the tubes ana the flue gas passes through the tubes. In 
the plate type the gas and air flow through alternate pass­
ages. Figure IX-8 shows the tubular and plate types of air 
heater .. 

Gn ;,,,, 

(a) Tubular Type (b) Plate Type 

Fie. IX-I. aecuperatl•• all' heetere. 

Regener4tive 4ir ke4te~s depend upon the transfer of beat 
fro~ gas to air by the alternate he•ting and cooling of a 
mass of metal or other heat storing material. Figure IX-9 
shows the principal type of regenerative air heater in use at 
the present tiue. This type uses corrugat.ed steel sheets fer 
the heat storage material. 

66, Heat Transfer in Air Heaters--Heat transfer in air 
heaters is a similar mechanism to those previously discussed. 
For tubular air heaters where the gas flows through the tubes 
and the air flows across the tubes, the overall heat trans­
fer coefficient can be estiuated from the equation: 
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( p 0 .... ) 

U • 0.46 + 0.00045 G 

where: G =arithmetic mean mass flow 
of air and gas, lbs/hr/sq ft 

For plate type air heaters the overall coefficient of heat 
transfer can be approximated from the following equation: 

u ·= 0.28 vo •71 

where: V = arithmetic mean velocity 
of gas and air, ft/see 
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Regenerative air heaters do not depend upon the transfeJ 
of heat through a dividing wall for their action. The temp­
erature relations are somewhat complicated, but, for pur­
poses of estimation, it can be assumed that (with the rotor 
turning at the. usual speed of three revolutions per minute) 
the weight of metal in the rotor will be': 

where: Wm 
Mg 

M' 
Wm·•= ....::..L 

93.e 

wei~ht of metal, lbs 
gas flow, lbs/hr 

and, if 20 USG steel sheets are used, the area would be 
(one side of the sheet): 

M A =ug.7 
where: A = area (one side) of 

20 U.S. gage steel sheets, 
square feet 

'Example 24 shows the method of estimation of the di~en­
~ sions of a tubular air heater. 

Example 21J. 

Determine the number and length of tubes and number of 
passes on the air side required for a tubular air heater for 
the boiler of Examples 17 and 20. The tubes are 11 in. OD X 
14 BWG and are spaced on 21 in. centers. The gas flows 
through the tubes in a single pass and the air flows across 
the tubes. Plan dimensions of the air heater casi~g are 
12 ft X 18 ft and the tubes run vertically. The air inlet 
is 6ft X 12ft and placed so that counterflow is obtained. 

Solution: 

From previous examples: 

Air temperature entering air heater 
Gas temperature entering air heater 
Gas temperature leaving air heater 

Heat transferred in the air heater: 

110 F 
650 F 
250 F 

Q = 291,000(0.24)(650 .- 250) = 28,000,000 Btu/hr 

. ·,_ 
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Weight of air heated: 
. 0.0495 .. 

Mu = [74/81 [2000l [15.30+8(0.044'7--.-8->~o ·~:~~ .0063 

Mu = 274,000 lbs/hr 

Temperature. rise in the air .is 28000000/[274000(0.24)] 
= 4?5 F and the temperature of the air leaving the air heat­
er 1s 110 + 425 = 535 F. 

t = 
Ill 

(650 - 4G5) - (250 - 110) 
650 - 425 

log 8 250 - 110 

=. 179 F 

Since the air heater tube sheet is 12 ft X 18 ft, there 
will be [12(12)/2.f][18(12)/2.5] = 5000 tubes in the air 
heater. The gas flow area is 5000[n/4] [1.5- 2(0.083)] 2 /144 
= 48.5 sq ft, and the mass flow of gas is Gg=· 291000/48.5 
= 6000 lbs/hr/sq ft. 

Since the air enters the short side of the air heater, 
the air passes between 58 tubes in the first row. The air 
flow area per pass is (58 - 1)(2.5 - 1.5)(6)/12 = 28.5 .sq ft, 
and the mass flow of air is Ga = 274000/28.5 = 9600 lbs/hr 
per sq ft.' 

The overall coefficient of heat transfer is: 

= 0 45 + 0 00045(
9600

" + 6000) = 3.96 u • . 2 

and, 
- 28,000,000 

A - 3 •96 {179 ) = 39,500 sq ft. 

Each 1i in. OD tube has an area of 1.5x/12 0.393 sq ft 
per linear foot, so the total length of tube required would 
be 39500/0.39~ = 100,500 ft, and since there are 5000 tubes,. 
the tubes would be 100500/5000 = 20.1 feet long. Each air · 
pass is 6 feet high, so there would be ~ passes on the air 
side. 

67. Apportionment of Heating Surface--The relative amounts 
of heating surface ~rovided ir a com~lete steam generator 
installation is a COI!lJ;romise between the economic factors 
and the practical necessities. For exa~ple, air heater sur­
face is the chea~;est, but combustion considerations limit air 
temperatures to about 60C F foJ' ~ulverized coal, oil or gas, 
and to about 350 F for stokers. In order to avoid ccrrosion 
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difficulties, the minimum gas outlet temperature for air 
heaters should be about 250 F. 1t is usual to limit the 
water temperature leaving the economizer to about 5C F less 
than the saturation temperature in the boiler in order to 
avoid steaming in the economizer. 

Equations can be set up to give the most economical 
temperatures at the various location~ after the superheater 
in the steam generatot, The temperature of the gas leaving 
the furnace is fixed by the characteristics of the fuel; the 
temperature of the water entering the economizer is fixed by 
the most efficient operation of the regenerative cycle; the 
temperatures of the gas and air leaving the air heater are 
fixed as previously mentioned; and the temperature of the 
air ente~ing the ~ir heater is fixed by ambient conditions. 
The boiler screen is ordinarily two or three rows deep and 
receives the major portion of its heat by radiation, so that 
it mar be included as part of the furnace cooling surface. 
Then, the temperature of the gas entering the superheater 
will· be fixed as the temperature of the gas leaving the fur­
nace. 'The temperature of the gas leaving the superheater 
will be determined by the necessities of heat transfer in 
the superheater. The boiler, economizer and air heater are 
then subject to economic analysis as follows (according to 
Helander): . -

Let: C =annual charges per square foot of additional 
surface, dollars 

U = heat transfer coefficient for surface 
Cj = annual saving per Btu of heat recovered per 

hour, dollars 
value of Btu X hours service per year 
+ overall steam generator efficiency 

M·a, Mg and Ma -= air, gas and water flows, lbs/hr 
tg = gas temperatures, deg F 
ta = air temperatures, deg f 
ta = water temperatures, deg F 
tv saturation temperatur~ in boiler, deg F 
·a, e, e, i alld o 'ire subscripts referring to 

air heater, boiler, economizer, in and out 

To. dAtermine the most economical temperature of the out­
let gas from an economizer when the inlet gas and inlet wat­
er temperatures are. fixed: 
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c. 
u.c, 

(tgwe - t~.:e)(tgie - taoe) 
(tgie - tate) 

0.24 Mg 
C~a Ma 

(taoe 
(tgi. 

To determine the most economical ~emperature of the out­
let gas from an air heater when the inlet gas and inlet air 
temperatures are fixed: 

• (tgoa - taia)(tgia - taoa) 

(tgia taia) 

(taoa - taia) 
~~~--~~~ • a 
(tgia - tgoa) 

To determine the most economical boiler outlet gas temp­
erature and water temperature leaving the economizer in the 
case of a boiler-economizer combination when the economizer 
gas outlet temperiture and inlet water temperature are fixed: 

(tgte - tao·e) 
(tgie tv ) 

To determine the most economical boiler ou.tlet gas temp­
erature and air temperature leaving the air heater in the 
case of a boiler-air heater combination when the air heater 
gas outlet temperature and entering air temperature are 
fixed: 

(tgia- taoa) 
(tg·ia-tv 

To determine the most econorical boiler and econon,her 
outlet gas temperatures, water temperature leaving the econ­
omizer and air temperature leaving the air heater in the case 
of a boiler-econo~izer-air heater combination when the air 
heater gas outlet temperature, entering air temperature and 
water inlet temperature are fixed: 

(tgie tv ) 

( tgi. 
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lJ.eCs (tt'i·e - taieHtgis 

CeUs (tgie ta~e)(tgis 

The following notes will be helpful in coming to a de­
cision as to the proper combination of boiler and heat re­
~overy apparatus: 

1. If the water cutlet temperature in a boiler-econo­
mizer combination is not at least 50 F less than 
the saturation temperature in the boiler, try add­
ing an air heater to the combination. 

2. If the air cutlet temperature from the air heater 
in a boiler-air heater combination is greater than 
6CC F fGr pulverized coal, oil or gas, or 350 F for 
stokers, try adding an economizer to the combin­
ation. 

Table· XIV gives some mass flows and heat transfer coeff­
icients to be expected in commercial practice. After making 
an estimate from the table, the final values of economical 
tem~eratures can be arrived at by successive approxirr-ations. 

TABLE XIV 

G.AS MASS FLOWS ANI' COEFFICIENTS OF HEAT TRAN~FER 
FOR 

STEAM GENERATOR COMPONENTS 

G u 
Lbs/hr/sq ft Btu/hr/sq ft/deg 

Boi·ler 1000 to 5000 3 to 8 

·superheater 2000 to 9000 10 to 25 

Economizer 2000 to 9000 6.5 to 9 

.Air Heater 2000 to 9000 2.5 to 4 

Example 25 shows the methcd ·of application of the pre­
ceeding equations to the determiration of t~e most economical 
division of heat transfer surface. 

Example 2&.-

Determine the most economical temperatures for the boil-
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er of Exa~ples 17 and 20, given the follcwin~ additional 
data·: 

Annual fixed charges 
Cost of additional boiler surface 
Cost of additional econ. surface 
Cost of additional air htr. surface 
Boiler heat transfer coefficient 
Econ. heat transfer coefficient 
Air htr. heat transfer coefficient 
Cost of fuel • 
Hours operated per year 

Solution: 

15 o/o 
$10.00 /sq ft 
:1: 4.00 I sq ft 
:1: 1.00 /sq ft 

4.7 
7.8 
4.0 

9; 8.00 /ton 
8000 

~8 • 00 ( 80 00) 
0.00251 

2000(14400)(0.887) 

c = , 10(0.15) 1.50 

c. 4(0.15) 0.60 

CCJ 1(0.15) 0.15 

1. A~sumin' a boiler-economizer col!lbination: 

The temperature of the water entering the economizer is 
greater than the temperature specified for the flue gas o~t­
let temperature, therefore this combination would be im­
possible. 

2. l!ssumin~ a bo'iler-air heater combination:· 

0.15(4.7) 
4 .0( 1.50) 

291000 
a = 274000 

t . = 110 F 
lUG 

t = 535 F 
tl 

(t . - t ) 0 1175 ~ ~~G----CJO~ . ft. - 535) 
giG 

= 1.06 = ~OG- llQ) 
( t giG - 250) 

from which, t giG = 1230 F and t GOCJ = 1145 F. 

- These te111peratures indicate that QO boiler surface 
could be justified, but the temperature of the air leaving 
the air heater is too high for satisfactory operation. 

3. l!ssumir.g an economizer-air heater combination: 
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7.8(0.15) 
0 .S0(4.0) 

0.488 
(1225- 300 )(t . - t ) = ~~~-0~ 
(1225- t )(t . - 300 ) 

{.A] 

t 300 -•o·•---- = 0 .322 
1225 t,j. 

ao • g~ G 

~OGI 'T' 110 
t . - 250 
~~· 

1.06 

.Assume for a first approximation that t•o• = 485 F, 
then, tgj• = 650 F and t•o• = 535 F. Substitution of 
these temperatures in equation [A) gives a ratio of 0.414 
instead of the required value of 0.488. 

As suu;e for a second approximation that t = 500 F 1 

then, t j• = 602 F and t 4 = 483 F. Substi t~Hon of these 
tempera{ures in equation f1l ~ives a ratio of 0.503. 

Interpolation gives t•o• = 498 F, however, this temp­
erature is too close to the saturation temperature in the 
boiler so the first approximation will be taken as most 
satisfactory. 
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CHAPTER X 

PIPI'G AND DUCT•*CRK 

68, Power plants require conduit for the transportation 
of fuel, air, gas, water and steam. Conduit for air and gas 
are called ducts, and for other materials are called pipe. 
The variety of conduit is large, but the laws of fluid flow 
apply to all. · 

69, Piping--Calculations for piping involve the deter­
mination of pipe size, pressure class and pressure drop. 

Pi~• si•• is determined from the fluid velocity which 
will produce a pressure drop which is not excessive. Table 
XV gives practical velocities for various fluids and vapors. 

TABLE XV 

PIPE LINE VELOCITIES 

Low press. sat. stea~ 
Hi~h press. sat. steam 
Eifh press. suphtd. steam 
At~os. exhaust steam 
Low press. exhaust steam 
Boiler feed-water 
Pump suction, water 
General service water 
Fuel oil 

ft per sec 

65 - 100 
100 - 170 
170 - 260 
130 - 200 
330 - 400 

8 ...: 12 
4 7 

5 - 10 
1 - 4 

Application of the continuity equation will give the solu­
tion for pipe size, as follows: 

Y.v 
A = 3600 V 

where: M 
v 
v 

flow, lb s/hr 
specific volume, cu ft/lb 
velocity, ft/sec 

di = inside diameter of pipe, in. 
A = flow area, sq ft 

17& 



Nominal 
Pipe 
Size 

J.i 

~ 
~ 
I 

~~ ., .. 
2 
2)-i 
) 

Hi 
4 
s 
(> 

8 
10 
12 
14~,?.D. 
loO.D. 
IRO.D. 
200.0. 
2400. 

' o' ,...,., I .... .... 
2.37S I .... 

I 
.... 

2.875 .... . ... 
J.SOO .... . ... 
4.00, .... . ... 
4.500 .... . ... I s .5o) I .... .... 
b.blS .... :zso 8.b2S .... 

10.75 .... .250 
12.75 .... .250 
14.00 .lSO 

I 
.)12 

11>.00 .250 .)12 
18.00 .250 ;312 
.20.00 .250 .375 
24.00 .250 .375 

TABLE XVI 

. ... ···- . ... 
·--- I 

. ... ' 

I 
.154 

I 
. ... 

I 
.2i81 

. ... 

"'"I 
.203 . ... .276 . ... .... .2i& . ... .300 . ... 
.226 .... .318 . ... 
.237 .... . 337 . ... 

I 
. ... 

I 
.258 

I 
. ... 

I 
.3751 

""I :i77 
.280 :.co;, . 431 

:s<'~i .322 .500 
.307 .365 .500 .59) .718 
.330 .40& .Sol .1>87 .84) 

I 
.)75 

I 
.437 

I 
. 59J 

.750 I .9)7 
.375 .soo .bSb· ,84) I. OJI 
,4)7 .Sol .718 .9)7 1.151> 
.500 .59) .812 I.OH 1.250 
.Sb2 .1>87 .9)7 i.218 i.SOO 

Dimensions of Welded Wrought-Iron Pipe 
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TABLE XVI 
continued 
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Pr~gsvre dr~, is determined by the application of the 
piJ:e friction formula, as follows·: 

f L v·~ 
AP = 0.00518 v d. 

f LV" Ah = 0.745 ...;;._ __ 
di ~ 

where: AP pressure drop, lbs/sq in. 
Ah pressure drop, ft of fluid 

f = a friction factor 
L = equivalent length of pipe, ft 
V = average fluid velocity, ft/sec 
v = specific volume of fluid, cu ft/lb 
di = inside diameter of pipe, in. 

The equivalent length of piJ:e is equal to the sum of 
the length of st~aight pipe plus an allowance for valves and 
fittings. Figure X-1 g~ves the equivalent pipe length allow­
ances. 

The friction factor is a function of Reynolds' number, 
which is in turn a function of the size of the pipe, and the 
velocity, density and viscosity of the fluid. That is, 

r = 122.E~ 
z v 

where: r =Reynolds' number 
z v~scosity of fluid, cent­

ipoises 

Figures X-2 and X-3 show curves of viscosity for water, steam 
and oils, and s~cific gravity f.or oils. Figure X-4 shows 
the relation of friction factor to Reynolds' number. 

Pi'• fi~tincs are specified by pressure class and mater­
ial. Figures X-5 and X-6 ~nd Table XVII show some piping 
details and standard types of fittings. Figure X-7 shows 
some of the various types of valves used in power plants. 

Examp1es 26-A and 26-B show the method of calculation of 
pipe data based on the preceeding infor~ation. 
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TABLE XVII 

(Crene Co .} 

Standard Malleabie Iron Fittings 
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(Crane Co.) 

Fig. X~6. Piping detail~. 
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Example 26-A, 

Deter~ine the nearest standard pipe size and pressure 
drop for a steam line (seamless Grade A steel pipe) carry­
ing 30,000 lbslhr at 215 psig and 560 F, The line contains 
100 ft of straight pipe, 2 gate valves, 1 globe valve, 
1 swing check valve and 3-90° elbows. 

Solution: 

The steam is at a moderately high pressure and is super 
heated, so a velocity of 180 ft/sec is selected. ~he re­
quired inside diameter is: 

. . = 0 ·4[30000(2.521)) 0,1 = 4 6 . 
d ~ • 180 n . • 5 ln. 

The pipe schedule number (allowing a·factor of safety 
of about 10) is: 

~N = 1000(215) = 4 - 4800 . 5 

~chedule 40 pipe would be safe enough. The inside diameter 
of 5 in. Schedule 40 pipe is 5.05 in. which is close enough 
to the required 4.65 in. The true velocity of the steam is: 

V = 0.16(30000)(2.531) = 152 ft/sec 
n(5.05) 2 

In order to determine the friction factor, Reynolds' 
number is calculated (finding the viscosity, z, from Figure 
X-2) as follows: 

= 122.5(5.05) (152) = 1 485 000 
r 0,025(2,631) I I 

From Figure X-4, the friction factor is 0.016. 

The total equivalent lenr.th of pipe is found with the 
aid of Figure X-1, as follows: 

Straight pipe 
2 Gate valves 2(2.e) 
1 Globe valve 
1 Swing chec~ valve 
3 90 ° Elbows 3(14) 

Total equivalent length 

100 ft 
5.6 ft 

140 ft 
31 ft 
42 ft 

318 .6 ft 
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The pressure drop is: 

_ 
0 00 

p<o.oi6H318.6)(152) 2 

t.P.,.. ' · 51 2.5i'1(5.05) 47.7 psi 

Examp 1 e 26-6, 

reter~ir.e the nearest standard pipe size and pressure 
drop for a seamless Grade A steel pipe carrying 40,000 lbs/hr 
of residual fuel oil at a. pressure of 200 psig and a temp­
erature of 200 F. The specific gravity of the oil at 60 °/60'0 

ts 0.94. The pipe line contains 500 ft of straight pipe, 
6-00° elbows, 2 gate valves, 1 swing check valve, and 1 
jtlcbe valve. 

Solution: 

From Fi~ure X-3 b,the specific gravity of the oil at 
200°/60° is 0,89, from which the specific volume vis 
1/[62.4(0.89)) = 0.018 cu ft/lb, and taking V = ~·ft/sec, 

di = 0. 4 [4000~(0.018)) 0 • 5 = 3 . 5 in • 
._ ~ 

~t ir.. Schedule 40 pipe has an inside diameter of 
2.548 in. The actual velocity would be: 

- 0,16(40000)(0.018) - 9 
V- n( 3 . 548 ) 2 - 2. 1 ftlsec 

Reynolds' number is ~alculated usin~ the viscosity, z, 
from Fi~ure X-3 a, as follows: 

r 
122.5(~.548)(2.91) 

17(0.018) 
4130 

Frcm Fi~ure X-4, the friction factor is 0.041. 

The total equivalent len~th of pipe is: 

Strai~ht pipe 
6 90° Elbows 6(9.5) 
2 Gate valves 2(2.0) 
1 Swir~ check valve 
1 Globe valve 

Totbl equivalent len~th 

500 
57 

4 
21 

100 

682 ft 

ft 
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The pressure drop is: 

llh = 0 .7'::15 (
0

·041 )( 682)( 2 ·91 )
2 

= 49.5 H.ofoil 
3.548 

70, Friction in Condensers and Feed-Water lleater s--Fric­
tion losses ir. condeesers and feed-water heaters may be cal­
culated from the pipe friction formula, but it is more usual 
to use the curves. shown ' in Figure X-8 for the losses in the 
tubes and Figure X-9 for the losses in the water boxes . 

ol-J_~--~~~~~--L-~~-L~~~~~~-L~~~~~ 
0 1 2 3 4 5 6 7 8 9 10 

Water Velocity in Tubes, ft per sec 

P'l&• X·8. Read loaa In conden•er and feed-water heater tubel 

Examples 27-A and 27-B show the method of calculation 
of head losses in the condenser and feed-water heater of Ex­
amples 9 and 11. 
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Examp I e 2.7-A. 

Cetermine the head loss in the tubes and water boxes o! 
the condenser cf Example 9, 

Solution: 

From Figure X-8, the head loss in 3/4 in. X 18 BWG 
tubes at a velocity of 8 ft/sec is 5.1 ft per 10 ft length 
of tube. The water box ,head loss for a two-pass condenser 
at a velocity of 8 !t/sec, fro~ Figure X-9, is 3.S ft. 
Then the total head loss is: 
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Tubes 5.1(45.5/10) 
Water boxes 

Total head loss 

Example 27-B. 

23.3 ft 
3.6 

26.9 ft 

Determine the head loss in the tubes and water boxes 
of the feed-water heater of Example 11. 

Solution: 

Frorr Figure X-e, the head loss in 5/e in. X 16 BWG 
tubes at a velocity of 6ft/sec is 4.2 ft per 10ft length 
of tube. The water box head loss for a six-pass heater at 
a velocity of 6ft/sec, fro~ Figure X-9, is 6.9 ft. Then 
the total head loss is: 

Tubes 4.2[7.68{6)/1C) 
Water boxes 

Total head loss 

19.4 ft 
6.9 

26.3 ft 

71, Duct-~ork--The method of calculating the dimensions 
of ducts for gas or air are very similar to those employed 
for pipirg. Duc~s usually operate at maxirrum pressures of 

~the order of several inches of water, so that crdirarily if 
the duct is strong enough to support itself without bucklirg, 
it will be strong enough to withitand the pressure. 

"Duct •sin is determined by substituting the allowable 
velocity in the continuity equation, as for piping. Ducts, 
however, are usually rectangular in cross section rather 
than roune. Table XVIII gives reasonable velocities in 
ducts. The higher velocities aFFlY to higher static pres­
sures. 

TABLE XVIII 

rucT VELOCITIE~ 

ft t:er sec 

Air ducts ::c EO 

Gas ducts 20 40 

Stacks 20 40 
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Prr,••r• dro~ (or dr•Jt l~'•} is usually measured in 
irches of water, and is given by the equation•: 

p f L v• 
~p = 0.00298 R 

where: ~r: draft loss, in. 
p density of ~as, 
R hydraulic radius 

area/r;erimeter 

water 
lbs/cu ft 
of duct, ft 

191 

Reynolds' nurbe~ is as for ~ipi~g, excer;t that the 
smallest di~ension of the duct (if rectangular) is substi­
tuted for the inside diameter of the pipe. Viscosity in 
centipoises for various gases can be found fro~ the follow­
ing equations: 

Flue gas: z O.Olf3 + 2.f X to-• t 

0.0165 + 2.E X to-• t 

where: t =temperature, de~ F 

Figure X-lC shows densities for air and flue gas. 

Length allowances for bends ~ay be found from Table XIX 
after converting rectangular duct sizes to equivaient round 
duct diameter by the equaticn: 

d .. (a b )o. u7 
1.~5 (a+ b)o·••• 

where: d • equivalent round duct 
diameter, in. 

a and b = rectangular duct 
dimensions, in. 

Figure X-11 shows some tyr;ical ducts, and Example 28 
~bows so1re sart:le duct calculations. 

Exupl e 28. 

Deter~ire the draft loss in the flue gas duct betweer. 
the econo~izer and air heater for the boiler of Example 17. 
The duct has a strai(ht length of 20 ft and has 2-90° bends 
with a radius cf 8 ft. The ~aximum width of duct is 12 ft 
and the maximu~ gas velocity is 20 ft/sec. 
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TABLE XIX 

EQUI"IIALE:NT UNGTPS OF rnc'I BENrS 

r.iaweters of Strairht Duct 

Fipht argle tends 
Center line ra~ius 2 to 8 dia. 1C 
Center lirie radius 1 dia. 20 

Mitr~d right angle eltow 50 
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Solution: 

From Example 23, the ~as temperature is 650 F, and from 
Figure X-10, the density of the ~as is 0.0375 lbs/cu ft, 
~hich is equivalent to a specific volume of 26.7 cu ft/lb. 
The required area of duct is: 

291000(26.7) 
A = 2600 ( 20) = 108 sq ft 

The duct dimensions are then 9 ft X 12 ft. 

The viscosity of the gas is z = 0.0153 + 2.5 X 10-8 (650) 
~ 0.03155 centipoises. Reynolds' nu~ber is: 

r 
122.5(9)(12)(20) 

= 314,000 
0.03155(26.7) 

and the friction factor is four.d· to be 0.0152 (Curve 1, Fig­
ure X-4). 

The equivalent duct diameter is: 

d.
8 

= 1.35[{(108){144)} 0
•U

7 /{108 t 144} 0
• 2 U) = 83 in. 

and the radius of the bends is 8(12)/83 = 1.15 dia., for 
which the allowance is 20 diameters of duct each. The total 

·equivalent duct length is: 

·strai~ht ·duct 
2-90° bends 2(20) (83) 

12 

Total equiv. length· 

The draft loss in the duct is: 

20 ft 
277 

297 ft 

•p = 00 98(0.0375)(0.0152)(297)(20) 2 8 
c O. 2 10fl/[2(12) t'2(9)] = O.~~te;n. 

72. Pipe and Duct Insulation--Most pipes and ducts 
which carry liquids or gases whose temperature is very much 
different frcm the ambient temperature require insulation of 
some ki~d to prevent heat transfer to or from the surround­
ings. The mQst common ir-sulation materials for pipe and 
ducts are asbestos, magnesia, mineral wool and diatomite. 
These materials are made in the form of blocks, moulded cir­
cular sections, blankets or plastic fer arplication with a 
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tro,1el. Figure X-12 shows some of the various forms of in­
sulation and Figure X-13 gives ther~al conductivities for a 
variety of materials with the a~prcxi~ate temperature ranges 
for best utilization. 

ltandard Moulded Sha,aa 
Maaaeala or Dlato•lta 

•••• Co•••laa 
Aabaetaa Paper 

Pip a Ca •• rIa a 
Cerr•aata4 

A••••taa ••••' 

Plpa Co•erln1 
Macftalla or Dlato•lta 

Plpa Co•erlna 
Dlato•lte Inner LaJer 
Maaneala Outer LaJer. 

Mlaeral Wool Blanteta 
Wire aelnforced 

(Philip Care7 Co.) 

lnauletina ••teriala. 
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Reat transfer through insulation follows the same laws 
as previously discussed. It is not usual, however, to·make 
an exhaustive analysis of the econo~ic factors involved, but 
to use an economic selection chart such as is shown in Fig­
ure X-14. Example 29 shOYJS the use of the chart. 

Example 29, 

Find the most economical thickness of 85 o/o magnesia 
.pipe coveting for the steam line o"f Example 26-.A. .Ambient 
temperature is 90 F; cost of insulation 24.cents/bd ft; 
fixed char~es 20 olo; used 8000 hrs/yr; fuel costs $2.00 
per bbl of 6,300,000 Btu. 

Solution: 

From Figure X-13, the conductivity of 85 oio magnesia 
~t .a ~ean temperature of 325 F is 0.53. The value of the 
heat i~ the fuel is $0.318 per million Btu. Entering Figurt 

·x-14 at 8000 hours and following the dotted lines, the most 
economical thicknes~ of 85 o/o magnesia insulation for a 
6 in. pipe is determined as 2 in. 
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PROJECT Ill 

1. The power plant of Projects I and II is to contair. 
three steam generators. One will be operated continuously, 
one will be operated to handle peak loads and one will be a 
spare. Each steam generator will have a capacity sufficient 
to handle one turbo-generator at full load. The fuel oil 
has a higher heating value of 18,500 Btu per lb as·fired and 
the analysis is as follows: Carbon = 0.851, hydrogen = 0.11, 
oxygen = C.C22, nitrogen = 0.002, sulrhur ·= C.013, and mois­
ture = 0.002. The expected flue gas analysis is: Carbon 
dioxide = 14.0 o/o, carbon monoxide-= 0 o/o, and oxygen 1= 

3.0 o/o. Expected steam generator efficiency is 86.5 o/o. 
Temperatures expected are: Combustion air, 100 F; flue gas 
to stack, 300 F; fuel oil at burners, 175 F; and gas enter­
ing superheater, 1500 F. 

{a) Make a heat balance for the steam generator and calculate 
the weight of fuel fired per hour. 

{b) Estimate the furnace volume required and specify the 
furnace di~ensions. 

{c) Estimate the effective radiant surface in the furnace 
, and the number of linear _feet of 21-" on tubes spaced on four 

inch ceJ].ters in the furnace walls and boiler screen (assume 
that the boiler screen consists of three staggered rows). 

{d) Estimate the superheater surface required and calculate 
the number and length of 2" On X 12 BWG tubes required (ass­
ume that the superheater is placed in one boiler pass). 

(e) Esti~ate the most economical temperatures for the re­
mainder of the steam generator. Assume that boiler surface 
costs !8.00, economizer surface !3.50 and air heater surface 
!C.90 per incremental square foot with annual fixed charges 
of 12 o/o. 

(f) 1f boiler surface is justified, estimate the amount 
necessary and the nuu:ber of rows and banks of ·21-" on X 12 
BWG tubes required. 

(g) If economizer surface is justified, estimate the amount 
necessary-and the nuu:ber and length of 1i" X 12 BWG tubes 
required. 

(h) If air ·heater surface is justified, estimate the amount 
necessary and the number and length of 1i" OD X 18 BWG 
tubes ~equired for one of the recuperative type with the gas 
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through the tubes. Calculate the nu~ber of gas passes neces­
sary if the maximum tube length is 2C ft. 

2. Specify the pipe sizes and calculate the pressure 
drops for the following lines in the power plant of Projects 

. I and II: 

(a) Circulating water: Suction line, 50 ft with 'three SOD 
. elbows. Pump to condenser, 8ft with one 90" elbow and one 
· gate valve. Condenser discharge, 100 ft with four 90° el­

bows. 

( (b) Condensate: Suction line, 10ft with two 90D elbows 
and. one gate valve. Discharge line, 50 ft with eight 90° 

, elbows, six gate valves and one swing check valve. Assume 
vapor condenser tube velocity is 5 ft per sec through two 
8 ft passes. 

(c) Boiler feed: Suction line, 40ft with three SOD elbows 
and one gate valve. Discharge line,. 75 ft with eight :9Q 0 

elbows, two gate valves, two swing check valves and one 
globe valve. 

(d) Main turbine lead (manifold to throttle): Length, 50 
ft with the equivalent of 3-00D elbows and one gate valve. 

(e) Extraction to closed heater: Length, 15 ft with two 
90D elbows, one gate valve and one swing check valve. 

3. Specify the size and estimate the draft loss for 
the following ducts for one of the steam generators of part 
one: 

(a) Air heater to.'.l!!Mbox. (H necessary): Length, 50 ft 
with two SOD benos·.-

(b) Economizer to air heater (if necessary): Length, 20 ft 
with two 90° bends. · 

(c) Air heater, economizer or boiler to induced draft fan: 
Two ducts in parallel, each with length of 20 ft with one 
90 D bend and one 45 D bend. 

4. Specify the insulation thickness to be used in the 
following locations in the power plant of Projects I and II 
(fixed charges 15 o/o and ambient temperature 90 F): 

(a) Main turbine lead: 85 o/o magnesia at !C.21 per bd ft. 

(b) Freheated air duct·: Mineral wool at !C.05 per bd ft. 



CHAPTER XI 

WATER HANDLING EQUIPMENT 

73. Water handling equiFment consists of pumps and water 
softeners. Pumps may be either reciFrOcating or rotating; 
and water softeners may be eit~er Frecipitating or.base ex­
changing. 

7~. Types of Pumps--Pumps are used to move liquids, us­
ually through pipe lines, and at the same time to increase 
the pressure (head) of the liquid. 

Rec.iproct&t.ing pumfrs may be siD'plex or 111ultiplex; steam 
driven or motor driven; or of the plunger or piston type. 
Figures X-1 and X-2 sh0w two of the various types of recip­
rocatin~ pu~ps. Reciprocating pumFs have the advantage of 
being able to operate at extremely high discharge heads or 
extremely low suction (inlet) heads; and to operate at var­
iable delivery with good efficiency. 

Rot4~ing pumfrs may be centrifugal, turbine, screw or 
gear; steam driven or D'Otor driven; single stage or multi-
s ta.ge. Figures XI-3 through XI-7 show a nurrber of rotating 
pumps of various types. Rotating pumps have the advantage 
of si~plicity and being adapted to direct drive by high 
SFeed turbir.es or motors. They have the disadvantage of be­
ing unable to start pumping at negative suction pressures 
without being Frirred. This disadvantage is not serious, 
hOYiever, because it is always possible to find a type of 
pump which can be installed with a flooded suction. 

200 
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75. Head and Work Relations In Pumps--Consideration of 
a pump as a work transferring device will show that the work 
input to the pump is equal to the work output plus the loss­
es, or·: 

or: 

whp = ep(shp) 

where: whp and shp =water horsepower 
and ~haft horsepower 

e 1> = pump efficiency 

Water horsepower is the power. required. to move the water 1 

whp 
60 X 33000 

where: Ma =water flow, lbs/hr 
Ht = total head on pump, 

ft of fluid 

The total head on the pu~tp is the sum of the friction 
losses in the pipe, the ir.crease in velocity head through 
the pump, the entry losses and leaving losses for the sys­
tem, the difference in pressure between inlet and discharge 
and the difference in static heads, or: 

where: HJ = friction in piping, ft 
v = velocity, ft/sec 

H.s static head, ft 

HI> pressure head, ft 

R. entry and exit losses, ft 

Figure x:I-8 shows pump and piJ:e systems with the various 
heads in r'lation to the above equation. It should be noted 
that the static head on the inlet side of hot water pumps 
should always be great enough to prevent boiling in the eye 
of the pump impeller due to pressure reduction below the sat­
uration pressure corresponding to the temperature of the 
water. An empirical equation which gives the static head at 
the pump suction is as follows: 
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a •• 

h = 0.32 X 10-7 t 8 • 1 

where: h 
t 

static head on pump suction, ft. 
water temperature, deg F. 

(a) Ne~ative suction head (h) Positive suction hearl 

Pll• XI•B. Bead rela~lono in pump WJotemw. 

76. Pump Efficiencies--In general, large slow speed 
pua~s have higher efficiencies than small high speed pumps. 
Table XX shows the ranges of speed and efficiency to be 
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expected for various types of pump~ for power plant ser­
vice. 

Cap., 

Boiler feed 10 to 
Condenute 10 to 
Coneenser 200 to 
General 5 to 

TABLE XX 

CENTRIFUGAL PUMP rAfA 

H~~' Head, ft Speed,· rpm 

400 :300 to 6000 1200 to ~600 
4CO 50 to 300 1200 to 26CO 

5CCCC ,10 to fO 120 to 450 
100 10 to 300 1200 to 2600 

Eff., olo 

70 
70 
80 
75 

77, Lns of Similarity for Centrifugal Pumps·-The per­
formance of centrifugal pumps follows certain definite patt­
erns and laws. Figure Xl-9 shows typical performance curves 
for two types of .centrifugal pump. It will be noted that 
the head capacity curve has a falling characteristic and the 
horsepower curve reaches a maximu~ and then falls. The 
"self-limitir-g" power characteristic is of value in prevent­
ing the overloadirg of the driver in case the pump should 
operate against zero head. 

The following e:j uation expr.esses the laws of silrilarity 
for centrifugal pumps. 

X y 

A = Q k p H Q M p H A 
B N 1 1 3 2 0 1 1 1 D const 
B = D 2 2 5 2 ·0 1 1 1 N const 

where: Q capacity, volume N speed F power 
M capacity, weight p density H head 

D diameter 

It will be seen that, for any given pump, the quantity of 
water delivered varies directly with the speed, the head 
with the square of the speed and the power with the cube of 
the speed. The equation will be valuable in predicting the 
effect of changes of speed or impeller diameter for a par­
ticular pump •. 
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Example 30 shows the method of computing the specifi­
cations for a centrifugal pump, and Example 31 shows the 
method of.estimating the effect of changes in pump speed or 
impeller diameter. 
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Examp I e- 30. 

Specify the capacity in ~allons per minute and total 
dyna~ic bead in feet for a centrifugal boiler feed pump to 
operate under the following conditions: Flow 28800 lbs/hr 
at 297 F; static lift 20 ft; friction losses 2 ft in suction 
line and 20 ft in dischar~e line; inlet velocity 5 ft/sec 
and outlet velocity 10 ft/sec; entrance and ~xit losses 
one-half of the velocity head; pressure in boiler 400 psia 
and in open heater 64 ps.ia. 

Solution: 

The capacity of the pump is: 

Cap. = 28800{0.01742)(7.48)/60 = ~2.6 gpm 

The total dynamic head is: 

Static lift 
Friction losses 
Velocity head [10 2 -52 )/2g 
Entrance and exit lcsses 

20 ft 
22 
1.2 
0,6 

= 843 ft Press. head (400-64)(144)(0,01742) 

Total dynamic head 

Example 31-A. 

886.8 ft 

A centrifugal pump with an impeller diameter of·12 in. 
cperates at 3600 rpm and delivers 100 g~m at 300 ft head. 
What would be the capacity and head if {a) the impeller dia­
meter were reduced to 10 inches, or (b) the speed were re­
duced to 1800 rpm? 

Solution: 

(a) At constant speed, the capacity and bead are pro­
portional to the square of the diameter. 

100 
-= 

Q1 = 69.5 gpm 

300 ( 12)1' 
!i; = (1CJ2 

He =208ft 

(b) At constant diameter, the capacity is proportional 
to the speed and the head is proportional to the square of 
the speed. 
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100 3600 :300 ( 3600 ) 1 

QJ! 1800 H. (teoop 

Q. = 50 ~pm Ha = 75 ft 

Ex BliP le 31-B. 

A three stage boiler feed pump with 17 inch diameter 
impellers is rated at 1000 gpm at 675 ft TDH with a motor 
speed of 1750 rpm. The characterjstic curves are shown as 
solid lines in Figure XI-10. It was found when the pump was 
placed into operation that the boiler .feed system head loss 
had been overestimated, and instead of being 675 ft at 1000 
gpm was actually 600 ft. It was proposed to correct the 
pump characteristics by turning down the outside diamete~ 
of the impeller. Calculate the required impeller diameter 
and plct the new characteristic curves for the pump. 
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Solution: 

Jn empirical method for deter~inatiu~ of the new i~pel­
ler diameter is as follows: 

1. 

2. 

") ..... 

rraw a line from the origin through the new spec­
ification point to intersect the original head-cap-
acity curve. · 

'Read the head and car.acity at the poir.t of inte·r­
section and solve for the impeller diameter from 
both head and capacity relations in the pump equa­
tion. 

Obtain the root mean square of the two solutions 
for impeller diameter. 

This method can be illustrated, as follows: 

1. The line from the ori~in through the new specifi­
cation point intersects the ori~inal head-capacity curve 
at 640 ft and 1070 ~pm. 

2. Solving for impeller diameter, 

1070 (17) 2 640 (17)2 --= 
<re)" 600 

= 
( D~t) z 1000 

r. = 16.40 in. D~t 16.45 in. 

3, The root mean square of these two solutions is: 

['II 
= /,[(16.40)" +2 (16.45) 2

) = fL 16.425 in. 

The new head curve can be plotted by applying the pump 
equation at several poirts on the original curve, as follow~: 

1200 555 (17.000)1!' Qll = 1120 gpm 
-- =--= = 1.07 

QJ! P.z (16.425) 11 Ha 519 ft 

800 745 Qll = 748 f!:pm = --= 1.07 
QJ! Ha Ha 696 ft 

etc. 

The new power curve can be plotted in a si~ilar manner, 
as follows: 
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Q1 = 1200 gpm 248 (17.000} 1 
= 1 182 Pa 210 hp 

Qa 1120 gpm Pa (16.425) 1 • 

Q1 = 800 gpm 224 
= 1.182 Pa 190 hp 

Q. 748 gpm Pa 

etc. 

The new characteristic curves are shown as dotted lines 
on Figure XI-10. 

78. Water Treatment--All natural waters contain quant­
ities of dissolved salts which make the water undesirable 
for use in steam generators. Calcium and magnesium salts 
precipitate in the boiler to form scales or sludges which 
adversely affect the heat transfer coefficients. Sodium 
salts are soluble at all temperatures, but excessive con­
centrations of dissolved sodium salts lead to foaming which 
has the bad effect of causing de~osits in superheaters and 
turbines. It is the purpose of water treat~ent to either 
re~ove the undesirable salts before they reach the boiler 
or to produce conditions within the boiler which are such as 
to cause precipitation of the undesirable salts in for~s 
which will not produce scale and which can be easily removed 
from the boiler by blowdown. 

Calcium and magnesium bicarbonates are soluble at ord­
inary temperatures, but when water containing them is boiled 
the bicarbo~ates decompose to carbonates and precipitate. 
The fact that bicarbonates can be removed by boiling gives 
them the name t••Porary ha.rdn•9s (hardness is a measure of 
the soap destroying power of water). Non-carbonate salts of 
calcium and magnesium ·produce what is termed P•r•a.JJent ha.rct­
.n,sos1 that is, boiling has no effect as with temporary hard­
ness. 

Hardness can be removed from water in two general ways 
{in addition to boiling to remove temporary hardness, which 
has no extensive commercial application): .by precipitation 
or by base exchange. 

79. Precipitation Softening--Precipitation softeners 
may operate either b·y the cold process or by the hot process. 
Due to the fact that most of the slightly soluble calcium 
and ~agnesium salts exhibit a decreasing solubility with 
increasing· temperature, the hot process of softening is more 
efficient than the cold process. There are cases, however, 
where the cold process must be used (such as softening of 
municipal water supplies). Followi~g are detailed explan-
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atioo1 of the Yariou• processes. 

flo co&4 &;•• ••~ •I•• ~r•~••• uses either quicklime 
or hydrated li~e for the precipitation of temporary hard­
Dell aod filter alum for the production of a Hoc which aids 
1n the coagulation of the precipitate and in the re~oval of 
bacteria and dirt. Figure II-11 sh~s a typical softener 
operating with thia process. The reactions are: 

Ca (RC0 8 ), + Ca (OH),- 2CaCOst + 2H.,O 
Mg(HC0,) 1 + 2Ca(OH) ,- Mg(OH),f + 2CaCOst + 2P..o 
CO,+ Ca(OH),- CaCOat + H,O 
u,cso.>. + 2Ca(OH),-2Al(Oif}sf + 3Caso .. t 

(P••••) 

Pta. &1·11. C•t• •••e••• ••ft••••· 
The loweat hardnea1 which can be rroduced by this process is 
about 70 parts per •illion, which is the solubility of cal­
ciu• carbonate at ordinary temperatures. 

flo co&4 t;••~soca aad •'•• ~roc•~• uses li~e and alum, 
a1 in the preYious process, plus soda ash to precipitate 
non-carbonate bardneaa. The apparatus emplored is identical 
with tha\ aaed for the li~e and alu• process. The addition­
al reac\iona are: 
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CaSO. + Na 2 C0 8 - CaC0 8 f + Na:oo~O. 
CaCl 2 + Na 2 C08 - CaC0 8 f + 2NaCl 

MgSO. + Ca(OH)l! + Nal!COa-Mg(OH)l!t + CaCOat + Nal!so. 
MgCll! + Ca(OH)l! t Na 2 C08 -Mg(OH):oot + CaC0 8 t + 2l·1a.Cl 

In this process it is customary to use excess soda ash in 
order to depress the solubility of calcium carbonate by com· 
mon ion effect. Figure XI-12 shows the hardness attainable 
by the use of excess soda ash. 

80 
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Fie. Xl-12. Reolduol hordnooo rooultln1 
from uae of eac••• eoda aeh. 

The hot li•e-sodG proc•gs is similar to the cold lime­
soda and alum process, except that the alum is not used be­
cause at elevated temperatures magnesium hydroxide forms a 
floc. The reactions are the same as previously given, and 
the residual hardness can be estiD•ated from Figure XI-12. 
Figure XI-13 shows a typical hot process softener with its 
auxiliaries. 

Example 32 shows the method of calculation of quant­
ities of chemicals required for softening by the various 
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(Power) 

Pll• Xloll. Bot proeeee eoftener. 

precipitation methods. Useful chemical tables will be found 
in the ·Appendix. 

Eu11p1t 32-A, 

~ water of the following analysis is to be softened 
with li~e and coagulated with 10 ppm of aluminum sulphate 
(filter alum): Ca = 62 ppm; Ng = 31 ppm; Na = 38 ppm; 
RC01 • 250 ppm; so.= 139 ppm; Cl = 11 ppm; co, = 16 ppm. 
Determi~e the weight of 90 o/o hydrated lime and 95 o/o 
crystalline filter alum required per thousand gallons of 
water. 

~olution: 

The first step in the solution is the conversion of the 
ionic a~alyais to the hypothetically combined form, as 
follows: 

Ions 
Ca 
Mt .. 

ppm 
62 
31 
38 

+epm 
3.10 
2.65 
1.t!5 

-epm Combinations 
Ca(HCOs)t 
Mg(HC011 ), 

M(!'SO.-

epm 
3.10 
1.00 
1.55 

ppm 
251.5 
73.2 
93.5 
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Ions ppm +epm -epm Combinations epm 

HCOs 250 4.10 Nhso. 1.34 
so. 139 2.89 NaCl 0.31 
Cl 11 0.31 
Sub.tot 531 7.30 7.3C 7.30 
co. 16 
Total 547 

It will be noted that the hypothetical combinations 
in a definite order, as follows: 

.Positive ions 
Ca 
Mg 
Na 

Negative ions 
HC03 

so. 
Cl 

ppm 

95.1 
18.2 

531.5 
18 

547.5 

are made 

Next, the reactions are written with u.olecular weights 
and parts per million, as follcws: 

162.1 74.1 
Ca(HC03 )• +. Ca(OH).--.-2 CaCOsf + H.O 

251.5 x 1 = 115 ppm 

146.3 148.2 
·v.~(HC03 } 2 + 2 Ca(OH) 2~Mg(OH).t + 2 CaCOst + 2 H2 0 

73.2 x. '= 74.1 ppm · 

120.4 74.1 
Mgso. + ca(OHJ.----Mg(OHJ.t + caso.t 

93.5 Xs = 57.5 fpm 

44.0 74.1 
C02 + Ca(OH) 2 -CaCOst- + H20 
16.0 x4 = 27.0 ppm 

666.4 222.3 
Al2 (S04)s 18He0 + 2 Ca(OH)2-2 Al(OH)st +"'3 CaSC.f + 18 H2 0 

10(0 .95) . Xs = 3.2 f-pm 

Tctal 90 o/o hydrated lime required= 276.8/0.90 = 308 ppm 
Total 95 o/o filter alum required 10 ppm 

The final water analysis would be: .NaCl = 18 ppm; 
Pa 2 fC 4 = 95 ppm; hardness about 70 ppm as CaCOi. 

One thousand gallons of water= 8.33 X 10-3 million lbs. 
Therefore, the lime required is 2.56 lbs per thousand gallons 
and the alum required is 0.083 lbs per thousand ~allons. 
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Exa11ple 32-B. 

The water of Exa~~le 32-A is to be softened by the lime 
soda and alum rrocess. In order to de~ress the solubility 
of calcium carbonate, 25 ppm of excess soda ash is added. 
retermine the weight of 95 o/o soda ash required in addition 
to the lime and alum. 

~elution: 

The reactions with molecular weights and parts per mill­
ion are: 

120.4 106,0 142.0 
t1.!1'FO. + Ca(OH) 1 + NaeCOa-Mg(OH)et + CaCOa t + Na,SO. 

9?.5 Ya = 82.3 ppm Za = 110.0 
ppm 

S66.4 318.0 
.Al 1 (~0.) 1 ·18Ha0 + 3 Ca(OH)e + 3 Na,co,- 2 Al(OH)at 

9.5 y1 = 4.5 ppm 

426.0 
+ 3 CaCO,f + 3 NaaS0 4 

· z, = 5.1 ppm 

The total 95 o/o soda ash required (including excess) is 
111.8/0.95 = 118 ppm. 

The final water analysis would be: NaCl = 18 ppm; 
Na 1 SO. • 211 ppm; Na,COa = 25 ppm; hardness about 50 ppm 
as caco •• 

The soda ash required would be 0.98 lbs per thousand 
~allons. 

If this water were to be softened by the hot lime soda 
process (atmospheric pressure), the alum would be omitted 
and the final wate~ analysis'would bw: NaCl = 18 ppm; 
Na 1 SO. = 205 ppm; NaaCOa = 25 ppm; hardness about 22 ppm 
as CaC01 • Sli~htly less lime would be used because of the 
omissi~n of the alum. 

80. Base Exchange Softenlng--Severai natural minerals 
called ... ue.s (comr;lsx sodium alumir.ur silicates) have -the 
property of base exchange, that is, they will exchange their 
sodium for ealeiu~ or magnesium, or vice versa, depending 
upon which is t:resent in the greatest concentration in the 
solution passing over ther. Synthetic zeolites of various 
types have been wade which have greater exchange capacity 
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than the natural materials as weil as the ability to opente 
with acids or bases. 

The so4iv• cycle exchanges sodium for calcium or mag­
nesium in the softening run, and vice versa in the regener­
ating run. Regeneration is accomplished with strong·brine 
(ordinary salt) solutio~. Som$ of the reactions ar~: 

Softening·: 
Na 11Z + Ca (HC0 8 ) a- 2NaBC0 8 +. CaZ 

. Na 11 Z + Mg (HC0 8 ) 11 -- 2NallCO 11 + MgZ 

· Na 11 Z + MgC1 1 - 2NaC1 + MgZ 

Regeneration: 
CaZ + 2NaCl-NaiiZ + CaCl, 
MgZ + 2NaCl- Na.z + MgClt 

Both magnesium·and calcium .chlorides are extremely sol­
ub.le and are washed out, ·with the excess brine, with raw 
water. When t.he ·wash water becomes soft the washing is 
stopped and the zeolite is ready for another softening run. 
Figure XI-14 shows a ty~ical zeolite softener"which operates 
on the sodium cycle. 

, ..... , 
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fle AJ4r•t•• •1•'• exchanges hydroge& for all metals, 
·and the regeneration h accomplished with acid. Some of the 
reactions are: · 

Softenbg: . 
H,Z + Ca(HC0.),-2H,C01 + CaZ 
H1 Z + CaCl,- 2HC1 + CaZ 

Regeneration: 
caz + H,so.-H,z + case. 

The carbonic · acid can be removed from the water by aer­
ation. The other acids produced in this cycle are extremely 
corrosive, so the water is blended with effluent from a sod­
ium cycle softener before aeration to produce essentially 
neutral water by the reac~ion of sodium bicarbonate with the 
acids. Figure Xi-16 shows a typical zeolite softener which 
operates on the dual cycle. 

, ..... , 
Fla. XI·IS. l••llte ••ft••••• •••I ercle. 
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Th• ~ac.id ~adisorb:ing cych employs a synthetic resin 
which has the property of being able to ads.orb acids from 
sol~tion and of being regenerated by alkali, as follows: 

Adsorption: 
R + HCl--R·HCl 

Regeneration: 
R·HCl + Na0H-R + NaCl + H~O 

When the acid adsorbing cycle follows a hydrogen zeo­
lite cycle and a deaerator water of al~ost as good quality 
as commercially distilled water is produced. The process is 
quite economical and requires much less. investment than a 
distillation plant where pure water is required for indus­
trial use. It does not appear, however, that the process 
has any advantages ever the evaporator in a regenerative 
power cycle. 

81, Boiler w~ter Treat~ent--Even in cycles Nhich use 
evaporators for makeup water it is necessary to use some 
forffi of boiler water treatment because contamination of the 
boiler water results from even a small amount of condenser 
leakage or carryover from evaporators. It is even more 
necessary to treat boiler water in cycles where makeup is 
raw or softened-water. Boiler water treatment has four ob­
jectives: 

1. To prevent corrosion of the boiler or power piping. 

I" 2. To prevent embrittlement of boiler me tal. 

3. To prevent forn;ation of scale in the boiler. 

4. To prevent the formation of deposits in superheat-
ers or turbines. 

The methods of accomplishing these objectives are as follows: 

Corrosion is prevented by maintaining the boiler water 
within a narr0w alkaline range as indicated by the pH (which 
should be between 10 and 11) and by re~oving as much as poss­
ible of the dissolved gases in the condensate or boiler feed 
before it reaches the boiler. 

The alkalinity is maintained by the use of caustic soda, 
soda ash or one or more of the polybasic phosphates. The 
phosphates have the advantage of helping to prevent scale; 
caustic soda has the disadvantage of inconvenience ir hand-
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lir·g as well as the ability to cause boiler embrittlement 
when not closely controlled; and soda ash has the disadvant­
age of deeoii'~Osi~g to caustic soda and releasir:g carbon di­
oxide which, when in solution, is corrosive to pi~ing. · 

The re~oval of dissolved gases was discussed under 
feed-water beaters. The best deaerating feed-water heaters 
will not re111ove all of the dis.solved oxygen from the boiler 
feed, so it is customary to ~aintain a residual of about 10 
ppm of sodium sulphite in the boiler water to act as an oxy­
gen scavenger, according to the reaction: 

The sodium sulphate produced has ·the advantage of helping to 
ir.hibit boiler embrittlement. 

B~il•~ ••O~ittl•••nt, which is caused by caustic attack 
on intergranular cementite, is prevented ~ri~arily by avoid­
ing riveted boiler drums, and inhibited in all cases by 
maintairirg concentrations of certain ~aterials in the boil­
er water. The best knov1n inhibitor is scdiu~ sulphate which 
is maintained at a ratio of about three to cne with relation 
to the concentration of sodium carbonate in the boiler water. 
Trisodium phosphate has an embrittlement inhibiting property, 
and will re~lace an equal weight of sodium sul~hate for this 
pur~ose. Organic inhibitors, such as sodium lignin sulphon­
ate (from sulphite pa~er ~ill wastes) and quebracho extract 
(a tannin) are also used to some extent. 

Seal• jo~•a~ion is usually prevented or mini~ized by 
uaintair.ing a residual of phos~hate ion (about 50 ppm) in 
the boiler water. Calcium phosphate is less soluble than 
calcium carbonate or calcium sulphate, which are the princi­
~al constituents of boiler scale, but it precipitates as a 
slud~e which is much less adherent than the other calcium 
precipitates. Sludge conditioners, such as scdiu~ alginate 
(frou certai~ seaweeds) and starches, are scnietiD:es used to 
inprove the fluidity of the sludge, thus raking it easier to 
ren:ove by boiler blowdown. 

D•~osits in s~~•~heat•rs anm tv~Oines are the result of · 
carryover cf solids from the boiler with the steam. These 
deposits can be prevented or ~i~i~ized by careful attention 
to the maintenance cf a practical mininun: of dissolved sol­
ids in the boiler water by ~roper blcwdcwn, and by the in­
stallation of efficient steam purifiers inside the boiler. 
Figure XI-16 shows several types of stea~ rurifiers which 
are used ir. uodern steam generators. 
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CHAPTER Ill 

7U£L HAROLIRG ·EOUIPMEKT 

. • 

12. The simplest fuel handling equipment will be found 
in the plant which burna gas. The complexity of the system 
increases when fuel oil is used, and becomes a large part of 
the plant investa;ent when coal is burned. 

13. Ges BurRing Eaulp•ent--The fuel handling equi~ment 
for a gas burning plant would consist of a pipe line bring­
ing the gas to the plant, a gas holder~ (when the sup~ly is 
aubJeet to fluctuation), gaa ~eters,-control valves and 
burners. Figure XII-1 shows the elements of a gas fuel sys­
tem and figure XII-2 shows a ty~ical gas burner • 

• • 
.. 

• 0 

fll• llll-·1 .; Gaa fuel oyot • ., • 

. 
n. Fuel Oil Burning Eauip-

~ent--The fuel handling equipment 
for a fuel oil burning plant 
would consist of unloading facil­
ities (docks or railroad sidings), 
tanks (for about a 30 day sup­
ply), pumps, $trai~ers, beaters, 
control valves and burners. Fig­
ure Xll-3 shows the elements of 
a fuel oil burning system and 
Figure XII-4 shows a typical oil 
burner with mechanical atomiz­
ing and steam atomizing burner 
tiF details. Figure Xll-5 shows 
a so-called rotary cup oil burn­
er which embodies a forced draft 
pri•ary air fan, fuel oil pump 
and controls. This type of burn­
er is well adapted to small 

221 
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. 
·~ 
0 • .. 

Flg. XJI-3. Fuel oil IJitea. 

Steam atomizer 

Mechanical atomiz 

Fl1• Xll-4. Oil burner. 

boilers, since burners of this ty~e are available in sizes 
to handle up to about 2CO boiler horsepower. 

85, Coal Burning Eauipment--Tt.e variety of fuel band­
lin~ equirment for a coal burnir-g plant is quite largP.. 
Whether the plant burns lump coal or pulverized coal, a 
storage yard of sufficient size for about a 30 day sufply of 



FUEL HA"DLING EQUIPMENT 223 

r••· xrr.s. 

ccal is necessary; as well 
as conveying equipme~t for 
stori~g and reclaiui~~ the 
coal, brin~ir.~ the coal to 
sizing crushers an~ then 
to the ~lallt bunkers. If 
the plant operates with 
lumF coal it will be fed 
from the hukers to the 
stckers through weighirg 
devices. Then, after the 
fuel is burned, the ash 
~u~t be disposed of in 
so~e way (some ccm~anies 
sell it for road surfac­
illg or for concrete hlock 
ar,gregate). Figure XII-e 
shows a typical lum~ coal 
(stoker) burnir.g system, 
and Figure XII-7 shows a 
pulverized coal syste~ of 
the direct firillg ty~e •• 

CDDL£D MOrOI1 JACK£r 

(Rar O l l Burn•r Co. 

Roter,. cup oil burner. 

(Stephea• · Adaaao n Mf1 . Co . ) 

Fla. Xll·6 . Coal etoker 171te• . 
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R.R T"'ek 

(Bibco•• • ~llcaa) 

Flg. XIJ-7. ·Cool pulveriaer ·oyotem, direct firing_. 

Sometimes the pulverizers are operated to store pulverized 
coal il! bunkers from v:hich it is fed to the burners. The 
storage system requires smaller rulverizers than the direct 
firing system, but the storage of pDlverized coal is hazard­
ous and more plant space is taken up by the extra set of 

. bunkers. Figure XIJ-8 shows a coal storage yard with the 
coal hand lin~ .. machir..ery. 

86~· Stokers--The equirment used .for. burnil!g lumr coal 
in a boiler furr:ace is known as a stoker, anCI it may be ' . 
either underfeed or overfeed, depending upon whether the coal 
comes in under or over the. air surply. 

Ov-~rjna •stoke-rs may be of the travelling grate type 
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(au1table for free burning coals), the chain grate type 
(auitable for caking coals), or the spreader type with dump­
ing or travelling grates (suitable for a wide variety of 
coals). Figure XIl-9 shows ~ome of the various overfeed 

stokers in use at the pres­
ent tiJ',e. 

U•«•rJ••« stokers are 
of the retort type and are 
suitable fer high volatile 
coals. There may · be one or 
more retorts, depending up­
on the amount of fuel to be 
burned. Figure XII-10 shows 
typical single and multiple 
retort stokers presently in 
use. 

(I.a.• Bolt Co.) 

.raa. •••·•· C:••• ••••••• •"••••· 
Table XXI shows some apFroximate data for fuel burning 

rates per aquare foot of area for the various types of stok-
era. 

'!'ABLE XXI 

FUEL BU~NIFG RATES FOR STOKERS 

founds fer hour fer square foot 

Cverfeed 
Sr;reader ~5 - 40 
'l'ravelli~, and chain grates 

Anthracite ~5 

Bitu11ir.oua sc 
Underfeed 

f:ir.,le retort 40 
ll.ulUrle retort 50 -so 
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(a) Travelling grate 

(b) Spreader 
(Co•b. Bnara •• Suphtr., l•e.) 

O•erfeed •tokera. 
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(b) Multi~le retort 



228 FUHDAME"TALS OF POWER PLA"T ENGINEERING 

87. Pulverizers--The func tion of a pulverizer is to 
grind previ ously crushed coal to a fine powder (about 90 per 
~ent through a 200 mesh screen) so that it will burn in a 
manner sirr:ilar to gas or oi l. The pulverizer 1nay be of the 
types sh own in Figure XII-11. Mill exhauster fans may be 
built int o the pulve rizer, as with the attrition mill, or 
they IDiY be separate. Mill feeders may also be built in or 
separate. Ah out twenty per cent of the total combustion air 
is used as priiLary air (always prehe(l.ted) for conveying the 
coa l from the pulverizers to the burners. Pulverizers re­
quire powerful motors, and Table XXII shows approximate 
power requirements for the various types of mill. 

(Rlley Stoker 

(a ) Attrition mill 

(b) Ball mill 

.(K !_nlle_dy .. va _n . sau~- Mfa . Corp.) 

(C) Bow l mill (d) Tube mill 

Fig. XII-11. Pulverlaer•. 
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TABLE XXII 

PULVERIZER FOWER REQUIREWENTS 

Kli'H per ton 

Ball and race mill 8 12 
Bowl mill 11 16 
Tube mill 11 17 
Attrition mill 11 17 

88, Pulverized Coal Burn­
ers--A pulverized coal burner is 
designed to mix the coal and 
pri~ary air with secondary air 
as it is blown into the fur­
nace. A few of the many types 
of pulverized coal burners are 
shown in Figure XII-12. 

89, Horizontal Cyclone 
Burner--A recent development 

fll• 111-12. •••••rlae4 ceel •••••••• 
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(B•bcoclr: • Wllcoz) 

Fig. XII-13. Bori •ontel cyclone 
burner . 

(a) Oil or gas 

in ccal bur ning 
equipmen t is the 
horizontal cyclone 
burner which is de­
signed to burn low 
grades of coal at 
high rates without 
the necessity for 
pulverizing it. Fig­
ure XII-13 shows the 
burner which would 
be attached to the 
side of a furnace 
and connec t ed into 
the waterwall circu­
lation. The furnace 
is smaller than is 
usual with other 

• • • .. 0 t ••• 

~b) Pulverized coal 
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types of fuel burning equipment because most of the combus­
tion takes place in the cyclone. Coal, crushed to about 
four mesh size, is fed with primary air at high velocity in­
to the rear end of the burr.er where it is met by a high vel­
ocity tangential stream of secondary air. The c oal sticks 
into a layer of molten slag and burns as the air blows across 
it .. The slag is continuously moving toward a drain hole at 
the bottom of the burner front from which it drips i nto the 
main furnace. 

90. Furnace Botto•a--Furnace bottoms vary in design de­
pending upon the tyre of fuel to be burned. Some of the var­
ious types of furnace bottoms are shown in Figure XII-14. 
Furnaces for gas or oil usually have sloping flat water cool­
ed bottoms. Furnaces for stokers, naturally, have the bot­
tom made up of grates or retorts. Furnaces for pulverized 
coal may be of the wet or dry 
bottom types. The wet bottom 
type has little or no cooling 
surface on the furnace bottom, 
so that the ash which falls 
on it re~ains in the molten 
condition in a pool, from which 
it is tapped, either continu­
ously or intermittently. The dry 
bottom furnace has a completely 
cooled hopper bottom, so that the 
ash which falls to the bottom is 
cooled sufficiently to be removed 
in granular for~. 

--MIIUT 

• 

Pll• 1111·11. Th•••·fuel burDer. 

• . 
~ 

~'-r-+..1,--~~- = 

Pt1. 1111-16. Sulphete 
peper •ill eh•aicel re· 
co•••J boiler. 

• 
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Pi&• XJJ.17. 

P'ia. XII·II. 

(Co•b. KDa . •l"'-•htl' •• Joe.) 

·l .toker ·e8h dlepo•••l •J•t••• 
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11. ~ultiple Fuel Burning Installations--In some local­
ities more than one fuel may be available, and plants have 
been designed to burn two or three fuels separately or-in 
combiration. Figure XII-15 shows a three-fuel burner for 
pulverized coal, oil or gas. Other plants have been designed 
to burn industrial wastes in combination with some ot·her 
fuel. Figure XII-18 shows a sulJ:hate paper a:ill chemical 
recovery boiler which burns black liquor (containing lignin) 
in combination with fuel oil. 

92. Ash Re•oval Syste•s--Coal burning plants must have 
some means of ash removal. Stoker firing produces a large 
cinder which can be dropped into a hopper car in an air lock 
under the boiler, or removed by a screw conveyer, as shown 
in Figure XU-17. Fulverized coal ash can be tafPed from 
wet bottom furnaces into quench pits from which it can be 
transferred to any desired location by sludge pumps. Dry 
bottom furnaces may discharge into a conveyor or a quench 
pit as with the wet bottom furnace. One of these systems 
is shown in Figure XII-18. 

93. Dust Collectora--Coal burning plants which are lo­
cated close to population centers must be furnished with 
some sort of aJ;paratus to rem.ove dust and cinders from the 
flue gas in order to avoid the creation of a nuisance. Pul­
verized coal plants produce an extremely fine ash (called 
flyash), and at least half of the ash in the fuel goes along 
with the flue gas. Stoker fired plants do not produce sig­
nificant amounts of flyash but some small cinders do travel 
through the steam generator. It is often thought that fuel 
oil produces no flyash, but some Florida cities have ordin­
ances requiring dust collectors on fuel oil burning power 
plants within their municipal li~its. 

Cirder catchers operate 
on the principle of changing 
the direction of gas flow so 
that heavy particles will drop 
out of the gas stream. Fig­
ure XIl-19 shows a cirder trap 
of this type. 

Dust collectors may be of 
the centrifugal type, which op­
erate in a manner so~ewhat si~­
ilar to the cinder traJ; except 
that the gas velocity is high­
er; the electrostatic type 
which uses a high direct cur­
rent potential to charge the 

-- -

Fla. •••·••· 
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(Buoll Ka1•1• Co.) t•••*••• ••••&•· ce.) 

(a) Single (b) Multiple 

Fla. XII-20. Crcloae duet eollect•••· 

the dust particles so that they may be collected on elec­
trodes; the bag tyJ;e which employs fabric bags to filter the 
gas; and the wet scrubber which uses water for washing the 

. gas. Figures X:II-2C through X:II-23 show these various types 

(Schei•l lnduatrl••) 

F i l• XII·21 . Flue 1•• 
ectubber . 

of dust collector. 
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Pl1o Xl1·12. Bot trr• 
~uet cellecter. 

Plio Xll•21. &loctro•t•tlc 
du•t cellecte•• 



CHAPTER X Ill 

DlUFT EQU IPMUT 

9~. Draft equi~ment consists of fans and stacks (or 
chimneys) whose purpose is to supply air for the combus­
tion of fuel and to remove the products of combustion from 
the stea~ generator for disposal to the surrounding air. 

95. Fans--Fans in use for the production of draft are 
almost always of the centrifugal type, although some small 
installations use axial flow fans and the new horizontal 
burners use axial flow blowers. 

Axi4~ flo• Ja•s follow the same laws of similarity as 
centrifugal pumps, but the shapes of the characteristic 
curves are considerably different. It will be noted from 
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Figure XII~~~ that 
the pressure curve 
has an unstable 
region which makes 
it impossible to 
parallel two azial 
flow fans within 
the region of best 
operating effic­
iency. 

Ce•trif•t•l. 
Jus follow the 
same laws of sim­
ilarity as centrif­
ugal pumps, but 
their characteristic 
curves will have 
somewhat different 
shapes due to the 
use of several 
different types of 
blade arrangement. 
Blade arrangements, 
as shown in Figures 
XIII-2 through 
Xlll-5, may be 
either forward 
curved, backward 
curved, radial or 
combination. 
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fAe Jeraar4 e•rwea tlase 1•• has a li~ited arplication 
in ~ower plants because it is possible to overload the rotor 
at. aero bead. In addition, it is impossible to operate these 
fans in ~arallel because of the existence of more than cne 
point on the bead-capacity curve which bas the saEe ordinate. 
Sueb a ebaracteris tie leads to bunting (ir:stability) in the 
ayatea. 
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The radial blade fa~ is extensively used in pulverizer 
exhausters because it is difficult for the blades to become 
fouled. Otherwise, the power characteristic is unfavorable 
as with the forward curved blade fan. 

The backaard cvrvea blade fa~ is the most p~pular type 
in use in power plants because, like the centrifugal pump, 
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it bas a self-li~iting power characteristic, and, due to the 
continually falling bead-capacity characteristic, two or 
more fans can be operated in parallel without bunting. 

The ~o•ti•atio• t'ade fa• bas characteristics intermed­
iate between those of the radial and backward curved blade 
fans. 

96. Heed and Work Relations In Fans--As previously men­
tioned, centrifugal fans are si~ilar to centrifugal puEps, 
the only difference being in the fluid pumped and the magni­
tude of the pressure rise. It can be seen that: 

ah~ = e1(sbp) · 

where: abp and sbp = air horsepower 
and shaft horsepower 

e1 = fan efficiency 

Air hor••Po••r is the power required to move the air, or 

M~t 
ahp = 60 X 3$000 

where: N4 = flow, lbs/hr 
Ht = total bead on fan 

ft of fluid 

Since pressures in the steam generator combustion air 
and flue gas circuits are stated in terms of inches of water 
and fan capacities are statea in cubic feet per minute, air 
horsepower is also 

h - 62.4 Q bt 
a p - 12 X 33000 

where: Q = fan capacity, cu ft/min 
ht = total pressure rise 

through fan, in. water 

The total pressure rise through the fan is the sum of 
the friction losses in the ducts and apparatus; the increase 
in velocity bead through the fan; the losses at the 3ntrance 
and exit of the system; the difference in pressure between 
the inlet 'and discharge; and the static bead (or chimney 
effect), or 
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v~~ -va. 
h = hf + d ~ + h,sd t 2g 

Figure XTII-6 shows a steam generator with its fan and 
duct system and the location of the various positive and 
negative pressures: 

l'ii.XIII-1. Steam 1enerator fan and duet eyatem. 

97. Fan Speeds--The maxil[:um· efficiency of fans is apprax­
il[:ately the same regardless of type or size. Larger fans will 
operate at slower steeds than smaller ones for the same head. 
Table XXIII shows the ranges of speeds and sizes to be expect• 
ed for fans in use 1n ~ower plants. 
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TABLE XXIII 
AID!VIAT!D PEIFOIIMAife&-DIPIIOVED EmAUBTEIIII--alN OR LL WHEEL 

F~Ut8t.ello. II 13 18 17 18 II 23 18 • 33 37 " Whe.l Dtam.. -w- :10' 23' ae• 30' 33' 311' <0' ... 83' eo• ·88' 
2 SP. crw 1172 1988 2170 2790 3526 4312 8178 6120 82 .. 10640 13396 16464 

300DO.V. ftPW 1305 1040 1105 BOO - 631 879 620 452 393 346 315 
BliP .68 .110 1.23 1.98 2.00 2.43 2.92 3.46 

~ 
6.01 7.56 I~ 3'S.P. crw 1465 1962 2712 3492 4407 6390 6470 7650 13300 lffiS 20980 

. :laOOO.V. vw 1600 12'<5 1110 - eso 778 710 640 555 483 428 388 
BliP 1.25 1.68 2.31 2.97 3.75 4.98 8.50 8.50 

~ 
11.30 14.20 I~ ••s.P. cnc 1758 2378 3255 4191 5289 6468 7784 8180 Ts960 2009i" 

30000.V. ftp>( 1865 1490 1295 1140 990 1105 630 745 1147 562 495 450 
BliP 2.02 2.73 3.74 4.80 6.06 7.40 8.80 10.50 14.20 18.30 23.00 28.40 

S'S.P. !:J: 1904 2§77 3s2i" 4540 8730 7007 8411 8905 13403 17290 21768 28754 
32600.V. 2065 1650 1430 1268 1100 1000 918 828 715 623 550 sao 

8'TP.'"" 
BliP t.70 3.68 8.00 8.45 8.14 e.s1 I~ 14.10 19.00 24.50 30.80 I~ cnr 20Si"" "'27'75 3797 4889 6i'70 ""'iS4e 11058 10710 l443i" 18620 23443 28812 

3SOOO.V. VM 2260 1805 1570 1390 1205 1095 IOOS 900 784 683 600. 808 

:fll: 
BliP 3.48 4.72 8.45 8.30 10.50 iii: 18.40 18.20 24.59 31.70 39.80 .g cnr 2i97 2974 4068 B23i" 6610 8705 11475 ls46S 19950 28117 30870 

37SOO.V. ftPM 2440 1950 1695 1491!!1 1300 1180 1080 878 845 738 650 580 
BliP 4.34 5.85 8.05 10.35 13.05 15.95 18.15 22.60 30.50 38.40 49.90 ~ 8'S.P. CN 2344 3i72 4340 5588 7052 8624 10352 12240 16496 21280 26792 32926 

40000.V. VM 2805 2090 1805 1600 1385 1265 1155 1040 1103 782 692 630 

'I IO'S.P. 
BliP 8.30 7.18 8.80 12.80 15.95 ~ 23.35 27.80 37.20 4800 80.90 '~ cnc 2637 3s68 4882 62ee 7933 8702 11648 13770 18558 23940 30141 37044 

4SOOO.V. VM 2920 2330 2025 1790 1550 1415 1295 1165 1010 880 778 705 
BliP 7.50 10.15 13.90 17.89 22.60 27.60 33.20 38.10 82.80 66.20 8590 ·10590 

12'S.P. crw 2930 3965 8425 6985 6618 10780 12940 Ts300 20620 26600 33490 I~ 
eoooo.v. ftp>( 3211!1 2660 2229 1870 1710 1559 1428 1>85 1110 868 858 776 

BliP 10.00 13.90 18.90 23.80 30.10 36.70 44.10 82.20 70.30 80.75 114.00 I<O.SO 

ABBIIEYL\1ED PERFORMANCE-TYPE BY FANS. SINGLS WllmL SINGLS INLET 

r ........ 1 1'4 1'4 1"4 I 1% 1'4 1"4 a 3% 1'4 4 4'4 • 
WMoiDia. 13' 18'4' lty,· 12"4' 118" 111'4' saw 35"4' ... 42\lo' . ., .. &a" sa~· a• 

3~ 52~2 l'f.S 12~ ......... 
r~crv. CI"M I~ ·~ 

~32 4128 - 'I~~ 
9288 16524 20800 ~7 RPM 32 ~ ~~ • 

1ls I~ 12 106 
.000 V.P, HP ,I .is .2 .2 .7 1.04 1.22 1.5 2.00 

~·· 
CI"M 1122 ~~~ 251 34~ .. ~ 5655 6981 8422~ I~ Ill; 13715 1791 22620 21f~ o.v. RPM ~s ~2 273 ~txi r~ 1.~ 135 

,l08V.P. HP .. .81 I 1.2o 1.44 1.64 I 2 3.13 3.81 

~t.v. CI"M ~~~ I~ 2; 3682 48.~! ~ 7~ 9078 ~~g 12705 14~ ~~~ 24350 30!~ RPM 42 ~ I~ l.~~ 160 i~ .12SV.P. HP .2 <7 1.2C i.os 2.13 :f.ss 3.72 4.70 

I'B.P. CI"M I~ 2~ 2903 394 5lr.l 65~! 80S 972 ll~i! 1361 15825 20555 26100 ~~ I!IOOO.V, RPM ~ri . ~: ~ ~ ~~ ~~ ~~ 204 181 
.140 V.P, HP :3S .61 1.61 2 2.8 3 3 4.9 6.26 7.75 

~~~~. CI"M I~ 21~~ ~ ~~ _fl ~ 8592 ~on! I~ li.i3 I~ 22032 27840 ~ RPM ': ~.~ [~ 203 
.1eo V.P. HP 1.2 2~fi!. 3.li 3. 4. 5.ii:i 8.27 . 10 

~~~~. CI"M ~~ 2Fol 
3482 41~ 6~~ ~ ~ 

11672 13932 I~ I~ 24~ •31320 

·~ RPM I~ 36 ti 222 
JIQI V.P. HP .7( I. . 2.31 2-:9i 3.61 4.2 .5.82 8.82 11.1 

.:n1 '• ..,..,.__ o1 tiDuble WMUb, .ua. tDW IIV ra. ~ Jll ._ Ha. .1\k ad ......, auiiPr CI'K a L liN a l.Dlt. 
1HP • L1 Gall ov • 1.11. 

ABBIIEYIA1ED PERFORMANCE-TYPE W FANS. SDIGLS W11mL SINGLS INLET 

r...-.. ••. 1% 1"4 1% 1"4 I 1% 1% 1"4 I 3% 3% 1% 4'4 4"4 

....... Dia. 1814· 17\lo' ....... 11'!6' ... ...... ....... 38"4' ... 42%. 45\1,' ~· asv.- 81"4' 

r&.Uv. CI"M I~ ~~~ ~~~ 2~ ~ ~ ·m ~ ~~ 90~ ·~ 
12900 15519 I~ RPM ~ ~: 218 l~ -V.P, HP ,II .I .I .25 .32 ".i ~4B 1.13 

n;:•· CI"M 1613 1952 2322 3~ 4128 ~ ~ 7782 t.n I'; I~ I~ 18523 I~ o.v. RPM 1035 ~ '] . 594 
~ 280 

.000 V.P, HP .24 .52 :6i .81 2.34 

~t.v. CI"M 1747 ~b?i 2~ 34!~ 

~ 
5655 6981 8430 10062 lim ~~~ 1677 20175 

~ RPM usa IM ~ a:: .~ ~:: . ~~ 41 2~ 33"ft. .101 V.P. HP .3 .AJ I 2. 2. 

I'B.P. CMI ~~ ~~ tzu ~ 1.~ ~ 7~ 9079 I~ I~ 14~ I~ 21727 27~ I4000.V, RPII 
:.s~ ~ .3<§. 358 

6:0i .tDV.P. HP .51 I. f_ji 2 4.85 

1:.&,~. CMI 20~~ 2441 

~ rJ ~~ r.~ ~ 9727 ~~~~ 13613 1582 ~~~ ~ ~ RPII I~ 131 m i~~ 4"lt .140V.P. HP I. ... I. 2.21 3.i9 5.32 ;;;. 
l:.&~'i. CMI 2l~ RPII 

2603 12384 16880 

• u 

• • .. 
• . 
• 

~ 1~ ~ ~lll I~ 14S.rs ~~~ I~ 1423 602 f.~ :.~ 424 
.180V.P. HP 1.04 1.01 1.37 1.80 3.41 4.0 4.:16 s. 8.13 1o.is , 

~·- .. • 
..,~cw.~.....,....._...,.,...,_~•-.._,w._...,._J~aM·&.UM•l• u 
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98. Draft losses--Since a steam generator installation 
may include both forced and induced draft fans, the draft 
losses may be divided into two classifications, as follows: 

1. Forced draft(pressure) losses (air system). 

2. 

a. Loss in duct between fan and air heater. 
b. Loss in air heater. 
c.· Loss in duct between air heater and windbox. 
d. Loss through fuel bed or burner. 

Induced draft losses (f1ue gas system). 
a. Loss between furnace and boiler outlet. 
b. Loss in duct between boiler and economizer. 
c. Loss in economizer. 
d. Loss in duct between economizer and air beater. 
e. Loss in air heater. 
f. Loss in duct betwe~n air heater and fan. 
g. Loss in duct between fan and stack. 

All of .the draft losses, except those for the ducts, 
are usually taken from data supplied by the manufacturers, 
but the methods of estimating the losses are of interest. 

DMct draft t~•s~s have been discussed in Chapter X. 

~ir keater draft t~•s•s vary according to the arrange­
ment of the surfaces. The draft loss on the gas side of 
tubular air heaters can be estimated by treating the air 
heater tubes as round ducts in parallel and using the av­
erage gas velocity; considering the inlet and outlet boxes 
as part of the main ducts; and adding 0.05 inches of .water 
draft loss ·for each right angle turn. The draft loss on the 
air side of tubular air heaters may be estimated by using 
the empirical formula (adding 0. 05 in. H2 0 for each right 
angle turn): 

bp = 0,0002307 f N {G/lOOO)» 
p 

where: bp 
f 

=draft loss, in. water 
a friction factor 

= 0.06 for in-line tubes 
0.09 for staggered tubes 

N·= number of restrictions 
p = arithmetic me~n gas 

density, lbs/cu ft 
G = mass flow of gas, lbs/hr 

per sq ft of flow area 
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Fvel bed o~ ••~n•~ d~•tt lo•s•s can be estimated from 
figures XIII-7 and XIII-8. 
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Bo.slar, sv~arlu~t·ar and aconoaiaa,. tJ.r'ajt loosos-ios depend 
~pon the arrangement of the surfaces and the mass flow of the 
gas. Draft losses for fire-tube boilers can be estimated in 
the same manner as for the gas side of tubular air heaters. 
Draft losses for water-tube boilers, superheaters and econ­
omizers can be esti~ated in the same way as for the air side 
of tubular air heaters. · 

Due to the fact that ducts and boiler settings are never 
gas tight, an allowance of ten per eent on the gas volume and 
air volume should be made when specifying fan sizes. The 
normal practice is to control the furnace draft at between 
0.1 and 0.2 inches of water to allow the opening of inspec­
tion doors without danger to the operators. Some modern 
steam generators, however, especially marine types and those 
utilizing the horizontal cyclone burner, dispense with the 
induced draft fan and operate entirely with forced draft. 
Figure XIII-9 shows some draft loss curves for a typical 
steam generator. It will be seen that, as in all devices 
involving fluid flew, the draft loss is proportional to the 
square of the quantity flowing. 

, Example 33 shows the method of making fan specifications 

Examp I e 33. 

Determir.e the fan specifications for an oil fired boil­
er producing 300,000 lbs per hour of steam at 925 psia and 
900 F from feed-water at 300 F. The fuel is that of Example 
15 with a.heating value of 18500 Btu/lb, and it is burned 
with 15 o/o excess air to produce a boiler efficiency of 
89 o/o. Air temperature is 100 F and flue gas temperature 
is 300 F. The boiler draft losses are shown in Figure 

. XIII-9. 

Solution: 

Heat added to steam= (1450.9 - 269:6) = 1180.3 Btu/lb 
300000{1190.3) 

Oil fired = 0.89(18500) 

The ore tical air 
Actual air = 13.9(1.15) 
Weight.of air per hr.(incl. 10 o/o 

leakage)· 
·Density of air at 100 F 
Volume of air ~t 100 F 

21500 lbs/hr 

13.9 lbs/lb 
16.0 lbs/lb 

378000 lbs/hr 
0.07 lbs/ft8 

88800 cfm 
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Weight of gas per hr. {incl. 10 o/o 

leakage) 
tensity of gas at 300 F 
Volume of gas at 300 F 

17.0 lbs/lb 

•402000 lbs/hr 
0.055 lbs/ft• 

122000 cfm 

From Figure XIII-9, the forced draft loss is 8.8 in. of 
water, and the induced draft loss is 16.7 in. of wa,er at a 
steam flow of 300,000 lbs/hr. 

The fan specifications would be: 

Forced draft fan: 89,000 cfm air at 100 F, 9 in. water. 

Induced draft fan·: 122,000 eb gas at 300 F, 17 in. 
water. 
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99. Stacks--Small boilers may depend. entirely upon 
·stacks for the production of the necessary draft for oper­
ation, while large steam generators use stacks mair-ly for 
flue gas disposal, with draft production for emergency oper­
ation without the fans a secondary consideration. As a mat- . 

. ter o.f fact, most large steam generators are completely in.:.. 
capable of being operated without the induced draft fan. 

A stack produces draft because the hot gas inside is 
less dense than the air outside. The draft produced by a 
stack is proportional to the height of the s\ack and to the 
difference in density between the outside air and the flue 
gas, or (allowing for friction in the stack) 

h = 0.254 B R (.!.._- !_)-' 0.77 p f lr'(.!..t- l) 
T 11 T 1 .. · o, T 11 

where: h =draft produced by stack; in. water 
B ~ barometric pressure, in. Rg 
R =height of·stack above duct inlet, ft 

· T·11 = outside air temp, deg R 
T g = arithme~ic, Jllean gas tempera.ture, deg R 
p = densiiy of gas, lbs/cu ft. 
D~ = inside diameter of stack, ft 
£ = a friction factor 

= 0.0013 for steel stacks 
= 0,0018 for brick~lined stacks 

It will be seen that, if given a certain draft to be 
produced, both stack height and diameter will. be unknown, but 
if the first term on the right hand side of the equation is 
solved the· minin:um stack height will be obtained. Then the 
dimensions can be determined by trial with due consideration 
to stability of self-supporting stacks and to economy of 
construction. As a general rule.;' a guyed stac·k cari be de­
signed for maximum economy, a condition that is obtained 
when the product of the height-and diameter is at the mini­
mum. Self-supporting stacks must be designed to give maxi­
mum economy within the range of stability, a condition which 
will be met when the ·ratio of diameter to height is between 
C,03 and 0.08 and the produc\ of diameter and height is near-, 
est· to that for maximum economy. Figure!$ X:lll-10 and Xlll-11 
show two common types of power plant stacks 1. llftd Example 34 

1;1hows the method of calculating stack dimens1ons. 
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Example n. 

retermine the most economical dimensions for a brick 
stack to produce a draft of 0,6 inches of water for the 
boiler of Example 33. Barometric pressure is ~ inches of 
mercury and ambient temperature is 90 F. 

Solution: 

For a first approximation of the height, 

0.6 
1 1 0,254(30) H (

550
-

760
) 

Then, by trial in the equation for stacks': 

H 
n. 

·~ 

HDi 
riiH 

0.6 = 0,00384 H- 0,0000226 H• 
Di 

160 170 180 
38.6 12.3 8.0 
6180 2090 1448 

0.241 0.072 0.045 

190 
6.3 

1192 

0,023 

200 
5.4 

1070 

C.027 

It is apparent that the product HDi is still decreasing 
at a stack height of 200 ft. From the standpoints of econ­
c~y and stability, the best choice would be the 6.3 ft dia­
meter by 190 ft tall stack. 
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CHAPTER X I Y 

SUPERVISORY AND CONTROL EQUIPME~T 

100. Every power plant contains a great variety of in­
strument• and equipment for indicating, recording and con­
trollirg the performance of the plant in many detail•. The 
various i~strumenta and controls may be divided into class­
ifications aa to the variable, such as temperature, pressure, 
speed, fluid level, combustion conditions, chemical charac­
teristics and fluid flow. 

101. Temprrature--Temperature may be indicated by mer­
cury thermometers, bourdon tube thermometers, thermocouples 
or electric resistance thermometers. :,In addition, all of 
these devices, except the mercury thermon.eter, may be made 
to control temperature by means of secondary devices such as 
valves or switches and may be made to record the temperature 
with relation to tilte. Figures XIV-1 through XIV-5 show 
some of the many temperature devices which are used ir power 
plants. 

(Po • • r ) 

ri,. •••·•· •••••t•••• •••c••r tk••••••t••· 
Fl1• 11•-2. Air operated 
t••••r•ture controller. 

102. Pre&BMre--Fressures may be indicated by manoreters 
usi~~ varicus fluids, bourdcn gages cr diarhragm gages, de­
pen~lng upon the pressure range to be covered. The ranges 
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Gb .... ~ 
fuJ» ,-

CIXJ/ // 'l!l!!---rtil 
I .MoJ>;enf ~,.._, 

Fl1. XIV•4. Electric· 
•1 reeietance t••P•t•· 

tu1'e bridl•· 

Fll• XIV-3 . Bourdon 
tube thet•ometera. 

Fll• XIV•S. Tberaocoupl• 
t••perature potentlo•etere. 

of usefulness of these various ty~es overlap so~ewhat, but 
in general, mana.eters are used for indicating pressures in 
the range fr~ 0.001 inch of water to 100 inches of •ercury; 
diaphragm gages for indicating, recording or controlling 
pressures in the range fro& C.Ol inch of water to 10 pounds 
per square inch~ and bourdon gages for indicating, record­
i~g or controlling pressures in the range fro• one pound per 
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s quare inch to the maxiaum obta inable. Figures XIV- 6 t hr ough 
XIV-1 0 show some of the instruments of this class. 

""""'" -­-. 
--k----

Fla. XIV-6, •••• 

rt 1 • XlV•I. Alr eporeto .. 
preeeur• contr•ller. 

Fl&• XIV·7. 

(, ... " 
Bourdon tube 

pteeeur• 1•1••• 

Fla. XIV-t. ln•lln•d 
draft 1•1•• 

( p ••• t ) _ 

Fla. XIV-10. Dlo· 
phr•t• draft a•t•• 
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103. Speed--The most common speed controlling device is 
the centrifugal flyball resisted by a spring, as shown in 
Figure XIV-11. The raciial motion of the flyballs may be 
transferred to a throttle valve for controlling the speed of 
a turbine or engine within predetermined limits. A change 

( p ..... ) 

in speed is always necessary to actu­
ate the controlling device, there­
fore flybali governors have regula­
tion characteristics as shown in Fig­
ure XIV-12. Since turbo-generators 
or engine-generators are constant 
speed apparatus, it is necessary to 
provide a device for readjusting the 
flyballs to a new load position!... This 
device is arranged to adjust the gov­
ernor spring tension or the throttle 
valve position, either locally or re­
motely by manual or automatic means. 

''•· liiY-tl. Pl:rt>oll The hydraulic governor is found c•••rnor. direct 
oetlnc. on certain makes of steam turbines and 

. ~onsists essentially of an oil pump 
on the turt1ne shaft wh1ch produces a pressure which is pro-
portional to speed in the same 1elation as with a flyball 
device. The pressure produced by the pump is resisted by a 
sprir.g which has a load adjustment as in the flyball type of 
governor. A governor of this type is shown in Figure XIV-13. 

(Power) 

The direct acting flyball or hydraulic governors are 
satisfactory for srrall turbines or engines of not more than 
a few hundred kilowatts capacity, but in larger sizes the 
governing forces are not sufficient to operate the heavy 
valve gear. To overco~e this difficulty, hydraulic relays 
of various kinds are used to amplify the governor forces. 
Figures XIV-14 anc XIV-15 show two of these relay systems. 
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-· ( p 0 .. .. -,-, ... 

' '•• IIY·II. Rrdr•tdle ••••ra••r• •treet •etlnl• 

Fla. IIY·IS. 

(Poe~r) 

Fll• lfiV·14. Flybell 
co•ernor, relayed. 

10'• Flult Level--Fluid level instru~er.ts very frequent­
ly contain floats whose ~ction is transaitted to irdicatir.g, 
recordirg or controlling devices. The float type of ir.stru-
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ment is applicable to any pressure or level range for which 
a suitable float system can be devised. Figures ~IV-16 
through XIV-20 show several of the float type of fluid level 
instruments. 

( B a I I • y 
Meter Co.) 

rlw. XJ'f.l6. 
Boller weter 

1 e • • 1 
recerder. 

(llaeen·"l•l•n 
I a a, Co, ) 

Pit• Xl'f·l1. Float 
eentrolled feeder. 

(Power) 

r1 I• Xl'f.JI. 
rloat eontrelled 

drainer. 

Fluid level in boilers may be control­
led by float types of ir.strQments, but it 
is much ~ore usual to employ a thermostat-

(ltrona, Cerliele 
• lleaaend Co.) 

Pia. XIV·lf. 
Open 

bucket trap. 

(A r ·• I t r .o a I 
Machine 

•• r It 1 ) 

Pia. XIV•20. 
ln•el'ted 

bucket •~•P• 

ic device or a thermohydraulic regulator. The first, shown 
in Figure XIV-21, utilizes a long inclined polished metal 
tube connected at the bottom end to the water s~ace and at 
the top end to the steam space of the boiler. The tube is 
arranged with a bell crank and lever so that any change in 
length of the tube will be reflected as a change in water 
control valve position. As the water level in the boiler 
falls the tube lengthens, because the steam in the upper 
part of the tube has a higher temperature than the water in 
the lower part of the tube. This lengthening of the tube is 
employed to cpen the water control valve. A rise in water 
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level causes a 
reverse action. 
These regulators 
have a falling 
water level char­
acteristic with 
relation to boil­
er load, and the 
operati ng li~its 
may be too wide 
for ~rodern steam 
generators which 
are extre mely 
sensitive to 
water level var­
iations (with 
respect to steam 
quality). In 
these cases a 
second element 
which contains a 

Pia. XIV-21. 1'hormoaloll< 
feed•W'ater re1ulator. 

255 

c •. ) 

spring ' loaded diaphragm is c onnected to the re g ul a t or in such 
a way that the t=ressure dro p across the surerheater is used 
to modify the thermostatic tube chara.cteristics t o mairtai n 
the water level withi n closer limits over the load range. 
This modification is sho"n in Figure XI V-2 2 , and a hydra ulic 
or air relay may be used to operate large valves. 

Pia. XIV·22, Two·oloeent 
ther•o•t•tic 

feed-water re1uJator. 
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.. 
1'1&• XIV·lJ. Ther • o· 
hydr•ulle feed·••ter 

re1ulator. 

~ct e ris tics are simi l ar 

The thermohydraulic boiler 
water level control employs an i~­
clined tube si~ilar to the thermo­
static regulator except that it is 
surr ounded by a jacket with heat 
radiating fins. The jacket is con­
nected by tubi~g to a diaphragm type 
wa t er control valve. The generator 
j ac ket, connecting tubiLg and dia­
phragm chamber are completely fill­
ed with water so that any ~ecrease 
in water level in the boiler will 
result in an increase in pressure 
in the genera tor jacket and an open­
ing ac t ion in the water control 
valve. This type of regulator is 
shown in Figure x·rV-23. Its char-

t o those of the thermostatic type. 

A th ird e le m e ~ t, se nsitive t o water flow, may be added 
to the t wo-e l e me nt re gulat or to coordinate water flow with 
steam f l ow a nd wa t er level for smoother operati on on · ra pid 
l oad cha nges, a s s hown in Figure XIV-24. 

B _,.. ..... -_,_._ ---HB ---D .... NUUIIfrLUI 

eJ--

Pia. XIV-24. Tb1'ee-ele•ent 
the~.o~tetle feed-water 

l'eculator. 

105. Combustion--Some of the most valuable iLstrumen t s 
i n moder n pOYier plants are automatic combustion controls 
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which relieve the fireman fro~ the necessity of manually 
controlling fuel and air flow, and which, incidentally , do a 
much better job than any human fire~an could possibly do. 
Combustion controls are available for the smallest boiler 
as well as for the largest steam generator, an~ they will 
pay for theu.selves from fuel savings ir. a relatively sh ort 
time. 

All combustion controls for boilers or steam ge~erators 
operate to re~intain a constant pressure at the turbi ne throt­
tle by varying the fuel and air surplied to tbe furnace. In 
addition, some controls have an element which mai ntains a 
constant draft in the furnace. Figures XIV-25 through XIV-27 
show simple modulating or positionir:g electric controls for 
application to various fuels in small boilers. Large steam 
generators employ elaborate controls which me t er fuel and 
air flows in exact relation to each other and to load. Sorne 

......... , •• c •. ' 

Pl1. XIY·2S. llodulatlnc oil burner eentrol. 
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of these control systems are shown in_Figures XIV-28 through 
XIV-31. 

AIR 
CONTROL UNIT 

FUEL 
CONTROL UNIT 

Fil• XIY-26. Modulotint 1•• burner eontrol, 

106. Che~ical Characteristics--Chemical characteristics 
of water in power plants are often controlled or supervised 
by electrical instruments. The chemical characteristics 
which are useful as control variables are pR and electrolytic 
conductivity. pR can be controlled in precipitation water 
softening because the pR of the water is affected by the 
softening chemicals. Electrolytic conductivity is most oft~ 
en used as a variable for operating alarm devices for sig­
nalling contamination of condensate by condenser leakage or 
faulty evaporator operation. Figures XIV-32 through XIV~34 
show some of the instruments used for these purposes. 

107 •. Fluid Flow--The most c·ommon fluid .flow measuring 
devices utilized in power plants are nozzles and orDfices 
with various types of secondary elements for measuring ani 
recording the pressure differential produced by the prirary 
element in terms of flow units. Figures XIV-35 through 
x·rv-39 show some of the more common priu:ary and secondary 
bead type flow measuring d~vices. 
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(Bro••• Ka1lne•rlnl Co.·) 

I'll• JIIV.:17. 

SI6NAL 

/ 

SENSinVITY 

ADJUSTMENT 

PlSN 

Noduletlna etoker eentrol. 

liS V, A.C. SUPPLY 

TANK 

OR 

(P~•••••Ite~. l•c.) 

''•· lll'l· , ... Ce 111 duet I •I t,. al a r •. 
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Fll• XJV-30, 

(B•iley llleter Co . ) 

AIr c:Oftlbuetlon control for pulverla~re, 
mete1'lnl• 

(Betley Meter Co. 

Fie- XIV-31. Air eo ... buetlon control for fuel oil, ••terlnl• 



SUPERVISORY AND CONTROL EQUIPMENT 263 

Pll• Xl\'•12. pH lndlcetor end controll•r, 
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Some special flow m~suring applications make use of 
fluid aete·rs of the disc or vortex types, as shown in Fig­
ures XIV-40 and XIV-41. Rotameters, one of which is shown 
in Figure XIV-42, have a float which rises inside a tapered 
tube in proportion to the flow. 
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CHAPTER XY 

THE COMPLETE POWER PLANT 

108, The design of a power plant, it has been seen, in­
volves the integration of many pieces of equipment into a 
whole system which must meet exacting economic requirements 
as well as requirements for reliability and ease of oper­
ation. The steps in the design of a power plant are essen­
tially as follows: 

1. A study of present and future load requirements. 

2. A study to determine the best possible location 
for a new plant or for an extension to an exist­
ing plant in a system. 

3. A study· of cycle types and arrangements to reveal 
the most economical solution for the operating con­
di tiona. 

4. Selection of the major equipment to fit the cycle 
decided upon. 

5. Making a preliminary layout of the plant and ana­
lyzing it from the standpoint of ease of operation 
and economy of floor space and building volume. 

6. Making a final layout of the plant and writing ape.e­
ifications for the minor equipment. 

Some of these steps may be transposed, or s~veral may 
be carried OQ simultaneously. It is always true that subse­
quent discoveries may invalidate some of the conclusions· 
drawn in earlier steps, thus requiring modifications. The 
final design should be the result of exhaustive analysis and 
detailed study from all standpoints. 

After the consulting engineers have completed the de­
sign of the plant their function is limited to aiding in the 
analysis of bids for equipment and supervising the construc­
tion and initial operation of the plant. ·rn some cases, 
especially with municipal projects, they will aid in secur­
ir.g the financing of the project. 

109, Details of Design--The actual details of the de­
sign of a power plant are so volumir.ous that it is impossible 
to deal with even a small part of them in a text on funda­
~entals. Frobab!y the best way for a student to gain some 

265 
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insight into the process of power plant design is to examir.e 
very carefully the design of actual plants, both ir. the 
field and from drawings, trying to determine the reason for 
each detail in the light of his knowledge of the fundament­
als. 

In order to show some of the multitude of design de­
tails, a portion of a set of power ~lant drawings is given 
in.Figures XV-1 through XV-6. 

It will be seen, from an examination of the complete 
power ~lant, that the mechanical equipment falls into sever­
al major groups, correspondir.g somewhat to the cha~ter head­
ings in this book, as follows: 

1. Prime movers. 

2. Condensers, feed-water heaters and evaporators. 

3. Steam generators and auxiliaries. 

4. Fipir.g and duct-work. 

5. Water handling equipment. 

6. Fuel handling equipment: 

7. Draft equi~men~. 

8, Supervisory and control equipment. 

Another rrethod of grouping the equipment would be as 
follows: 

1. Pri1re movers. 
~. Lubricating oil system. 
b. Generator cooling system. 
c. Shaft gland sealing system.. 

2. Condensers . 
a. Condensate pumps. 
b. Circulating water pumps . 

. c. Vacuum pumps. 

3 ·• Feed-water heaters and evaporators 
a. Drip pun:ps. 
b. ,Evaporator feed·pumps. 

4. ,.Boiler feed system. 
a. Boiler feed pumps. 
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b. ~urge tanks and pumps. 
c. Fped-water regulators. 

5. Steam generator. 
a. Boiler and furnace. 
b. Superheater. 
c. Econoll'izer~ 
d. Air heater. 
e. Fans and stack. 

6. Fuel system. 
a. Fuel oil pumps or coal conveyors. 
b. Fuel oil heaters or coal pulverizers~ 
c. Burners. 
d. Ash disposal. 

7. Piping and duct-work. 
a. Circulating water system. 
b. Condensate system. 
c, Boiler feed system. 
d. Steam system. . 
e. Service and fire protecti~n water system. 
f. Lubricating oil system. 
g. Fuel oil, fuel gas or coal system. 
h. Air ducts. 
i." Gas ducts. 
j. Com~ressed air system. 

8, Water su~ply. 
a. Condenser cooling system. 
b. Boiler feed makeup. 
c. Service and fire protection water. 

9, Fuel supply. 
a. Unloading facilities. 
b. Storage f~cilities. 
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I 10. Power Plant Buildings--In !ast years the aim of 
power plant architecture was to give the iiDpression of power 
and stability. This aim resulted in buildings that were 
much too expensive for their priJr,ary purpose of sheltering 
the power generating equipment. The last ten years has prov­
en the ascendency of functional power plant architecture in 
the acceptance of the semi-outdoor and outdoor plant. 

In the semi-outdoor plant more or less of the steam 
generating equipment is left expcsed to the weather (with 
weatherproof casings} and the turbine equipment and boiler 
operating stations are completely sheltered. The outdoor 
~ower plant is just what the naJte ilriplies, exce_Et that 11-. 
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shelter i> provided for the boiler and turbine o~erating 
stations . 

At present, with few exceptions, in plants which are 
desi~necl for com~lete shelter, as well as for semi-outdoor 
installations, the buildings are made as inexpensively as 
possitle in order to reduce the capital outlay to the mini­
murr. FrobaLly the cheapest type of power rlant building 
constructivn (but not unattractive with proper treatment) 
makes use of corrugated asbestos-cement sheeting fastened to 
a structural steel frame. This construction is fire resis­
tant ancl weatherproof, and has the additional advantage of 
being easily modified for expansion in any direction. 

Figures XV-7 through XV-15 show some views of power 
plants of the various types of construction. 

Flg. XV·7• Semi-outdoor plant, e1r:terlor. 
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r1 1 • xv.a. Seel•outdeol' plant, ezterlot. 

' 

rta• IY• t. Seel eut~eer •••••• lftterlew. 
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P'l g, XV· I 0, 
(ri g ht ) O ut 
door pla n t, 
• s. t e r 1 o r. 

P'l 1, XV. I 2, 

Fig. XV-11. 
(l•ft) Out• 
door plent, 
exte1'ior. 

Outdoor plant, control ahelter. 
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Pia. XY-14, Encloaed plent, i nterior. 
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Fla. XV-15. 

(f' ,.Jt"mGnt Co•l Bureeu} 

Bnclo•ed pJ •nt, interior. 
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PROJECT IV 

1. Specify the head, capacity and motor size for the 
following pumps .(assume ordinary entrances and exits): 

(a) Circulating water: No static lift. 

(b) Condensate: Statid lift 40 feet. 

(c) Boiler feed: Static lift 20 feet. 

2. The analysis of the raw water for makeup is: Cal­
cium bicarbonate, 150 ppm; magnesium bicarbonate, 85 ppm; 
calcium sulphate, 50 ppm; magnesium chloride, 30 ppm; sodium 
chloride, 60 ppm. Row much 90 o/o hydrated lime, 95 o/o 
soda ash and 95 o/o filter alum (using 8 ppm) would be re­
quired per thousand gallons of water to soften the water Ly 
the cold process,_ leaving a residual hardness of 50 ppm as 
calcium carbonate? 

3. Estimate the draft and pressur·e losses in the air 
and flue gas circuits of the steam generator, and specify 
the capacity, pressure and motor size for the following. fans': 

(a) Forced draft: Backward curved blades. 

(b) Induced draft: Forward curved blades. 

4. Calculate the dimensions of the most economical 
brick stack to produce a draft of 0,5 inches of water. Am­
bient temperature 90 F and barometer 29.5 inches of mercury. 

5, Make a preliminary plant layout draw~ng. 

Note: The preeeeding calculations apply to the power plant 
of Project• I,·.n and III.. 



CHAPTER XVI 

ECONOMirS OF LOAD DIVISION 

111. In the intelligently operated power plant or power 
system the efforts of all operating and supervisory person­
nel are bent toward the pr.oduction of power at the least 
possible cost. To a large extent the economy of ope.ration 
is affected by the manner of division of load between units 
i~ a plant and plants in a system. It is the purpose of 
this chapter to discuss briefly the theory of the increment­
al rate method of load division and to show some of its app­
lications. · 

112. The Incremental Rate Theory--The theory of incre­
mental rates postulates that each succeeding block of load 
should be thrown on the plant or machine which exhihi ts the 
lowe~t incremental rate (slope of the input-output curve), 
regardless of the absolute efficiency of the machine or 
plant. This theory contradicts the widely held opinion that 
the most efficient plant or machine should be loaded fully 
and the less efficient plants or machines used to supply the 
balance of the demand. According to the incremental rate 
theory, this opinion is true only in the special case in 
which the incremental rate of the most efficient plant or 
machine is always less than that of the less efficient plant 
or machin~s. The theory can be substantiated by a very 
simple demonstration, as follows: 

Figure XVI- (a) represents the input-output curves of 
two machines, A and B. For simplicity these curves are made 
parabolic so that equations for them can be differ3·ntiated 
algebraically to obtain the equations of the incremental 
rate curves. It is not necessary to the theory 1 hoY1ever, 
that the curves be capable of being expressed in the form of 
simple equations because any curve can be differentiated by 
graphical or tabular methods. The input-output curves A and 
B c~n be expressed as: 

I
4 

•= 17 + 0 4 + 0.1 O! 

Ib s + ob + o.15 o~ 

wher~: I and 0 = ihput and output in 
any desired units 

~80 
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The incremental rates for A and B are plotted in Figure 
XVI-1 (b), and can be expressed a~: 

~ 
d0

11 

= R" •= 1 

~=R = 1 
dOb b 

40 

~ 

~ 
/ 

~ v I 
v II 

35 

30 

25 

I / cv 
} v 

1 5 

1 (J 

5 

0 

/ 
v 

./ 
, 

0 2 4 6 8 10 
Output 

(a) Input-output curves 
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Examination of the 
curves of Figure XVI-1 will 
reveal that while machi~e B 
has a greater absolute eff­
iciency than machi~e A at 
any load, the incramental 
rate is also greater at any 
load above zero load. This 
indicates that additional 
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M 3~--+--+---+~~+--~ 
al ... 
~ 

~ 2~--+~~~~~--+---i 
.G> ... 
0 

~ 1~~-1----+---1---+--~ 

0o 2 4 6 8 10 
Output 

(b) Increwebtal rate­
output. curves 

ra 1 • XYI·I• Maehiae eperatlac ch•r•eterlatlca. 

blocks of load, according to the theory, will be handled at 
greater efficiency by machire A tha~ by machi~e B. 

113. Division of load--A correlary to the requirement 
that succeeding blocks of load be supplied by pla~ts or macb­
i~es with the lowest incre~ental rate is that, for ~axiau~ 
overall efficiency, all plants or machines must be loaded to 
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the point at which the increll'e.ntal rates are equal. This 
.correlary can ·be substantiated by a simple demonstration, 
using the data for the machines of Figure XVI-1, as follows: 

Suppose it is desired to produce a total output of 14 
with machine A and machine B running together. Without re­
gard to efficiency, it would be possible to obtain this out­
put with an infinite number of combinations between 1 C on 
one machine and 4 on the other. However, examination of the 
following table will show that one combination alone will 
produce an output of 14 with a minimum input. By interpola­
tion the minimum total input is found to be at an output of 

Output Input 
I. - B A B Total 

10 4 37.0 12.4 49.4 

a 5 34.1 14.8 48.9 
8 6 31.4 17.4 48.8 
7 7 28.9 20.4 49.3 

6 8 26.6 23.6 50.2 

5 9 24.5 27.1 51.6 

4 10 22.6 31.0 53.6 

5.8 from machir:.e B and 8.2 from machine A.. · Examination of 
Figure XVI-1 (b) will show that the incremental rates for 
both machines are 2.64 •. 

IIIJ. Loading Schedules--It is now possible to demon­
strate the derivation of loading curves or schedules for 
maximum economy. The trend of loading of machines A and B 
of the previous discussion is 'such as to bring machine A to 
its maximum load first, and the load on machine B at which 
this occurs can be shown graphically by co~bination of the 
incremental rate curves· of Figure XVI-1 (b), as shown in 
Figure XVI-2. Beyond this point machine B will supply the 
additional load to full plant capacity. 

115. Applications of the Incremental Rate Method--The 
term "machine" has been used rather loosely in the previous 
discussions to indicate that the incremental rate theory is 
applicable to any piece of apparatus or collection of appa­
ratus for which input-output curves can be drawn. 

:Input-output curves for turbines ,may have shapes simi­
lar to those shown in the previous discussions, or they•may 
be of a variety of other shapes and slopes depending upon 
the valve arrangement, variation of efficiency with load and 
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the auxiliary power requirements. However, no ~atter what 
the shape, the basic theory is applicable to determination 
of the best load division. 

The preceedirg re~arks apply equally well to steam gen­
erators. Input-output curves can be derived fror steam gen­
erator efficiency data and the increiental rate curves de-
rived in turn from the input-cutput curves. · 

For the purposes of the system load dispatcher, the 
plant loading curves can be integrated to give plant input­
output curves, These curves will be of use in deciding ~pon 
the system loadirg schedule, The plant loading curve of 
Figure XVI-2 was based upon the operation of two machires at 
all tires, however, due to the better absolute efficiency Of 
machine B, best econc~y would dictate the use of machine B 
alone up to a plant load of lC. At this lead machine A 
would be t•rought on the line and the load divided between 
\he t~o ~achir.es. Figure XVI-3 shows the plant loading 
curve replotted on this basis. This curve can be integrated 
in three parts: fror zero to 10; fro~ lC to lf,7; and froa 
lf.7 to 20. The equations are: 
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When the constants are evaluated, the equations become: 

yO ]0 = 6 + 0 + 0.1f 0 2 

0 0 

IZ l6 '= 23 + 0 + 0.06 0" ~0 

IZ 20 
48 - 2 0 + 0.15 0" l6. ,= 

The plant il!put-cutput curve is then t:lotted as shoRn in 
Figure XVI-4. 
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CHAPTER XVII 

DIESEL•ELECTRIC POWER PLANTf 

. . 
116.The Diesel engir:e is at the present time the JDOst 

efficient machine (with the exception of the mercury-steam 
binary vapor cycle) available for the ~onvers .ion of the ·en.!.. 
ergy in fuel to a useful form. It is most unfortunate that 
the engines are limited in size to about 7000 horsepower. 
As mentioned in Charter I, power plants with -capacities up 
to about 7500 kw capacity may well contain Diesel engines, 
but above this capacity the steam turbine is supreme ~ 

The Diesel engine takes its name from its inventor, 
Rudol~h Diesel, who patented an engine in 1892 whieh was 
supposed to operate on the - Carnot cycle. However, practical 
difficulties and develop~tent over the years has led to the­
modern riesel engine which may be made to -operate ~on the 
two-stroke or the four-stroke system, By far th" gr~.ater 
nur.ber of modern Diesel engil'les~ operate · on the two-stroke 
system because of the greater simplicity of the eng in~. 

117. Two-Stroke Diesel Cycle--The tw~stroke Die-~el · 
cycle, as the naJ[e implies, requires two strokes. of- the pis~ 
ton to complete a cycle. Referring to-- Figure XVU~l, it can 
be seen that with the piston _at the bottom of tbe ._cy1inder 

2·STIOKE CYCLE-ONE POWEI STIOKE TO EACH RilL IEVOwnON 
( p e,. e I ) . 

scavenging air - is blown in at one side . of the cylinder. an~·. 
cut at the other ·side, purging the cylinder o! , exhaust gases 
and charging it with fresh air. As the· piston moves upward 
the scavenging and exhaust ports close fl.nd the air fs com.:.. -
pressed. When the piston reaches the top of its_ travel the 

,: f . 
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air temperature has risen to about 800 F, which is sufficient 
to cause ignition of the charge of fuel which is sprayed in­
to the cylinder through an injector. The co~bustion of the 
fuel causes a further increase in temperature and the piston 
moves downward doing work. Sometimes the mechanical details 
are changed to employ a poppet valve in the cylinder head 
for the admission of scavengi~g air or for exhaust , Figure 
XVII-2 1hows a fuel injector and Figures XVII-3 through 
XVII-6 1how soveral two-stroke engines. 

118. F011r-Stroke Diesel Cycle--In this cycle, referrirg 
to Figure XVII-6, the first downward stroke of the pistcn i s 
u1ed for drawing in a charge of air through a poppet valve 
in the cylinder 
bead. In the up­
ward stroke the 
air charge is com­
pressed. At the 
end of the com­
pression stroke 
the fuel is spray­
ed into the cyl­
inder through an 
injector and the 
pieton moves down­
ward on the power 
stroke. At the 
end of this stroke 
the exhaust valve 
in the cylinder 

r I 1 • X91 I • 2 . r u • I I n j o < t e •. 

(Norcfber1 llfa. c •. ) 

Pil• X911·~· Lar1• lo• 
••••• tWO•Itrok• •11•lne . 
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(Gene r • i Ill ct or 1 Corp. 

Fig. XVII-5. HiJh spood 
Fig. XVII-4. High opood ' V•t y pe t w o ·t troke entine. 

oppos ed p i1t on 
two •a t ro\.e engine . 

4·STROKE CYCLE -ONE POWER STROKE TO TWO FUU REVOWnONS 
(Po • e r . ) 

Fig. XVII-6. Four ·atro1te D ie sel eycle. 
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bead opens and on the upward stroke the exhaust gases are 
discharged from the cyli~der. It would a~pear that the t~o­
stroke engine would produce twice as much power for the same 
engine dimensions and speed as the four-stroke engi~e, but 
this is not true because the four-stroke engine has a much 
greater volumetric efficiency as an air com~ressor. Actual­
lr, the power produced per cylinder is allr:ost the same, b·ut 
the two-stroke cycle engir.e is preferred because of its 
greater si~plicitr. Figures XVII-7 through XVII-9 show sev­
eral four-stroke cycle engines. 

c•••••••• •••••• c.·.) 
P. l I • X'f II • 7 • • ••II• • •• • e d 

•••w••t ·rele ••cl••• 

(le,oroofl·lood Co.) 

I'll• X9JJ•I• ••diu• opoed 
feur•atroke en1ln~. 

Ill. The Ideal Diesel Cycle--~he ideal riesel cycle, 
shown 1~ Figure XVII-lC, consists of a constant ·pressure 
addition of heat fror A to B; an adiabatic expansion fro~ B 
to C; a constant volume rejection of beat from C to D; and 
an adiabatic co~~ression fror r to ~. The efficiency of the 
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ideal cycle can be expressed 
as follows: 

1 R" 
etc = 1 - -ro;"-~1 (n [R 

1 
1]) 

where: r =compression ratio, 

V/Va (15 to 18) 

R fuel cutoff ratio, 

vblv" 
n = polytropic exponent 

If n is given a value of 1.4, 
which would represent the 
adiabatic value for air, the 
efficiency obtained fro~ the 

Volume 

P' 1 I • liVII·lO . I de • 1 .D 1 e • e 1 

c•••i••·•••• •••• 
a ••ehl•••r Ce.) 

l'ls. XWII•I• lledlu• •peed 
f•••·•trote ••••••• 

equation would' . 
be called the 
air standard. 
efficiency. Act­
tually' the val­
ue , of n . averages 
ahi>ut 1.35. 

·The two­
stroke engine 
will follow the 

shape of the air standard quite ,·closely except for the dif­
erenee in ·the value of n. The four-stroke eng:lne, however,. 
will exhibit a negative work loop DED due to losses in dis­
charging the products of combustion and drawir:g in a fresh 
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air charge. The departure of n fro~ the adiabatic value is 
due to the necessity of .providing the cylinders with water 
jackets to prevent overheating. 

120. Superchergin1-~The power output of Diesel engires 
can be increased by providing means for forcing more air in­
to the cylinders, which in turn makes it ~ossible to burn 
more fuel. The prvcess involves increasing the initial air 
pressure, and the term applied is •suf>erclla.rgir.g. Several 
systems of supercharging are used, as follows: 

1. Positive displacement blowers or compressors. 
a. Direct connected. 
b. Motor driven. 

2. Centrifugal or axial compressors. 
a. Exhaust gas turbine driven. 
b. Direct connected. 
c. Motor driven. 

The advantage of the supercharger lies in its ability 
to cause an increase in power of the engine which is greater 
than the power required to drive the supercharger. As a 
matter of fact, supercharging is necessary for any riesel 
engine when it is operated at considerable distances above 
sea level because of the decrease in atmospheric pressure 
which results in lower peak cylinder pressures. The de­
crease in power of an unsupercharged engine with increasing 
altitude is such as to cause the engine to have only 70 per 
cent of its sea level power at 8000 feet and 50 per cent at 
14000 feet. Figures XVII-11 through XVII-13 show several 
types of supercharger and scavenging blower. 

121. Diesel Engine Eff-
Iciencies--The thermal eff­
iciency of most Diesel en­
gines will be about 30 per 
cent, and the beat balance 
will be about as follows: 

Shalt output 30 olo 
Cooling water 30 olo 
Exhaust gas 30 olo 
Friction, radiation 

compressor 10 olo 

A not inconsiderable 
item in the operation of a 
Diesel engine is the lubri­
cating oil economy. Lubri-

( p ••• f ) 

Ftc. 1.11·11. Po•iti•e 
dlepleee•ent blo•er. 
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Flc. XVII·12, 
Reclprocatinc 

ecevengin& putbp. 

122. Diesel 
Engine Auxiliar­
ies--The auxili­
aries for a riesel 
engine installa­
tion ~ay be placed 
ir several class­
ificaticns, as 
follows: 

Fll• 

eating oil will be consumed 
because at each combustion 
the lubricating oil fil~ 
burns from the cylinder 
wall. Figure XVII-14 shows 
some data on fuel and lub­
ricating oil economy for 
riesel-electric plants . 

Power output is di­
rectly proportional to 
speed, so that high speed 
engines will be more eco­
nomical of space for a giv­
en output than will low 
speed engines. How·ever, 
high speed engines (600 to 
1200 rpm) have shorter 
lives and require higher 
grade fuel oils (number 2 
or 3), so that a careful 
economic analysis with re­
spect to expected life and 
coat must be made before 
deciding upon the particular 
type of engine for any given 
installation. 

(!lllo.t Co.) 

XVII·13. Exhauet 1•• turbine 
drl•en centrlfuaal blower. 
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1. Fuel oil system. 

2. Lubricating oil system. 

3. Cooling water system. 

4. Air intake system. 

5. Exhaust system. 

e. Stbrting air system. 
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Figure XVII-15 shows the arrangement of the various 
systems in relation to an engine. The systems can be de­
signed in accordance with the fundamentals of fluid flow 
presented elsewhere in this book, but especial attention 
will have to be given to the air intake and exhaust syste~s 
in order to avoid conditions which would lead to resona~ce 
in the ducts. 

'BIBLIOGRAPP.Y 
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CHAPTER XVIII 

HYDRO-ELECTRIC POWER PLANTS 

123. Hydro-electric power plants can be classified in 
two ways, as follows: 

1. Water impoundment volume. 
a. Storage flants. 
b. Run-of-r-iver plants. 

2. Head on turbines. 
a. High head (over 500 feet). 
b. Medium head (50 to 500 feet). 
c. Low head (under 50 feet). 

The i~poundment volume will affect the amount of power 
available at any particular time, that is, the ~tor•t• ,t •• t 
will be able to supply a swinging load with little or no 
water loss, while the rr.•-of-r.it~•r 'hd operates best on 
base load status (the base load, of course, varying with 
seasonal stream flow). The head available will affect the 
choice of type of prilre mover. Bitl "••tt ,,._,,, character­
istically use s~all water volumes and high rotational speeds 
with i~pulse ty~es of turbines, while ••~iva ••tt loa l••tt 
,h•t•s use larger water volumes and lower rotational speeds 
with reaction tyfe machines. Any of the types are available 
in sizes from 75C to 75,000 kilowatts capacity. 

12,. l~poundment Methods--Any hydro-electric plant will 
require a dam which may be high or low depending upon the 
topography of the dam site ·and the surrounding water-shed. 
Each ease is unique and requires its own solution. 

Bigl ll••• (over 100 feet) may be of the arch type or of 
the gravity type. The arch dam depends upon the shape of the 
da~ to transfer the water load to the enclosing rock walls 
which serve as abutments. Hoover tam on the Colorado River 
is of this type. The gravity dam depends upon the mass of 
the da~ itself to resist the water load and the enclosing 
rock walls ~erely serve to eonfir-e the water laterally. 
Grar.d Coulee ram on the Columbia River is of the gravity 
type. The TVA system contains both types of dams. 

Loa •••• (under 100 feet) are usually of the gravity 
tyre and may be of masonry construction, as with high dams, 
or they may be of earth fill with cores of rock, clay or 
concrete. 
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Figure XVIII-I shows a concrete arch da~. 
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12b, ~ater Storage--The rue-of-river plant requires 
little or no inroundmect volume and the esser,tial infor~a­
tion for esti~ating the poVTer cat:abilities of the site can 
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be obtaired fron' a river flor~ duration curve. The flow dur­
ation curve can be co~structed froa a hydrogra~h, which is 
sbilar to an electrical load curve. Figure XVIII-2 shows a 
river hydrogra~h, and Figure XVIII-3 shows the flow duration 
curve derived from it. The mir.ir.um poYter available an~ the 
yearly power output can be estimated from these curves. 
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The stor~'e rla~t ma~es.use of a river mass flew curve 
in which cuuulative water-shed runoff is plotted versus ti~e 
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during the year. Such a curve, derived from Figure XVI.II-2, 
is showri in Figure XVIII-4. Using this curve it is possible 
to estimate the maxi~um possible sustained flow to base load 
turbines by calculating the slope of the line drawn·tangent 
to two similar yearly peaks (A and B in Fig.ure XVITI-4). · 
Whenever the slope of the mass flow curve is less than that 
of the tangent; the reservoir level will be decreasing, and 
vice ver3:a. The total impoundment volume should be s uffic­
ient to maintain a minimum head on ~he turbines when the 
reservoir level is at its lowest, which would be at ~oint C. 
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126, Hydraulic Turbines--The hydraulic impulse turbive 
is similar to the steam impulse turbine in that all of the 
pressure drop takes place in the nozzle~. If it_is assu~ed 
that the initial velocity is zero, the Jet veloc1ty is 
(assumirg a perfect nozzle): 

V = /2~H = /2g(P:~. - P,)v 

wher~: V = jet velocity, ft/sec 
H = head at jet inlet, ft of water 
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F~ end F, = jet inlet and outlet 
~ressures, lbs/sq ft 

v = specific volu~e of water, cu ft/lb 

The power in the jet is·: 

whp =-
EfC f50 

where: ~ = water flow, lbs/sec 

but due to the fact that it is not possible to slow the jet 
down to zero velocity, end due to lleehaaical friction, the 
shaft horsepower will only amour.t to about 85 to 90 per cent 
of the jet horsepower. The impulse turbine is for very high 
head developments (over 900 feet) and operates at speeds be­
tween 300 and 400 rp1r. Figure XVIll-7 shows an bpulse tur­
bir:e runner of the •felton type with its needle nozzles. Two 
of tbe runners are overhung on one generator and the nozzles 
are so arranged that one per runner is the power nozzle and 
identical nozzles are used for surge relief. That is, as 
the power nozzle closes on a load decrease the relief nozzle 
opens an equal amount and then automatically closes slowly 
to prevent surges in the penstock (which is the na1re given 
to the pipe which delivers water to the nozzles fro~ the 
reservoir. As an extra safety measure, the penstocks are 
equipped with surge tanks near the turbines. 

For heads between 65.and 900 feet the Francis type of 
reaction turbir.e is used. The wheel, or runner, has curved 
t.lades which receive water through control gates frou· a 
volute chu,ber and discharge the water vertically downward. 
The action is very si~rilar to that in a reaction steam tur­
bire, so1re pressure drop taking place in the control gates 
giving so~r.e bpulse effect, while the re1rainder of the pres­
sure drop takes place ir. the runner. The water horsepower 
is the same as the jet horsepower for the impulse turbine, 
but the efficiency is higher, usually between eo and 95 per 
cent. Figure XVIII-5 shows a Francis type turbir.e with an 
u~brella renerator. These machir.es operate at speeds be-
tween 100 and 300 rp~r. · 

For heads less than €5 feet .the axial flow propeller 
type of reaction turbir.e is used. The rur.ner way be of the 
Nagler ty~e with fixed pitch blades or of the Kaplan type 
with adjustable pitch blades. The Kaplan runner is very 
we 11 suited to run-cf-river plants because the power out}'ut 
and efficiency can be mair.tained under reduced head condi-
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(a ) Runne r 

(b) General arrangement 
(Wa. Cwa•p • ••••) 
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(a ) Runne r 

(b) General Arran~e~ent 
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( a ) Needle nozzles 

ti ons. Water is su p~lie d 
to the proreller through 
control gates i~ a manner 
similar to tha t use d with 
the Francis runner. Eff­
iciencies vary between 85 
a nd 90 per cent and 
speeds between 60 and l CO 
rpm. Figure XVIII-6 
shov1s a typical Nagler 
turhine c on nected to an 
umb rella type generator. 
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CHAPTER XI X 

GAS TURBINE POWER PLANTS 

127. In the last war the develop~ent of the gas turbine 
was tiven great irpetus and at the present tiue several manu­
facturers are offerir.g 5000 kilowatt units for use ~ith heavy 
fuel oil or natu.ral gas. Research is being conducted on 
pulverized coal burning units but difficulty is being exper­
ienced with flyash erosion in the turbines. 

128. Gas Turbine Cycles--The simplest gas turbir.e cycle 
corresponds to the open Rankine va~or cycle, as shown in 
P'iguzoe XlX-1. Referring to the figure, air at atmospheric 
pressure and temperature is drawn in by the compressor, com­
pressed and led to the combustion chamber where fuel is 
burned at constant pressure. The resulting high temperature 
combustion gases then expand to atmospheric pressure through 
a turbine and the unavailable energy is rejected to the at­
mosphere. Part 
cf ihe turbine 
work is used to 
drive the CODI.;.. 

press or and the 
rea:ainder is 
available for do­
ing useful work. 
Due to the fact 
that present tur­
bine blading mat­
erials will with­
stand tempera­
tures of only 
about 1200 F for 
long periods, 
secondary air in ~ 
sufficient quan-
tity to cool the' ''•· IIXol, llaplo open .... turbine CJ'Cle. 

co111bustion gases 
to a safe temperature must be supplied. The total air sup­
plied amounts to between 1CC and 160 pounds per pound of 
fuel oil. This large amount of excess air results in lower­
ed cycle efficiency due to tbe increase in compressor power, 
but overall thermal efficiencies of 1~ to 20 per cent are 
ot.tainable. An enthalpy-entropy diagrau: for the simple open 
cycle is shown in Figure XIX-2. 

The simple open cycle ray have a regenerator added to 
irprove efficiency where the air temperature leaving the 
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(Power) 

Fig. XIX•2. Simple open gae turbine e7ele. 

Fig. XIX-3. Open gas turbine 
cycle with recenerator. 

co~pressor is less than 
the turbine exhaust temp­
erature. Such an arr­
angement is shown in Fig­
ure XIX-3. 

Otker combinations 
with regeneration, mult­
iple stage compression 
with interccolir:g and re­
heating will have higher 
efficiencies. Two of the 
various types cf these 
mere co~plex cycles are 
shown in Figures XIX-4 
and XIX-5. 
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A closed gas 
turbine crcle bas 
been ~rc~osed which 
make• use of a heat 
exchanger in the 
combuation chamber 
to make 1t possible 
to ae~arate the 
combustion gases 
from the working 
f luicl which can be 
made to operate at 
higher press urea 

Fl1• XII•S• Open 1•• turbine 
e~el• with reheat. intereool• 

Ina aad re&ener•tlen. 

, •..•..•..••..•....•.. , 
Plao 811• t o Op 1 a 1 • e t u r b I n • 

where the density is 
greater, thus allowing 
smaller machines for 
the sa~e output. Fig­
ure XIX-6 shows a dia­
gram of the cycle. It 
will be ncted that the 

....... , ...... , 
••• ••••••••••••• 

(F o•~ cl) 

•••• •••••• ca ••••••• terbiae .,.a •• 
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cycle contains a precooler in which the ir.available energy 
is rejected. The efficiency of the closed cycle is slightly 
less than that of an equivalent open cycle, but the smaller 
size for the same out~ut may overbalance the smaller effic­
iency. 

129. Gas Turbine PI ents--Up to the present time the 
principal application of the gas turbine in industry has been 
in the F.oudry process of gasoline production where large 
quantities of compressed air are required. In these machines 
the excess turbine power is used to drive an oversized com­
pressor and .the extra air which is not needed for combustion 
goes to the precess. 

In the last few years several comu.ercial gas turbo-gen­
erator installations with capacities up to 5000 kilowatts 
have been made. One of them is shown in Figure XIX~7. This 
~articular machire is similar, except for the generator, to 
the units developed for use in locomotives. 

(Geaer•l &leetrle Co.) 

Plio XIX·'· .Loeo•otl•• trP• 
a•• turbo·••••~ator. 
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90' Elbow 

':'.ABLE XVI I 
continued 

300-Pound Malleable Iron Fittings 
WORKING PRESSURES 

300 pounds steam or oil, 550" F . 
~ to 1-inch - 2000 pounds cold water, oil , or gas, non-shod' 

1 }~ to 1-inch - 1500 pounds cold water , o•l . or gas. non-shock 
1~ and )-inch - 1000 pounds cold water, oil. or gas. non-shock 

Dimensions, -in Inches 
· A· ,·A · Am ® t-IC-1 

~-m t- t ' f_~i\ A . B 
' ·- -. 

t ee Crou 45' Elbow 90' Scrut Elbow 

~~ f§ 'OJ L I L . 

Reducer 

~ E 
• 

45' St reet Elbow 

... .... .... ,., 

...., 
0 

>< 
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90" Elbow 

TABLE XV I I 
con t i nu ecl 

Standard Cast Iron Fittings 

{{j;y 
T . 

45" E lbow 

m 
Tee 

WORKING PRESSURES 
125 pounds steam 

175 pounds cold water, oil , or gas, non-shock 

Dimensions, in Inches 

~ T 

Cop 

ifW ~- ~ ..__ . 

Cross 45" Y-Bend Return Bend 

ftB ill1 
Reducer Eccentric 

Reducer 

..., 
0 

"" 

0 ..., 

.... ,... ,.. 
"" -4 

"" C> 



TABLE XVII 
continued 

Malleable Iron Unions and Union Fittings 
WORKING PRESSURES 

150 pounds steam 
~ j)ounds_ cold water, oil, gas or iasoline, !!on--shock 

@J@}(h~i§h~ 
Union U!!r.on - '10' Elbow·· '10' Elbow Tee 'Tee 
ft11!!11~ Male an:l Femole Female Union _Male Union FCJ11i!lc I.Jn!on on ..P-u_rr Male.Uniori on Run 

Dimensions, in lnche• 
Sl•e 'A % '12 I "A I I I I'A 1112 l l'At 3 I • • 
A 1% I lAo Jll!to 1'¥, l~ 1"1t• 1% l'A• 31A 3•;.. 

B 1'/ta 1~ 1~ 3 Jilt a 3% 311/ta 41A 411/ta 5~ 
c u;,. tSA; 

·~ l•!ta 1112 1•/1 Jlllta 11A 
D Jll!to 1"¥, 1~ 17/ta l'l'a 3•;.. 3% J7frr 

B lTJ.a 1~ 3 3•;,. Jll!to 4•;.. 4~ SlAt 
300 unds steam 550 F. po • 

~ ~--iti-aiii;[i~ ct!b1 w 
• "'10' Elbow 90' ElbOw -45"E:Ibow 45.-"Eibow' lee - ··Tee 
Female Union Male Union Female Union, Male Union Female Union "Male Union • ...... ·- _ ' O..Run: . on~un 

Dimensions in Inches 

tee Tee 
Female Uniun· Male Union 

on_ Ou!let on Outlet 1 . 
Si•e ~ % VJ "A I 11A I 'At l 1112 3 lx% hl,.i, lx•A 
A ' u;,.J 1'/re I I'A F/11 I'Ya Jll/11 1~ 11h 11111 3'!-1 1•; .. F!te l'h 
B "It• I 11/te 11/t I lte 1% 111/te 1~ l'h zu;11 3% 11/te l'h 11/ta 

VII •;. I I~ 11/ta 11h 111/te l l'A 
!D 1 11A 1/ta 1'l'a J'lta 311/ta 311/ta 4112 s•;,i s• :;11 1•A 1'l'a 3 
i- 2 v .. 27/a J•; .. J•A 4'1te 4% 47/a 5% 67/te 7•; .. Jllft• 311/te 311/ti 
'F 1% I~ III/II 1 Yll 111J 1'1• 31/te 311/tel ••;.. 
~~--za;ll lite 211ft• J'lta 3%a Jll/11 4~ 4'111 5•!1· 

> -o 
-o ... 
""' 0 

w 
0 
co 
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t5" Elbow 

4 
90"El00.. 

TABLE XVII 
continued 

125-Pound Cast Iron Flanged Fittings 
14 to 24-IDch - 100 pouDda ateam 

u WORKING PRESSURES 

1 111...JDto 9-inch- 115 pounds ,.,t5ea"i'm~':"':":"-=r--:-::-:,-J \))to 11-inch- 175 pounds co water, oi , or gas, non-shock 
14 to 14-inch- ISO pounds cold water, oil, or gas, non-shock 

. ~ ~ .J~-=· 
Taper Reducer I 

~ 'f~'hl . W4:1~¥ ~- . ~ ~ ~. _1.---=::o A B i Tu Cross 45" Lateral 90°BueElbo,. 

;Dime_nsions,_ in Inches ~':.~~,:' 
8 c p 

8 I 8 I 13% I I I. 8 18 14 1 8~ I 4 9 22 I ! 
· 10 10 16 I 13 14 11 n 1&% 19' 4 - ,f I25'A 120 1 12 

12 19 I 12 24 19 & I I JO 124 14 
14 14 21 I' 18' 12 Zlll21'h 51 I& 
I& I& 231h I ~·I& JO 24 ! ~" 18 
18 18 25 22' '.-;I& lifo :11 •'h i JJ j2&1/zl8'1z 1J 111 t9 19" 
20 20 11/. r,, 21 ro TV. 18 I J& 29 19% 13 Ill 13 20 
24::.;____:.___:2:.:_4_,_...::.:. 32---L......!..!!_..L..:2=9'V•L...L-!2~0_L_.!.:IIZLJI.. 2_! _1 44 I 34 I II U 

c 

0 ..., 
., 
0 
:or ,.., 
"" 

,.., 
'Z 

"' 
z ,.., ,.., 
"" 



TABLE XVII 
continued 

2 50-Pound Cast Iron Flanged Fittings 

90" E lbow 

WORKING PRESSURES 
150 pounds .steam 

400 pounds cold water. oil, or gas. non-shock 

45" E lbow Taper Reducer Croso 

10 10 17 14'/,. 15'1. 10 120 W b 9 I 4 10 I I o;.· s 
12 20 w ;,. 17•A T tt I IV. ' Ph : ~!~ ~ ll:h l 4 IO lift l9 124 IS'Ih II 

8 I 8 1: n ;,. 18'h 117 IIIW~ 1 7 'h l'h l7 4 9 

.... ..... ..... ,.., 
z 
0 



TABU.: XVII 
c ontinuer 

Cast Iron Flanges 
125-Pound 

WORKING PRESSURES 

250-Pound 

1 to 11-inch - 125 pounds steam 
14 to 14-inch - 100 pounds steam 

1 to 11-inch - 175 pounds cold water, oil . or gas, non-shock 
14 to 14-inch - ISO pounds cold water, oil, or gas, non-shock 

Size Dim en 1ion1, in .Inchea 
of 

pipe 

I I I 
No. 

I 
Oia. 

A B c 0 of of 
Bolu Bolte 

Inches I I I I 

I 41~ I 'I•• I I ll , . I 3•7. 4 I li z 

Jllc 4% I 11z I 131J 8 I Jlfz 4 I 'lz 
1'/z 5 I '/u; I '!. I J 'l· 4 I 11z 
2 0 I 'Ia I I I 4l~ 4 I % 
21/z 7 I 111Je I P l,e I 51/z 4 I % 
3 7'1z I l~ I Jl~ I 0 4 I % 
3'12 8'1z I 11/t e I Jl~ I 7 8 I •;. 
4 9 I ts;. ,. I 1•1 .. I 7112 8 I % 
5 10 I 15Jt e I •'I·· I 8112 I 8 I l~ 

0 II I I I l •lu I 9'!, I ~ I '4 
8 131lz I Jlla I P4 I IP4 I 8 I l~ 

10 I& I PI, a I 1' •1 .. I 14 '1• I 12 I '1. 
12 19 I Jl~ I lll le I 17 I 11 I 'Is 
14 00 21 I .s;;. I l ·~ I ISJ4 I 12 I I 
I& 00 23112 I I'l l a I 2112 I 2 Jl~ I I& I I 

18 00 I 25 I 19/ ae I 2••Ju I n>~ I I& I 1'/a 
10 OD I 27 112 I 1 11/ t 6 I 2'1. I 15 I 20 I l'lo 
14 OD I 31 I 1'!. I 3'!. I 191lz I 10 I Jllc 

WORKING PRESSURES 
250 pounds_st~am 

400 pounds cold water. oil , or gas. non-shock 

Oimen~ionl. in Inches 

..., 
e 
'Z 
0 ... 
:11' ,.., 
:z 
-4 ... ,.... 
(I) 

0 ..., 
.... 
0 .. ,.., 
"" .... ,.... ... 
z 
-4 

,.., 
:z: 
C> 

:z ,.., ,.., 
"" 



a 
90' Elbow 

~ B 

90' long 
Radius Elbow 

APPEIIDIX 

TABLE XVII 
contirued 

Cast Steel Flanged Fittings 
Dimensions, in Inches 

s A , m 
Tee en.. 

9 ~ 
A 

c Jfit 
45" Elbow 90" Base Elbow 

313 

~. ~D/ 
4S"l.ateral 

Taper 
Reducer 

CY. I &HI A I B I c I D I E I FIG I HI J I K 

I 3% I 13A /j"f.o 14 71i!t'' 
1'4 334 ·~ 1 6'.4 . ,. • 
~~ .. 6 114 7 1 ' 1 4•;, 6% lila 8 z•~ 10% I .. 4'1io ""':, 
2% 5 7 3 9% l% ll 

·~ • +% l,io 
3 5'/a 734 3 10 3 13 6 •• 5 •;.. : 

')'>' • 8'>' sw 11'>' -;_a ':wA '"' 5 ' ·~ 4 6'/a 9 4 12 3 IS 7 s•;. 6 % 
ISO 5 7'/a 1014 4% 131~ 3~ 17 8 6'4 7 'It I 

Pound 6 8 II% 5 14% 3% 18 9 7 7 "A• 
8 9 14 s•;. 17'/a 4'/a ll II 8% 9 "It• 

10 II 161~ 1>% 'ZII'.-\ I l5'At 12 934 9 "A• 
12 12 19 7'/a 4'At S'At 30 14 n•;.. II I 
14 14 J::l'>lt r•;, 17 6 .u 16 1114 II 
16 15 14 8 JO 6'At 36~ 18 lJ'WI l l 
18 lf>I!J l(,'h. 8'h. 31 7 39 19 1J 13'At 1% 
10 18 19 9'h. .35 • 43 10 16 l3'At .f 14 ll 34 11 40'h. 9 49>,2 14 18'h. l3'h. 

I 4 5 1•;. I> 'h. l 8\lo .. ,.. 
111. 4'/.t 5'h. l'h. 71n 21£. 9tJl 4~ 
1% 4'11 6 134 8~ 1~ II •'AI-
1 5 f>IIJ 3 9 1~ II~ 5 ·~ 514 '4 
1% s•~ 7 3~ 10~ 1~ 13 5~ 4>,4 514 •.4-
3 6 734 3~ 11 3 14 6 51£, ""' UJ.a. 
;,14 6\i I 'h. • l2'h. 3 15th 6'1,4; 5% 61,{, ''"A• 4 7 9 4'/a 13'11 3 16111 7 6 6'/a "'a 

300 5 8 10'1• 5 IS 3'/a 18'/a • 634 7'h. 1 
Pound 6 8'h. u•~ s•;. 17~ 4 11% 9 7% 7% 1 

• 10 14 6 10'h. 5 lS'h. II 9 10 114 
10 11% lf>I!J 7 M 1'1,4 29'/a ll IO'/a 10 II£, 
ll 13 19 • l71AJ 6 lJIJio 14 12 tl~ 11/ta 
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TABLE XVI I 
continued 

Cast Steel Flanged Fittings 
Dimensions, in Inches (Cont.) 

FOFG EC STEEL SOCKET WELr i NG 
FITTIN GS DIMENSIONS, IN INCHES 

WORKING. PRESSURES 
Pounds per Square Inch Non-Shock -
Temp. Crane No. 4 Carbon-

Carbon Steel Molybdenum 

Fittings Steel Fittings 
(Made to order) 

Deg. Stand- Extra Stand- Extra 
F. ard Stron ard Strong 

100 2000 3000 2000 ~~ 150 1900 2850 1900 
200 1800 2700 1800 2700 
250 1700 2550 1700 2550 
300 1&00 2400 1&00 2400 
350 1500 2250 1500 2250 
400 1400 2100 1400 2100 
450 1300 1950 1300 1950 
500 1200 1800 1200 1800 
550 ll20 1680 ll50 1725 
&00 ·1040 1560 llOO 1650 
650 960 1440 1050 1575 
700 880 1320 1000 1500 
750 800 1200 950 1425 
800 740 llOO 900 1350 
850 670 1000 850 1275 
900 &00 900 800 1200 
950 530 795 640 960 

1000 380 570 540 810 

(For Standard and Extra Strong Fittings) 

90" Elbow 

I 

stm TT 
Cap Coupling 

Size 'A ~ 'It •A I 1% I 'It l 
A ''h• ••!. .. ,.,. I'A• 11h t•A 2 2~ 
B ''A• "A• Yo I 1% l•A. PA I"A• 
c •A ?Ia I 1% 1% I'A I~ I 'It 
D I~ I~ ' I'A 1?/o 2 l% 2'A 2•1.1 
E I~ I 'It I~ I'J.I l 2.,. 2% 
F 1A. 'A• ~ "A• •A "A• v. I 

G Depth same as ''F ", dependin~ on pipe 
size : e.g. ~· · has socket • deip. 
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TABLE XVII 
continued 

Forged Steel Flanges 
Dimensions, in Inches 

Screwed Aange 
I SO and JOO-Pouncl 

Cia. Pipe I 
Slu AjB c D~ No. Die. B .F G 

I 41~ 'h• 1 3'4 4 '4 "4 1•11• 1.05 
114 4% % 1'4 31~ 4 '4 UJ1 1~ 1.38 
It,\ 5 11J1, 27/e 3'/• 4 ~ 'Ia 2'11• 1.61 
1 6 ~ 3% 4• • .. % I z1~ 1.07 
11,.\ 7 •t. 4'4 51,.\ 4 % 1'4 1•~ 1.47 
3 71~ 11!.i 5 6 .. % t•n• 134 3.07 

.. ~'4 1.- i•"Aa - • ·~· 
.... 

150 4 9 .. h. 61he 71~ 8 % t•n 3 4.03 
Pound 6 10 'h• 1•A. 81~ 8 "4 I;,, 31J.o 5.05 

6 II I 8'4 91~ 8 % ton, 3'4 6.07 
8 13'4 1'4 10% ll 14 8 •4 ~·~ .. 7.98 

10 16 I "At 1114 141~ 11 'Ia IliA .. 10.01 
12 19 11~ IS 17 11 y, 1•A 41~ 11.00 
14UU 11. I 'loa 161, 18•4 11 1 1~ 5 
1600 lJ1f. "h• 18'4 111~ 16 I 11J.o 5 Bore 
1800 15 l'A• 11 1134 l6 1'4 1"A• 51J.o as 

1000 17'4 I"A• 13 15 10 1'4 1% ~"A• 
or-

daed 
1400 31 I% 171~ 291J.o 20 J1~ 31~ 6 

I 4V. "h• 1 31,1. .. % J1A. 1 hi 1.05 
11/, 51~ •4 11f. 3'llo .. % J1Ao 1'he 1.38 

l•t. 6'.4 UA• 17/a 41~ 4 ·~ t•no 211A 1.61 
1 61,1. v. 3% 5 8 % I•A. 1•~ 1.07 
1'4 71J.o I 4'4 S'llo 8 ... llf.o 3 1.47 
3 8'~ 1'4 5 6% 8 •4 111he 3'4 3.07 
3'4. • !~A• -~ l7% .I .. ..J'Ii I~ II-~ 

300 • 10 1'/, "'h• 7'/o 8 % 1'/e 3% 4.03 
Pound 5 ll 1% 7"Ao 914 8 ... 1 3'/o 5.05 

~-~!-i l'ho 8'~ 10% 11 ... 1•;,, 3% 6.07 
I 15 1% 'To% 13 12 '4 17he ·~ ~_,__98 ao- t-r71,f 1% u>% r.;; ... 16 I 1% ·~ ~~ 11- iol,i z 15 17% 16 1'4 174 5'4 11.00 

' 31& 

H 

1.31 
1.66 
1.90 
1.38 
1.88 
3.50 
«,UII 
4.50 
5.56 
6.63 
8.63 

10.75 
11.75 

I~ 
I~ 
~~ 
I~ 24.00 

1.32 
1.66 
1.90 
1.38 
1.88 
3.511 
•• QGI 
4.50 
5.56 
6.63 

-~ 
~ 11.75 
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a- Pipe 
Size A 

'It 3~ 

"AI 4~ 

1 4~ 
I~ 5' 
1'1. • f>l 

l f>l 
l'lo 7' 
3 II' 
~ 

600 4 IC 3,4 
Pound 5 I; 

6 14 
8 16'1. 

110 10 
ll z· 
3 "'' J"'o [IS' 

900 4 
Pound 5 13' 

6 ll 

.8 llB'Io 
JIJ. 7 
l ~~~ 

l'lo "' 1500 3 I 10 
PAound JIA 

4 II 
5 [14 
6 IS 
8 
'lo 5' 

"' 5' 
6' 

1'4 7 .. ,.. 
l '1'4 

2500 lY, IOIJ. 
Pound 3 ll 

4 14 
5 16'/o 
6 I'J 
8 11'% 

110 ll6'1o 
30 

TABLE XVII 
.continued 

Forged Steel Flanges 
Dimensions, in Inches (Cont.) 

Bolu 
E F ·G H ~~:;~ !;";" "2 B c D No. Dia. £ I~ l 4 v. 11' \o 111) 0.114 

r-p;:s:! ~ 

~ ti~ 
8 11"11• 3 4 I l l~ 1.05 

fl~ I" ~. __!_ 3 4 II' ll' Ito ! l~ 1.31 
~ I" ~. 1 11 3 4 _l_ l' 1.66 .. c 

~ 4 4 z• 1.90 u::~ 
__!'; II II 3~ l' 1.311 l~ 
·~ 5' 8 ~ 3 1.88 I! . 

6' 8 IU 3 3 3.50 .X~ 
" II I" _jl' 3 ••• § I b~ Is Ill 8 l~ 4 4.50 

~ ~ 17 ! 10 II l~ 4· 4 5.56 
I' __! Ill 11 I l' 4 4 6.63 Lm t.s:s: 11~ I~ 13 11 II 5 5 ~ 8.63 
l Ill If> II 3· b [10.75 

t-al> t1 ~~ l I 'I 10 3 6 . 6•7; .75 
71 8 l 4 4 3.50 

l' lt' "lll I L:l~ • . t% 

~li~, 16' Is 'I' 8 4'A. 4.50 
17' •• 8 3' 5 

5.56.r z•~ II 11' ll 3' lt· 5'1. r..63 

1~!. I~~~' z•, _!II~ liS 11 ~ 6>,{, 8.63 
I l'lo 4~ 4 JlA 3 3'1... 1.90_;i: 

~[ b~ 
I 3~ 6\ 8 l'/. 4 4 

~::il 4'l11 7 8 l~ 4 4~ 

I __!_ s 8 [I 'A _'l~ 4" 4~ 3.50 
5' .81 _I 11 r~, !., ' 4.l!e 

l ~ 'I~ II I 39, 5•;. 4" 4.50[ 
.1=: t:m § l lB 8 4~ b'% 6' 5.56 

II' 12 ll 14' 6' 6.63 - --
3' _Ill 12 1_1' 5' II II' 8.63 

~ar;~~- -g I• ~ 3' 4 •A I~ 3~ 0.114 
[II 3' 4 "A I" 3~ 3 1.05[ 

_Ej ~ 41 4 ~ I ~ 3 1.32: 

~ ~!~ I l 51 4 ! z• 3 1.66[ 
l 5' 4 l'n 4~ 4 1.~ tl.,... 

__.J_ 6' 8 I 5 1.311 i! I·'! r-~ i~ l' 4 7 8 3 5 5 1.88 
l' II 11' 3 __! 6\i! 3.50 ~I 

Ill ~~ [631 I• 110~ 8 .. , _7 7 4.50 

~ ~§ 3' ,. '7•, 123, II II ~ 5.~ 

4 '4__!l 14~ 8 10' 6.63 

~Ul 10 17~ 12 l 7 ); !3.4 12' 8.63 
b'A. liZ izt•, ll 11~ 'J Ill ••.4 116' [10.75 
7'4 24., 12 1'.4 _!II_ ''12 181 l_ll [11.75 1=.:1 Em 
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317 

Steel Butt-Welding Fittings 
Dimensions, in Inches 

St....J.-1 -~~ ElciN s-. FitfiA6e '"- tlte- _,..,. ,.__ 

90" Elbow 45" Elbow Straillht Tee 

w ""1Kn 

~ 
Reinforcing 

Saddle 

Reducintl Tee 

Elbows, Straight Tees, Caps, Nipples, Saddles and Sleeves 
I 

. 
Size A I B I c D I E J I K I L I M I N I p ... 

·~ % i~ ~~ 
... ... ... ... ... ... . .. 

I II~ ... ... ... ... ... ... . .. 
114 JT~ I JT~ II~ ... 6 ... ... ... . .. ... 
~~~ zl. ·~ zl. 

·~ .. 6 ... ... ... ... 
2 3 ~~ 2~ f\t 4~ • 1'.4 I~ I~ 3 ~ ~~ 314 3 5 6 1% II~ ~ 3 
3 41~ 1 3% 2 514 6 1 114 ~ 3 %. 
t~· ft •'4 ~ S'4 6% . )6 .J .... ·.~·· FA< . ;'*A 

4 • 11~ 4~ 2'1. 71~ 6 1 1 ~ 4 % 

: 1~ 31~ 4Tfo 3 9 I 1 1 ~ 5 ~ 9 3•, 5% 3'1. 10~, • 2~ 2~ ~ 6 • 12 5 7 4 13% • 3 3 % • 'Ia 
10 IS 614 81~ 5 17 10 3~ 31~ % 10 ~ 
11 II 71~ 10 6 101~ 10 4 4 % 11 'Ia 
1400 16 714 ... 6~ . ... ... 4 4 % 14 ~ 
11>00 18 81~ ... 7 . ... ... 4 • % 16 ~ 
1800 10 9'1. ... • .... . .. • • % 18 \t 1000 25 ... ... 9 . ... ... 5 5 % 20 
1400 30 ... ... 101~ .... . .. 5 5 % 24 % 

Return Bends 

s:fprof I R I s 
I 

311%. ~~ 2% 2•;.• 
I~ 3'4 2'4 
~~ 3 211/t• 
I~ 4~ 3~ 
2 • 3'/t• 
2 6 ts;.. 
2~ 7~ ss;.. 
3 • 5 
3 
)>A 

9 
1014 ;~, 

' • 6~ 
4 12 81~ 
5 IS 100 • 
6 18 n•;.. 
8 24 u;•;.. 

10 30 20% 
11 36 14% 

Reducing Tees Reducers 
Size ICIQII Size ICIQ Size ITIUII Size ITIUII Size ITIUII 

!\i~.!.Y~~.1. 17/a ~4 h !•l .414 37/a 11J.!..J.t. ..!.. ~ 13 
~~~" 111a a tY;'ii4-2'1• h h 2~ 4}jl 3~-' 1%• 1~ 3 
lila allfa sl 21;1 21,~ •• •h 2 41"' 31,. I 'Ia• I l'la l% 3 
llftal~a'% 211• 111• 5• 5•4 4'1• 4% I'll•% 4 
J • J "1 1/a l'la 2% 5 ... , "3 4'/o 4% 2 KiTia 4 
1 "1 "~~ 2'1. 1'1• 5" sa:!"'- •"'II 414 11 ". 11~ 3 3 4

5 1 "2 a I 2% 2 . 6" 6" 5 5% 5~-
lllaallla.Z 3 1"4 '" '"" 5%5 1%&1 I ··- 5 
11/aslllaal% 3 2% '" •• :t-·>% 4 "11/a•l~ J~ J~ 5 
~~a1lftal 1/• 3 11/a ,-,.-a..-1!' 6 1'1J•~Y• ·-
J a 3 a1'1z l% 314 1" I" 5 7 I> 
3 " 3 a 1 l% J 1 " 1 "4 7 6~ 
3 "3 • ''~~ J% 1'4 1o. 1o. i .. _ iit,<. r 

10• 10•6 81,.2 7%, 
11 • 11 • 10 10 9'1z 
u. u.a 10 9 
lh lhf! •• 8% 

.. , 
••4 
6&3'* 5~ 5'A 
••. 3 
la:f> 

11•10 
Ua:l 
u •• 

• 6 

7 7 

I • 



Q 
No.I 

Quarter Bend, 90° 

No. 1'/z 
~ngle Bend, 4b0 to 89° 

'

of( 

~ 
T 

T 
No.3 

45" Bend 

1/hl­
lii~ 

No. 3'1. 
.. ngle Bend, Under 45" 

TABLE XVII 
continu~d 

Standard Types of Pipe Bends 

~ 
No. 4, C'!':"""ver Bend 

·a 
··{-~-

p 
No.66 

Single Offset U-Bcnd 

No.9 
Expansion U-Bcnd 

No. 711. No. 8 
~lf~~ ~g~ Da.ble Offset U-Bcnd 

~liTI­
"1Tr~~-

No. 5 
Offset Bend 

' 

-
. .T 
. No. 7, U-Bcnd- 180" 

No.ll 
Circle Bend 

No.IO 
Double Offset Expansion U-Bcnd 



Size 
of 

Pipe 

TABLE XVII 
continued 

Standard Types of Pipe Bends 
Radii and Tangents of Pipe Bends, in Inches 

Column ••A'' Column uan 

R R 
Shorten Radii to which pipe c:an be bent Minimum 

Rec:ornmended 
Radiua Steel Pipe Only ~ Genuine Wrou1ht Iron Pipe 
Steel or Threaded Enda, II Threaded Enda, Genuine Screwed, or Cranelap Screwed, or Cranelap 

Wrou/;ht Iron Welded Flange• Jointa , Welded Flan1ea Jointa 
lpe 

Stand- Extra Stand- Extra Eatra Stand- Extra 

Column "C" 

T 
Minimum 

t.en.th of T an1ent 

Steel or Genuine 
Wrou1ht Iron Pipe 

Standard or 
Ertra Stron1 Wei1ht 

Threaded I Stand-Standard or ard Stron1 ard Stron1 ard Stron1 ard St~~ Enda or Crane lap 
Ertra Stron1 Wei1ht Weilht Wei1ht Weilht Wei1ht Weight Weilht Wei1ht Sc:rewed 

Wd1ht Pipe Pipe Pipe Pipe Pipe Pipe Pipe Pipe Flange• 
Jointa 

•7. I 117., I .,. 1'/• I I 

~ 1 J7/! I'~ 14 F/a 1',-2 I'~ 
Ilia I Va I J 1V. 1 1V. 2 I•!!_ _! 

14 314 114 1'4 I 3 3 3 2'/a 3 3 114 1 
I 5 1 IV. 4 I 4 I 4 I J 4 4 2 2 
IV. "'II 214 114 4 4 I 5 4 5 4 1 Jlf. 
11/a 7'/a 2'/a 1 5 5 " 5 6 5 2'11 3 

10 3 lV. " " I I 6 • -~ 3 • 21A 12'1• 5 414 10 10 10 8 10 10 • 5 
3 15 8 6 12 12 11 I 10 11 12 • 6 
3V• 17V. 10 8 11 11 14 11 14 11 5 6 

• I 20 11 10 14 14 16 11 16 14 5 6 
I 15 18 14 18 14 I 10 15 10 u -j 7 
6 30 Jl 15 Jl 15 21> 18 26 18 I ' 8 40 30 23 30 13 30 28 30 28 9 I 

10 50 36 30 36 30 I 36 31 36 31 11 10 
11 bO 46 31> 4b 36 4b 41 4b 41 14 10 
14UU 70 bO 48 60 48 60 54 60 54 16 4 

•• 600 I 9b 80 1>0 80 60 80 70 80 70 18 16 
••8oo 108 90 "" 90 "" 90 80 90 80 18 18 
•1o Ot> 1 flO 100 71 100 71 100 90 100 90 18 18 
•14 oo 144 144 108 144 108 144 121 144 Ill 18 10 

•!·or 11za 14-lnch 0.0. and larRer, the radnshown are based upon p1pe with a wall rhlckneu of }a-Inch or hahrer under rhe 
"Standard Weiaht Pipe" column, and a wall thicknca of h-inch or heavier under the "Exrra Strona Wci,ht Pipe column. 

-

.. 
-o 
-o 

"' ,. 
"" 
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TABLE XXIV 

FORMULAS AND MOLECULAR AND EQUIVALENT WEIGHTS OF 
SUBSTANCES FREQUENnY APPEARING IN THE CHEMISTRY 

OF WATER CONDR'IONING 

Weighlof 
MoleCJJle or 

~ Formula Radical 

Aluminum AI 27.0 
Ahiminum chloride (crystal) AICI, 133.0 
Aluminum chloride (anhydrous) AICI,·6H10 241.0 
Aluminum sulphate (crystal) AI,(SO,)o · 18H10 666.4 
Aluminum sulphate (anhydrous) AI,(SO,)o 342.1 

Ammonia NH. 17.0 
Ammonium alum AI,(SO,).(NIL).SO, · 24H20 906.6 
Potassium alum AI1(SO,)J(.SO, • 24H10 948.8 

· Aluminum hydrate AI(OH)1 78.0 
Ammonium chloride NILO 53.5 

Ammonium (ion) NIL 18.0 
Ammonia water NILOH 35.1 
•Alumina AI.Oo 102.0 
Sodium aluminate Na.AI.o. 164.0 
Ammonium sulphate (NIL) .SO, 132.0 

Barium Ba 137.4 
Barium carbonate BaCO. 197.4 
Barium chloride Ba01 ·2H10 244.3 
Barium sulphate BaSO, 233.4 
Barium hydrate Ba(OH)o 171.0 

Barium oxide BaO 153.0 
Calcium Ca 40.1 
Calcium bicarbonate Ca(HCO.J, 162.1 
Calcium carbonate CaCO. 100.1 
Calcium chloride CaCI, 111.0 

Calcium hydrate (pure) Ca(OH), 74.1 
Calcium hydrate (90%) Ca(OH), 
Calcium oxide (pure) CaO 56.1 
Calcium oxide (90%) CaO 
Calcium sulphate (anhydrous) CaSO, 136.2 

Calcium sulph~te (gypsum) CaS0,-2H,O 172.2 
Calcium nitrate Ca(NOah 164.1 
Calcium phosphate Ca. (PO,). 310.3 
Carbon c 12.0 
Chloride (gas) a. 70.9 

Courtesy of the Cochrane Corp. 

Eq. Wt. 

9.00 
44.33 
80.33 

111.06 
57.01 

17.00 
151.10 
158.13 
26.00 
53.50 

18.00 
35.10 
J7.00 
27.33 
66.00 

68.70 
98.70 

122.15 
116.70 
85.50 

76.50 
20.05 
81.05 
50.05 
55.50 

37.05 
41.10 
28.05 
31.17 
68.08 

861.0 
82.05 
51.71 
3.00 

35.45 
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TABLE XXIV 
continued 

Weight of 
Molecuk or 

Subsltltla Fomuda Radical Eq. Wt. 

Copper Cu 63.6 31.80 
Copper sulphate CuSO, 160.0 80.00 
Iron (ferric) Fe"' 55.8 18.60 
Iron (ferrous) Fe" 55.8 27.90 
•r erric oxide Fe,O, 159.6 26.60 

•Iron oxide and alumina R,o. 109.0 18.!!0 
Ferrous sulphate (copperas) FeS01 • 7H,O 278.0 139.00 
Ferric chloride FeCI, 162.0 54.00 
Fl'rric hydrate Fe(OH)1 107.0 35.66 
Fen-ic sulphate Fe,(S01) 1 400.0 66.66 

Ferrous carbonate FeC01 ll6.0 58.00 
Ferrous hydrate Fe(OH)r 89.9 44.95 
Ferrous oxide FeO 71.8 35.90 
Fluorine (gas) F, 19.0 19.00 
Hydrogen (gas) "· 2.02 1.01 
Hydrogen sulphide (gas) u.s 34.1 
Lead Pb 207.0 103.50 
Magnesium Mg 24.3 12.15 
Magnesium oxide MgO 40.3 20.15 
Magnesium bicarbonate Mg(HC01), 146.3 73.15 
Magnesium carbonate MgCO, 84.3 42.15 
Magnesium chloride MgCI, 95.2 47.60 
Magnesium hydrate Mg(OH). 58.3 29.15 
Magnesium nitrate Mg(N01) 1 148.3 74.15 
Magnesium phosphate Mg.(PO,)a 263.0 43.83 
Magnesium sulphate ftf@O, 120-4 60.20 
Nitrogen (gas) N, 28.0 
Oxygen (gas) 0. . 32.0 8.00 
Potassium K 39.1 39.10 
Potassium carbonate K.COa 138.0 69.00 
Potassium chloride KCI 74.6 74.60 
Potassium hydrate KOH 56.1 56.10 
Polassium iodide Kl 166.0 166.00 
Potassium nitrate KN01 101.0 101.00 
Potassium oxide K.O 94.2 47.10 
Potassium permanganate KMnO, 158.0 158.00 
Potassium sulphate K.SO, 174.0 87.00 
Silicon Si 28.1 7.03 
Silver As 108.0 1()8.00 
Silver chloride Ag(] 143.3 143.30 
Silver nitrate AgNOo 169.9 169.90 
Silica SiO. 60.1 30.05 
Sodium Na 23.0 23.00 
Sodium bicarbonate NaHco. 84.0 84.00 
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TABLE XXIV 
continued 

Weighl of 
Molecule or 

Subslallce Formula Radical Eq. Wt. 

Sodium carbonate Na,co, 106.0 53.00 
Sodium chloride NaCI 58.5 58.50 
Sodium hydrate NaOH 40.0 40.00 
Sodium nitrate NaN01 85.0 85.00 
Sodium oxide Na,O 62.0 31.00 

Sodium sulphite Na,S01 126.0 63.00 
Sulphur dioxide (gas) so. 64.1 32.05 
Trisodium phosphate NaJ'04 • 12H10 (18.7% P,O,) 380.2 126.73 
Trisodium phosphate (anhydrous) NaJ>O. (43.3% P,O,) 164.0 54.66 
Disodium phosphate Na.HP04 • 12H,O (19.8% P,O,) 358.2 119.40 

Disodium phosphate (anhydrous) Na,HP04 '(50.0% P,O,) 142.0 47.33 
Monosodium phosphate NaH,P04 • H,O (51.4% P,O,) 138.1 46.03 
Monosodium phosphate (anhydrous) NaH,P04 (59.1% P20,) 120.1 40.03 
Metaphosphate (Hagan) NaP01 (69.5% P,O,) 102.0 34.00 
Sodium sulphate Na.SO. 142.0 71.00 

Water H,o· IS:O 9.00 

ACID RADICALS 
·Bicarbonate HC01 61.0 61.00 
Carbonate co. 60.0 30.00 
·Carbon dioxide co. 44.0 22.00 
Chloride Cl 35.46 35.46 

Nitrate No,· 62.0 62.00 
Hydrate OH 17.0 17.00 
Phosphate PO. 95.0 31.66 

Phosphorous oxide P,O, 142.0 23.67 
Sulphate so. 96.06 48.03 
Sulphite. so. 80.1 40.05 

ACIDS 
Hydrogen Ho 2.0 1.00 
Acetic acid HC.H.Oo 60.0 60.00 
Carbonic acid H,CO, 62.0 31.00 
Hydrochloric acid HCI 36.46 36.46 
Phosphoric acid HaPO. 98.0 32.67 

Sulphuric acid H,S04 98.1 49.05 
Nitric acid HN01 63.0 63.00 
Sulpurous acid H,SO, 82.1 41.05 

• Al10 1 and Feo01 are commonly reported together as R,O., which for purpose of computa· 
lion is_ given a mol. wt. of 109 and eq. wt. of 18.2 on the basis of 88% AI,O, and 12% FeoOa. 
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TJ.BLE XXV 

mAM TABLES 

C'ourtesy of Colllbustion Engi~eerirg-~urerheater, Ir.e. 

Saturated Stea1111 Temperature Table 

AMOLVT& Pa ... vaa S...:anc \' oa.v.-a ~ -" T-... Lb. per ln. H1. SaL SaL 8aL SaL 8aL Bat. Temp. ....... ti<a.l ... 121'. Lo.Qui4 l&qp. v- Liqui4 ~&Yap. v- Liqui4 ~&Yap. v- , ..... 
" .. ••• •• .. ... .. • •• ~ ' 

" 0.0- 0.1808 O.Oiflfll 1305.7 130$.7 0 107$.1 1075.1 0 1.1- l.llliJs • .. 00961 0.19~7 0.01602 3060.1 3060.1 1.01 1071.0 1078.0 0.0041 un5 1.1798 a& .. 0.10<1 0.2120 0.01602 2838.6 1838.6 1.01 1072.1 1078.1 0.0082 1.1815 1.1727 .. .. 8.1121 0.1291 0.01601 1822.2 1822.2 .... 1071.7 1on.r 0.0122 1.1631 1.1~ .. .. 0.1217 0.2171 O.Oiflfll 2115.1 1115.1 1.01 1070.1 1078.6 0.0161 1.1122 1.1585 .. .. 0.1315 0.2677 O.Oiflfll 1271.1 1271.1 10.06 108t.l 1079.1 0.0201 1.1311 1.1517 .. .. 0.1420 0.2191 O.Oiflfll 1112.1 l1l2.1 12.06 loe8.1 1080.2 0.0242 1.1207 1.111 • .. .. 0.1531 0.1111 0.01602 1985.5 1985.1 11.07 1067.1 1081.1 0.0283 1.1101 1.138& .. .. 0.1~ O.aiM 0.111601 18211.1 18211.1 11.07 1065.1 1012.0 O.D32J .. .... 1.1117 .. .. 0.1780 0.1821 O.Oiflfll l7ot.t 171M.I 11.or 1081.1 1082.1 0.0361 2.0891 1.1251" .. 
n 0.1111 0.1905 0.01801 1688.1 1688.1 ao.or 1063 .• 10113.7 0.0100 1.0781 1.1181 .. .. 0.2061 o.uoo 0.01601 1482.1 1482.1 n.or 1062.5 1081.6 0.0<31 2.0881 1.112J .. .. 0.22111 0.4MI 0.01801 1181.5 1181.5 11.or 1081.1 1086.1 0.0<71 1.0!>81 1.1060 .. .. 0.:1381 ··- 0.01801 12e2.7 1-.7 - 1060.2 1088.1 O.OSI7 1.0171 1.111198 .. .. 0.2581 0.5211 0.01801 1101.1 1108.1 II. or 1059.1 1017.1 0.0155 1.0371 1.0134 .. 
n 0.2749 O.M97 0.01601 11211.7 liH.7 10.08 1057.1 1088.0 0.05M 1.0278 1.067:1 .. .. 0.21141 0.600< 0.01601 1057.1 1057.1 :12.08 1058.1 1088.1 0.063: 1.01110 1.0811 .. .. 0.3181 0.8438 0.01601 91111.1 91111.1 84.08 1055.7 1081.1 6.0870 1.008:1 1.0751 .. .. 0.13111 0.011118 0.111605 127.0 817.0 la.OS 1051.1 10110.1 0.11708 1.8183 1.0011 .. 
" 0.1828 0.7387 0.01105 181.1 188.1 18.08 1051.1 1011.1 0.0715 L9181 1.0611 " " 0.38811 0.7906 0.01808 811.1 111.1 10.01 1052.1 1012.2 0.0781 1.97112 1.osn ... 
91 0.4151 0.1458 0.01808 784.7 784.7 U.OI 1051.1 1091.1 0.0820 l.IHMI7 1.11517 " " 11.1440 119040 0.01807 TIB.O 718.0 ..... 1050.1 1011.1 0.0858 1.9801 1.0<81 '' " 0.4711 0.9858 0.01807 171.1 171.1 18.111 1018.1 1011.1 o.- IJ~Mla 1.0101 ... .. 0.5067 1.011 8.01807 ISU 133.7 18.01 1017.8 1095.1 0.01:12 I.MII 1.0317 .. .. 0.5401 1.101 0.01808 6i6.1 595.1 50.01 1011.1 1098.6 0.0988 1.11321 I.OHO .. .. 0.6771 1.175 0.01808 660.t 110.1 51.01 1015.5 1017.1 0.1008 IJ230 I.G2311 .. .. 08151 1.151 0.011101 527.1 127.1 51.01 1011.t 1011.1 0.1011 1.1131 1.0181 .. .. 8.8666 1.215 0.01808 07.0 117.0 611.00 IOII.J 1091.2 0.1071 1.11017 1.11111 .. .. 0- 1.121 8.01810 181.1 ..... 88.00 1011.1 1100.1 0.1115 1.11951 l.oorl .. .. O.Tt:le 1.611 8.01811 .. 1.7 .. I.T H. til 1040.1 1100.1 0.1161 I.IIMT 1.0011 .. .. 0.71101 1.1101 0.01811 tl8.7 118.7 ..... 103i.8 1101.8 0.1187 1.8771 1.- .. .. G.1401 1.711 0.01811 193.1 191.2 63.98 1018.7 1101.7 0.112J 1.11691 1.1115 .. .. o.- 1.111 0.01111 171.1 171.1 .... 1017.1 1101..1 O.lzat 1.11801 I.IMI .. ... 80187 1.131 0.01811 150.1 150.1 87.17 IG38.1 110<.1 1.1205 1.8511 1.9811 ... 

1n 1.00'71 1.051 e.ouut &31.1 asu ... 98 IOII.J 1105.2 0.1130 1.114.30 1.1'780 ... ... 1.- 1.178 O.OI81t ..... Ill.$ 71.98 IOIU 1106.1 0.1181 J.8346 1.1711 ... 
1 .. 1.1:13& 1.108 0.01816 1118.$ 1118.5 n.M 1013.0 1107.0 0.1401 1.8281 1.- ... - 1.1020 1.117 0.111111 180.7 IMI.7 "·" 1011.0 1107.0 0.1- 1.81711 1.101.1 -Ill 1.171 t.iN 8.01817 185.7 185.7 n.M 10311.1 1108.8 0.1171 1.8098 ··- Ul 
Ill 1-- .., .. 0.01817 151.1 251.0 71.111 10211.7 1101.1 0.1508 1.8011 1.1611 Ill 
Ill U2tl ...... 0.01611 138.1 ..... 81.93 1028.1 1110.1 1.1511 1.7930 I.M71 lll 
Ill 1.611 1.071 e.oune Hl.l Hl.l 11.91 1027.1 1111.1 0.1571 1.7141 1.9121 Ill 
Ul 1.- 1.151 0.016JO llt.l IIU 15.11 1020.1 1111.1 0.1110 1.7717 I.N77 Ul ... 1.011 I. HI O.Oie10 IOI.U 101.17 IT.tl 1015.8 IIII.J 0.11116 I.TIIIT ··- ... ... .., .. 1.840 0.01621 193.11 IN. II tt.ll 1011.1 1111.0 0.1171 1.7- l.tiZIII ... ... 1.- 1 .... 0.01621 111.11 181.49 11.10 1011.1 11".1 0.17lt 1.7621 . ..... Ul ... 1.- t.081 0.016:Q 174 .• 171.11 ti.IO 1011.8 1115.7 0.1741 1.7- I.IIM ... .. 1.105 ·-- 0.111- 166.70 166.71 ..... 1020.7 1111.1 0.17111 1.71U 1.1151 .. .. t.n1 1.sn 8.01615 157.15 157.57 17M 1011.1 1117.1 0.1811 1.-n. 1.1108 ... .. I.Ma 1.770 8.01UI 149.81 149.15 ..... 1018.1 1111.2 0.1 ... 1.7110 1.1058 ... ... lt70 6.021 8.01UI Ill ... 111.11 101.. 1017.11 1111.1 1.1- 1.7111 1.1017 ... ... .... ~-- 0.01827 136.71 136.71 103.11 1018.1 lllt.l 8.1117 1.70511 I.-a ... ... I.TU .__ 0.01111 121.11 121.11 106M IOIU 1110.8 0.1150 1- 1.,.. .... 
1 .. ,.., 1.171 0.11821 liS. II liS. II 1or.• 1011.7 II,. .. 0.1- ·- ...... ... ... IOH 1.1117 0.016» 117.17 .., .. IOUI 1112.1 1112.1 0.1017 1.6811 1.11846 ... ... I.IM ..... .... u • 111 ... 111.10 111 ... 1011.1 1111.11 0.1051 1.0752 ·-- ... ... I.Ma 1.147 1.01831 106.71 106.71 Ill .. 1010.1 lUI. I 0.1081 Ufl71 1.8761 ... ... I.NI ..... O.OIUI IOI.a 101.11 11 .. ICIOII.O 1111.1 Ulll U601 1.8710 ... ... lfll 

, __ 
1.11- 17.11 •.. 117.87 1007.8 IIIU 0.2111 1.1530 1.8871 ... ... 1-

, __ 
e.OlMI ... 71 et.OI 111.87 1006.7 ..... 1.2181 1.6451 I.M31 ... ... . ..• ..- e.oa&.W ..... - 111.87 1006.1 1127.1 1.2211 1.6381 1.8591 lM ... ··- ·- .... AS'P ..... ..... I D.§ lOOt. I 1121.1 0.2247 l.llla 1.81i60 ... - ...... I. Itt 1.01631 .... ..... ._ -.. II at 1.2271 t.oMI 1.»211 ... ... l.nt 1 .... 11.01831 n.ar n.» 127.1f 1002.1 1121.1 1.2311 I .a leo. I .II .. ... ... . .,.. 10.11 •. 01640 70.01 70.01 1 ... 11 1ooo.a IIJ0.7 0.%341 1 ..... I .Mil -... 6..210 10.61 801661 70 7e 70.81 131.11 119.7 llJlA 0.%37 • 1.8021t 1.140.0 ... ... ·- ll.ll •. 016d . ,_,. a7.7 • us .• 198.5 1112.1 0.2- I.M58 1.8366 ... - Lntl 11.16 0.016M - - 115.81 

_ .. 
llll.J ~ 1-- l.IIJT -



321l TABLE XXV 
continued 

Saturated Steam: Temperature Table-(Continued) 

Temp,. 
ABIJOLUT. Paaev.a 8•aa.nc VoLD11• EIITa.•Ln EIITIUIR 

J:·t: ~r.c. SaL SaL SaL SaL SaL Sac. 1'em.p. 
.F ... r. J.iqui4 £yap. Vapat Liquid EYIIp. Vapor LiQuid Evap. Vapot Fabr. 

' p "a ... •• ... .. , . ... ., ... .. ' 
1ft 5.990 12.20 0.01645 62.12 82.14 137.89 996.1 1134.0 0.2471 1.531!1 1.82911 ItO 
171 8.272 12.77 0.01648 &9.50 59.52 139.89 995.0 1134.9 0.2503 1.5751 1.8254 ITI 
174 6.&85 13.37 0.01647 &7.01 57.03 141.89 993.8 1135.7 0.2535 1.5&83 1.821& '" 171 6.869 13.911 0.01648 64.64 64.86 143.90 992.8 1136.5 0.2&86 1.5615 1.8181 "' 178 7.184 14.83 0.01850 62.39 &2.41 145.90 991.4 1137.3 0.2598 1.&547 1.8143 "' 
IH 7.510 15.29 0.01851 &0.28 &0.28 147.91 990.2 1138.1 0.2629 1.5479 1.8108 110. 
Ill 7.849 15.98 0.01652 48.22 48.24 149.92 989.0 1138.9 0.2661 1.5412 1.8073 Ill 
114 8.201 16.70 0.01653 46.28 46.30 151.92 987.8 1139.7 0.2692 1.5346 1.8038 114 
IN 8.568 17.44 0.01664 44.43 44.45 153.93 986.8 1140.5 0.2723 1.5280 1.8003 II. 
IU 8.944 18.21 0.016&8 42.67 42.69 155.94 985.3 1141.3 0.2764 1.5213 1.7967 Ill 

110 9.338 19.01 0.01857 40.99 41.01 157.95 984.1 1142.1 0.2785 1.5147 1.7932 110 
Ill 9.744 19.84 0.01658 89.38 39.40 159.95 982o8 1142.8 0.2818 1.5081 1.7897 Ill 
114 10.188 20.70 0.01659 37.84 37.86 181.98 981.5 1143.5 0.2847 1.501S 1.7862 IN 
IN 10.605 21.59 0.01861 38.38 38.40 183.97 980.3 1144.3 0.2877 1.4951 1.7828 IN 
IN 11.057 22.51 0.01862 34.9& 35.00 185.98 1179.0 1145.0 0.2908 1.488$ 1.7793 , .. 
·- 11.525 23.46 0.01883 33.65 33.87 167.911 977.8 1145.8 0.2938 1.4822 1.7760 1011 - 12.010 24.45 0.01665 82.37 12.39 170.01 978.8 1146.8 0.2969 1.4759 1.7725 101 - 12.512 25.47 0.01686 31.15 81.17 172.02 975.3 1147.3 0.2999 1.4695 1.7694 104 - 13.031 28.53 8.01667 29.911 10.01 174.03 974.1 1148.1 0.3029 1.4633 1.7662 IM - 13.MB 27.82 0.01669 28.88 28.90 178.04 972.8 1148:8 0..1059 1.4570 1.7629 1011 

lle 14.123 28.75 0.01870 27.81 27.83 178.08 9'71.5 1149.8 0.3090 1.4507 1.7597 110 
Ill 14.698 29.92 0.01872 28.81 28.83 180.01 970.3 1150.4 0.3120 1.4448 1.7566 Ill 
Ill 15.591 0.01874 25.35 25.37 183.10 968.3 1151.4 0.3165 1.4352 1.7517 Ill 
110 17.188 0.01877 23.14 23.18 188.14 965.2 1153.3 0.3239 1.4201 1.7440 110 ... 18.915 0.01881 2,1.16 21.17 183.18 98U 1155.1 0.3313 1.4049 1.7362 Ill - '211.78 0.01884 19.371 19.388 198.22 958.7 1156.0 0.3386 1.3900 1.7286 ISO 
Ul 22.80 0.01688 17.761 17.778 203.28 955.3 1158.8 0.3459 1.3751 1.7210 Ill 
140 24.97 0.01692 18.307 18.324 208.34 952.1 1180.4 0.3531 1.3607 i.7138 146 ... 27.31 0.01698 15.010 15.027 213.41 048.7 1182.1 0.3604 1.3482 1.7068 ... ... 29.82 0.01700 13.824 13.841 218.48 945.3 1163.8 0.3676 1.3320 J.6995 110 

~Ill 32.53 0.01704 12.735 12.752 223.58 042.0 1165.8 0.3747 1.3181 1.6928 Ill 
110 35.43 0.01708 11.754 11.771 228.85 938.8 1187.3 0.3817 1.3042 1.8859 110 ... 38.54 0.01713 10.861 10.878 233.74 935.3 1169.0 0.3888 1.2906 1.6794 Ill 
ITO 41.85 0.01717 10.053 10.070 238.84 931.8 1170.6 0.3958 1.2770 1.6728 ITO 
171 45.40 0.01721 9.311 9.330 243.94 928.2 1172.1 0.4027 1.2634 1.6661 171 - 49.20 0.01728 8.834 8.651 249.08 024.8 1173.7 0.4096 1.2500 1.6596 110 ... 53.25 0.01731 8.015 8.032 254.18 921.0 1175.2 0.4165 1.2388 1.6533 Ill 
110 67.55 0.01735 7.448 7.485 259.31 917.4 1178.7 0.4234 1.2237 1.6471 110 - 82.13 0.01740 8.831 6.048 264.45 913.7 1178.2 0.4302 1.2107 1.8409 Ill - 87.01 0.01745 8.454 8.471 269.60 110.1 1179.7 0.4370 1.191Mt 1.8350 100 - 72.18 0.01750 8.014 6.032 274.76 906.3 1181.1 0.4437 1.1852 1.8289 101 
lle 77.88 0.01755 5.810 6.628 279.92 902.6 IIU.5 0.4505 1.1727 1.6232 110 

Ill 83.50 0.01760 5.239 5.257 285.10 898.8 1183.9 0.4571. 1.1587 1.6158 Ill - 89.65 0.01765 4.89'7 4.915 290.29 895.0 1185.3 0.4637 1.1479 1.6118 HO ... 98.18 0.01771 4.583 4.801 295.49 801.1' 1186.8 0.4703 1.1356 1.6059 HI - 103.03 0.01776 4.292 4.310 300.89 887.1 1187.8 0.4769 1.1234 1.6003 110 ... 110.31 0.01782 4.021 4.039 305.91 883.2 1189.1 0.4835 1.1114 1.5949 ••• 
140 117.99 0.01788 8.771 3.780 311.14 819.2 1190.3 0.4900 1.0994 1.5894 140 ... 126.10 0.01793 1.539 8.557 316.38 815.1 1191.5 0.4968 1.0875 1.5841 141 ... 134.82 0.017911 1.324 3.342 321.84 871.0 1192.8 0.5030 1.0757 1.5787 110 

Ill 143.58 0.01805 1.128 1.144 328.91 866.8 1193.7 0.5094 1.0640 1.5734 Ill 
110 153.01 0.01811 2.940 2.958 332.19 882.5 1104.7 0.5159 1.0522 1.5681 110 

Ill 162.93 0.01817 2.788 2.786 337.48 858.2 1195.7 0.5223 1.0408 1.5629 ... ..,. 173.33 0.01823 2.607 2.62& 342.79 853.8 1196.8 0.5286 1.0291 1.5577 170 

ITI 184.23 0.01830 2.458 2.476 348.11 849.1~ 11'97.5 0.5350 1.0178 1.5526 171 - 195.70 0.01836 1.318 1.338 353.15 844.1 1108.1 0.5413 1.0062 1.5475 110 - 207.71 0.01843 2.180 2.207 858.80 840.4 1100.1 0.6478 0.9949 1.5425 HI - 120.29 0.01850 1.084 2.083 384.1~ 835.7 11911.0 0.5540 0.9835 !.5375 -- 233.47· 0.01857 1.9512 

, __ 
189.58 831.0 1200.8 -o.&802 0.9728 1.5325 ... - 247.26 0.01864 1..844& IA832 371.9'7 828.2 1201.1 0.5884 0.9810 1.5274 -- 161.111 0.01871 1.7445 1.7832 380.-40 821 •• 1201.8 0.5727 0.04911 1.5228 -... 278.72 0.01878 1.8508 

, __ 
385.83 816.6 1202.4 0.5780 0.8390 1.61711 ue ... 292.44 0.01886 1.5830. 1.5811 391.30 811.7 1203.0 0.5851 0.9280 1.5131 &II - 108.82 0.01894 1.4806 1.4993 396.~8 808.7 1203.6 0.5912 0.9170 1.5082 -.. 125.91 0.01902 1.4031 1.4221 402.28 801.8 1203.0 0.5971 0.9061 1.5035 -- 143.71 0.01910 1.3303 1.3404 407.80 796.5 1204.3 0.6036 8.8053 1.4988 ... ... 882.27 0.01918 1.2817 1.2809 413.35 791.2 1204.6 O.OOQ7 0.8843 1.4940 ... - 381..W 0.01928 1.1973 1.2166 418.91 785.0 1204.8 0.0150 0.8735 1.4894 -- 101.70 0.01934 1.1387 1.1&80 424.49 780.4 1204.9 0.6220 0.8628 1.4846 -- 422.61 0.01943 1.0798 1.0990. 430.11 774.9 1205.0 0.8281 0.8518 1.4799 ... ... 444.35 0.0195 1.0256 1.0451 435.74 789.3 1205.0 0.8342 0.8410 1.4752 ... ... 486.97 0.0198 0.9745 0.9941 441.42 763.& 1205.0 0.6403 0.8303 1.4708 ... - 490.43 0.0197 0.9262 0.9459 447.10 757.8 1204.9 0.6463 0.8195 1.4658 -... IIUO 0.0198 0.8808 0.9008 452.84 751.9 1204.7 0.8524 0.8088 1.4612 .,. 

a~ 6311.90 0.01911 0.8379 0.8578 458.59 745.1 1204.6 0.8585 0.7980 I.U65 01 
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TABLE XXV 
continued 

Saturated Steam• Temperature Table-{Cancluded) 

B.....c'VOI.II'd - -r-., Ala- ... lid. .... ... .... .... T-Il ....... U../ ... 1• Liq ... Enp. v- Liqaid ..... v- Liqaid Enp. "- ....... 
• • .. .... . . .. . ..... .. • •• .. ' .. 11811.11 11.11200 11.71112 11.8171 464.17 739.1 121M.I ··- 0.7117a US II -... 601.21 11.0201 11.7>86 11.77 .. UO.II 733.6 1203.1 U.6706 11.7786 U471 ... - 821. .. 0.0202 o.72te 0.7421 476.01 727.1 1203.1 11.6787 11.7658 1.4425 -IN 6.'>0.511 0.0201 U.6171 11.70" Ul.llll 720.1 1202.7 11.6127 11.75511 U377 -.. -·· 0.021M ··- 0.67tl .. 7.80 nu 1202.0 0.611111 11.7442 l . .aao -.. 711.10 11.0206 41.8230 0.8436 493.1 707.6 12111.1 D.eNI D.7334 U283 -••• 744.66 11.0207 0.$932 0.8139 4011.1 700.6 1200.4 11.70011 0.7226 U234 ... ... 777.116 0.02111 0.5651 0.6861 606.8 693.6 11011.4 D.707D 11.7116 UIIMI ... - 112.<18 11.02011 0.5382 0.5!>91 611.1 1186.6 ~~~··· 11.7131 0.7007 U139 -... IU.J7 11.0210 0.5121 0.6331 618.0 678.1 1187.1 11.7181 0.68118 UOIIII -.. A5.20 0.0211 11.4116 0.50111 524.1 IITI.I 1186.1 0.7251 O.IITII uod .. ... 821.46 0.0211 0.4664 0.4867 630.4 -·· IIDU 0.7114 8.8671 I.ION ... ... eoz.IMI 0.0214 0.4431 11.4647 636.6 656.7 11111.1 0.7376 o . .- 1.31144 ... ... 1001.6 0.0216 0.4222 0.4431 642.1 ..... 1111.8 0.7- OMSII 1.188J ... 

, .. 1046.6 0.0211 0.4021 11.4239 114t.l 640.1 1110.1 11.7411 11.6347 1.1143 -, ... 1018.1 0.0211 0.1830 o ..... 655.7 632.6 1111.1 11.7551 0.62H 1.17111 Ill 
1111 1112.4 0.0221 0.3648 D.S869 &62.1 624.1 1186.1 11.7622 11.6120 1.1741 ... 
1111 1171.1 0.0222 0.3471 0.36tlt 668.1 615.4 1184.1 0.7684 ··- 1-- Ill 
IMI 1226.7 0.02at 0.3306 11.2621 576.4 606.6 1181.1 0.7717 o.- 1.1627 -I nt 1176.7 0.0226 0.1141 0.1361 581.1 691.4 1111.1 0.7110 11.5774 1.35114 "' 1111 11:16.1 0.0221 11.2989 11.1217 -·· 688.1 1177.0 11.7871 11.56511 1.1628 -1111 lll78.1 0.0230 0.2840 0.1010 5115.7 578.6 1114.1 0.1836 0.5538 1.1474 -, ... 1411.1 0.0231 0.26011 11.2931 1102.1 561.1 1171.4 0.8000 11.5411 1.1411 -1111 1486.6 0.8234 D.l1611 0.27111 608.7 668.7 1168.4 11.11066 0.5291 1.1161 -,_ 

11141.1 11.0236 0.2431 8.2611 611.1 1148.4 1165.1 0.1110 D.SI71 1.1305 -, ... 10101.1 D.023t 0.2301 11.2541 624.1 Sll7 .7 1161.8 11.1186 0.!050 1.1- -1111 1861.. 0.02U 0.2116 0.2426 631.6 526.1 1151.1 11.8261 0.49ta 1.1111 ... 
I ell 1713.4 0.0244 0.2068 0.2311 ..... 115.1 1154.1 0.1130 0.4716 UIZS ... , ... 1787.8 0.8247 0.1965 0.2202 ..... 601.7 1150.1 O.IHII 0.4866 1.1061 -, .. lest .• 0.0250 0.1846 0.2016 654.1 . .... 1146.1 O.MIIT 0.4511 1 ..... ... 
, ... 1111.1 0.0251 0.1140 O.ION 1162.1 U8.1 1141.0 0.1517 0.43M 1.2931 ... ... ~--· 0.0256 0.1618 0.1- 110.t 415.6 1116.1 0.860t 0.4ZSI 1.1861 ... ... 1010.1 ··- D.l51t 0.11 .. 11!.7 462.0 1130.7 0.11681 O.tliO 1.1111 -- ...... 0.8264 0.1441 0.1101 687.1 417.8 1124.1 8.8768 I.INI 1.1717 -- --· 0.0261 0.1341 0.1111 eti.O lft.f 1118.7 0.111131 ·-- UMI -- nll.t 0.0271 0.1256 0.1621 706.1 407.0 1112.1 o ..... O.J651 1.26411 ... - 1361.1 0.0271 0.1187 0.1446 714.4 ..... 1104.1 O.Bitl 0.1488 1.1411 -... IMB.O 0.0211 O.IOit 0.1881 724.1 172.1 1ote.e 0.111174 0.1101 I .Dill -- 1612.t 0.0290 0.00111 0.1281 , .... 151.1 1087.8 0.111111 0.1117 I.DII -"' 1811.1 O.Ottf ··- 0.1101 741.1 112.1 laf8.1 0.1151 e.ftlll I .Jill -- 1108.4 0.0106 0.0810 0.1111 757.1 110.0 1087.1 0.1351 0.1710 1.2a7tl -- tiiOO.t 0.0311 0.0716 0.1031 710.1 114.6 1054.8 O.MSt O.lt86 1.1144 -- tBti.O 8.0321 0.0617 O.Otlt6 714.1 154.1 1031.1 O.tl11 0.2117 1.1711 "" - -.7 ...... 11.0611 0.8868 101.1 118.1 1020.4 0.1110 0.111117 1.11117 -- -I ··- 0.0111 0.0768 121.1 171.7 -· 0.- 0.1481 1.1- -- 1111.1 ...... 0.016J 

~~-- IITO.I n.a 147.1 1.0306 0.11161 1-- -...... ..... 0.0641 • l.ostl OlG.I • 110.1 1- • ·- ...... 
·~---
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TABLE XXV 
contirued 

Saturated Steam: Pressure Table 

SP&cJnc Voa.v~~:a EIITILtt.Ln' ~NTIU•I"''' 
Abo."'- Temp. SaL &L SaL SaL :C.t. SaL Abo. p..., 
Lb./Bq.la. l'ah.r. Liquid. E•ap. Vapor Liquid E•ap. Vapor l•qui•l E••P. Vapor Lb./Sq. I 

p • ., ... .. b, b,. ba .. ... .. p ··- 32.00 0.01602 3305.7 3305.7 0 1075.1 1075.1 0 2.1865 2.1865 0.0881 
•. 111 40.69 0.01602 2383.7 2383.7 8.74 1070.2 1078.9 0.0176 2.1388 2.1564 0121 
e.tM 59.31 0.01603 1235.8 123fi.8 27.38 1059.5 1086.9 0.0542 2.0414 2.0956 euo ··- 79.58 0.01607 641.71 641.73 47.60 1048.0 1095.8 0.0924 1.9434 2.03.';8 uoo 

I 101.76 0.01614 333.77 333.79 69.72 1035.5 110.'i.2 0.1326 1.8443 1.97G9 1 • 162.25 0.01641 73.584 73.600 130.13 1000.7 1130.8 0.2347 1.6090 l.S437 I 
le 193.21 0.01659 38.445 38.462 161.17 982.1 1143.3 0.2834 1.5042 1.7876 10 

l&.IH 112.00 0.01672 26.811 26.828 180.D7 970.3 1150.4 0.3120 1.4446 1.7566 lt.Stl .. 213.03 0.01672 26.303 26.320 181.11 969.6 1150.7 0.3135 1.4413 l.7S48 II 

• 227.98 0.01683 20.093 20.110 198.16 959.9 1156.1 0.3356 1.39.;9 1.7315 to 
10 250.34 0.01700 13.746 13.763 218.8.1 945.2 1164.0 0.3680 1.3312 1.6992 10 
40 267.24 0.01715 10.489 10.506 ~;,6.02 933.7 1169.7 0.3919 1.2844 1.6763 40 .. 281.01 0.01727 8.50j 8.522 2.';0.09 923.9 1174.0 0.4l10 1.2473 1.6583 10 .. 292.71 0.01738 7.162 7.179 262.10 915.4 ltn.a 0.4271 1.2166 1.6437 10 
u 302.92 0.01748 6.193 6.210 272.61 907.9 1180.5 0.4409 1.1905 l.f.JI4 ?0 
H 312.03 0.01757 5.458 5.476 282.02 901.1 Jl83.1 0.4532 1.1677 1.6209 •• .. 320.27 0.01768 4.880 4.898 290.57 894.8 1185.4 0.4641 1.1472 1.6113 •• ... ' 127.83 0.01774 4.415 4.433 29!.43 8~,.9 1187.3 0.4741 1.1287 1.6028 100 
Ill 334.79 0.01782 4.032 4.050 305.69 883.3 1189.0 0.4832 1.1118 1.5950 • 110 
lM 341.26 0.01789 3.710 3.728 312.46 878.1 1190.6 0.4916 1.0963 1.5879 120 
110 347.31 0.01796 3.437 3.455 318.81 873.2 1192.0 0.4995 1.0820 1.5815 110 
140 353.03 0.01803 3.202 3.220 324.83 86~.5 1193.3 0.5069 Ul<l86 1.5755 140 ... 358.43 0.01809 2.998 3.016 330.53 863.9 1194.4 0.5138 1.0560 1.5698 100 
IM 363.55 0.01815 2.816 2.834 335.95 8!1&.6 1195.5 0.5204 1.0442 1.5646 110 
ne 368.42 0.01821 2.656 2.674 341.11 855.2 1196.3 0.5266 1.0327 1.5593 110 
IM 373.08 0.01827 2.514 2.532 348.07 &>I. I 1197.2 0.5325 1.0220 1.5545 180 
IN 317.55 0.01833 2.386 2.404 350.83 847.2 1198.0 0.5382 1.0119 1.5501 uo - 381.82 0.01839 2.270 2.288 355.40 843.3 1198.7 0.5436 1.0021 1.5457 too 
110 385.93 0.01844 2.165 2.183 359.80 839.6 1199.4 0.5488 0.9929 1.5417 110 
no 389.89 0.01850 2.067 2.086 364.05 835.8 1199.9 0.5538 0.9838 1.5376 ... ... 393.70 0.01855 1.9803 1.9989 368.16 8.12.2 1200.4 0.5585 0.9752 1.5337 I :SO ... 397.40 0.01860 1.8990 1.9176 372.16 828.7 1200.9 0.5632 0.9669 1.5301 140 
tM 400.97 0.01866 1.8244 1.8431 376.04 825.4 1201.4 0.5677 0.9590 1.5267 too ... 404.43 0.01870 1.7555 1.7742 379.78 822.0 1201.8 0.5720 0.9513 1.5233 t60 .,. 407.79 0.01875 1.6913 1.7101 383.43 818.8 1202.2 0.5761 0.9439 1.5208 ITO - 411.06 0.01880 1.6316 1.6504 386.99 815.5 1202.5 0.5802 0.9365 1.5167 180 
toe 414.24 0.01885 1.5758 1.5947 390.47 812.4 1202.9 0.5841 0.9296 1.5137 no 
100 417.33 0.01890 1.5237 1.5426 393.85 809.3 1203.2 0.5879 0.9228 1.5107 100 ... t31.71 0.01912 1.3064 1.3255 to9.70 794.7 1204.f 0.6057 0.8915 1.4972 IM - -144.58 .0193 1.1416 1.1809 424.02 180.9 1204.9 0.8215 0.8635 1.4850 -... 456.27 0.0195 1.0123 1.0318 437.18 767.8 1205.0 0.6357 0.8382 1.4739 '"" - 467.00. 0.01'¥1 0.9017 0.9274 449.40 755.5- 1204.9 0.6488 0.8153 1.4641 100 ... 476.94 0.0199 0.8217 0.8416 460.&1 743.6 1204.4 0.6609 0.7939 1.4548 150 - 486.21 0.0201 0.7494 0.769$ 471.59 732.0 1~03.8 0.6721 0.7739 1.4460 ... ... 494.90 0.0203 0.6'!79 0.7082 481.73 721.0 1202.7 0.6828 0.7553 1.4379 ... 
Toe 503.09 0.0205 0.6347 0.6552 491.49 710.1 1201.6 0.6925 0.7376 1.4301 , .. 
'"" 510.83 0.0207 0.58!14 0.6091 500.8 699.4 1200.2 0.7019 0.7206 1.4225 '"" - 518.20 0.0209 0.5476 0.5685 509.? 689.1 1191).8 0.710J 0.7047 1.415.5 100 ... 525.23 0.0210 0.5116 0.5326 518.3 678.9 1197.2 0.7194 0.6893 1.4087 ••• - 531.94 0.0212 0.4794 O.i006 528.8 669.0 1195.6 0.7276 0.6746 1.4022 100 ... 538.38 ·0.02" 0.4503 O.t717 634.6 659.2 1193.8 0.7355 0.660.> 1.3960 110 

1000 544.58 0.0216 0.4240 0.4458 542.4 649.5 1191.9 0.7431 0.6468 1.3899 1000 
1000 550.52 0.0218 0.4001 0.4219 550.0 640.0 1190.0 0.7504 0.6335 1.3839 1050 
uoe 556.28 0.0219 0.3783 0.4002 557.4 630.4 1187.8 0.7575- 0.6205 1.3780 1100 
llM 561.81 0.0221 0.3583 0.3804 564.6 621.0 118.,.8 0.7644 0.6079 1.3723 1150 
uoo 567.19 0.0223 0.3397 0.3620 571.7 611.5 1183.2 0.7712 0.5955 1.3667 .... 
uso 572.39 0.0225 0.3228 0.3453 578.8 602.2 1180.8 0.7777 0.5835 1.3612 1260 
1100 577.43 0.0227 0.3067 0.3294 585.4 592.9 117ij.3 0.7840 0.5717 1.3557 1SOO .... 682.32 0.8229 0.2918 0.3147 592.1 583.7 1175.8 0.7902 0.5602 1.3504 UIHI 
1- 687.07 0.0231 0.2780 0.3011 598.6 574.6 1173.2 0.7963 0.5489 1.3452 1400 
liM 691.70 0.0233 0.2652 0.2885 &<MO 565.5 1170.5 0.8022 0.5379 1.3401 11M 

1100 598.20 0.0235 0.2530 0.2765 611.4 556.3 1167.7 0.8081 0.5289 1.3350 1100 
11M 600.59 0.0237 0.2416 0.2651 fU7.7 547.1 1164.8 0.8138 0.5160 1.3298 UIHI 
1- 604.87 0.0239 0 2309 0.254, f\23.9 538.0 1161.9 0.8195 0.5054 1.3249 uoo 
11M 609.05 0.0241 02207 0.24411 030.0 528.8 1158.8 0.8250 0.4948 . 1.3198 """ 1108 613.12 0.0243 0.2111 0.2354 6-16.1 519.6 1155.7 0.8304 0.4843 1.3147 lTOO 
1110 617.11 0.0245 0.2020 0.2265 642.1 510.4 1152.5 0.8359 0.4740 1.3099 1180 
1100 821.00 0.0247 0.1933 0.2180 64 •. 0 501.3 1149.3 0.8412 0.4639 1.3051 11100 .... 624.82 0.0249 0.18SO 0.2099 8S3.9 492.0 1145.9 0.8465 0.4537 1.3002 11M 
1100· 828.55 0.0252 0.1770 0.2022 6'io9.9 482.5 1142.4 0.8517 0.4434 1.2951 1!100 
1- 032.20 0.0254 0.1695 0.1949 665.8 473.0 1138.8 0.8569 0.4332 1.2901 Ull - 635.78 0.0257 0.1622 0.1879 671.7 463.5 1135.2 0.8620 0.4231 1.2851 1000 
1100 642.73 0.02fl2 0.1486 0.1748 8'!3.f 444.2 1127.6 0.8722 0.4029 1.2751 t100 
noe 649.42 0.0267 0 13::.9 0.162fi 695.0 424.4 1119.4 0.8823 0.3826 1.2649 ISOO 
tSOO 65587 00274 0.1240 0.1:)14 706.7 404.3 1111.0 0.8923 0.1624 1.2547 1300 - 662.09 00280 0 1130 01410 718.5 3g2.9 1101.4 0.9025 0.3413 1.2438 uoo .... 668.10 002fl7 0.10:!6 0.1313 730.7 360.3 1091.0 0.9127 0.3195 1.2322 tooo ·-· 673.91 0.0295 0.0924 01219 743.1 337.0 IO"(U 0.92'32 0.2973 1.2205 1600 ., .. 679.54 00305 0.0818 O.llTI 756.1 312.2 1068.3 0.9342 0.2740 1.20'12 1700 - 684.98 0.0316 0.0716 01032 770.0 284.8 1054.6 0.9458 0.2486 1.1944 taoo 
HOG 600.28 0.0329 0.0612 00941 785.2 252.9 101R.I 0.9.SR6 0.2199 1.1785 I toO 
1000 695.37 00348 00501 00i49 • 802.6 216 7 1019.3 0.9'131 0.1878 1.1607 1000 
1100 700.29 00172 003110 0 0752 " 824.6 11i9.4 . 994.0 0.9916 0.1460 1.1376 1100 
1100 705.04 0.0443 0.01~ 00.)96 871.3 75.3 948.8 1.0311 0.0647 1.0958 1100 ...... 705.34 00541 0 00541 910.3 0 910.3 1.0645 0 1.0645 ...... 

•Critu•J pn.UI'e 
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TABLE XXV 
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Supertleated Steam 

327 

t~i~~i!: Sat. Bat. TEIIPSa.ATUilii-DEoa&r:a FA&IlElfBEI1' • • 

-~---~-~~---~---~~ 
1 s: oo161 333.70 :~2'1 ':~/: ':?.22~ 2!:l~ 2~~i·~ a:m ag~i~; ·:~~: ~:o-z: e~~~~ 7~2: 8:!i.: -:~92~ 'O:W 
~~~~==~~====~===== 

Sb 37.75 87.75 137.75 187.75 237.75 287.75 337.75 t37.75 537.75 637.75 737.75 837.75 137.75 1037.75 
I v 00164 73.600 78.17 84.2t 90.21 96.26 102.19 108.23 11f.16 126.11 138.05 1<9.99 161.91 173.83 185.80 197.71 

116
2.2

5
' ~ A~~:i!; :~::if lWi~ ~~~M :w,; ~~~:,; :~::~ ~~ti'~ ~~Jl:2~ ~~g:s: g8JJ ~~~:i: ~~:f;~ ~~U1: ~~:~ ~~:tJ 

Bb 
10 • 0.0166 

(IUUI) b 161.17 
I 0.2834 

Sb 
...... • 00187 

(212.00) b 180 07 
I 0,3120 

Sb 

88.062 
1143.3 
1.7878 

28.828 
11504 
1.7.168 

II v 0.0167 26.320 
(213.03) b 181.11 11S0.7 

I 0.3135 1.7648 

Bb 
10 • 00168 20.110 

(227.98) b 196.18 11M.I 
I 0.3358 1.7316 

Sb 
II v 0 0169 16.321 

(200.07) b 208.41 1160 .• 
1 o.a.;u 1.7137 

Bb 
10 • 0.0170 13.763 

1260.114) b 218.83 1164.0 
I 0.3till0 1.6993 

Bh 
•• "00171 1190T 

(25Jl.28) b 227 92 1167.0 
I 0.3807 1.6868 

6b 
t8 • 0.0112 10.&041 

(287.2t) b 236.02 1169.7 
I 0.3918 1.6183 

Sb 
.. • 0.017! 9.t08 

(27U5) b 243.38 1172.0 
I 0.0019 1.6668 

Bb 
.. • 0 0173 8.521 

(281.01) b 250 09 1174 0 
1 O.tllO 1.6~ 

Bb 
.. • 0 0173 7.791 

(187.07) ~ 2.'>fi >O 11751 
I O.tii)J 1.6501 

Bb 
.. • ft01'7t f.t79 

(1112.71) ~ 26210 1177.5 
I 0.4271 1.6437 

6b 
11 • o otTt e.ftst 

(1117.11) b :1<>7 SJ 117V I 
a O.Ut2 1.637' 

Bb 
" ... 001?$ 8.210 

(lOW) ~ ~'i~ L~i: 
8b 

.,. • 0 0175 58:!0 
()07.60) • 277 ... 1181. 

• o ••a 1.624:10 

6.79 S6.79 106.79 156.79 206.79 256.79 806.79 t06.79 606.79 e06.79 706.78 806.79 906.79 1006.79 
38.88 tl.98 ... 98 t8.02 51.01 54.04 57.02 63.01 68.99 70.96 80.92 86.89 92.88 98.85 

1146.7 1170.2 1192.8 1216.0 1239.3 1262.5 1285.8 1333.3 1381.0 lt30.6 lt80.5 1531.2 1582.8 1635.2 
1.7~:18 1.8271 1.8.179 1.8875 1.91.14 1.9410 1.9665 2.0135 2.0570 2.0975 2.1356 2.1710 2.2058 2.238t 

88.00 88.00 138.00 188.00 238.00 288.00 388.00 488.00 688.00 688.00 788.00 888.00 988.00 
28... 30 . .12 32.61 3t.65 36.73 38.76 42.83 t6.91 50.97 55,03 59.09 63.19 67.25 

1169.2 1192.0 1215.t 1238.9 1262.1 1285.t 1333.0 138u tt30.5 1480.t 1531.1 1582.7 1635.1 
1.7838 1.81t8 1.8t06 1.8727 1.8989 1.9238 1.9709 2.0106 2.05.11 2.0932 2.1292 2.1634 1.1960 

36.97 86.97 136.97 186.97 236.97 286.97 386.97 486.97 686.97 086.97 786.97 888.97 086.97 
27.86 29.90 31.94 33.95 3.1.98 37.97 tL98 t5.97 t9.95 53.93 57.91 61.91 65.89 

1169.2 1192.0 1215.4 1238.9 1262.1 1285 .• 1333.0 1381.4 lt30.5 lt80.t 1531.1 1582.7 1635.1 
1.7818 1.81:18 1.8t24 1.8705 1.8967 1.9218 1.9687 2.0123 2.0529 2.0910 2.1270 2.16U 2.1~38 

22.04 72.04 122.04 172.04 222.04 !72.04 872.04 472.04 &72.04 672.04 772.04 872.04 t72.0f 
20.81 22.38 23.91 25.43 26.95 28.t5 3U6 3t.t8 37... 00.03 t3.U t6.t3 tU1 

1168.0 1191.1 12tt.8 t238.t 1261.6 1285.0 1332.7 1381.2 tt3o.a tt80.2 153t.O 1582.8 1635.1 
1.7t85 1.7799 1.8101 1.8364 1.8606 1.8896 1.9368 1.9805 2.0211 2.0592 2.0952 2.1294 2.1620 

9.93 59.93 109.93 159.93 209.93 259.93 859:93 ts9.93 &59.93 659.93 759.93 859.93 959.93 
16.68 17.8t 19.08 20.30 21.53 22.73 25.15 27.55 29.9. 32.33 34.73 37.14 39.51 

1166.8 1190.2 1214.1 1237.9 1261.1 12114.8 1332.4 1381.0 lt30.1 lt80.0 1530.8 1582.5 1635.0 
1.7221 1.7570 1.7876 1.8150 1.8022 1.8673 1.9106 1.9.184 1.9900 2.037.1 2.0732 2.1074 2.1000 

t9.88 99.86 lt9.66 199.88 209.60 109.86 &49.88 509.66 et9.88 749.66 849.66 949.86 
14.82 15.87 16.88 17.91 18.92 20.94 22.94 2t.94 26.93 28.93 30.90 32.93 

1189.2 1213.4 1237.4 1260.8 1280.2 1332.1 1380.8 lt29.9 lt79.9 1530.8 1582.4 1634.8 
1.7335 1.7643 1.7930 1.8192 1 ..... 1.8918 1.9357 1.9763 2.0145 2.0501 2.0648 ,ll.ll76 

40.72 90.72 100.72 190.72 200.71 M0.72 .. 0.72 M0.72 040.7! 700.72 040.72 940.72 
12.66 13.57 IU5 15.33 16.20 17.94 19.68 21.38 23.08 20.79 26.52 28.22 

1188.2 1212.7 1236.9 1260.1 1283.8 1331.8 1380.6 lt29.8 1479.8 1530.7 1582.3 1634.8 
1.7156 1.7068 1.7758 1.8020 1.8274 1.8750 1.8189 1.9>96 1.9978 2.0339 2.0681 2.1007 

82.78 82.76 132.78 182.76 232.78 332.78 432.78 532.78 832.76 732.78 832.78 932.78 
11.04 11.80 12.62 13.00 14.16 15.68 17.18 18.69 20.18 21.68 23.20 24.69 

1187.1 1211.9 1236.4 1259.8 1283 .• 1331.6 1380.4 lt29.6 lt79.8 1530.8 1582.2 1634.8 
1.6997 1.7318 1.7606 1.7863 1.8123 1.8600 l.ooto 1.9447 1.9829 2.0191 2.0.>33 2.0860 

!5.55 75.55 125.55 175.55 225.55 325.55 425.55 625.55 825.55 725.55 825.55 925.55 
0.78S 10.50 11.20 11.80' 12.57 13.93 15.27 16.60 17.94 19.27 20.62 21.95 

1185.9 1211.1 1235.8 121i9.1 1283.0 1331.3 1380.1 lt29.t U79.t 1530.5 1582.1 163 •. 7 
1.6854 1.7175 1.1071 1.7734 1.79!10 1.8068 1.8908 1.9315 1.9697 2.0058 2.0001 2.0728 

18.99 68.99 118 99 168.99 118.99 318.99 418.99 618.99 018.99 718.99 818.99 918.99 
8.777 9 . .t30 10.06 10.69 11.30 12.53 13.10 lt.93 16.1t 17.3t 18.55 19.75 

1184.8 1210.3 1235.2 1258.8 1282.8 1331.0 1379.9 U29.3 1079.3 1530.t 1582.0 1634.8 
1.6720 1.7051 1.7348 1.7611 1.7870 1.8348 1.8700 1.8198 1.9580 1.8942 2.0284 2.0611 

12.93 62.93 112.93 162.93 212.93 312.93 412.93 512.93,812.93 712.93 812.93 912.93 
7.91i0 8.553 9.130 9.703 10.26 11.38 12.t8 13.57 14.67 15.76 16.86 17.95 

1183.2 1209.4 1234.6 1258.2 1282.2 1330.7 1379.7 U29.1 lt79.2 1530 3 1581.9 1634.5 
1.6604 1.6938 1.7200 1.7507 1.7764 1.82 .. 1.8685 1.9093 1.9075 1.9837 2.D179 2.0512 

7.29 57.29 107.29 157.29 207.29 307.29 007.29 &07.29 607.29 707.29 607.29 907.29 

a!l.~~ .~~~~ .~J~~ ~~sW .~s~~= ~~~: ~~~s~ tl~s~ .!~9~ .~o~ ~~~i~ tlli~: 
1.6494 1.6834 1.7)39 1.7007 1.7665 1.8106 1.11088 1.8996 1.9378 1.9741 2.0083 2.0010 

t.03 52.03 102.03 152.03 202.03 102.03 002.01 602.03 802.03 702.03 802.03 
8674 7.202 7.696 8.187 8.665 9.616 10.55 11.48 12.40 13.33 14.26 

ll80.t. 1207.8 1233.6 1257.1 1281.t 1330.1 1379.3 1428.8 U78.SJ 1530.1 1581.7 
I.63V1 1.6738 1.7007 1.7310 1.7575 1.8057 1.8500 1.8909 1.9291 1.9654 1.9996 

07.08 '97.08 lt7.08 197.08 :197.08 397.08 497.08 697.08 697.08 797.08 
6 671 7.132 7.592 8.038 8.920 9.711 10.65 11.51 12.37 13.24 

1206.7 1232 8 1256.7 1281.0 1329.8 1379.0 1428.8 1478.7 1530.0 1581.6 
1.6tit7 1.6960 1.7230 1.7t90 1.7970 1.8016 1.8826 1.9208 l.tli72 1.991t 

1102.03 
15.19 

1634.4 
2.1132a 

897.08 
14.10 

1634.1 
2.0201 

U.OO 92 tO 10!.00 19!.00 :192.00 192.00 092.00 69!.00 692.00 792.00 892.00 
6.210 fi &It 7.078 7 492 8.318 9.133 9.938 10.74 ll.M 12.36 Ja.J6 

1205.8 1232.2 1256.! 1280.0 1329.0 1378.8 1428.4 1478.8 1529.8 1581.5 t6J4.2 
1.6.563 1.68i8 1.71b0 1.7411 1.7896 1.8331 1.8749 1.9132 I.H9S 1.9837 2.0!€..& 

:o;h • eut~rheat. d~~r. F. h ~ enthalpy, B.t.u. per lb. 
¥ • ·~•lie vol11n.., <11. ft. I*' lb. • - entropy, B.t.u. I*' deg. F. per lb. 
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Abo. Pre.. 

TABLE XXV 
contir:ued 

Superheated Stearn-(Continued) 

Lb./Sq. Ia. Sat. Sat. TtvPKRAT01l.-DEo•.:a F.,BRt:lfRKIT 
(SaL Temp.) Water St.eam a.o• 110• aao• .oo• tao• •••• eoo• eoo• too.. eoo• en• tooo• uoa• tsoo• 

Sb 27.97 47.97 67.97 87.97 107.97 137.97 187.97 287.97 387.97 f87.97 597.97 6~7.97 787.97 897 97 
10 "0.0176 5.478 5.720 5.889 6.055 6.217 6.384 R.623 7.015 7.793 8.558 9.313 10.07 10.92 11.58 12 33 

(312.031 b 282.02 118.1.1 1200.0 1211.0 1221.2 1231.5 1240.3 1255.7 1280.2 1329.3 1378.5 1429.2 1478.4 1529.7 15~1 4 1634.1 
I 0.4532 ·1.6209 1.6424 1.656Q 1.6683 1.6804 1.6905 1.7077 1.7339 1.7825 1.8268 1.8679 I 9062 1.9426 1.9768 2.009$ 

.Sb 23.75 43.75 63.75 63.75 103.75 133.75 183.75 283.7.~ 383.75 483.75 583.75 683.75 783.75 883.75 
U "0.0178 5.169 5.368 6.528 5.R86 5.839 5.995 6.226 6.594 7.329 8.050 8.762 9.472 10.18 10990 11.61 

(310.251 b 286.40 1184.3 1198.5 1210.0 1220.5 1230.7 1239.7 1255.1 1279.7 1329.0 13f8.3 142~.0 1478.2 1529.6 1581.3 1634.0 
I 0.4587 1.6159 1.6339 1.6481 1.6608 1.6728 1.6831 1.7003 1.7266 t.7754 1.8198 1.8609 1.8992 1.9357 1.9699 2.0026 

Bb 19.73 39.73 59.73 79.73 99.73 129.73 179.73 279.73 379.73 479.73 579.73 679.73 779.73 879.73 
10 " 0.0177 4.898 5.055 5.208 5.357 5.504 5.653 5 .. 869 6.220 6.916 7.599 8,272 8.943 9.626 10.29 10.96 

(320.271 b 290.57 ll86.4 1197.3 1209.0 U19.8 1230.0 1239.1 1254.5 1279.3 132U 1378.1 1427 9 1478.1 1529.5 1581.2 1634.0 
I 0.4641 1.6113 1.6264 1.6406 1.6538 1.6658 1.6763 1.6935 1.7200 1.7689 1.8134 1.8646 1.8929 1.9294 1.9636 1.9964 

Bb 15.87 35.87 55.87 75.87 95.87 125.87 175.87 275.87 375.87 475.87 375.87 675.87 775.87 875.87 
u .. 0.0177 4.653 4.773 4.921 5.063 5.205 5.346 5.552 5.886 6.547 7.195 7.834 8.481 9.117 9.751 10.38 

(32U31 b 294.58 1166.4 1196.0 1208.0 1219.0 1229.3 1231.6 1254.0 1218.9 132U 1377 .• 1421.7 1478.0 1529.4 1581.1 1633.9 
I 0.4692 1.ti070 1.6191 1.6339 1.6472 1.6593 1.6700 1.6872 1.7138 1.7621 1.8073 1.8486 1.8869 1.9234 1.9576 1.9904 

Sb 12.17 32.17 52.17 72.17 92.17 122.17 172.17 272.17 372.17 472.17 572.17 672.17 772.17 872.17 
100 " 0.0177 4.433 •4.520 4.663 4.801 4.936 5.070 5.266 5.589 6.217 6.836 7.448 8.055 8.659 9.262 9.862 

(327.83) b 298.43 1187.3 1194.9 1207.9 1218.3 1228.4 1238.8 1253.7 1278.8 1327.9 1377.5 1427.5 1478.0 1529.2 1581.0 1633.7 
• 0.4741 1.6028 1.6124 1.6273 1.6409 1.6528 1.6645 1.6814 1.7080 1.7568 1.8015 1.8428 1.8814 1.9177 1.9520 1.9847 

Sh 8.62 28.62 48.62 68.62 88.82 118.62 168.62 268.62 368.R2 468.62 568.62 668.62 768.62 868.62 
101 .. 0.0178 4.232 4.292 4.429 4.562 4.691 4.820 5.007 5.316 5.916 8.507 7.090 7.670 8.245 8.819 9.391 

1331.381 b 302.13 1188.2 1193.5 1205.9 1217.2 1227.8 1237.5 1252.9 1278.0 1327.8 1377.4 1427.3 1477.7 1529.2 1580.9 1633.7 
I 0.4787 1.6988 1.ti055. 1.6208 1.6344 1.6468 1.6580 1.6752 1.7020 1.7511 1.79ti0 1,8372 1.R757 1.9122 1.9464 1.9791 

Sb 5.21 25.21 45.21 65.21 86.21 115.21 165.21 265.21 365.21 465.21 585.21 66.;.21 765.21 865.21 
110 v 0.0178 4.050 4.084 4.217 4.345 4.469 4.592 4.773 5.069 5.643 6.208' 6.765 7.319 7.869 8.417 8.963 

!334.79) b 305.69 1.89.0 1192.2 1204.9 1216.4 1228.9 1236.9. 1252.4 1277.5 1327.4 1377.1 1427.1 1477.5 1529.1 1580.8 1633.6 
I 0.4832 1.5950 1.5990 1,6147 1.6286 1.8410 1.6525 1.6698 1.6968 1.7460 1.7908 1.8321 1.8708 1.9072 1.9414 1.9742 

Sh 
Ill .. 0.0179 3.882 

(238.081 b 309.13 1189.8 
I 0.4875 1.6916 

Sb 
~ uo " 0.0179 8.728 
(341.281 b 812.48 1190.8 

I 0.4918 1.5879 

Bb 
Ul • 0.0179 .1.688 

(344M) b 315.69 1191.3 
I 0.4956 1.5648 

Sb 
110 " 0.0180 1.455 

(347.31) b 818.81 1192.0 
• 0.4995 1.5815 

Sb 
Ill .. 0.0180 1.333 

(350.21) b 321.'38 1192.7 
I 0.5032 1.6784 

Sb 
uo " 0.0180 3.220 

(353.031 b 324.83 1193.3 
I 0.5069 1.6755 

Sb 
Ul . , 0.0181 1.114 

(355.78) b 327.71 1193.9 
I 0.6104 1.6728 

Sb 
110 " 0.0181 3.018 

(358.43) b 330.53 1194.4 
I 0.6138 1.5698 

Sb 
Ill " 0.0181 2.021 

(361.021 b 333.27 1195.0 
I 0.6172 1.6871 

Bb 
110 " 0.0182 2.834 

(383.55) b 335.95 1195.6 
I 0.5204 1.5648 

I 
21.92 
4.022 

1203.8 
U088 

41.92 81.92 81.92 111.92 161.92 261.92 361.92 461.92 561.92 661.92.781.92 861.92 
4.146 4.268 4.384 4.558 4.843 5.393 5.935 6.469 8.999 7.525 8.049 8.572 

1215.6 1228.2 1236.3 1251.9 1277.1 1327.1 1378.9 1427.0 lf77.4 1528.9 •. ~.7 1633.6 
1.6230 1.6355 1.6471 I 6645 1.6915 1.7410 1.7869 1.8273 1.8658 1.9023 1.9368 1.9695 

18.74 38 74 58 74 78.74 108 74 158.74 258.74 358.74 458.74 558.74 658.74 758.74 8.~8.74 
3.!45 U63 4 079 4.194 4.361 4 635 5.185 5.686 8.197 8.705 7.210 7.713 P.215 

1102.7 1214 7 1225.4 1235.7 1251.4 1276.7 1326.8 1376.7 lf26.8 1477.2 1528.8 1580.6 1633.5 
1.6028 1.6173 1.6299 I 6417 1.6592 16863 1.7359 1.7€09 l.ti223 1.8608 1.8974 1.9317 1.9646 

15.66 35.66 55.68 7&66 105.66 155 66 255.68 355.86 455.66 555.66 655.66 755.66 355.88 
3.6@0 3.798 3 908 • 019 ... 181 4.445 4.954 5.454 5.947 6.435 8.920 7.403 7.885 

1201.6 1213.7 1224.5 1235 0 1250 8 1278 3 1326.5 1376.4 1426.8 1477.1 1528.7 1580.5 1633.4 
1.5973 1.6119 1.6248 1.6387 1.6544 1.£817 1.7314 1.7764 1.8179 1.8565 1.8931 1.9274 1.9603 

12.89 32.69 52.69 72 69 102.69 152.69 252.69 352.89 452.69 652.89 652.69 752.69 852.89 
3 .. ~28 a.641 "J.750 3 857 4 018 • 268 4.760 5.242 5.718 6.186 6.653 1.111 1.n1 

1200.4 1212.7 1223.8 1234.3 1250.3 1275 8 1326.1 1376.1 lf26.4 1478.9 1528.6 1580.4 1633.3 
1.5918 1.ti066 1.6194 1.6317 1.6496 1.6769 1.7287 1.7718 1.8134 1.8520 1.8887 1.9230 1.9559 

9.79 29.79 . 49.79 6979 99.79 149.79 249.79 349.79 449.79 649.79 6U.79 749.79 849.79 
3.388 3.497 3.803 3.707 3.869 4.105 4.580 5.045 6.502 5.955 6.405 6.853 7.303 

1199.2 1211.7 1222.7 1233.8 1249.7 12754 1325.~ 1375.9 1426.2 1476.8 1528.5 1580.3 1633.2 
1.5864 1.ti015 1.6144 1.6269 1.6449 1.6724 1.7223 1.7874 1.8090 1.8178 1.8643 1.9186 1.9515 

8.97 28.97 48.97 66.97 96.97 146.97 248.97 348.97 446.97 648.97 846.97 748.97 848.97 
3.258 3.364 3.467 3.567 3.715 ·3.954 4.413 4.862 5.303 5.741 6.175 8.607 7.037 

1198.0 1210.8 1221.8 1232.9 1249.1 1275.0 1325.5 13753 1426.0 1476.6 1528.4 1580.2 1633.2 
1.5813 1.5965 l.ti097 1.6225 1.6408 1.8683 1.7183 1.7635 1.8051 1.8437 1.8804 1.9147 1.9471 

4.24 24.24 44.24 84.24 94.24 144.24 244.24 344.24 444.24 544.24 644.24 744.24•844.24 
8.138 3.240 3.340 3.438 3.581 3.812 4.257 4.692 6.119 5.541 5.961 6.378 8.794 

1196.7 1209.5 1220.9 1232.2 1248.5 1274.5 1325.1 1375.4 1425.8 1476.5 1528.3 1580.1 1633.1 
1.6760 1.5914 1.6048 1.6178 1.6360 1.6638 1.7139 1.7592 1.8009 1.8398 1.8763 1.9108 1.9436 

f).57 41.57 61.57 91.57 141.57 241.57 341.57 441.57 641.57 841.57 741.5f 841.57 
3.124 3.221 3.317 3.456 3.681 4.112 4.533 4.948 5.355 5.761 6.164 6.567 

1208.4 1220.0 1231.4 1248.0 1274.1 1324.9 137&.1 1425.8 lf76.3 1528.1 1580.0 1633.0 
1.5865 1.6002 1.8133 1.6319 1.6598 1.7101 1.7553 1.7970 1.8357 1.8724 1.9068 1.9397 

18.98 38.98 58.98 88.98 13@.98 238.98 338.98 438.98 638.98 638.98 738.98 838.98 
3.015 3.110 3 203 3.340 3.558 3.976 4.384 4.786 5.181 5.574 5.964 8.354 

1207.2 1219.1 1230.7 1247.5 1273.8 1324.5 1374.9 1425.4 1478.2 1528.0 1579.9 1632.9 
1.51il8 1.5958 1.6091 1.6279 1.6558 1.7062 1.7518 1.7933 1.8321 1.8668 1.9032 1.8361 

~\r~ ~~~: g~:~ ~·2~8 1~64!g ·~·a:: a:~:!=~ ·:'ill ~~r~ S:S:i:~ 7~7;~ "r.i~ 
~~~7~ lWi~ l~3&g .1~6~~~ lW2~ l~i~J l~ltJ l~:O: ~~~ l~:S: l:li."9: l~2: 

Sb = superheat, deg. F. b = enthalpy, B.t.u. per lb. 
B = entropy, B.t.u. per deg. F. per lb. v "" specific volume. cu. ft. per lb. 



APPENDIX 

TABLE XXV 
contiP-ued 

Superheated Steam-(Cantinued) 

329 

Sh 33.99 53.99 73.99 93.99 113.99 133.99 183.99 23t99 333.99 433.99 533.99 633.99 733.99 833.99 
3.533 3.729 4.tl4 4.491 4.1164 6.234 6.601 5.967 

1298.5 1323.8 1374.5 1425.0 1475.9 1527.8 1579.7 1632.7 
1.6747 1.6991 1.7448 1.7865 1.8254 1.8622 1.8966 1.9296 

,.. • 0.0182 2.752 2.909 2.991 3.08f 3.170 3.251 3.334 
13<Wl.OII I• 33~.55 1195.8 1217.4 1229.3 1241.1 1251.8 1262.4 1272.8 

o 0.5236 1.6611 U874 1.6011 1.6144 1.6262 1.6376 I.Md6 

Bb 31.58 61.58 71.58 91.58 111.58 131.58 181.58 231.58 331.58 431.58 531.58 831.58 731.58 831.58 .,. • 0.0182 2.674 2.816 2.903 2.966 3.071 3.151 3.232 3.426 3.617 3.991 4.357 4.720 6.079 6.430 5.791 
1368.421 h 341.11 1196.3 1216.5 1228.4 1240.5 1251.3 1261.8 1272.3 1298.2 1323.5 1374.2 1424.8 1475.7 1527.8 1579.8 1632.7 

• 0.5200 1.6593 1.6832 1.5968 1.6105 1.6224 1.6337 1.6448 1.6711 1.6956 1.7412 1.7831 1.8219 1.8587 1.8831 1.8261 

Sh 29.23 49.23 89.23 89.23 109.23 129.23 179.23 229.23 329.23 429.23 629.23 829.23 729.23 829.23 

'" y 0.0182 2.801 2.730 2.814 2.897 2.979 3.057 3.136 3.3,25 3.510 3.875 4.231 4.58f 4.932 6.279 6.626 
(170.771 h 343.61 1196.7 1215.6 1227.6 1239.9 1250.8 1261.3 1271.9 1297.8 1323.2 1374.0 1424.7 1475.6 1527.6 1579.5 1632.1 

• O . .i2N 1.6568 1.5793 1.5931 1.6068 1.6189 1.6302 1.6414 1.6677 1.6922 1.7380 1.77119 1.8155 1.8553 1.8697 1.9227 

Sh 26.92 46.92 86.92 86.92 108.92 128.92 178.92 228.92 328.92 426.92 626.92 828.92 726.92 828.91 , .. • 0.0183 2.532 2.648 2.731 2.812 2.892 2.968 3.045 3.229 3.410 3.765 4.112 4.455 4.794 6.132 6.468 
1173.011 h 340.o7 1197.2 1214.8 1226.8 1239.2 1250.2 1260.8 1271.5 1297.4 1322.8 1373.7 1424.5 1475.5 1627.4 1579.4 1632.6 

• 0.6325 1.6545 1.5751 1.6891 1.6030 1.6151 1.6265 1.6378 1.8641 1.6888 1.7345 1.7765 1.8154 1.5522 1.8868 1.8198 

Sb 24.86 44.86 64.86 84.86 104.86 124.86 174.86 224.66 324.86 424.86 524.86 824.86 724.86 824.86 
'" • o.OI83 2.486 2.570 2.651 2.731 2.809 2.884 2.958 3.138 a.au 3.861 3.998 4.333 4.1164 4.992 5.311 

<3.6.341 b 348.47 1197.8 1213.7 1226.0 1238.4 1249.6 1260.3 1271.0 1297.4 1322.4 1373.4 1424.3 1475.3 1527.3 1579.3 1632.4 
• 0.6354 1.6622 1.6712 1.5553 1.6992 1.6116 1.6230 1.6343 1.6611 1.6553 1.7312 1.7733 1.8122 1.84tl 1.8836 1.9165 

8b 
,.. • 0.0183 

1377.661 h 350.83 
• 0.6382 

22.45 42.45 82.46 82.45 102.45 122.45 172.45 222.45 322.45 422.45 622.45 622.45 722.45 822.45 
2.404 2.498 2.578 2.654 2.731 2.804 2.877 3.063 3.225 3.563 3.893 4.218 4.540 4.860 6.179 

1198.0 1212.7 1225.1 1237.7 1249.0 1259.8 1270.6 1296.8 1322.1 1373.1 1424.1 1475.2 1527.1 1679.2 1632.3 
1.6501 1.6674 1.5817 1.6951 1.6083 1.6199 1.6312 1.6677 1.8833 1.7282 1.7703 1.8093 1.8461 1.8808 1.9130 

Sh 
IN • OOIM 2.344 

1179.701 h 353.13 1198.4 
• 0.5409 1.6479 

Sb - • 0.0184 2.268 
~1.821 b 35540 1198.7 

• 0.5436 1.5457 

Bb ... • 0.0184 2.235 
(183.1111 b 357.61 1199.0 

• 0.5462 1.5438 

8b ... • O.OIM 2.183 
(186.831 h 369.80 1199.4 

• 0.5466 1.5417 

8b 
Ill • 0.0186 t.lat 

(187.831 h 361.95 1199.8 
• 0.6511 1.6385 

Bb - • 0.0186 t.068 
(1119.8111 h 364.05 1199.9 

• 0.6530 1.6378 

20.30 40.30 80.30 
2.428 2.505 2.681 

1211.7 1224.2 1237.0 
1.6630 1.6780 1.6024 

~6:g '::0.;~ ·:~:~ 'i~~ 2~-:g 3~~ 4~~ 6r.'i~ 0:.'4~ 7:.'7~ s:.'o.S: 
1248.3 1259.3 1270.0 1296.2 1321.8 1372.9 1423.9 1475.0 1527.0 1579.1 1632.3 
1.6048 1.6186 1.6279 1.6545 1.6792 1.7252 1.7673 1.8063 1.8432 1.8777 1.9107 

18.18 38.18 58.18 78.18 98.18 118.18 168.18 218.18 818.18 418.18 618.18 018.18 718.18 818.11 
2.360 2.437 2.512 2.5115 2.658 2.720 2.~95 3.059 3.381 3.897 4.005 4.311 4.618 4.918 

1210.8 1223.7 1230.3 1247.9 1258.7 1269.4 1295.8 1321.4 1372.6 1423.9 1474.9 1528.8 1579.0 1632.1 
1.5698 1.6748 1.68&9 1.6017 1.6133 1.6245 1.11611 1.0701 1.7221 1.711f0 1.&036 I.M02 1.8749 1.9079 

18.H 38.11 54.11 78.11 98.11 118.11 168.11 218.11 316.11 418.11 618.11 818.il 718.11 818.11 
2.297 2.372 2.448 2.518 2.587 2.658 2.821 2.982 1.297 3.604 3.908 4.205 4.502 4.798 

1209.7 1222.6 1235.4 1247.1 1258.2 1269.0 1295.4 1321.0 1372.4 1423.6 1474.7 1526.8 1578.9 1632.1 
1.6562 1.5709 1.6554 1.5983 1.6102 1.6218 1.64M 1.6731 1.7194 1.7618 1.8007 1.8377 1.8722 i..9052 

14.07 34.07 64.07 74.07 94.07 114.07 164.07 214.07 314.07 414.07 614.07 814.07 714.07 814.o1' 
2.237 2.311 2.3'14 2.454 2.522 2.589 2.751 2.909 3.218 3.518 3.812 4.104 4.396 4.683 

1208.8 1221.8 1234.7 1246.5 1257.7 1268.5 1295.0 1320.7 1372.1 1423.3 1474.8 1528.6 1578.8 1632.0 
1.5527 1.5876 1.5821 1.59>1 1.6071 1.6155 1.6454 1.6702 1.7165 1.7588 1.7980 1.8349 1.8695 I.OOU 

12.07 32.07 52.07 72.07 92.07 112.07 182.07 212.07 312.07 412.07 612.07 812.07 712.07 812.07 
2.179 2.262 2.324 2.393 2.460 2.528 2.655 2.839 3.140 3.433 3.722 4.008 4.292 4.574 

1207.8 1221.0 1234.0 1245.9 1257.2 1268.0 1294.8 1320.4 1371.9 1423.1 1474.4 1526.5 1678.7 1631.9 
1.5491 1.5648 1.57811 1.5020 1.6042 1.8156 1.6426 1.6676 1.7138 1.7582 1.7954 1.8324 1.8670 1.9000 

10.11 30.11 50.11 70.11 110.11 110.11 160.11 210.11 810.11 410.11 610.11 810.11 710.11 810.11 
2 124 2.198 2.2R7 2.335 2.400 2.465 2.621 2.772 3.067 3.354 3.637 3.918 4.193 4.488 

1206.8 1220.1 1233.2 1245.2 1256.7 1267.5 1294.1 1320.0 1371.8 1422.9 1474.2 1526.4 1578.8' 1631.8 
1.6457 1.6610 1.6757 1.68811 1.6018 1.6127 1.6397 1.8647 1.7112 1.7638 1.7928 1.8298 1.8644 1.81174 

Sb 1.11 2U9 48.19 88.11 8~.19 108.19 158.11 208.19 308.19 408.11 .608.19 608.19 708.19 608.11 
Ill • 0.0155 2.042 2.072 2.142 21112 2.279 2.344 2.407 2.560 2.708 2.997 3.278 3.555 3.828 4.100 4.388 

(181.111 b 366.11 1200.2 1205.8 1219.2 1232.3 1244.5 1256.2 1267.1 1293.7 1319.8 1371.4 1422.7 1474.1 1526.3 1578.6 1631.7 
I 0.6563 1.6358 1.5423 1.5577 1.5724 1.6858 1.69~4 1.60119 1.8369 1.6619 1.7086 1.7510 1.7902 1.8272 1.8618 1.811U 

Bb 
Ill • 0.01811 I .9981 

(193.701 b 366.18 1200.4 
• 0.6555 1.6337 

8lo 
... • 0.01811 1.9571 

lla6.6111 b 170.17 1200.7 
• 0.6609 1.6UII 

8b 
- • 0.01811 1.0178 

(D7.401 b 372.18 1200.1 
• 0.6633 1.6301 

8lo 
... • 0.01811 1.1797 

~.JO) b 314.11 1201.1 
• 0.5654 1.5283 

8.30 26.30 48.30 86.30 811.30 108.30 1511.30 208.30 308.30 408.30 508.30 808.30 708.30 808.30 
2.021 2.091 2.160 2.226 2.289 2.352 2.502 2.647 2.930 3.205 3.477 3.744 4.010 4.274 

1204.9 1218.1 1231.8 1243.8 1255.6 1266.7 1293.3 1319.3 1371.1 1422.6 1474.0 1526.2 1578.4 1631.8 
1.63:10 1.6514 1.5893 1.5827 1.59;4 1.6071 l.6341 1.6593 1.7059 1.7484 1.7877 1.8247 1.8593 1.8823 

1'9;: :'o!: ~it: r .. ;: r2;~ ·~J: ·r..:: ~s:: ~a:: 'ri:: ar~ ~s:: 7r9~ ~i= 
1203.9 1217.5 1230.8 1243.2 1255.0 1266.2 1292.9 1319.0 1370.9 1422.3 1473.8 1526.0 1578.3 1631.1 
1.6357 1.6511 1.6662 1.6194 1.6825 1.6041 1.6316 1.65611 1.7034 1.7458 1.7552 1.8222 1.8588 1.881111' 

22.80 42.60 82.80 82.80 102.60 152.80 202.80 302.80 402.60 602.80 802.80 702.80 802.80 
1.995 2.062 2.128 2.187 2.247 2.392 2.632 2.805 3.088 3.330 3.5811 3.841 4.096 

1218.8 1230.0 1242.5 1254.4 1285.7 1292.6 1318.6 1370.5 1422.1 1473.8 1525.9 1578.2 1631.1 
1.6481 1.6633 1.6770 1.6898 1.6017 1.6288 1.6541 1.700tl 1.7436 1.7828 1.81119 1.8546 1.8871 

20.80 40.110 80.80 110.80 100.80 150.80 200.80 300.110 400.110 600.80 800.110 700.110 800.811 
1.950 2.016 2.0U 2.139 2.195 2.341 2.478 2.746 3.008 3.281 3.511 1.762 4.011 

1215.8 1229.1 1241.8 1253.8 1265.2 1292.0 1318.8 1370.1 1421.0 1473.5 1525.8 1578.1 1631.1 
1.5450 1.6602 1.6742 1.5871 1.5981 1.6261 1.6517 1.6985 1.7411 1.7805 1.8178 1.8622 1.8553 

Sb • •uperh•t. dec. F. h • enthalpy, B.t.u. per lb. 
'I' • opecilie volume, ou. ft. per lb. • - onvopy, B.t.u. per dec. F. per lb. 
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Abo."'-

TABLE XXV 
ccr:tinuerl 

Superheated Steam-(Continued) 

Lb./Sq. Ia. Sat. Sa~ T .. •PKaATUa.-D~:o•aa F.aaaRxaat" 
(Sa&. Temp.) Wat:er Steam U.0 

.-• .,.lit 480° 180° ..- .... 100• ,... _. -· 1-• 1uo- uao-
1111 19.03 39.03 59.03 19.03 . 99.03 119.03 149.03 199.03 299.03 399.03 499.03 599.03 899.03 7ll9.03 

1M y 0.0187 1.11431 1.9065 1.9711 2.0334 2.0932 2.1Sl5 2.2085 2.2920 2.4272 2.6897 2.9444 1.1949 3.4416 3.6867 3.9209 

~~=~===~==~~=~~~~~ 
1111 17.29 17.29 57.29 77.29 97.29 117.29 147.29 197.29 297.29 397.29 497.29 597.29 897.29 797.29 

- • 0.0187 1.8079 1.8686 1.9286 1.9899 2.0489 2.1065 2.1628 2.2447 2.3776 2.6354 2.8855 3.1313 3.3733 3.811id 3.8524 
(402.71) • 377.91 1201.6 1213.7 1227.5 1240.3 1252.6 1284.2 1274.2 1291.2 1317.5 1369.8 1421.5 1473.2 1525.5 1577.9 1831.1 

• Q.b698 .. 5249 ~~ l.ssf3 1.5684 1.5818 1.5938 1.8041 1.6212 1.6468 1.8937 1.7364 1.7759 1.8130 1.8477 1.81108 

1111 15.57 35.57 55.57 75.1;7 95.57 115.57 145.57 195.57 295.57 395.57 495.57 595.57 895.57 795.57 
... .. 0.0187 1.7742 1.8246 1.8876 1.9482 2.0063 2.0631 2.1185 2.1991 2.3299 2.5833 2.8289 3.0701 3.3077 8.5437 3.7771 

~~=========~==~~~~ 
1111 13.88 33.88 53.88 73.88 93.88 113.88 143.88 193.88 293.88 393.88 493.88 593.88 893.88 793.88 

- .. 0.0117 1.7416 1.7858 1.8481 1.9080 1.9654 2.0213 2.0759 2.1554 2.2840 2.5331 2.7744 3.0114 1.2446 3.4761 3.7081 

~~=~~~~~~=~==~~~~~ 
1111 12.21 32.21 52.21 72.21 92.21 112.21- 142.21 192.21 292.21 192.21 492.21 592.21 892.21 792.21 

1ft .. 0.0188 1.7101 1.7486 1.8101 1.8692 1.9259 1.9810 2.0350 2.1131 !.2399 2.4847 2.7219 2.9548 3.1838 3.4112 3.6370 

~~=~~~~=~=====~~~~ 
1111 10.56 30.56 50.56 70.56 90.56 110.56 f40.56 190.56 290.56 390.56 490.56 590.56 890.56 790.56 

..,. .. 0.0188 1.8798 1.7127 1.773S 1.11318 1.8879 1.9422 1.9958 2.0725 2.1973 2.4382 2.8714 2.9002 3.1253 3.3488 3.5704 
(t011.44) • 385.22 1202.3 1210.0 1224.1 1237.3 1250.0 1282.0 1272.6 1289.5 1318.1 1368.7 1420.7 1472.6 1525.0 1577.5 1630.9 

a O.i782 l.i183 1.5271 l.it29 1.i57. U711 l.i837 l.i946 1.6116 L6373 1.6847 1.7277 1.7673 1.11045 1.8393 1.17:14 

lila 8.94 28.94 48.94 88.94 88.94 108.94 138.94 188.94 288.94 388.94 488.94 588.94 888.94 788.94 
- .. 0.0188 1.8504 1.6780 1.7381 1.7957 1.8512•1.9048 1.9575 2.0334 2.1562 2.3932 2.8228 2.8475 3.0888 3.2883 3.5082 

,.11.06) • 388.99 1202.5 1209.0 1223.2 1238.5 1249.4 1261.5 1272.2 1289.1 1315.7 1368.5 1420.5 1472.4 1524.9 1577.4 1630.8 
e 0.5802 1.il67 1.5241 1.5401 l.i547 1.5888 1.581:1 1.5923 1.6093 1.6300 1.6826 I 258 1.7652 I~ 1.8372 1.8703 

1111 7.34 27.34 47.34 67.34 87.34 107.34 137.34 187.34 287.34 387.34 487.34 517.34 887.34 787.34 
,.. .. 0.0188 1.6232 1.6446 ·1.7040 1.7810 1.8157 1.8687 1.9207 1.9955 2.1185 2.3499 2.5756 2.7968 3.0143 3.2300 3.4443 

,.12.661 • 388.74 1202.7 1208.0 1222.3 1235.6 1248.7 1260.9 1271.8 1288.6 1315.4 1368.2 1420.3 1472.2 1524.7 1577.~ 1630.7 
a 0.5822 1.i153 1.521t 1.i37li 1.5521 1.5862 l.i790 U902 I.Ci071 1.6330 1.6800 1.7237 1.7833 1.8005 1.8353 1.868t 

1111 5.78 25.78 45.76 85.76 85.78 105.78 135.76 185.78 285.78 38$.78 485.78 585.78 885.76 785.78 
- • 0.0189 1.5947 1.6112 1.0710 1.7273 1.7815 1.8338 1.8853 1.9590 2.0783 2.3080 2.5302 2.7478 2.9618 3.1738 3.3844 

1414-MI 1o 390.47 1202.9· 1207.0 1221.4 1234.8 1248.0 1260.4 1271.4 1288.2 1315.0 1367.9 1420.1 1472.1 1524.6 1577.2 1630.8 
a 0.58U l.i137 l.iiM l.i348 IM93 l.i635 U768 1.5879 1.60<11 1.6307 1.678fo 1.7215 1.7612 1.7984 1.8332 1.8663 

1111 4.20 24.20 44.20 64.20 84.20 104.20 134.20 184.20 284.20 3114.20 484.20 5'W.20 63f.20 784.20 
- • 0.0189 1.5684 1.5809 1.6391 1.8948 1.7484 1.8001 1.8510 1.9238 2.0413 2.2677 2.4163 2.7004 2.1!101 3.1195 ~.3261 

(tlliJIO) • 392.17 1203.0 1206.1 1220.5 1234.0 1247.4 1259.8 1271.0 1287.8 1314.7 1367.8 1419.9 1472.0 1524.5 1577.1 1630.5 
• 0.5861 l.i122 l.il57 l.i319 1 • .&<67 1.5811 1.5742 1.5857 1.6026 1.6286 1.6763 1.7195 1.7593 1.79M 1.8313 1.8M6 

Iiiio 2.67 22.67 42.67 112.67 82.67 102.67 132.67 182.67 282.87 382.87 482.87 582.87 6'2.87 782.87 
- .. 0.0189 1.5428 1.5506 1.6082 1.6634 1.7164 1.7677 1.8172 1.8896 2.0058 2.2286 2.4447 2.6547 2.8634 3.0870 3.2707 

(417.a3) • 393.85 1203.2 1205.2 1219.5 1233.4 1248.8 1259.2 1270.5 1287.4 1314.4 1367.4 1419.7 1471.l 1524.4 1577.0 1630.4 
a 0.5179 "l.a107 l.il30 1.5291 I.MQ 1.i585 1.:0718 1.~ 1.6004 1.6265 1.6742 1.7175 1.7572 1.7945 1.~ 1.8625 

Sll 
'-1• .. 0.0189 1.491l 

1420.35) • 397.18 1201.;; 
a O.i917 l.i019 

1111 
- .. 0.0190 1.4479 

(423.291 .. 400.40 1203.8 
• 0.5953 1.5052 

lllo 
- .. 0.0190 1.4048 

1428.18) • 403.58 1204.0 
a O.i988 l.i023 

1111 
- .. 0.0191 1.3640 

ltz8.98J • 406.85 1204.2 
• 0.6023 1.4997 

1111 
- • 0.0191 1.3255 

IUI.71) b 409.70 1204.4 
• 0.60ii7. 1.4972 

Iiiio 
- .. 0.0192 1.2889 

(~.39) • 412.67 1204.5 
• 0.6090 1.41M& 

19.85 39.85 59.85 79.6; 99.85 129.85 179.65 !79.85 379.8~ 479.8~ 579.65 679.85 779.85 
1.5495 1.6038 1.6555 1.70S. 1.7546 1.8246 1.9375 2.1541 2.3611 2.5875 2.7682 2.9671 3.1645 
1217.8 1231-i 1245.3 1258.0 1269.6 1286.4 1313.5 1368.9 1419.3 1471.5 152U 1578.8 1830.J 
l.i240 1.5391 l.iS39 U673 l.i793 1.5962 1.8224 1.6705 1.7138 1.7536 1.79W 1.8258 1.~98 

11.11 38.71 56.71 78.71 96.71 128.71 176.71 276.71 378.71 476.71 578.71 878.71 ne.11 
1.4943 1.5473 1.5982 1.6472 1.8954 1.7637 1.8737 2.0844 2.2874 2.4857 2.6804 2.8735 3.0641 
1218.0 1229.9 1244.0 1258.8 1268.6 1285.6 1312.8 1366.3 1418.9 1471.2 1523.8 1578.8 1610.1 
l.i189 l.i342 l.it94 l.i629 U751 U922 1.6185 1.8667 1.7102 1.7501 1.7874 1.822. 1.8558 

13.84 33.84 53.84 73.84 93.84 123.84 173.84 273.84 373.84 473.114 573.84 673.114 m.s. 
1.4424 1.4944 1.5445 1.5925 1.6397 1.7084 1.8138 2.0189 2.2163 2.4090 2.5981 2.7855 2.9712 
1214.1 1228.2 1242.5 1255.5 1267.6 1284.7 1312.1 1365.8 1418.4 1470.8 1523.8 1578.4 1830.0 
l.i136 1.5291 1.~ l.i582 l.i707 1.5179 1.6144 1.6628 1.7063 1.7463 1.7837 1.8187 1.8520 

11.04 31.04 51.04 71.04 91.04 121.04 171.04 271.04 371.04 471.04 571.04 671.04 771.01 
1!11935 1.4446 1.4936 1.5409 1.5872 1.6525 1.7573 1.9572 2.1493 2.3368 2.5206 2.7027 2.8531 
1212.2 1226.5 1241.0 1254.2 1266.6 1283.8 1311.4 1365.2 1418.0 1470.5 1523.3 1576.2 1829.8 
l.i088 1.5243 l.i399 l.i538 l.i668 1.58311 1.6108 1.&.;91 1.7027 1.7428 1.7802 1.8152 1.84~ 

8.29 28.29 48.29 88.29 88.29 118.29 188.29 268.29 368.29 488.29 568.29 66!.29 788.29 
t.3472 1.3976 1.4460 1.4923 1.5377 1.6016 1.7041 1.8991 2.0863 2.2687 2.4475 2.62<6 2.8000 
1210 3 1224.8 1239.5 1252.9 1265.5 1282.9 1310.8 1364.7 1417.6 1470.2 1523.0 1576.0 1629.6 
U038 1.5197 1.5355 1.5496 1.5826 1.i801 1.6068 1.6558 1.6993 1.7395 1.7769 1.8120 1.8403 

5.61 25.81 45.81 85~1 85.81 115.81 165.61 265.61 385.81 465.81 585.61 885.81 765.81 
1.3035 1.3532 1.4008 1.4463 1.4909 1.5538 1.6538 1.8441 2.0268 2.2044 2.8784 2.5508 2.7213 
1208.5 1223.1 1238.0 1251.5 1284.5 1282.0 1309.9 1364.1 1417.2 1469.9 1522.8 1575.8 1629.4 
Ullil I.OUil 1.~11 1.5453 1.5S87 l.i763 1.6033 1.6521 1.6960 1.7362 1.7737 1.8088 1.84ll 

8h = superheat. deg. F. h = enthalpy, B.t.a. per lb. 
a = entropy, B.Lu. per deg. F. per lb. 'I' = apecifia volume, cu. fL pew lb. 



APPEIIDIX 

TABLE XXV 
continued 

Sup~meated Steam-{Continued) 

331 

t~~':i:;. SaL Sat.. TzvP&aATUa.-Daoa&u FAaazwaa1' 

~~-~--~-----~---~-Sb 22.99 42.99 62.99 82.99 102.99 122.99 142.99 162.99 262.99 362.99 462.99 562.99 662.99 762.99. 
970 • 0.0192 1.2545 1.3111 1.3579 1.4028 1.4466 1.4681 1.5286 1.5676 1.6063 1.7921 1.9703 2.1435 2.3131 2.4809 2.6471 

(437.01) k 415.58 1204.6 1221.4 1236.6 1250.2 1263.4 1275.2 1286.7 1298.3 1309.1 1363.8 1416.8 1469.8 1522.5 1575.8 1629.2 
• 0.6122 1.4921 1.6106 1.6268 1.6412 1.6648 1.6667 1.6781 1.6894 1.5997 1.6468 1.6928 1.7331 1.7706 1.8068 1.8391 

8h 20.U 40.41 80.41 80.U 100.U 120.U 140.41 180.41 280.41 380.41 480.U 680.41 880.41 760.41 
aN , o.o~~a 1.2211 1.2111 1.3173 1.3614 1.4045 1.4452 1.4860 1.5232 1.5612 1.7428 1.9168 2.01!59 2.2512 2.4148 2.5768 

(439.68) .. 418.46 1204.7 1219.8 1235.0 1248.8 1262.3 1274.2 1286.0 1297.5 1308.4 1363.0 1416.4 1469.2 1522.2 1575.4 1629.1 
• 0.6164 1.4897 1.5063 1.6226 1.6371 1.6510 1.6630 1.6747 1.6869 1.5063 1.6455 1.6806 1.7299 1.7676 1.8027 1.8361 

Sb 17.89 37.89 57.89 77.89 97.89 117.89 137.89 157.89 257.89 357.110 457.89 557.89 857.89 757.80 
... • 0.0193 1.1904 1.2332 1.2768 1.3222 1.3647 1.4048 1.4436 1.4812 1.5184 1.6961 1.8861 2.0311 2.1925 2.3521 2.5101 

142.11) .. 421.27 1204.8 1218.0 1233.4 1247.4 1261.2 1273.2 1285.1 1296.7 1307.7 1362.5 1416.0 1468.9 1522.0 1575.2 1628.11 
• 0.6184 1.4872 1.5017 1.6183 1.5330 1.5472 1.5593 1.5711 1.5824 1.5929 1.6423 1.6865 1.7269 1.7648 1.7998 1.8332 

Sb 15.42 85.42 55.42 75.42 05.42 115.42 135.42 155.42 255.42 855.42 455.42 555.42 855.42 755.42 
100 " 0.0103 1.1809 1.1972 1.2422 1.2849 1.3269 1.3660 1.4042 1.4413 1.4777 I.M22 1.8179 1.9796 2.1367 2.2926 2.4476 

1'44.68) .. 424.02 1204.0 1216.5 1231.6 1245.9 1259.9 1272.4 1284.3 1295.8 1307.0 1362.1 1415.5 1468.6 1521.5 1574.8 1628.1 
• 0.6216 1.6860 1.4977 1.6140 1.6290 1.5434 1.6661 1.6678 1.6790 1.5897 1.6393 1.6835 1.7240 1.7616. 1.7968 1.8381 

Bh 13.00 33.00 63.00 73.00 03.00 113.00 133.00 163.00 :1163.00 363.00 463.00 563.00 653.0.0 763.00 
,,, • 0.0194 1.1327 1.1628 1.2071 1.2494 1.2906 1.3291 1.3669 1.4033 1.4390 1.6095 1.7722 1.9297 2.0887 2.2359 2.3864 

(447.00) .. 426.74 1205.0 1214.6 1230.2 1244.6 1258.8 1271.2 1283.5 1295.1 1306.2 1361.4 1415.1 1468.3 152L4 1574.8 1628.8 
• 0.6244 1.6828 1.4933 1.6101 1.6252 1.6399 1.6624 1.6648 1.6759 1.5865 1.6362 1.6806 1.7212 1.75811o 1.7943 1.8277 

Sh 
410 "0.0194 

(448.38) .. 429.42 
• 0.6271 

10.62 30.62 50.61 70.62 90.62 110.62 130.62 150.62 :1150.62 350.82 450.62 550.62 650.82 750.62 
1.1058 1.1300 1.1738 1.2166 1.2561 1.2942 1.3312 1.3671 1.4021 1.6693 1.72M 1.6826" 2.0332 1.1819 2.3290 
1205.0"1213.0 1228.6 1243.1 1257.5 1270.2 1282.6 1294.3 1305.4 1360.8 1414.6 1468.0 1321.2 1574.8 1628.4 
1.4805 1.4892 1.6060 1.62.11 1.5861 1.6489 1.6612 1.6726 1.6832 1.6331 1.6776 1.7184 1.7561 1.7915 1.8249 

Sh 
... "0.0195 

(461.72) .. 432.06 
• 0.6302 

8.28 28.28 18.28 88.28 88.28• 108.28 128.28 148.28 248.28 348.28 448.28 648.28 848.28 748.28 
1.0800 1.0986 1.1419 1.1834 1.2233 1.2607 ·1.2972 1.8328 1.3670 1.6309 1.61169 1.8377 1.9860 2.1305 2.2742 
1206.0 1211.2 1227.0 1241.7 1256.3 1269.1 1281.8 1293.5 1304.8 1360.3 1414.2 1467.6 1520.11 1574.4 1628.2 
1.4782 1.4850 1.5020 1.6176 1.6326 1.6455 1.5581 1.6696 1.6801 1.6303 U748 1.7166 1.7534 1.7868 1.8222 

Bh 6.99 26.99- 16.99 85.99 M.99 106.99 126.99 145.99 245.99 345.99 445.99 645.99 645.99 745.99 
140 • O.GI95 1.0654 1.0668 1.1116 1.1524 1.1918 1.2268 1.2648 1.2996 1.3334 1.4943 1.6472 1.7949 1.9390 2.0814 2.2220 

1'64.01) .. 434.63 1205.0 1209.6 1225.3 1240.2 1255.0 1268.0 1280.9 1292.6 1303.9 1359.7 lfl3.8 1467.3 1520.6 1574.1 1628.0 
o 0.6330 1.4762 1.4812 1.4981 1.6138 1.6291 1.6422 1.5550 1.6664 1.6772 U276 1.6722 1.7130 1.75011 1.7862 1.8197 

Bh 
... "0.0195 

(466.27) .. 437.18 
• 0.6357 

8.73 :113.78 43.73 63.73 83.73 103.73 1:113.73 143.73 243.73 343.73 143.73 643.7S 643.73 743.71 
1.0318 1.0401 1.0824 1.1230 1.1617 1.1982 1.2337 1.2681 1.3013 1.4593 1.6092 1.7639 1.8951 2.0345 2.1720 
1205.0 1207.9 1223.7 1238.7 1253.8 1266.9 1280.0 1291.8 1303.1 1359.1 1413.4 1467.0 1520.3 1573.9 1627.1 
1.4739 1.6771 1.4941 1.5099 1.6265 1.6387 1.5617 1.6832 ,.5740 1.6245 1.6694 1.7103 1.7481 1.7836 1.8171 

Bh 
IM • 0.0198 

(468.48) .. 439.69 
• 0.6384 

Sh 

1.0092 
1205.0 
1.4719 

4ft • 0.0198 0.9875 
(460.66) .. 442.17 1206.0 

• 0.6411 1.4699 

Sh 
- y 0 0197 0.9668 

(462.80) .. 444.60 1205.0 
• 0.6436 1.4679 

8h 
IN • 0.0197 0 9466 

(464.91) .. 447.00 1204.9 
o 0.6462 1.4MB 

Bh 
1101 • 0.0197 0.9274 

(467.00) • 449.40 1204.0 
• 0.6468 1.46fl 

Sh 
ltl • 0.0191 0 9090 

(4611.05) h 451.U 1204.8 
• 0.6511 1.4621 

Bh 
- • 0 0198 0.8911 

(171.07) • 454.07 1204.7 
• 0.6537 1.4601 

Sh 
... • 00199-41.8741 

(171.051 • 456.35 1204. 
• O.MOJ l.•:..st 

21.52 41.62 61.62 81.62 101.52 121.62 141.62 241.52 341.52 141.52 641.52 841.52 741.52 
1.0545 1.0946 1.1329 1.1690 1.2039 1.2379 1.2706 1.4258 1.5729 1.7147 1.8530 1.9898 2.1243 
1222.0 1237.2 1252.6 1265.8 1279.0 1291.0 1302.3 1358.6 1413.0 1466.6 1520.0 1573.7 1627.7 
1.4902 1.6062 1.6220 1.6354 1.6485 1.6802 1.5710 1.6217 1.6667 1.7078 1.7455 1.7811 1.8148 

19.31 39.34 59.34 79.34 . 99.31 119.34 139.34 239.34 339.34 439.34 539.34 639.34 739.34 
1.0278 1.0676 1.1053 1.1410 1.1755 1.2091 1.2412 1.3937 1.5381 1.6772 1.8127 1.9466 2.078.\ 
1220.2 1235.7 1251.2 1264.7 1278.0 1290.0 1301.5 1358.0 1412.5 1466.3 1519.8 1573.5 1627".6 
1.4862 1.&026 1.51M 1.6321 1.6453 1.5570 1.6680 1.6189 1.8639 1.7050 1.7429 1.77U 1.8120 

17.20 37.20 57.20 77.20 97.20 117.26 137.20 :1137.20 337.20 437.20 637.20 637.20 737.20 
1.0021 1.0416 1.071<9 1.1141 1.1482 1.1813 1.2131 1.3630 ·1.5049 1.6413 1.7742 1.9054 2.0347 
1218.6 1234.2 1249.9 1263.5 1277.0 1289.1 1300.8 1357.5 1412.1 1466.0 1519.5 1573.3 1627.3 
1.4825 1.49811 1.6161 1.6268 1.5422 1.65311 1.6650 1.6161 1.6612 1.7023 1.7402 1.7758 1.8093 

15.09 35.09 65.09 75.09 95.09 115.09 135.09 235.09 335.09 435.09 635.09 635.09 735.09 
0.9774 1.0168 1.0536 1.0684 1.1220 1.1548 1.1860 1.3335 1.4729 1.6067 1.737L 1.8659 1.9927 
1217.0 1232.7 12<8.4 1262.3 1276.0 1268.3 1300.0 1356.9 1411.7 1465.6 1519.2 1573.1 1627.1 
1.4789 1.4954 1.5116 1.6266 1.6392 1.5511 1.6622 1.613$ I.M68 1.6999 1.7379 1.7736 1.8071 

13.00 33.00 53.00 73.00 113.00 113.00 133.00 :1133.00 333.00 433.00 633.00 833.00 733.00 
0.9538 0.9928 1.0290 1.0636 1.0969 1.1292 1.1600 1.3051 1.4417 1.5736 1.7016 1.8280 1.9532 
1215.3 1231.4 1246.6 1261.1 1275.0 1287.3 1299.3 1366.3 1411.1 1465.1 1518.8 1572.9 1627.3 
1.4762 1.4922 1.60711 1.5226 1.6363 1.5482 1.5506 1.6110 1.6664.1.6976 1.7366 1.7711 1.8062 

10.95 so 95 50.95 70.95 90.95 110.95 130.95 230.95 330.95 430.95 530.95 630.95 730.95 
0.9310 0.9696 1.0056 1.0397 1.0727 1.1046 1.1350 1.2780 1.4127 1.5418 1.6675 1.7915 1.9136 
1213.6 1229.6 1245.6 1259.9 1274.0 1286.6 1298.4 1355.7 1410.9 1465.0 1518.7 1672.6 1626.1 
1.4714 1.4883 1.5048 1.6192 1.6332 1.6454 1.5566 1.6082 1.M38 1.6951 1.7332 1.7689 1.8028 

891 2893 48.93 68.93 88.91 108.93 128.93 :1128.91 328.93 428.93 528.93 828.93 728.93 
09091 0.9471 0.9829 1.0169 1.0494 1.0810 1.1110 1.2519 1.3844 1.6113 1.6347 1.7566 1.8763 
1211.8 1228.1 1244.2 12.;8.6 1272.9 1285.6 1297.6 1355.1 1410.4 1464.6 1518.4 1572.4 1626.8 
1.4677 1.4848 l.601i 1.1>160 1.5302 1.5425 1.65311 1.6057 1.6511 1.6928 1.7310 1.7668 1.8006 

6.95 26.95 46.95 66.95 66.11& lllfl.95 128.95 226.95 326.95 426.95 526.95 826.95 726.95 
0.6879 0.9258 0.9612 0.9948 1.02611 1.0582 1.0878 1.2267 1.3571 1.4818 1.6031 1.7228 1.8402 
12100 1226.6 I:U2.8 1257.1 1271.8 1284.8 1296.& 1354.6 1410.11 1464.3 1518.1 1572.2 1626.4 
1.4641 1.4811 1.4984 1.1>130 1.5274 1.6400 1.6514 1.603i 1.8411S ··- 1.7290 1.7848 1.79116 

Sh • auperheat. dec. F. h • enthalpy, B.t.a. per lb. 
Y • epeciJio volume, OIL ft. per lb. e • entropy, B.t.IL per dec. F. per lb. 
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TABLE XXV 
oontinued 

Superheated Steam-(Continued) 

Ah3. Prtoss 
Lb./Sq. ln. Sat. Sat. TEMPF.:nATURE~OEr.REES FAHRF.NHf:IT 

(Sat. Temp J Waler Steam 500° 120° 8'0° 660~ 580° &00° 650° 700° 150° 800° 900° 1000° 1100° ttoo• 

Sh 24.98 4498 64.98 84.98 104.98 124.98 174.91$ 2<!4.118 274:.\18 324.H8 424.98 524.98 624.98 [28~~: j &tO v 0.0199 0.8576 y..90;".il 0.9401 0.9736 1.00.1)4 1.0363 1.0055 1.1356 1.2025 1.2671 1.3309 1.4.535 1.5727 1.6903 
(475.02) h 4.1)8.62 120i 5 225 0 1241.4 J2,j6.1 1270.7 1283.8 1290.0 1325.6 1354.0 1382.1 1409.6 1463.9 1517.8 1572.0 1626.2 ! 

8 0.6585 1.4565 1.4781 1.4950 1.5098 1.1)243 1.5370 1.1)486 l 5759 1.6009 1.6246 1.6469 1.6884 1.7266 1.7625 1.7962 

Sh 23.06 43.06 6:J.OG 83.06 103.06 123.06 173.06 223.06 273.06 323 06 423.06 523.06 623.06 723.DG 
&50 v 0.0199 0.8416 0.8851 0.9198 0.9.530 0.9846 1.0151 1.0441 1.1132 1.1791 1.2428 1.30.=),; 1.4262 1.5434 1.6590 1.7724 

(476.94) h 460.83 1204.4 12Z3.4 1240.0 12M.8 1269.6 1282.9 1295.2 1324.9 1353.5 1381.6 1409.2 1463.6 1517.5 1571.7 1626.0 
8 0.6609 1.4548 1.4748 1.4919 1.5068 L5215 L5344 L5461 1.5735 L5!lj!7 1.6224 L6447 L6862 1.7244 l.7603 l.794(} 

Sh 21.1.5 41.15 61.15 81.15 101.15 121.15 171.15 221.15 271. 1.; 321.15 421.15 521.15 621.15 721.15 
560 v 0.0200 0.82S3 0.8658 0.~1003 0.9332 0.9fi44 0 9047 I 0231 1.0917 1.1566 1.2193 1.2810 1.3998 1.5151 1.6289 1.7403 

(478.85) h 4n3.04 120t.3 1221.8 1238.5 1251.5 126~.5 12i2.0 129H 1324.2 1352.9 1381.1 1408.7 1463.2 1517.2 1571.5 1625.8 
s 0.6632 1.4530 1.47-14 1.4886 1.503S 1.5181 15ll8 1.5436 1.5711 1.5961 1.6202 1.6425 1.6841 1.7224 1.7584 1.7921 

Sh 19.27 39.27 59.27 79.27 99.27 119.27 169.27 219.27 269.27 319.27 419.27 519.27 619.27 719.27 
&10 v 0.0200 0.8114 0.8472 0.8814 0.9141 0.9450 0.9749 1.0033 1.0708 1.1348 1.1966 1.2575 1.3744 1.4879 1.599i 1.7093 

(480.73) h 465.22 1204.1 1220.2 1236.9 1252.2 1267.3 1281.0 1293.5 1323.5 1352.3 1380.6 1408.3 1462.9 1517.0 1571.3 1625.6 
s 0.6655 1.4512 1.4681 1.4853 1.5008 1.5156 1.5291 1.5410 1.5686 1.5940 1.6179 1.6403 1.6820 0204 1.7564 1.7901 

Sh 17.42 37.42 57.42 77.42 97.42 117.42 167.42 217.42 267.42 317.42 417.42 517.42 617.42 717.42 
&80 v 0.0201 0.7968 0.8291 0.8631 0.8956 0.9263 0.9558 0.9839 1.0506 1.1137 1.1747 1.2347 1.3498 1.4616 1.5714 1.6794 

(482.58) h 467.37 1204.0 1218.6 1235.5 1250.9 1206.1 1280.0 1292.6 1322.8 1351.6 1380.0 1407.8 1462.5 1516.7 1571.0 1625.4 
• 0.6677 1.4494 1.4648 1.4822 1.4978 1.5128 1.5264 1.5384 1.5662 1.5916 1.6156 1.6381 1.6799 1.7183 1.7543 1.7881 

Sh 15.59 35.59 55.59 75.59 95.59 115.59 165.59 215.59 265.59 315.59 415.59 515.59 615.59 715.59 
190 v 0.0201 0.7831 0.8116 0.8455 0.8778 0.9082 0.9373 0.9653 1.0310 1.0934 1.1535 1.2128 1.3262 1.4360 1.5442 1.6505 

(484.41) h 469.50 1203.8 1217.0 1234.0 1249.6 1265.0 1278.9 1291.8 1322.1 1351.1 1379.5 1407.4 1462.2 1516.1 1570.8 1625.3 
• 0.6699 1.4477 1.4616 1.4791 1.4949 1.51Ql 1.5236 1.5359 1.5638 1.5894 1.6134 1.6360 1.6778 1.7162 1.7522 1.7861 

Sh 13.79 33.79 53.79 73.79 93.79 113.79 163.79 213.79 263.79 313.79 413.79 513.79 613.79 713.79 
600 v 0.0201 0.71)!)5 0.7945 0.8284 0.8605 0.8907 0.9194 0.9471 1.0123 1.0738 I 1332 1.1915 1.3032 1.4115 1.5179 1.6224 

(486.21) h 471.59 1203.6 1215.6 1232.5 1248.3 1263.7 1278.1 1290.9 1321.4 1350.5 1379.0 1407.0 1461.8 1516.0 1570.5 1625.0 
• 0.6721 1.4460 1.4586 1.4760 1.4920 1.5072 1.5212 1.5334 1.5615 1.5871 1.6112 1.6339 1.6757 1.7141 1.7502 1.7841 

Sh 12.01 32.01 52.01 no1 92.01 112.01 162.01 212.01 262.01 312.01 412.01 512.01 612.01 712.01 
610 v 0.0202 0.7565 0.7781 0.8120 0.8436 0.8736 0.9022 0.9296 0.9942 1.0548 1.1135 1.1708 1.2809 1.3878 1.4928 1.5964 

(487.99) h 473.67 1203.5 1213.8 1230.9 1246.9 1262.5 1276.8 1290.0 1320.6 1350.0 1378.5 1406.5 1461.5 1515.8 1570.3 1624.9 
8 0.6743 1.4444 1.4552 1.4728 1.4&90 1.5044 1.5183 1.5309 1.5591 1.5850 1.6091 1.6318 1.6738 1.7123 1.7484 1.7823 

Sh 10.25 30.25 50.25 70.25 90.25 110.25 160.25 210.25 260.25 310.25 410.25 510.25 610.25 710.25 
&10 v 0.0202 0.7438 0.7622 0.7960 0.8275 0.8572 0.8856 0.9127 0.9765 1.0364 1.0943 1.1505 1.2596 1.3648 1.4677 1.5707 

(489.75) h 475.72 1203.3 1212.2 1229.5 1245.5 1261.3 1275.8 1289.1 1319.9 1349.3 1377.9 1406.1 1461.2 1515.5 1570.1 1624.7 
• 0.6784 1.4427 1.4520 1.4698 1.4860 1.5016 1.5157 1.5284 1.5568 1.5827 1.6068 1.6296 1.6717 1.7102 1.7464 1.7803 

Sh 8.51 28.51 48.51 68.51 88.51 108.51 158.51 208.51 258.51 308.51 408.51 508.51 608.51 708.51 

~~=~==~~===~~~~~~~ 8 0.6785 1.4410 1.4488 1.4665 \.4830 1.4988 1.5130 1.5260 1.5545 1.5805 1.6047 1.6276 1.6697 1.7083 1.7445 1.7784 

Sh 6.79 26.79 46.79 66.79 86.79 106.79 156.79 206.79 256.79 306.79 406.79 506.79 606.79 706.79 
NO v 0.0263 0.7197 0.7317 0.7651 0.7963 0.8258 0.8537 0.8804 0.9429 1.0015 1.0578 1.1124 1.2187 1.3210 1.4213 1.5193 

(493.21) h 479.79 1202.9 1209.0 1226.3 1242.7 1258.9 1273.6 1287.4 1318.5 1348.2 1376.8 1405.2 1460.5 1515.0 1569.7 1624.3 
8 0.6806 1.4394 1.4458 1.4636 1.4802 1.4962 1.5105 1.5236 1.5523 1.5785 1.6026 1.6256 1.6678 1.7065 1.7427 1.7766 

Sh 5.10 25.10 45.10 65.10 85.10 105.10 155.10 205.10 255.10 305.10 405.10 505.10 605.10 705.10 
180 v 0.0203 0.7082 0.7171 0.7504 0.7816 0.8107 0.8384 0.8648 0.9269 0.9846 1.0404 1.0944 1.1988 1.2999 1.3987 1.4958 

(494.90) h 481.73 1202.7 1207.3 1224.8 1241.3 1257.6 1272.5 1286.5 1317.8 1347.6 1376.3 1404.7 1460.1 1514.7 1569.4 1624.1 
• 0.6826 1.4379 1.4427 1.4607 1.4774 1.4935 1.5080 1.5213 1.5501 1.5764 1.6006 1.6236 1.6659 1.7046 1.7408 1.7748 

Sh 3.42 23.42 43.42 -63.42 83.42 103.42 153.42 203.42 253.42 303.42 403.U 503.42 603.U 703.42 
1&0 v 0.0204 0.6969 u.7031 0.7361 0.7672 0.7962 0.8~7 0.8499 0.9113 0.9686 1.0234 1.0769 1.1803 1.2797 1.3774 1.4727 

(496.58) h 483.77 1202.5 1205.7 1223.2 1240.0 1256.4 1271.4 1285.5 1317.1 1347.0 1375.8 1404.3 1459.7 1514.4 1569.2 1624.0 
• 0.6847 1.4363 1.4396 1.4576 1.4746 1.4908 1.5054 1.5188 1.5479 1.5742 1.5985 1.6216 1.6639 1.7027 1.7390 1.7730 

Sh 
670 v 0.0204 0.6861 

(498.23) h 485.61 1202.3 
8 0.6867 1.4349 

Sh 
680 v 0.0204 0.6757 

(499.87) h 487.64 1202.1 
• 0.6886 1.4332 

Sh 
ItO v 0.0205 0.8652 

(501.49) h 489.56 1201.8 
• 0.6906 1.4316 

•• .... 
1101.1• 

1.77 21.77 41.77 61.77 81.77 101.77 151.77 201.77 251.77 301.77 401.77 501.77 601.77 701.77 
0.6892 0.7224 0.7531 0.7820 0.8093 0.8354 0.8963 0.9527 1.0072 1.0599 1.1617 1.2600 1.3560 1.4503 
1204.0 
1.4367 

1221.7 1238.7 1255.1 1270.2 1284.5 1316.3 1346.3 1375.3 1403.9 1459.4 1514.1 1569.0 16~.8 
1.4549 1.4721 1.4883 1.5030 1.5166 1.5459 1.5723 1.5968 1.6200 1.6624 1.7012 1.7376 1.7716 

20.13 40.13 60.13 80.13 100.13 150.13 200.13 250.13 300.13 400.13 500.13 600.13 700.13 
0.7089 0.7397 0.7683 0.7954 0.8212 0.8814 0.9375 0.9912 1.0432 1.1440 1.2408 1.3357 1.4283 
1220.2 1237.3 1253.9 1269.1 1283.6 1315.6 1345.8 1374.7 1403.4 1459.0 1513.8 1568.7 1623.6 
1.4519 1.4692 1.4856 1.5004 1.5142 1.5437 1.5703 1.5947 1.6179 1.6603 1.6992 1.7356 1.7697 

18.51 38.51 58.51 78.51 98.51 148.51 198.51 248.51 298.51 398.51 498.51 598.51 698.51 
0.6956 0.7263 0.7549 0.7818 0.8075 0.8675 0.9225 0.9758 1.0272 1.1267 1.2223 1.3162 1.4076 
1218.5 1235.8 1252.5 1263.0 1282.7 1314.9 1345.1 1374.2 1402.8 1458.7 1513.6 1568.5 1623.4 
1.4488 1.4663 1.4828 1.4978 1.5118 1.5415 1.5681 1.5927 1.6159 1.6586 1.6975 1.7339 1.7680 

16.91 36.91 56.91 76.91 96.91 146.91 196.91 246.91 296.91 396.91 496.91 596.91 696.91 
0.6830 0.7133 0.7419 0.7687 0.7941 0.8534 0.9084 0.9608 1.0117 1.1096 1.2043 1.2965 1.387(} 
1217.1 1234.7 1251.3 1266.8 1281.9 1314.3 1344.6 1373.7 1402.5 1458.2 1513.4 1568.2 1623.3 
1.4461 1.4638 1.4803 1.4953 1.5097 1.5396 1.566,3 1.5908 1.6141 1.6567 1.6958 1.7321 1.7663 

heat, deg. F. h = enthalp~·. B.t.u. per lb. 
J.c volume, cu. ft. per lb. a = entropy, B.t. u. per deg. F. per lb . 



APPENDIX 
TABLE XIV 
continued 

Superheated Steam-{eo;tinued) 

333 

tt,•iJ:.':'r.;. 8o&. So&. Tn•auToao-DooaOEo F•aaENR&rT 

~~~~----~--~~--~~~ Sb 12.99 32.99 52.99 72.99 92.99 112.9V 142.99 192.99 242.'JY 2'J2.'JY 392.99 4'.12.99 592.99 692.90 
fll w 0.0200 0.6314 0.6524 0.6827 0.7109 0.7373 0.7624 0.78G4 0.8203 0.8740 O.Y:!:;o 0.9745 1.0097 1.1612 I 2511 1.3383 

1607.0
11 ~ o~::7: :~4~ :~.'iS: :~:s':i: lW:i: / 24":•~ ~~~:i: l~M g~,: e~3~~ ~~~ :~ l'.i~.: l'::.'i~ lS:J1~ lW2~ 

Bb 9.17 29.17 49.17 89.17 89.17 109.17 139.17 189.17 239.17 289.17 389.17 489.17 589.17 889.17 
,.. 'I' 0.0201 0.6091 0.6237 0.6538 0.6818 0.7080 0.7326 0.7561 0.7896 0.8419 0.8918 0.9J'J9 1.03:.!6 1.1212 1.2078 1.2928 

~~~~==~~~~~~~~~~~~ 
Bb 5.13 25.U 45.43 85.43 85.43 105.U 135.43 1,85.43 23H3 285.43 385.U 485.U 585.43 685.U 

nl y 0.0208 0.5882 0.5969 0.6268 O.GM$ 0.6803 0.7047 0.7278 0.7607 0.8119 0.8f,Q6 0.9073 0.9977 l.Otslti 1.1676 1.2505 
1614.671 ~ 0~~ :~.~8; l~<; :~4~: /Wig l~5M l~.\i: ~~~~ g~~~ g~~g /i~':i~ :: ~~~= /1's'3~ / 5162~ l~12.'t: 

Bb 1.80 21.80 41.80 81.80 81.80 101.80 131.80 181.80 231.80 281.80 381.80 48180 581.80 681.80 
- • 0.0209 0.&685 0.5714 0.6013 0.6288 0.6545 06785 0.7013 0.7336 0.7838 0 8313 0.8770 0.9648 1.0486 1.1302. 1.2105 

161..,
01 ~ o~J ~W~ ~T.i~ l~i~ti~ ~~::.: lWi~ l~~: ~~~ l~ti% l3i.87: P5~8i; l3i;J l~~ lW,;! lS:~oi~ l~~~ 

Bb 
HI • 0.0210 0.5500 

(621.761 • 614.0 1198.0 
• 0.7162 1.4121 

•• - • 0.0210 0.5321 
16J6.U)•. 618.1 1197.2 

• 0.71114 1.4087 

lb 
.,. • 0.0211 0.5181 

162&.611 • 622.4 11116.4 
o0.7:13111.-

lb 
- • 0.0211 0.6001 

1611.1141 • 626.6 1195.8 
• 0.7276 1.4022 

•• • HI 9 0.0211 0.485& 
1616.101 • 630.8 1194.7 

o 0.7316 U90I 

Bb 
- • 0.0214 0.4717 

1uual ~ o"lt~ :;:J 
Bb 

'" • 0.0215 0.4583 
(641.601 • 538.6 1192.1 

• o.n93 1.10211 

lb 
.... • 0.0211 0."51 

1644.161 • 642.4 1191.8 
• 0.7431 l.al98 

lb 
IHI • 0.0217 0.4SM 

1647.671 • 646.1 1101.0 • 
00.741181.31171 

Bb 
·- • 0.0211 8.<211 IUO.UI • 650.0 11110.0 

• 0.7604 1.31138 

lb 
""' • 8.0211 8.4101 

16U.411 • 663.7 11118.0 
• 1.7640 1.1&10 

lb u• • 1.0211 e.coos 
11611MI • 667.4 1187 .• 

• 8.7671 1.1710 .. 
.... • ~- 1.1001 

11611.871 • 661.0 1186.7 
• 0.7110 1.17$1 

18.25 38.25 58.25 78.25 98.25 128.25 178.25 228.25 278.25 378.25 478.25 578.25 678 25 
0.5774 0.6048 0.6300 0.6539 0.6763 0.7081 0.7573 0.8038 0.8483 0.9338 I 0155 1.0•50 1.1727 
1216.1 1234.8 1252.1 1268.5 1284.0 1304.8 1336.8 1367.0 1396.6 1453.8 1509.7 1565.4 1620 8 
1.4304 1.4490 1.4657 1.4813 1.4958 1.6148 1.5430 1.5685 1.5925 1.6362 1.6758 1.7127 1.7471 

14.77 34.77 54.77 1<.77 94.77 124.77 17C.77 224.77 274.77 37C 77 47U7 57C 77 874.77 
0.5545 0.5817 0.6070 0.6306 0.6528 0.6841 0.7323 0.7779 0.8213 0.9048 0.9845 1.0619 1.1375 
1212.4 1231.5 1249.1 1265.7 128l.C 1302.1 1335.2 1365.7 1395.4 1452.8 1509 0 1564.8 1620.4 
1.4240 1.4429 1.4600 1.4758 1.4905 1.5101 1.5386 1.5643 1.5883 1.6321 1.0720 1.711110 1.7435 

11.38 11.38 61.38 71.38 91.38 121.38 171.38 221.38 271.38 371.38 471.38 571.38 871 38 
0.5327 0.5601 0.5851 0.6085 0.6305 0.6615 0.7087 0.7535 0.7960 0.8773 0.9554 1.0306 1.1045 
1208.4 1228.0 1246.0 1263.0 1279.0 1300.9 1333.5 1364 4 1394.2 1451.9 1508.3 1564.3 1619.8 
1.4177 1.4371 ....... 1.4708 1.4858 1.5058 1.5345 1.5606 1.6847 1.6287 1.6687 1.7058 1.7403 

8.06 28.06 48.06 88.06 88.06 118.06 168.06 218.06 268.06 368.06 468.06 568.08 668~ 
0.5123 0.5394 0.5644 0.5876 0.6094 0.6399 0.6866 0 7304 0.7720 0.8516 0.9277 1.0010 1.07 • 
1204.0 1224.2 1242.8 1260.0 1276.5 1298.6 1331.8 1363.0 1392.9 1451.1 1507.8 1563.7 161 .3 
1.4106 1.4306 1.4484 1.4849 1.4803 1.5004 1.6296 1.5559 1.5801 1.6245 1.6647 1.7017 1.7362 

UIO 24.80 44.80 11<1.80 84.80 114.80 111<1.80 %14 80 264.80 364.80 464.80 564 80 1164 80 
0.4927 0.5199 0.5448 0.5678 0.5894 0.6196 0.665$ 0.7085 0.7494 0.8272 0.901t 0.9731 1.0432 
1200.0 1220.8 1239.6 1257.0 1273.8 1296.7 1330.2 1361.7 1391.7 1450.0 1506.9 1563.1 1618.9 
1.4044 1.4250 1.4433 1.45911 1.4757 1.4965 1.5260 1.5526 1.5769 1.6214 1.6618 1.6990 1.7337 

1.82 21.82 41.82 61.62 81.82 111.82 161.82 211.62 261.62 36162 461.62 561.62 881.62 
O.f741 O.&Oit 0.5262 0.5491 0.5705 0 6003 0.6456 0.6877 0.7277 0.8039 0.8766 0.9465 1.0148 
1195.8 1217.0 1236.4 1254.1 1271.3 1294.5 1328.5 1360.3 1390.5 IUU 1506.1 1562 6 1618.& 
1.31180 1.4190 1.4378 1.4547 1.4708 1.4920 1.52:l0 1.5488 1.5733 1.6180 1.6584 1.6958 1.7306 

18.50 38.50 58.50 78.50 108.50 158.50 208.50 258.50 358.50 458.50 558.50 &58.50 
0.4835 0.5083 0.5311 0.5524 0.5820 0.6268 0.6680 0.7073 0.7820 0.8533 0 9214 0.9880 
1213.0 1233.0 1251.2 1268.7 1292.1 1326.7 1358.8 1389.2 1448.2 1505.4 1562.0 1618.01 
1.4128 1.4322 1.4495 1.48511 1.4873 1.5178 1.6449 1.5695 1.6145 ).6551 ).6926 1.727' 

15.44 35.44 55.44 75.44 105.44 15h4 205.44 255.44 355.44 455 44 555.44 855.44 
0.4665 0.4914 0.5141 O.~M O.S639 0.6085 0.6492 0.6819 0.7611 0.8306 0.8V7t 0.9626 
1208.8 1229.4 1248.2 1265.8 1289.6 1324.9 1357.2 1388.0 1447.3 1504.7 IS61.3 1617.5 
1.4068 1.4268 1.4445 1.4610 1.4827 1.5138 1.5411 1.5660 1.6113 1.8520 1.6895 1.7244 

12.43 32.43 52.43 72.43 102.41 152.43 202.43 252 43 352.43 452 43 552.U 852.43 
0.4498 0.4751 0.4978 0.5188 O.M79 0.5913 0.631' 0.6695 0.7413 0.8095 0.8746 0.9381 
1204.5 1225.11 1245.2 1263.0 1287.& 1323.1 1355.7 1386.8 1446.4 1504.1 1560 e 1617 o 
1.4004 1.4212 1.431i6 1.4562 1.4787 1.5100 1.5375 1.5627 1.6082 1.84VI 1.6866 1.72111 

8.48 29.48 49.48 89.48 99.48 149.48 199.48 249.48 349.48 449.48 549.48 849.48 
0.4345 0.4598 0.4822 0.5031 0.5320 0.5749 0.6143 0.6519 0.7223 0.7892 0.8531 0.9154 
1200.5 1222.4 1241.8 1260 2 1285.1 1321.3 1354.2 1315.6 1445.4 1503.4 1560.0 1616.5 
U943 1.4155 1.4341 1.4512 1.4739 1.5058 1.5336 1.5590 1.6047 1.8458 1.6833 1.71M 

6.58 28.58 48.58 88.58 96.58 146.58 196.58 146.58 348.58 448.58 548.58 846.&8 
0 .• 195 0.4:446 0.4672 0.4878 0.5169 0.5592 0.5980 0.6349 0.7042 0.7696 0.8322 0.8933 
1196.3 1218.7 1238.8 1257.2 1282.8 1319.4 1352.8 1384.1 1444.3 1502.5 1559.3 1615.9 
1..11181 1.4100 1.42112 1.4464 1.4611& 1.5020 1.5300 1.5555 1.6015 1.6428 1.6804 1.7158 

1.74 23.74 43.74 83.74 93.74 143.74 193.74 243.74 343.74 443.74 543.74 11<13.74 
G.toM 0.430& 0.4530 0.4738 0.5027 O . .W45 0.5828 0.6190 0.6871 0.7511 0.8125 0.872t 
1192.1 1214.9 1235.8 1254.5 1280.6 1317.8 1351.3 1383.0 1443.8 1501.7 1558.7 1615.4 
I.MU 1.4044 1.4241 1.1418 1.4658 1.4984 l.li267 1.5523 1.5966 1.6398 1.677& 1.7121 

20.91 40.93 60.91 110.93 140.91 190.93 240.93 340 93 440.93 U0.93 8411.91 
0.4187 0.4392 8.4598 8.4883 0.5301 0.5678 0.6036 0.6706 0.7333 0.7938 0.8524 
1211.1 123Z.t 1251.6 1777.7 t3l5.e 134.9.& 1381.7 1442.& 1soo.a 15M.z l&tt.t 
1.311111 1.4190 1.4370 1.4810 ··- 1.5231 1.5491 1.61158 1.6369 1.6748 1.7101 

Sb • euperheat, d~. F. h - enthalpy, B.t.u. per lb. 
Y • ._;lie volume, ou. fL per lb. a - entropy, B.t.u. per dec. F. per lb. 
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~UNDA~ENTALS OF POWER PLANT· ENGINEERING 

T-ABLE XXV 
continued 

Superheated Steam (Continued) 

Lb./Sq. lo. Sat. Sat. TEuP•RATUa&-Dw:oaE&e FAaaBNaarr 
(Sat. Temp.) Water Steam 180° 100• 110• MO• 150° 110• fOO• fl0° teo• 100° 100° 1000• noo• 1100• 

~~~~~~~~~==~~===== 1561
•
811 ~ o~1~: ~~3s;:ig l~O:a: l~iM l~t:2g l~::lit l~::.; l~::J lWi~ e~2: l~tM ~~~.s; l~t~2~ :~.~ lW2: l~Jo\i 

Sb 15.46 35.46 55.46 75.46 95.46 115.46 135.46 155.46 185.46 235.46 335.46 435.46 53546 8354e 
ltYI y 0.0222 0.3710 0.3911 0.4133 0.4339 0.4530 0.4708 0.4874 0.5032 0.5183 0.5400 0.5747 0.6398 0.7005 0.7586 0.8149 

(564.54) b 568.2 1184.4 1203.6 1225.4 1245.4 1264.6 1281.5 1297.3 131U 1326.1 1346.4 1379.0 1440.6 1499.4 1557.0 1614 o 
o 0.7671 1.3694 1.3880 1.4088 1.4275 1.4451 1.4603 1.4743 1.4872 1.4991 1.5161 1.5425 1.5896 1.6313 I 6694 1 7 .. 8 

Sb 12.81 32.81 52.81 72.81 02.81 112.81 132.81 152.81 182.81 232.81 332.81 432.81 532.81 632.81 
1100 ., 0.0223 0.3620 0.3793 0.4013 0.4219 0.4408 0.4585 0.4750 0.4907 0.5056 0.5271 0.5613 0.6251 0.6853 0.7<23 0 7975 

(567.19) b 571.7 1183.2 1200.2 1222.1 1242.6 1261.5 1279.2 1295.3 1310.3 1324.4 •1345.0 1377.7 1439.5 1499.0 1556.6 tiHJ 6 
• 0.7712 1.3667 1.3831 1.4040 1.4232 1.4405 1.4565 1.4707 1.4838 1.4958 1.5131 1.5395 1.5867 1.6289 1.6671 1.7025 

Sb 10.18 ·30.18 50.18 70.18 90.18 110.18 130.18 150.18 180.18 230.18 330.18 430.18 530.18 630" 
· 1111 v 0.0224 o.3534 o.3669 o.3895 o.4102 o.429o 0.4466 o.463t o.4786 0.4934 o.5t46 0.5483 0.6113 o.6702 o.7264 o 7806 

(569.82) b 575.1 1182.0 1195.6 1218.8 1239.7 1258.8 1276.T 1293.3 1308.3 1322.7 1343.3 1376.4 1438.6 1498.0 1556.0 IG13 0 
• 0.7745 1.3640 1.3771 1.3990 1.4188 1.4363 1.4524 1.4671 1.4802 1.4925 1.5097 1.5365 1.5840 1.8262 1.6646 1.7000 

8b 7.61 27.61 47.81 67.61 81.81 107.61 127.61 147.61 177.61 227.61 127.61 427.61 527.61 i121 aT 
1110 v 0.0225 o.3453 0.3549 o.3782 o.3991 0.4t77 0.4354 o.45t7 o.4672 o.48t7 0.5027 o.5360 o.5980 o.6558 o.7113 o.1&.4 

(572.39) b 578.6 1180.8 1190.9 1215.0 1238.7 1258.0 1274.5 1291.2 1306.8 1321.0 1341.9 1375.2 1437.7 1497.2 1555.4 1612.6 
o 0.7777 1.3612 1.3710 1.3939 1.4142 1.4319 1.4486 1.4634 1.4768 1.4891 1.5088 1.5335 1.5813 1.8235 1.6620 1 697:i 

Sb 5.07 25.G7 45.07 85.07 85.07 105.07 125.07 145.07 175.07 225.07 325.07 425.07 525.07 625.07 
11'1'1 .. 0.0226 0.3371 0.3437 0.3672 0.3881 0.4068 0.4244 0.4406 0.4560 0.4705 0.4912 0.5241 0.5852 0.6420 0.6966 0.7<88 

(574.931 b 582.0 1179.5 1186.5 1211.2 1233.5 1253.3 1272.0 1289.0 1304.8 1319.4 1340.3 1373.9 1436.7 1496.3 1554.7 1612.0 
• 0.7809 1.3584 1.3651 1.3887 1.4095 1.4277 1.4445 1.4596 1.4732 1.4858 1.5033 1.5305 1.5785 1.6207 1.6594 1.6950 

Sb 2.57 22.57 42.57 82.57 82.57 102.57 122.57 '142.57 172.57 222.57 322.57 422.57 522.57 122.57 
1100 .. 0.0227 0.3294 0.3329 0.3567 0.3778 0.3965 0.4140 0.4301 0.4453 0.4598 0.4803 0.5127 0.5730 0.6290 0.6826 0.7340 

(577.43) b 585.4 1178.3 1182.0 1207.7 1230.3 1250.8 1269.8 1287.0 1302.8 1317.8 1338.9 1372.8 1435.8 1495.7 1554.2 1611.8 
• 0.7840 1.3557 1.3592 1.3837 1.4049 1..4235 1.4406 1.4560 1.4698 1.4826 1.5002 1.5275 1.6758 1.8183 1.6570 1.6926 

Sh 
1HI v 0.0228 0.3220 

(579.89) b 588.7 1177.0 
• 0.7871 1.3530 

. Sb 
1110 .. 0.0229 0.3147 

(582.32) b 592.1 1175.8 
• 0.7902 1.3504 

8b 
11'1'1 .. 0.0230 0.3078 

(584.71) b 595.3 1174.5 
• 0.7932 1.3477 

Bb 
1400 .. 0.0231 0.3011 

(587.07) b 598.8 1173.2 
• 0.7963 1.3453 

Sb 
101 .. 0.0232 0.2947 

(589.40) b 601.8 1171.8 
• 0.7992 1.3425 

Sb 
1410 • 0.0233 0.2885 

(591.70) b 605.0 1170.5 
• 0.8022 1.3401 

8b 
14TI v 0.0234 0.2824 

(593.97) b 608.2 1169.1 
• 0.8052 1.3375 

Sb 
1100 .. 0.0235 0.2765 

(596.20) b 61 u 1167.7 
• 0.8081 1.3350 

Sb 
lUI v 0.0236 0.2708 

(598.41) b 614.5 1166.2 
• 0.8109 1.3323 

Sb 
1110 v 0.0237 0.2653 

(600.59) b 617.7 1164.8 
• 0.8138 1.3298 

20.11 40.11 60.11 80.11 100.11 120.11.140.11 170.11 220.11 320.11 420.11 520.11 820.11 
0.3463 0.3673 0.3863 0.4037 0.4200 0.4350 0.4493 0.4698 0.5016 0.5611 0.6162 0.6689 0.7195 
1203.8 1227.0 1247.8 1267.0 1285.0 1300.8 1315.9 1337.3 1371.2 1434.8 1494.9 1553.4 1611.0 
1.378.t 1.4002 1.4193 1.4368' 1.4525 1.4663 1.4792 1.4971 1.52t8 1.6731 1.6158 1.6545 1.890~ 

17.68 37.68 57.68 77.68 97.68 117.68 137.88 187.68 217.68 117.88 417.68 517.84 817.68 
0.3363 0.3578 0.3766 0.3940 0.4105 0.4252 G.4393 0.4594 0.4911 0.5497' 0.6042 0.6559 0.7057 
1200.0 1223.8 1245.0 1264.8 1283.2 1299.1 1314.2 1335.8 1370.0 1433.8 1494.3 1552.8 1610.6 
1.3734 1.3957 1.4151 1.4328 !.4492 1.4631 1.4760 U94J 1.5218 1.57b5 1.6134 1.6521 1.6881 

15.29 35.29 55.29 75.29 95.29 115.29 135.29 165.29 215.29 315.29 415.29 515.29 815.29 
0.3266 0.3480 0.3670 0.3847 0.4007 0.4154 0.4295 0.4494 0.4808 0.5387 0.5922 0.6432 0.6922 
1195.8 1220.2 1242.0 1262.1 1280.7 1296.8 1312.3 1334.1 1368.6 1432.8 1493.2 1552.0 1609 9 
1.3680 1.3908 1.4108 1.4289 1.1453 1.4593 1.4726 1.4908 1.5188 1.5678 1.6107 1.6496 1.6856 

12.93 32.93 52.93 72.93 92.93 112.93 132.93 182.93 212.93 312.93 412.93 512.93 612.93 
0.3172 0.3388 0.3581 0.3760 0.3914 0.4063 0.4203 0.4401 0.4711 0.5283 0.5811 0.6313 0.6795 
1191.8 1216.9 1239.2 1260.1 1278.2 1294.9 1310.8 1332.8 1367.4 1431.9 1492.7 1551.7 1609.6 
1.3629 1.3863 1.4068 1.4256 1.4416 1.4562 l.t896 1.4882 1.5162 1.5654 1.6086 1.6476 1.6836 

10.60 30.60 50.60 70.60 90.60 110.60 130.60 160.60 210.60 310.60 410.60 510.60 810.80 
0.3081 0.3297 0.3491 0.3668 0.3825 0.3972 D.4112 0.4308 0.4616 0.5180 0.5701 0.6195 0.6671 
1187.7 1213.2 1236.2 1257.2 1275.8 1292.9 1308.9 1331.1 1366.1 1431.0 1491.8 1551.0 1609.1 
1.3578 1.3814 1.4025 1.4215 1.4379 1.4528 1.4665 1.4850 1.6134 1.5629 1.6061 1.6453 1.6814 

8.30 28.30 48.30 68.30 88.30 108.30 128.30 158.30 208.311 308.30 408.30 608.30 608.30 
0.2991 0.3211 0.3405 0.3580 0.3739 0.3885 0.4025 0.4220 0.4524 0.5082 0.5597 0.6083 0.6552 
1183.2 1209.7 1233.1 1254.3 1273.5 1290.6 1307.0 1329.7 1364.8 1430.1 1491.3 1550.4 1608.6 
1.3521 1.3769 1.3984 1.4170 1.4345 J.fd93 1.4634 1.4824 1.5108 1.5608 1.6041 1.6432 1.8794 

8.03 26.03 48.03 66.03 86.03 106.03 126.03 158.03 206.03 306.03 406.03 506.03 806.03 
0.2903 0.3126 0.3318 0.3495 0.3654 0.3801 0.3939 0.4129 0.4435 0.4986 0.5493 0.5973 0.6439 
1178.7 1206.2 1229.7 1251.5 1271.0 1288.8. 1305.0 1327.4 1363.5 1429.1 1490.3 1549.8 1608.4 
1.3466 1.3723 1.3939 1.4135 1.4308 1.44&J 1.4601 1.4789 1.5081 1.5582 1.6018 1.641~ 1.0776 

3.80 23.80 43.80 83.80 83.80 103.80 123.80 153.80 203.80 303.80 403.80 503.80 603.80 
0.2817 0.3044 0.3236 0.3413 0.3573 0.3721 0.3856 0.4042 0.4349 0.4894 0.5396 0.5869 0.6332 
1174.2 1202.5 1226.4 1248.5 1268.6 1286.8 1303.0 1325.4 1362.1 1428.1 1489.8 1549.3 1608.4 
1.3411 1.3676 1.3895 1.4094 1.4272 1.4431 1.4569 1.4757 1.5054 1.5558 1.5995 1.8390 1.8757 

21.59 41.59 61.59 81.59 101.59 121.59 151.59 201.59 301.59 101.59 501.59 601.59 
0.2962 0.3158 0.3335 0.3495 0.3642 0.3777 0.3965 0.4265 0.4804 0.5299 0.5768 0.6218 

ta::2: :~i~ ~~~s: ~~4s:a: era9~ :~s\i: :~i1'ai\ ~~~:i~ :~: :~s:1: ~~~t :~tl:i; 
19.41 39.41 59.41 79.41 ..... 119.41 149.41 199.41 299.41 399.41 199.41 599.41 

0.2883 0.3084 0.3261 0.3420 0.3567 0.3702 0.3891 0.4185 0.4719 0.5208 0.5669 0.6113 
1194.5 1220.5 1243.3 1264.0 1282.7 .1299.6 1323.0 1359.4 1428.2 1488.3 1548.2 1607.0 
1.3578 1.3814 !.4020 1.4203 1.4365 1.4510 1.4706 1.5001 1.5511 1.5951 1.6348 1.6713 

Sh = superheat, deg. F. h = enthalpy, B.t.u. per lb. 
v = specific volume, cu. ft. per lb. e = entropy, B.t.u. per deg. F. per lb. 
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TABLE XXV 
continued 

Superheated Steam-(Cantinued) 
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t..,~s';.~: 8at. 8at. TtvnaATtra8-Dtoasc• FAaa&lfllaT 

-~---~--~~~~~--~~~ 
'"' 

8~ oo2a8 o2s99 o1l~ o3Jd~ o5
J1= o7i:i~: o9i4~; ~1i6~ ~3i7~: ~5Js~ ~7i9~; ~9li~ ~:~ :9li~ ~9ls~ ~9~~ 

ltiOWI ~ o~.r.'O: ~~6t1ll 1a~2: l?a'7
6
6: l 2a~7: ~~~~~ l 24~: :w7: ~~j~ :~;7~= :~4~ lW1: l~"i: ~~S:J ~~J ~~~~ 

Bb 15 II 35.11 55.13 75.13 95.13 115.13 135.13 ISS. II 175.13 195.11 295.13 395.13 495.13 595.13 
,_ • 0 0239 0 2548 0.2730 0 2935 0.3114 0 3274 0.3421 .~.3555 0.3682 0.3802 0.3919 0.4031 0.4554 0.5032 0.5482 0.5914 

ceoun ~ oW~: :~:~.: P:1~ lW2~ :w,; l 2."18:i~ lWo~ :~:;.~ ~~~M l~42Ji~ l~ l~4S:~ ~~ l~S:: :~: l~1: 
Bb IS 03 33.03 53.03 73.03 93.03 113 03 133 03 153.03 173.03 193.03 293.03 393.03 493.03 593.03 

lUI • 0.0240 0.24117 0.2656 0.2864 0.3044 0.3203 0.3348 0.3484 0.3610 0.3729 0.3845 0.3957 0.4474 0.4948 0.5391 0.5818 

(eo6.m ~ o~N2; ~~~2: l~a'i2l lW~ l 2a~~ l2~ lWJ l~ii: :~::;2 ~~~ :~:~ lW:J l~.X l~ := l~:;~ 
Bb 10 9S 30.95 50.95 70.95 90.95 110.95 130.95 150.95 170.95 190.95 290.95 390.95 490.95 590.95 

1111 • 0.0241 0.2448 0.2583 0.2794 0.2976 0 3136 0.3280 0.3417 0.3542 0.3661 0.3776 0.3887 0.4399 0.4867 0.5305 0.5724 
11109

·
061 ~ o~:J l~i18~: lW1: l~3~f l2:i.i: ~~~ l

2IM l~.'a'a: l~tJ ~~ l~isf l~&J l~:iA l~: l1"2~~ l~al 
Bh 8.90 28 90 48.90 68 90 88.90 108.90 128.90 148.90 168.90 188.90 288.90 388.90 488.90 588.90 

IIYI • 0.0242 0.2401 0.2511 0.2726 0.2909 0.3069 0.3214 0.3350 0.3474 0.3592 0.3706 0.3817 0.4324 0.4787 0.5220 0.5634 
(111.101 ~ 633.1 1157.2 1173.1 1203.2 1228.7 1251.0 1271.5 1289.7 1306.4 1322.2 1337.5 1352.5 1420.9 1484.4 1545.0 1604.1 

• 0.8278 1.1171 1.3321 l.a597 1.3827 1.4024 1.4203 1.4358 1.4499 1.4629 1.4754 1.4874 1.6396 1.5846 1.6248 1.6615 

Bb 8 88 26.88 4ll.88 88.88 88.88 106.88 126.88 146.88 188.88 188.88 288.88 388.88 488.88 586.88 
,_ • 0.0241 0.2354 0.2441 0.2659 0.2844 0.3006 0.3152 0.3286 0.3411 0.3528 0.3641 0.3750 0.4254 0.4711 0.5139 0.5549 

(111.121 ~ 636.1 1155.7 1168.1 1199.4 122>.7 1248.4 1269.4 1287.8 1304.7 1320.7 1336.2 1351.2 1420.1 1483.7 1544.4 1603.9 
o 0.8304 1.1147 U262 U549 1.3788 1.3987 1.4170 1.4327 1.4469 1.41102 1.4728 1.4848 1.6374 1.5825 1.6227 1.6597 

Bb 4.87 24.17 44.87 84.87 84.87 104.87 124.87 144.87 184.87 184.87 284.87 384.87 484.87 584.87 
lftl • 0.0244 0.2309 0.2384 0.2593 0.2780 0.2943 0.3088 0.3222 0.3346 0.3463 0.3575 0.3684 0.4183 0.4636 0.5058 0.5464 

jll6.11) ~ 639.1 1154.1 1165.2 1195.6 1222 4 1245.8 12668 1285.5 1302.7 1318.9 1334.5 1M9.5 1419.0 1482.9 1543.7 1603.4 
• 0.8331 1.8123 1.3226 1.3505 1.3747 1.3954 1.4136 1.4296 1.4441 1.4575 1.4702 1.4822 1.8352 1.5806 1.6208 1.6571 

Bb 1.89 22.89 42.89 82.89 82.89 102.89 122.89 142.89 162.89 182.89 282.89 382.89 482.89 582.89 
IYII • 0.0245 0.2265 0.2329 0.2529 0.2718 0.2882 0.3028 0.3162 0.3285 0.3402 0 3514 0.3622 0.4116 0.4564 0.4982 0.5383 

1117.111 h. 642.1 1152.6 1162.0 1191.7 1219.2 1243.1 1264.5 12836 1300.9 1317.4 1333.1 IM8.3 1418.1 1481.2 1543.3 1603.0 
0 0.8359 1.3099 1.3187 1.3460 1.3708 1.3919 1.4106 1.4269 1.4414 1.4550 1.4678 1.4800 1.6333 1.5780 1.6192 1.6562 

Bh 
'"' • 0.0246 0.2222 

1119.071 h 845.0 1150 9 
• 0.8388 1.3076 

Bh. 
1- • 0.024? 0.1180 

1621.001 ~ 648.0 1149.3 
0 0.8412 1.3061 

Bh 
IHI • 0.0248 0.2139 

1122.921 ~ 650.0 1147.7 
• 0.8431 1.3028 

Bb 
11N • 0.0241 0.2099 

1824.81) ~ 653.9 1145 9 
• 0.8465 1.3002 

Bh 
,.,. • 0.0251 0.2060 

1126.691 • 656.9 1144 2 
• 0.8491 1.2977 

Bh 
·- • 0 0252 0.2022 1128.66) • 6599 1142.4 

• 0.8517 1.2951 

Bh 
lUI • 0 0253 11.1985 .-au SBI h. 662 8 1140 6 

• 0.8543 1.21126 

Bh 
,... • 00254 11.1941 

1132.20) • 665 8 1138.1 
o 0.8569 1.211Q1 

• '"' • 8 02l101 01911 
(134 00) • 668 7 1137 0 

• 0.S,.,9i I 2877 

20.93 40.93 60.93 80.93 100.93 120.93 140 93 160.93 180.93 280.93 380.93 480.93 580 93 
0.2466 0.2657 0.2822 0.2968 0.3102 0.3225 0.3340 0.3452 0.3559 0.4049 0.4493 0.4906 0.5302 
1187.0 1216.0 1240.4 1262.1 1281.5 1299.0 1315.5 1331.5 1346.8 1416.9 1481.3 1542.5 1602.3 
1.3413 1.3669 1.3885 1.4074 1.4239 1.4387 1.4523 1.4663 1.4776 1.6311 1.6767 1.6173 1.6544 

19.00 39.00 59.00 79.00 99 00 119 00 139 00 159.00 179.00 279.00 379.00 479.00 579.00 
0.2405 0.2598 0.2764 0.2912 0.3045 0.3168 0.3283 0.3393 0.3499 0.3986 0.4425 0.4834 0.5224 
1183.7 1212.7 1237.0 12598 1279.6 1297.t 13139 1329.9 1345.3 1416.0 1480.6 IM2.0 1601.8 
1.3367 1.3628 1.3848 1.4041 1.4211 1.4360 1.4497 1.4627 1.47:.0 1.5290 U748 1.6155 1.6526 

17.08 37.08 57.08 77.08 97.08 117.08 137.08 157.08 177.08 277.08 377.08 477.08 577.08 
0.2M5 0.2540 0.2708 0.21155 0.2991 0.3112 0.3225 0.3335 0.3441 0.39 .. 0.4357 0.4763 0.5147 
1179.5 1209.4 1234.9 1257.3 1277 8 1295.8 J312.2 1328.3 1343.9 1415.0 1479.3 1541.3 1601.1 
1.3319 1.3588 1.3815 1.4009 1.4185 1.4334 1.4471 1.4602 1.4727 1.5270 1.5728 1.6137 1.6508 

15.18 35.18 55.18 75.18 95.18 115.18 135.18 155.18 175.18 275.18 375.18 475.18 575.18 
0.2285 0.2482 0.2651 0 2799 0.2936 0.3056 0.3170 0.3279 0.3384 0.3863 0.4293 0.4695 0.5075 
11751 1205.8 1231.8 1254 8 1275.6 1293.5 1310.5 1326.7 1342.4 1413.9 1479.0 1540.8 1600.8 
1.3269 1.3546 1.3776 1.3876 1.4154 l.f305 1.4445 1.4577 1.470S 1.5248 I.S710 1.6120 1.6492 

lUI 33.31 53.31 73.31 93 31 113.31 133.31 153.31 173.31 273 31 373.31 473.31 573.31 
0 2225 0 2427 0.2597 0 2746 0.2882 0.3003 0.3115 0.3224 0.3328 0.3804 0 4229 0.4628 0.5003 
1170.5 1202.3 1229 0 1252.3 1273.5 1291.8 1308 7 1325.2 1340.8 1412.9 1478.0 1540.2 1600.3 
1.3218 1.3504 1.3741 1.3943 1.4124 1.4278 1.4418 1.4552 1.4677 1.6227 1.5689 1.6101 1.6475 

11.45 31.45 51.45 71.45 9145 111.45 131.45 151.45 171.45 271.45 371.45 471.45 571.45 
0 2165 0 2371 0.2~3 0 2694 0.2828 0.2950 0 3063 0.3171 0.3274 0.3747 0.4170 0.4562 0.4934 
ll6U5 1198 8 1225 9 1249.8 1271.0 1289 7 1307 0 1323.5 1339.4 1411.9 1477.5 1539.7 1399.8 
1.3163 1.3462 1.3702 1.3910 1.4091 1.4249 1.<392 1.4526 1.4663 1.6207 1.5672 1.6084 1.6457 

• 62 29 62 49.62 69 62 89 62 109 62 129.62 lt9.62 169 62 269.62 369.62 469.62 569.62 
0.2107 0.2317 0 2491 0 2642 0 2776 0.2898 0.3010 0.3118 0.3221 0.3690 0 4109 0.4497 0.4864 
11609 11950 1223.1 12473 12fl8.7 1287.7 1305.1 1321.8 1337.8 1410.7 1476.6 1538.9 15990 
Ull1 1.3419 1.3667 1.3878 1.4061 1.4221 1.4364 1.4500 1.4628 1.6185 1.5652 1.606.:; 1.6438 

'80 27.80 47 80 61 80 87 80 107 80 127.80 147 80 167.80 267.80 367.80 467.80 567.80 
0.20f9 0.226t 0.2UO 0 2591 0.2726 0 2848 0.2960 0.3067 0.3170 0.3636 0.4052 0.4436 0.4800 
1155.8 1191.3 1220 0 1244.8 1266.~ 1285.8 1303 4 1320.2 1336.3 1409 7 1476.0 1538.4 IM8.8 
1.10:.6 I.S376 1.3630 1.3846 1.4031 l.t19t 1.4339 t.•·t76 1.460t 1.5165- 1.~ 1.6048 1.6624 

• 00 26 00 ffi 00 ft6 00 86 00 106 00 126...00 146 00 166.00 266.00 lfi6.00 466.00 568.00 
0 1992 0 Z212 0 2391 0.2544 0 2678 0.2798 0.2910 0.3016 0.3117 0.3581 0.399t 0.4376 0.4737 
1150 ~ l187.i 1217 0 1242 4 1264 4 1283.6 1301.$ 1318.3 1334.t 1408.4 1475.1 1537.8 1Mt8.4 
1.3000 1.333t 1.3~95 13816 1.400t 1.4165 l.t313 1.4400 1.4579 1.5lt-t 1 . .5617 1.6032 1.6401 

Sb - 8UI>erhM1. deo:. F. h = enthalr>Y. B.t.u. per lb. 
Y • epeeili~ \'olu1ue_ ru. ft.. I*' lb .. • = entropy, B.t.u. ~doc. F.~ lb. 
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TABLE XXV 
continued 

Superheated Steanr:-{Cantinued) 

Abo. Preoo. 
Lb./Sq. ln. Sat. Sat. TI:IIPIIIlATtra..,_D&oa&£1!1 FA.BIII:,.BU'I' 

(Sal. Temp.) Water Steam 110• .... yoo• 110• tao• 710° t10• 100° 110• 110• 100• tooo• uoo• tsoo• 

Bb 24 22 44 H 64.22 84.22 101.22 124 22 Itt 22 164.22 184.22 214.22 2r..c 22 364 22 tnt 22 564 22 
- • 0.0257 01879 0 2162 0 2344 0 2498 0.2633 0"2752 0 2862 0 2966 0.3067 0 3165 0 3305 U3528 o 39<0 o 4j19 o 4678 

(1135781 b 6717 1135.2 11837 12143 12400 1262.4 1281.8 12998 13164 1332.7 1348.8 1371.1 1407.2 1473.5 IS37.4 10988 
• 0.8620 1.2851 1.3289 1.3560 1.3783 1.3975 1.4138 1.4285 1.4422 1.4552 1.4677 1.4851 1.5122 1.5592 1.6015 1.6393 

Bh 22.48 42.48 8%.48 82.48 102.48 122 tft 142 48 162 td 182 46 212.46 262 46 362.46 462.46 562 46 
- • 0.0258 0.1845 0.2112 0.2296 0.2452 0.2587 0.2707 0.2816 0 2919 0.3020 0.3116 0.3257 0.3478 0.3887 0.4262 0 4617 

(637.$4) 1a 6747 1133.1 11799 1211.1 1237.5 1260.3 1280.1 1297.9 13148 1331.3 1347.1 1370.1 1406.2 1473.8 1537.0 15981 
o 0 8646 1.2826 1.3246 1.3523 1.3752 1.3947 U11t U261 1.4398 1.4530 1.4654 1.4832 1.5103 1.5582 1.6001 1.636o 

Bb 20.71 40.71 60.71 80.71 100.71 120.71 140.71 160.71 180.71 210.71 260 71 360.71 460.71 560.71 
SOlO • 0.0258 0.1812 0.2062 0.2248 0.2405 0.2541 0.2661 0.2789 0.2872 0.2972 0.3067 0.3208 0.3428 0.3833 0.4205 0.4558 

(1139.291 b 677.8 1131.4 1175.7 1207.7 1234.6 1257.9 1278.0 1295.9 1313 0 1329.5 1345.3 1368.8 1405.1 1472.8 1536.2 1597.4 
o 0.8671 1.2800 1.3199 1.3483 1.3717 1.3916 1.4085 U233 1.4372 1.4504 1.4628 1.4808 1.5082 1.5562 1.5982 1.6362 

Bb 18.98 38.98 S8.98 78.98 98.98 118:98 138 98 158.98 178.98 208.98 258.98 358.98 458.98 558.98 
"" • 0 0261 0.1780 0.2013 0.2200 0.2358 0.2494 0.2615 0.2724 0.2828 0.2927 0.3022 0.3161 0.3374 0.3782 0.4151 0.4499 

(641.021 b 680.5 1129.5 1171.5 1204.3 1231.6 1255.2 1275.7 1294.0 1311.5 1328.1 1344.0 1367.3 1403.1 1472.1 1535.7 1597.0 
o 0.8697 1.27711 1.3154 I.Mti 1.3682 I.JIIM UOSII 1.4208 1.4350 1.4483 1.4608 U788 1.6056 1.5546 1.5967 1.6348 

Bb 17.2'7 ST.2'7 57.2'7 77.2'7 97.27 117.2'7 137.2'7 157.27 177.1!7 207.2'7 257.27 357.27 457.27 557.27 
1108 • 0.0262 0.1748 0.1964 0.2152 0.2310 0.2447 0.2568 0.2679 0.2783 0.2882 0.2977 0.3114 0.3319 0.3730 0.4096 0.4441 

(642.73) • 683.4 1127.11 1167.3 1200.4 1228.2 1252.2 1273.0 1292.0 1309.8 1326.4 1342.8 1365.8 1400.8 1471.0 1534.8 1596.4 
• 0.8722 1.2'751 1.3108 1.3401 1.31143 1.3848 1.4023 1.4180 1.4323 1.4458 1.4585 1.4764 1.5027 1.5525 1.5947 1.6330 

Bb 15.57 35.57 65.57 75.57 95.57 115.57 135.57 165.57 175.57 205.57 255.57 355.57 455.57 555.57 
·~·· • 0.02113 0.1718 0.1918 0.2108 0.2268 0.24011 0.2527 0.2637 0.2739 0.2838 0.2933 0.3070 0.3280 0.3682 0.4045 0.4386 

(644.431 b 686.1 1125.11 1163.0 1197.1 1225.7 1250.2 1271.3 1290.2 1307.8 1324.8 1341.2 1364.7 l40Q.8 1470.5 1534.5 1596.0 
o 0.8747 1..2728 U060 U364 1.3611 1.3820 1.3994 1.4151 1.4294 1.4430 1.4559 1.4740 1.5011 1.5505 1.5929 1.6311 

~~~~~~~~~========= .(6411.111 • 689.2 1123.5 1158.11 1193.7 1222.7 1247.7 1269.1 1288.1 1305.7 1322.7 1339.4 1363.2 1400.5 1469.4 1533.8 1595.3 
• 0.8773 1..2700 1.3016 1.3328 1.3678 1.3792 1.3972 1.4129. 1.4272 1.4408 1.4540 1.4723 1.5003 1.6492 1.5918 1.6300 

llfll ~.0.02811 0.11155 0~128~ o~~~ o~li: o7~~ o'i<~ ~~f:i~ ~3i6~ ~5i;~ ~7ls!~ ~.: ~5fi~ ~5fs~ :5io!: ~~:i~ 
(647.771· ) 692.0 1121.6 1154.1 1189.7 1219.8 1244.9 1268.5 1286.1 1304.0 1321.3 1338.0 1361.9 1399.4 1468.9 1533.1 1595.0 

il 0.8788 1.2870 1..21171 1.3284 1.3548 1.3760 1.3942 1.4104 1.4250 1.4388 USI9 U704 1.4985 1.5478 1.5903 1.6288 

-~~~~~~~:========= -i649.t21 b 895.0 1119.4 1148.0 1185.8 1216.2 1241.8 1263.8 1283 6 1302.9 1319.5 1336.2 1360 3 1398 0 1467.9 1532.3 1594.3 
• 0.8823 1..21149 1.29011 1.3239 1.3504 1.3723 1.3907 1.4072 1.4229 1.4362 1.4494 1.4679 1.4962 1.5458 1.5884 1.6269 

8b 8.94 28.94 48.94 68.94 88.94 108.94 128.94 148.94 168.94 198.94 248.94 348.94 448.94 648.94 
-· • 00269 0.1597 0.1727 0.1931 0.2097 0.2237 0.2360 0.2471 0.2574 0.2671 0.2765 0.2900 0.3109 0.3495 0.3847 0.4175 

(1151.0111 b 697' 1117.4 1142.7 1182.1 1213.~ 1239.1 1261.7 1282.0 1300.5 1318.0 1335.2 1359.2 1397.0 1467 0 1531.9 1593.7 
• 0.8848 1.2625 1.2852 1.3201 1.3472 1.3693 1.3!183 1.40>1 1.4201 1.4341 1.4476 1.4661 1.4944 1.5441 1.5871 1.6255 

Sb 7.33 2'7 33 47.33 117.33 87.33 107.33 127.33 147 33 167.33 197.33 247 33 347.33 447 33 547 33 
1310 • 0.02'70 0.15119 0.1680 0.1889 0.2055 0.2197 0.2320 0.2432 0 2535 0.2632 0.2726 0.2860 0.3066 0.3449 0.3800 0.4125 

(1152.67) b 700.8 1115.3 1137.2 1178.0 1209.7 1236.5 1259.2 1279.8 1298.6 1316.3 1333 5 1357.8 1395.5 1465.8 1531.2 1593 I 
• 0.8873 1.2599 1.2795 1.31511 1.3432 1.3661 1.3852 1.4022 1.4175 1.4317 1.4452 1.4640 1.4922 1.5421 1.5854 1.6239 

Sb 5.73 %5.73 45.73 85.73 85.73 105.73 125.73 145.73 165.73 195.73 245.73 345.73 445.73 545.73 
-· • 0.0272 0.1542 0.1830 0.1848 0.2018 0.2159 0.2281 0.2393 0.2496 0.2594 0.2688 0.2821 0.3026 0.3407 0.3755 0.4077 

(1154.2'7) b 703.8 1113.2 1130.8 1174.3 1207.1 1233.9 1256.7 1277.6 1296.8 1314.8 1332.1 1356.5 1394.4 1465.1 1530.7 1592.8 
o 0.8898 1.2573 1..2731 1.3116 1.3401 1.3630 1.3822 1.3995 U151 1.4293 1.4431 1.4619 1.4903 1.5403 1.5839 1.6225 

Sb 4.13 24.13 44.13 84.13 84.13 104.13 124.13 144.13 164.13 194.13 244.13 344.13 444.13 544.13 
1101 y 0 027t 0.1514 O.IUO 0.1807 0.1980 0.2120 0.2241 0.2353 0.2457 0.2556 0.2649 0.2781 0.2986 0.3365 0.3709 0 4029 

(1156.871 h 706.7 1111.0 1124.2 1169.9 1204.0 1230.9 1253.9 1273.0 1294.5 1312.9 1330.3 1354.9 1393.2 1464.3 1529.9 1592.2 
• 0.8923 1.2547 1.2665 1.3070 1.3366 1.3598 1.3790 1.3964 1.4123 1.4270 1.4407 1.4597 1.4884 1.5388 1.58~3 1.6210 

8b 2.28 22.211 42.211 62.211 82.211 102.28 122.26 142.211 162.28 192.26 241.26 342.28 442.20 542.28 
-· • 0.02'75 0.1488 0.1530 0.1766 0.1941 0.2083 0.2207 0.2319 0.2423 0.2520 0.2613 0.2744 0.2948 0.3324 0.3665 0.3983 

(1157.741 b 709.7 1108.8 1117.1 1165.7 1200.4 1228.2 1252.0 1273.3 1293.0 1311.5 1329 0 1353.8 1392.1 1463.5 1529.2" 1591.7 
• 0.8948 1.2521 1.2595 1.3025 1.3327 1.3565 1.3765 1.3941 1.4101 1.4249 1.4387 1.4577 1.4866 1.5372 1.5807 1.6196 

Sb 1.00 21.00 41.00 61.00 81.00 101.00 121.00 141.00 161.00 191.00 241.00 341.00 441.00 541.00 
1310 • 0.0277 0.1482 0.1479 0.1725 0.1901 0.2046 0.2172 0.2285 0.2389 0.2484 0.2576 0.2706 0.2910 0.3282 0.3621 0.3936 

(1159.001 b 712.8 1106.5 1109.7 1161.2 1196.8 1225.2 1249.8 1271.7 1291.8 1309.8 1327.3 1352.1 1391.0 1462.3 1528.3 1590.9 
• 0.8974 1..2495 1.2524 1.2980 1.3287 1.3532 1.3739 1.3920 1.4082 1.4227 1.4365 1.4537 1.4848 1.5354 1.3791 1.6180 

Sb 

,:.:S, ; o7'W: ~i~3g. 
• 0.9000 1..2467 

Sb 
- • 0.0280 0.1410 

(862.otll b 718.5 1101.4 
• 0.9025 1.2438 

19.45 39.45 59.45 79 45 99 45 119 45 139 45 159 45 189.45 239.45 339.45 439 45 539.45 
0.1686 0.1863 0.2010 0.2137 0.2250 0.2353 0.2450 0.2541 .0.2671 0.2873 0.3244 0.3580 0.3892 
1156.9 1193.0 1222.4 1247.5 1269 5 1289.6 1308 3 1325.8 1350.8 1389.8 1461.7 1527.8 1590.4 
1.2935 1.3249 1.3501 1.3712 1.3893 1.4057 1.4207 1.4344 1.4537 1.4830 1.5340 1.5777 1.6166 

17.91 37.91 57.91 77.91 97.91 117.91 137 91 157 91 187 91 237.91 337.91 437.91 537.YI 
0.1648 0.1824 0.1974 0.2101 0.2214 0.2317 0.2415 0.2506 0.2636 0.2836 0.3205 0.3538 0.3848 
11S2.2 1189.1 1219.4 1244.7 1267.1 1287.3 1306.S 1324.2 1349.6 1388.5 1460.8 1526.9 1589.8 
1.2887 1.3208 1.3467 1.3680 1.3865 1.4030 1.4183 1.4323 1.4519 1.4810 1.5323 1.5761 1.6152 

Sh = superheat. i!eg. F. h = enthalpy. R.t.u. per lb. 
a - entropy, H.t.u. per deg. F. per lb. v = specific volume, cu. ft. per lb. 
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TABLE XXV 
continued 

Superheated Steam-IC~ncluded) 

337 

Lb./8q. Ia. BeL 8a\. TI:IIIIP•&ATtJa.-D.:oaa:n 'P'aaai:NIIt:IT 
(8aL. Temp.) Water 81.eara 110• too• tao• t60• 110• teo• eoo• aso• 110• 100• -· t-• uoo• 110e• 

Bb 16.88 36.88 66.88 76.88 96.88 116 88 134.88 156.88 IM.88 236.88 2M.88 334.88 634.88 534.88 
- • 0.02113 0.1360 0.1567 0.1750 0.1902 0.2032 0.21t7 0.2250 0.2347 0.2tt0 0.2569 0.2766 0.2956 0.3130 0.3458 0.37~ 

"'w' ~ o~:r: ~?:i~ ;~:M lWJ l~ll9; :~:~ l~Ni: l~Na~ :~:~2~ l~l:M l~:Iil ~~6S:i: ;~: ~~~ lWa~ ~~~~ 
8b 11.90 31.90 51.90 71.90 91.90 111.90 131.90 151.90 181.90 231.90 281.90 331.90 631.90 531.90 

- • 0.0287 0.1313 O.lt88 0.1680 0.1836 0.1967 0.2083 0.2188 0.2285 0.237S 0.2503 0.2700 0.28M 0.3058 0.3381 0.3683 
(1108.10) b 730.7 1091.0 1131.9 1173.9 1206.8 1234.5 1258.6 1280.1 1299.9 1318.3 1346.2 13M.3 1421.8 1457.3 1524.2 1587.11 

o 0.9127 1.2323 1.11683 1.3048 1.3329 1.3562 1.3761 1.3936 1.409& l.t240 UttO 1.4740 1.5011 U258 1.&701 1.6097 

Bb 8.97 28.97 ·t8.97 68.97 88.97 108.97 128.97 148.97 178.97 !28.97 278.97 328.97 428.97 628.97 
1110 • 0.0291 0.1266 O.lt08 0.1606 0.1766 0.1902 0.2020 0.2125 0.2223 0.2315 0.2tt0 0.2634 0.2817 0.2989 0.3308 0.3604 

(171.03) b 736.7 1085.8 1120.0 116U 1199.8 1228.9 1254.0 1276.0 1296.5 131&.8 1341.5 1381.8 1419.8 IU5.8 1522.8 1586.7 
• 0.9179 1.228& 1.2588 1.2957 1.32&7 1.3502 1.3709 1.3888 1.40&2 .1.4202 l.tt02 1.4704 1.4978 1.6228 1.587t 1.6070 

.. 8.09 28.09 48.09 66.09 88.09 108.09 126.09 146.09 176.09 226.09 276.09 326.09 426.09 528.09 
.... • 0.0295 0.1219 0.1323 0.1561 0.1708 0.1842 0.1961 0.2068 0.2166 0.2258 0.2380 0.2573 0.2754 0.2924 0.3237 0.3&30 

(071.911 .. 743.1 1080.1 11060 1157.0 1196.0 1223.9 1249.7 1272.2 1293.1 1312.6 1338.9 1379.7 1418.1 1454.2 1521.0 1585.8 
I 0.9232 1.11205 1.3432 1.2877 1.3192 1.3644 1.3657 1.3840 1.4008 Ul61 1.43~ 1.41170 1.4947 Ul911 1.6~6 1.604t 

8b 3.25 23.25. 63.25 63.25 83.25 103.25 123.25 143.25 173.25 223.25 273.25 323.25 f23.25 523.25 

&~~~=~~~========== 1 0.9287 1.11167 1.228t 1.2777 1.3116 J.33M 1.3606 1.3794 1.3967 1.4125 l.t328 1.4637 1.491t 1.6167 1.5818 1.6018 

Bb 
woe • o 0305 0.1123 

1179.64) b 756.1 1068.8 
I 0.93*1 1.2082 

Bh 
WIO y 0.0310 0.1077 

(682.28) b 763.0 1061.1 
I 0.93911 1.2016 

lib 
·- • 0.0318 0.1032 (684.98) b 770.0 IOM.8 

I 0.9461 1.1944 

Bh 
.... • 0 0322 0.0988 

(687 .65) b 777.6 1046.8 
I 0.9621 1.18611 

Sb 
·- • 0.0329 0.0941 

(690.281 b 785.2 1038.1 
• 0.9586 1.1786 

8b 
.... • 0.0337 0.0895 

(892.86) b 793.8 1028.8 
I 0.9655 1.1697 

Bb 
- • 0.0348 0.0840 

(89U7) b 802.8 1019.3 
• 0.9731 1.1607 

Bb 
- .. 0.0357 0.0804 

(697.8t) • 812.9 1007.7 
I 0.9811 1.1601 

Bb 
.... .. 0.0372 0.0752 

(700.211) b 824.8 996.0 
I 0.91110 1.1376 .. 

.... • 0.0391 0.0891 
1702.611) • 1M 1.1 976.1 

o I.OD58 1.1217 .. 
- • O.OUS O.OSIMI 

(7~.04) ~ 871 s 946 8 
I 1.0311 1.0961 

Bit 
..... a• y O.ftMI O.OSU 
C7~.M) ~ 9101 910 S 

··-~~ 1,.064,~ 
• Cn.,._. ,..__.,. 

20.48 40.46 80.48 80.48 100.46 120.46 140.46 170.46 220.48 27D.48 320.48 420.46 520.46 
0.1402 0.1681 0.1726 0.1866 0.1954 0.2053 0.2147 0.2269 0.2468 0.2632 0.2798 0.3105 0.3389 
1137.6 1179.7 1213.0 1240.3 1264.5 1286.5 1307.2 1334.0 137S.7 lt14.0 1450.8 1519.2 1583.8 
1.268t 1.3045 1.3326 1.3650 1.3747 1.3923 1.4088 1.4293 1.4606 1.4882 1.6137 ·~92 1.6993 

. 17.72 37.72 57.72 77.72 07.72 117.72 137.72 167.72 217.72 267.72 317.72 417.72 517.72 
0.133.\ 0.1520 0.1670 0.1794 0.1902 0.2000 0.2094 0.2!15 0.2402 0.2578 0.2740 0.3043 0.3322 
1127.1 1172.2 1207.4 1236.0 1260.8 1283.0 1304.2 133U 1373.3 1412.2 1449.2 1518.0 1582.8 
1.2583 1.2969 1.3265 1.3501 1.3703 1.3881 1.4048 a.~sa 1.4572 l.t853 a.suo 1.5566 1.6969 

15.02 35.02 55.02 75.02 95.02 115.02 135.02 185.02 215.02 285.02 315.02 fl5.02 515.02 
0.1267 0.1461 0.1615 0.1741 0.1851 0.1950 0.2045 0.2168 0.2351 0.2521 0.2685 0.2983 0.3258 
1115.0 1166.5 1201.5 1231.3 1257.0-1279.8 1301.7 1329.3 1371.5 1410.4 1447.9 1517.0 1581.9 
1.2476 1.2892 1.3203 l.at49 1.3658 a.3840 a.4013 l.t226 usu usp 1.60M a.osu 1.6945 

12.35 32.35 52.35 72.35 92.35 112.35 132.:15 182.35 212.35 282.35 312.35 412.35 512.35 
0.1198 0.1404 0.1563 0.1690 0.1801 0.1903 0.1995 0.2117 0.2298 0.2469 0.2629 0.2925 0.3197 
1103.5 1156.6 1195.8 1226.5 1252.9 1276.9 1298.4 1326.8 1368.9 1408.7 1446.0 1515.8 1581.1 
1.2359 1.2813 1.31t3 1.3397 1.3611 1.3803 1.3973 1.4192 1.4507 1.4795 1.50&& 1.6517 1.6923 

0.74 29.74 49.74 69.74 89.74 109.74 129.74 159.74 209.74 259.74 3ti'J.74 409.74 509.7t 
0.1126 0.1348 0.1511 0.1661 0.1754 0.1855 0.1969 0.2069 0.2250 0.2418 0.2578 0.2870 0.3138 
1089.2 1148.3 1189.5 1221.6 1249.1 1273.3 l:?-Jfi.7 1324.2 1367.1 1406.9 1444.8 1514.8 1580.2 
1.2228 1.2732 1.3080 1.3365 1.3569 1.3762 1.3939 1.4159 1.4480 1.4767 1.5032 1.6495 1.5902 

7.17 27.17 47.17 67.17 s1.17 107.17 127.17 157.17 207.17 257.17 307.17 407.17 507.17 
0.1052 0.1292 0.1460 0.1~3 0.1708 0.1809 0.1902 0.2023 0.2202 0.2369 0.2527 0.2815 0.3081 
1073.2 1139.5 1183.1 1216.6 1245.1 1269.8 1292.5 13:!1.7 1364.9 1405.l 1443.2 1513 5 1579.4 
1.2080 1.2647 qo14 1.3290 1.3522 a.3720 1.3898 u124 1.4tt8 1.4738 1.5004 1.6469 1.5879 

4 63 24.63 tt.63 66 63 M.63 104.63 124.63 156.63 204.63 254.63 304.63 404.63 504.63 
0.0972 0.1236 0.1410 0 ._46 0.1661 0.1763 O.ta:-.a 01978 0.2155 0.2122 0.2478 0.2763 0.3027 
1054.0 1130.3 1176.41 1211.41 1240.6 1266.0 12890 1319.0 1362.5 1403.4 1441.7 1512.4 1&78.9 
1.1907 1.2659 1.2967 1.3236 1.3474 1.3677 1.38&8 1.4090 1.4tl6 1.4711 1.4978 1.5447 1.5860 

2.16 22.16 42.18 62.16 82.16 102.16 122.16 152.18 202.18 252.16 302.16 402.18 502.16 
0.0868 0.1183 0.1361 O.lt99 0.1617 0.1719 0.1812 0.1935 0.2111 0.2275 0.2431 0.2712 0.2973 
1025.0 1121.2 1169.6 1205.9 1236.3 1262.4 1285.7 1316.4 1360.4 lf01.3 1440.2 1511.1 1577.9 
1:1650 1.2672 1.2879 1.3179 1.3437 1.3635 1.3819 1.4058 1.4386 1.4681 1.4952 !.5622 1.&837 

19.71 39.71 59 71 79 71 99.71 119.71 149.71 199.71 249 71 299.71 399.71 499.71 
0.1128 0.1312 0.1456 0.1576 0.1680 0.1111 0.1891 0.2068 0.2231 02385 0.2663 0.2921 
1110.8 1162 41 1200.9 1232.5 1259.4 1282.7 1313.4 1358.2 1399.5 14138.7 1509.9 1577.0 
1.2374 1.2808 1.31:18 1.3383 1.3599 1.3782 1.4019 1.43&& 1.46&3 1.4926 1.5398 1.5815 

17.31 37.31 57.31 77.31 97.31 117.31 147.31 197.31 247.31 297.31 397.31 497.31 
0.1075 0.1266 0.1410 0.1532 01636 0.1729 0.18..'i0 0.20241 0.2187 0.2341 0.2615 0.2871 
1100.3 1155.3 1194.7 1227.& 1254.9 1279.2 1310.5 13!;5.5 1397.5 1437.2 1508.6 1576.1 
1.2270 1.2738 1.3064 1.3331 1.3550 1.3741 1.3983 I.U:IO 1.4623 1.4900 1.5373 1.6792 

14.96 34 96 56.96 74.96 96.96 I 14.96 144.96 194.96 244.96 294.96 396.96 494.96 
0.10241 0.1217 0.1368 0.1493 0.1596 O.W87 O.HHO 0.198.5 0.21415 0.2296 0.2S70 0.2822 
1089 8 1146.9 1189.3 1223.4 1251.1 1275.2 1307.7 1353.8 1395.7 1435 2 15'l7.6 1575.3 
1.2180 1.2660 1.3011. 1.3288 1.3510 1.3699 1.3950 1.4296 1.4598 1.4874 1...353 1.5771 

14.116 34.66 54.66 74.66 94 66 114 !WI 144 66 194.66 244.66 294.66 394.66 494.66 
0.1018 01211 0.1363 0.14R8 0 t.'i91 0.1682 O.l&O.S 0.1980 0.2140 0.22t.JO 0.2:;&1 0.2816 
1088.5 1145.8 1188.5 1222.9 1250.6 1274 8 1307.3 1353.41 1395.3 14.34..8 1507.3 1575.1 
1.2170 1.2652 1.3005 1.32M 1.3506 1.36!06 1.3947 1.4293 1.4598 1.4872 1.5351 J.Sna 

Sb - ouperheat, deg. F. b = enthal1w. B.t.u. per lb.· 
y - apeci6.o volume, cu. ft. per lb. • "' entropy, B.t.u. per dec. F. per lb. 
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TABLE XXV 
continued 

Moll~er r.ia~ram for SteKm 

(Po • • r ·) 



IMOEX 

Refereneee are te P•a•• 

A 
Air-cooled wall, 153 
Air ejector, condenser, 1C5 

capacity, 105 
characteristics, 105 

Air, Diesel engi~e scaven-
ging, 286 
excess, 120 
total, 120 

Air heaters, economic sur-
face, 169 
heat transfer, 166 
plate type, 1€.€ 
recuperative, 1e5 
regenerative, 166 
tubular, 166 

Air horsepower, 239 
Altitude, Diesel engire rat­

ing, 291 
Analysis, coal, 117 

fuel oil, 117 
gas, 117 
proxi~rate, 117 
ultilr.ate, 117 
water, 210 

Architecture, power ~lant, 
273 

Arithmetic mean temperature 
difference, 96 

Ash handling, hydraulic, 233 
mechanical, 233 

Ash fusion teffiperature, 146 
Auto~atic co~bustion con­
trols, 256 

B 
Babcock and Wilcox equa­

tion, 144 
Balance, steam generator 

heat, 1:31 

339 

Baro~etric condenser, s~e 

Condenser 
Binary vapor cycle, mercury­

steaJII, 63 
miscellaneous, 64 

Blading, turbine, impulse, 
74 

'impulse-reaction, 75 
reaction, 74 

Block P.opkir.s on demand rate, 
35 

Block ~reter rate, 34 
Boiler feed pu~ps, see Pu~ps 
Boilers, economical surface 

1€9 , 
Boiler heat balance, •sec 
Steare generators 

Boiler heat transfer, 141 
Boiler horsepower, 13C 
Bomb calori~eter, 128 
Bonds, 6 
Brake horsepower, 68 
Buildings, power plant, 273 
Burr.ers, fuel oil, 221 

gas, 221 
pulverized coal, 229 

c 
Calori~eter, bomb, 128 

gas, 128 
Capacity factor, 19 
Carnot cycle, 45 
Carryover, boiler, 219 

evaporator, 218 
Caustic embrittlemer.t, 21E 
Centrifugal pu~ps, •see Pull'ps 
r.hair. grate stokers, 225 
Chizrneys, •se e Stacks 
Cin~er trap, 233 
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Circulating water pump,·.$,. 
Pumps. 

Closed heaters, 66, 101 
design, 103 
heat transfer, 102 
water velocity in tubes, 

102 
Coal, analysis, 117 

calori~eter, 128 
classification, 117 
heating value, 126 
proxi~ate analysis, 117 
ultimate analysis, 117· 

Coal handling, pulverizer 
system; 223 
stoker SJstem, 224 
storage system, 222 

Collectors, dust, bag typ~, 
234 

centrifugal, 233 
electrostatic, 233 
wet scrubber, 234 

Combustible, basis for anal­
ysis, 126 

Combustion, coal, 120 
fuel oil, 120 
gas, 121 

Combustion controls, automat­
ic, 256 

Common stocks, 6 
Compression ratio, Diesel 
engine, 2.90 

Condensate pump, •n·• Pumps 
Condensers, 89 

design, 97 
friction, tube, 188 

water boxes, 188 
heat transfer, 93 
mixing, barometric, 89 

jet, 89 
surface, 90 

Conductivity, electrolytic, 
258 

thermal, gas film, 160 
insulation, 151, 194 
metals, 95 · 
refractories, 151 
scale, 95 
vapor .. film, 94, 160 
water f ih, 95 

Construction costs, power 
plant, 29 
index, 29 

Cooling.ponds, 107 
Cooling towers, forced draft, 

108 
induced draft, 108 

Corrosion, boiler, 218 
Correction, for engine eff­

iciency, 79 
Costs, collection, 34 

distribution system, pri­
mary, 28 

secondary, 34 
engines, 71 
index, 28 
maintenance, 33 
power plants, 28 
steam generators, 141 
turbo-generators, 79 

Cotterill, 52 
Counterflow engine, 67 
Curtis, C. G., 73 
Customer element, 33 
Cutoff, steam engine, 69 
Cycle, binary vapor, 63 

Carnot, 46 
Diesel, 289 
Field, 66 
gas turbine, 303 
Rankine, 46 

closed, 46 
open, 47 

regenerative, 52 
reheating, 50 
reheating-regenerative, 56 
superposed, ·59 
topping, see superposed 

Cyclone burner, horizontal, 
· coal, 22-9 

D 
Dams, types, 295 
Deaera tors, ·s• e Open heaters 
DeLaval, 73 
Demand factor, 8 

table, 9 
Depreciation, 3C 
Design, station, 265 
Diagram factor, engine, 70 



INDEX 3U 

Diesel cycle, 289 
Diesel engines, auxiliaries, 

292 
tour-stroke, 287 
fuel injectors, 287 
scavengin,, 286 
superchargin~, 291 
two-stroke, 286 

Diesel, Rudolph, 286 
Distribution system, primary, 

4 
secondary, 4 

Diversity factor, 8 
table of, 9 

Division of load, 281 
Vraft, fans, forced, 242 

induced, 242 
losses, air heater, 242 

burner, 243 
duct-work, 191 
economizers, 244 
fuel beds, 243 
steam generators, 242 

Drainage, heater, 102 
Dri~s, heater, ••• Drainage, 
heater 

ruct-work, design, 190 
draft losses, 191 
insulation, 194 

Duration curve, river flow, 
297 

load, 14 
Dust collectors, bag type, 

234 
centrifugal, 233 
electrostatic, 233 
wet scrubber, 234 

E 
Economics, insulation thick-

ness, 196 
load division, 280 
power production, 25 
surface apportion~ent, 

steam generators, 169 
Econo~izers, arrangement, 163 

econo~ical surface, 169 
heat transfer, 164 

Edison, Tho~as, 1 
Efficiency, boiler, ·su Steam 
gererator efficiency 

Efficiency, engine, inter­
nal, 49 

overall, 50 
steam engines, 73 
steam turbines, 75 

generator, 80 
mechanical, Diesel en-
gines, 291 

hydraulic turbines, 299 
steam engines, 87 
steam turbines, 75, eo 

thermal, Diesel cycle, 291 
gas turbine cycle, 303 
vapor "cycles, 46 ·•t •••9• 

Ejector, air, 105 
Embrittlement, camstic, 218 
Enclosed plant, 274 
Energy element, 32 
Engines, Diesel, 286, 287 

steam, cost, 71 
counterflow, 67 
cutoff, 69 
diagram factor, 70 
engine efficiency, 68 
indicator, 67 
mechanical efficiency, 

67 
uniflow, 67 

Equipment, determination of 
size, 20 

Equivalent length, pipe fit­
tings, 178 
duet bends, 191 

Evaporators, location in 
vapor cycle, 1C9 . 

long tube, forced circu­
lation, 110 
natural circulation,· 11C 

multiple effect, 110 
shell and tube, 110 

Excess air, 120 
Expansion lines, 82 
Expansion ratio, steam-en-
gine, 69 

Extraction, ••• Regenerative 
cycle 

F 
Factors, ca~acity, 19 

demand, 8 
diversity, 8 
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Factors, friction, 178 
load, 19 
use, 19 

Fans, characteristics 6 236 
laws, 236 

·speeds, 240 
types, 236 

Feaeral utility, 7 
Feed-water hardness, residu­
al after treatment, 212 

Feedrwater heaters, closed, 
55, 1C1 

open, 53, 100 
Feed-water treatment, cold 

lime and alum process, 211 
cold li~e-scda and alum 

process, 211 
hot li~e-soda process, 212 
objectives, 21£1 

zeolite processes, 215 
Ferranti, 50 
Field cycle, 56 
Field, J. F. 
Fire-tube boilers, 138 
tixed carbon, •s .. e Coal, prox-

imate analysis 
Fixed element, 27 
Flue gas analysis, 128 
Fluid meters, 258 
Flyash, 233 
Franchise, 26 
Friction factor, 178 
Fuel bed resistance, 243 
Fuel handling equipment, 221 

coal, 222 
fuel oil, 221 
gas, 221 
S8'e also s~ecijic eqvi~•e~t 

Fuel oil, analyses, 117 
calcriueter, 128 
heating value, 127 

Furnaces, bottOJns, fuel oil, 
231 

gas, 231 
pulverized coal, 231 

heat release, 147 
walls, air-cooled, 153 

insulated, 151 
water-cooled, 146 

Fusion temperature of ash, 
146 

G 
Gages, ~ressure, 249 
Gas, flue, analysis, 128 

fuel, analyses, 117 
calori~eter, 12P 
heating value, 127 

Gas turbine cycles, 3C3 
closed, 305 . 
open, 303 

Generator e!ficiency, 80 
Governors, speed, 252 
Grates, du~ping, 225 

travelling, 225 

H 
Eardness of water, 21C 
Head, dynamic, 203 

fan, 239 · 
friction, 178 
pressure, 203 
pump, 203 
static, 203 
velocity, 203 

Eeat balance, Diesel engine, 
291 

steam generator, 131. 
F.eat conductivity, see Con­
ductivity; thermal 

Heat transfer, air heaters, 
166 
boilers, 141 
coefficients, steam gener-
ator components, 172 

condensers, 93, 99 
econor;izers, 164 
feed-water heaters, 101 
furnaces, 146 
superheaters, 157 

Heaters, closed, 55, 1C1 
deaerating, 100 

volume, 1CO 
drairage, 102 
heat transfer, 1C1 
open, 53, 100 
terminal difference, 101 
venting, 103 

Heating surface, apportion­
Jr.ent of, 169 

Beating value, fuel, higher, 
12s 

lower, 12e 



Historical background of 
power, 1 

Folding company, 6 
Horizontal cyclone burner, 

229 
Horsepower, air, 239 

boiler, 130 
brake, 68 
indicated, 49, 68 
water, 203 

Rot lime-soda process, 212 
]otwell, condenser, 97 

heater, 1C2 
Hydraulic turbines, Francis, 

299 
impulse, 299 
Kaplan, 299 
Nagler, 299 
Pelton, 299 
reaction, 299 

Hydro-electric plants, run­
of-river, 2 95 
storage, 29li · 

Eydrogen zeolite, 217 
Hydrograph, river, 297 
Hypothetical combinations, 
salts, 213 

!~pulse-reaction turbines, 
steam, 75 

Impulse turbines, hydro, 299 
steam, 73 

IncODJe, power plant, 25 
Incremental rate theory, 280 

applications of, 282 
I n~ex, cost, 2e 
Ir.~icated horsepower, 49, e8 
Indicator, engine, 49, 67 
Indicator diagram, Diesel 
engine, 2!?7 

s teall' engine:, 69 
Injector, fuel, Diesel en­
gire, 2e7 

Installed capacity, power 
plants in U.S., 1 

Instruments, supervisory and 
control, 249 

Insulation, duct, 194 
ecoro~ical thickness, 196 

INDEX 

Insulation, furnace, 151 
pipe, 194 

Insurance, 3C 
Investors' profit, 34 
Investment, distribution 
system, primary, 28 

secondary, 34 
plant, 28 

.. 

3U 

Jet condenser; •s•• Condenser 

K 
litteredge, A. E., 103 

L 
.Level control, fluid, 253 
Life expectancy, power plant 
coDJponents 1 30 

Lime and alum process, 211 
Lilr:e- soda process, hot, 212 
Li~e-soda and alum process, 
211 

Load curves, daily, 9 
duration, 14 
growth, 13 

extension of, 24 
peak, 13 

Load factor, t9 . 
Logarithmic mean temperature 
difference, condensing vapors 

96 
counterflow, 157 
parallel flow, 159 

Losses, friction, d·ucts, 191 
pipe, 178 
pipe fittings, 178 

radiation, steam generators, 
134 
furnace walls, 151 

Lubricating oil, economy, 
Diesel engines, 291 

steam turbines, 33. 

N 
Maintenance, 33 

capitalized, 32 
Management, cost of, 32 
Mass flow, gases, 144 

river, 297 
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Maximum demand, 19 
Mean effective pressure, en­
gine, 68 
Mean·temperature difference, 
arithmetic, 96 

logarithmic, •see Logar­
ithmic mean temperature 
difference 

Mechanical efficiency, Diesel 
engines, 291 

hydraulic turbines, 299 
steam engines, 67 · 
steam turbi~es, 75,· 80 

Mercury-steam binary vapor 
eye le, 83 

Mercury vapor, Mollier dia­
gram, 65 

Mills, coal pulverizing; •s .. 
Pulverizers 

Mixing condensers; baro~et­
ric, 89 
jet, 89 

Mixing heaters, •s .. Heaters, 
open 

Mollier diagram, mercury vapor, 
65 

s teaJII, 338 
Municipal utility, 6 

II 
Natural draft, 248 
Natural gas, analyses, 117 

con1bustion, 121 
Net assured capacity, 24 
Newcomen, 87 
Nusselt 1s equations, 95, 160 

0 
Oil, fuel, ~•• Fuel oil 
Open heater, 53, 100 
Orsat-flue gas anulysis app-
aratus, 128 

Outdoor plant, 273 
Overfeed stoker, 224 

p 
Paper mill chemical recovery 
boiler, 233 

Farsc.ns, C. A., 73 
Pearl Street Station, 1 

Permanent hardness, water, 
21C 

Petroleum, sn Fuel oil 
pH, boiler water, .218 

controllers, 258 
Phosphates, 219 
Piping, 175 

fittings, 178 
equivalent lengths, 178 

friction_, 178 
insulation, 194 
pressure drop, 178 
schedule nu~ber, 178 
size ~etermination, 175 

Piston speed, steam engine, 
70 

Plant buildings, enclosed, 
274 

outdoor 1 273 
semi-outdoor, 273 

Ponds, cooling, 107 
Power, Diesel, 3 

gas turbine, 303 
hydro, 3 
steam, 1 

Power plants, buildin~s, 273 
construction, 274 
design, 273 

Preferred standards, steam 
turbo-generators, 78 

Fressure compounded i~pulse 
steam turbine, 73 

Pressure gages, 24:9 
Pressure head, 203 
Primary air, 228 
Private utility, 6 
Production costs, 27 
Products of combustic.n, 128 
Profit element, 34 
Proxillate analysis~ coal, 117 
Public utilities, 5, 25 
·Fublic Utilities Bolding Com­

pany Act, 8 
Pulverized coal, firing sys­
tems, 223 
furnace bottoms, 231 

Pulverizers, coal, 228 
power requirements, 228 

Pumps, centrifugal, 200 
boiler feed, 205 
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Pumps, centrifugal, circu-
lating water, 205 

condensate, ~5 
efficiencies, 204 
general purpose, 205 
laws of similarity, 205 
perfor~ance character-
is tics, 2C6 

speeds 1 205 
duplex steam driven, 200 
gear, 200 
•~ltiplex ~lunger, 200 
screw, 200 
turbir·e, 200 

Purifiers, steam, 219 

C} 
Quality of steam at end of 
expansion, 63 

• 
R 

Radiation coefficients, 151 
Radiation losses, steam gen­
erator, 134 
c~lculation of, 151 

Fankine,W. J. M., 46 
Rankine cycle, 46 

efficiency ratio, 49 
ratio, 49 

Rateau, 73 
Rates, steam, 49 

requirements, 27 
types, 34 

Ratio of expansion, steam 
engine, Ei9 

Reaction turbines, hydro, 299 
steam, 73 

Reciprocating pumps, 2CO 
Refractories, 151 
Refrigeration, hotwell, con-
denser, 97 

heater, 102 
Regenerative cycle, 52 

extraction, 52 
feed-water temperatures, 52 

Regulators, feed-water, 254 
Reheaters, 50, 183 
Reheating cycle, 50 
Reheating-regenerative cycle, 

58 

Reserve, spinning, 21 
standby, 21 

Resin, acid adsorbing, 218 
Retire~ent reserve, 30 
Revenue certificates, 6 
Reynolds' nu~ber, 178 
Reynolds, R. L., 52 
Room rate, 35 
Rotating pumps, 200 

s 
Scale, boiler, 210, 219 

condenser tube, 95 
"Scales, coal weighing, 223 
Scavenging pumps, Diesel 
engines, 291 . 

Schedule number, pipe, 176 
Secondary air, 229 
Selection of number and size 

of units, 20 
Semi-outdoor plant; 273 
Sinking fund for bond re­

tirement, 30 
Slagging, furnace, 148 

superheater, 16C 
Sodium zeolite, 218 
Speed control, 252 
Spinning reserve, 21 
Spray ponds, 107 
Spreader stoker, 225 
Stacks, design, 24e 

draft produced, 246 
Standby reserve, 21 
Static bead, 203 
Station design, 265 
Steam engines, see Engines 
Steam generators, 130 

convection surface, 141 
cost of, 141 
efficiency, 130 
fire-tube, 138 
heat balance, 131 
heat transfer, see specif­
ic coapo'u"t 

radiant surface, 148 
water-tube, 138 

Steam jet air pump, capacity, 
105 
characteristics, 105 

Stefan-Boltzman relation, 151 
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Stocks, common, 6 
Stokers, coal, chain grate, 

225 
overfeed, 224 
spreader, 225 
travelling grate, 225 
underfeed, 225 

fuel burning rate, 225 
Superheaters, 156 

convection, 156 
heat transfer., 157 
radiant, 157 
temperature control, 156 

Superposed cycle, 59 
Surface condenser 1 •se·e Con­

denser 
Surface, heating, apportion­

ment of, 169 
surge tanks, hydro plant, 299 

steam plant, 101 
Systems, power, 4 

T 
Tanks, surge, hydro ~lant, 299 

_ steam plant, 101 
Taxes, ad valorem, 26, 29 

income, 34 
Temperature difference, mean, 

•sl'e Mean temperature differ­
ence 

Temporary haraness, water, 21C 
Terminal difference, condenser, 

97 
heater, 101 

"Thermal conductivity, •see Con­
ductivity, thermal 

Thermal efficiency, see s,e~ij­
ic cyc:le 

Thermon:eters, 249 
Topping turbines, ~·· Super­

posed cycle 
Total air, 120 
Towers, cooling, forced draft, 

108 . ' 
induced draf~, 108 

Transmission systems, 4 
Treatment, water, 210 
Tubes, condenser, 96 
Turbines~· hydro, 298 

impulse, 299 

Turbines, hydro, reaction, 
299 

governing, 252 
impulse, hydro, 299 

steam, 73 
impulse-reaction, steam, 

75 
reaction, hydro, 299 

steam, 73 
steam, engir.e efficiency, 

75 
large condensing, 79 
mechanical drive, 75 
srr.all condensing, 76 
small non-condensing, 

76 . 
superposed, 59 
topping, •se·e superposed 

Turbo-generators, preferred 
standards, 76 
cost of, 79 

TVA, 3, 

u 
UltiJrate analysis, fuel, •sl'e 

Fuel 
Underfeed stoker, 225 
Uniflow engine, f7 
United States, cost and use c 
domestic electric service, 
25 . 
e·lectrical production, 1 
heat rate of power plants, 

1 
installed capacity, 1 
standard of living, 1 

Use factor, 19 
Useful life of power plant 
components·, 30 

Utility organization, 5 

y 
Vacuum, engine efficiency 
correction for, 79 

Vacuum pumps, 105 
Valves, steam engine, 67 
Valves, power ~lant, 178 
Vapor power cycles, 45 
Variable load element, 33 
Velocity compounded ill.pulse 

steam turbine, 73 



Velocity, duct, 19C 
pipe, 175 
tube, condenser, 95 

heater, 102 
Viscosity, gases, 191 

petroleum oils, 178 
steam, 178 
water, 178 

Volatile matter in fuels, 
•see Fuels, analysis 

Volume, furnace, 146 
open feed-water heaters, 
100 

w 
Walls, furnace, air-cooled, 

153 

IHDEX 31l7 

Walls, furnace, insulated, 
151 

water-cooled, 14e 
Water, boiler, 218 

treatment, 31C 
horse power, 203. 

Water-tube boilers, 138 
Watt, 67 
Work relations, fans, 239 

pumps, 203 

z 
Zeolite, hydrogen, 217 

sodium, 21e 
softenir.g processes, 215 


