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PREFACE 

The preeent investigation for evaluating the effects of vacying 

imereion positions of the c11rrentmeter for its rating rune under wate:r 

and of varying te~peratures was initiated for the purpose of laying 

down standards for currentmeter calibrations and observati9ns in the 

field. 

The investigation has brought to light that currentmeter calibra­

tions, tor the _range of temperatures tested, remain unaffected by 

normal temperature changes. 

In regard to boundary effect, currentmeter observations in the 

field as well as calibrations in the rating tank will be subject to 

an error or less than 0.6% provided velocities are observed at a 
minimWil distance ot 12 inches at the sides as well· as at the bottom. 

The collaboration o! Sarvashri C V Gole, Dy Director, G M Panc:hang, 

S V Chitale and P K Kulkarni, Chief Research Officers is grate1'llly 

acknowledged. 



EFFECT OF mr.PERATURE AND BOUNDARY ON CURRf..NTMET!.R RATING l 

1. INTRODUCTION 
Considerable research has been done in the last five decades or eo 

towards improving the accuracy or measureuent or velocities. An instru-

ment known as the currentmeter with which most engineer& of toda,y are 

familiar-was developed ae a standard device tar measuring velocitiee. 

Thie type or instrument gener&l.l.y falls under two categorise: 

i propeller-type currentmeters in which turning movement 
is obtained by the lift developed on the blades b:y water 

U cup-type currentaeters in which differential drag on cupe 
in opposite directions rotates the cup assembly 

The cup-type currentmeters(!ig 1) are comprised of eix hollow coni­

cal cups mounted on a vertical shaft held between bearinp,e at the two 

ends. A set of guide vanes keeps the axis ot the wheel perpeDiicular to 

the current. arxi ill! entire assembly parallel to the direction or flow. 

The wheel is geared to a mono or penta contact arrangement tar counting 

the number or its revolutions through a headphone or a counter by making 

_or breaking a contact of the electrical circuit at the end of every one 

or five revolutions. 

For very low velocities of l foot per· second and lese the friction 

~ the bearing of the currentmeter is comparable to the movirl£ ~orcee 

ot water. The form of relation, therefore, of such low velocities with 

the corresponding nwnber of the revolutions/sec is different from that 

tar higher velocities. The general relation also called the rating 

curve, is evaluated for velocities more than A ft/sec by calibrating 

the currentmeters _in rating or towing tanks by towing them in still 

water at different velocities Sid counting the number of revolutions 

per secoDi for each run. 
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2. NECESSITY OF PRESENT INVESTIGATION 
The conditions with regard to temperature or water and bound~j.e 

' . 
distance at 'Which the currentmeter.is held from the side or from the 

bottom ma,y be different in actual streams as canpared to that under which 
' 

the eurrentmeter is calibrated in a towing tank. 

No stand&rdized procedure is eo far known to have been prescribed 

in respect of specific temperature(s) to be maintained, or or holding 

the currentmeter at specified distance(s) from the bottom and/o~ !rom 

the sides fer en.suring iamunity from boundary effect during the course 

of calibration and actual observations in the field. Actuall;r, there 

may be differences in either or ,both the ractcrs on different oceasions. 

It may be noted that temperature variation over rivers is tairl;y wide 

in India, general!¥ ranging between 5° to IIJOC. 

It was thought pertinent, therefcre, to investigate the variations 

due to 11\lCh extraneous differences or temperature or distances from 

bottom and sides on the rating tables or equations or rating curves obta-.- . 
• 

ining for currentmeters. The information so proc~red would serve as a 

valuable guide for standardisation of conditions under which rating • 
' . . 

should be made and also tor introducing appropriate. ca:rect.ions, it any, . . . .• -
, .. 

to the respective reting expressions or the currentmeters. whenever the ' . . 
. . . r 

field conditions differed from those under which they might have been 

calibrated. 

. 
3. FACILITIES AVAILABlE 

Facilit;ies tcr _calibrating currentmeters are well provided at the· 
. - . . . 

Ship Testing Tank at the CWPRS. The tank is ,00 ft long, 12 it wide 

and 7 tt deep. Sixty pound rails are laid to the c:urvatlK" e ot the 
.. . 

earth on either sides of the tank. · A towing carriage with tbe facility·· 
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Fig I : Watts Currentmcter No. 91891 (not to seal!:) 

Photo 1 Ship Testing tank, towing carriage and other equipments 

To fact p :! J 



Photo 2 : Automatic recording equipment IS shown at the right 

Photo 3 : Circular rating tank 
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ot All F..lect.ronic Speed Control arrangement. can lWl on the rails at an7 

• c~tant speed(s) betweenQ.2 to 20 ft(ar -.o6 to 6m) per aec(photo 1). 

An Automatic Reccrder(photo 2) fitted on board keeps the continuous 

Qata of the, time, distance and the revolutions of the currentmeter wheel 

during the rune ot the carriage. 

The extent of bound&ey' effects up to. different. dbtances was in­

vestigated b7 a series or experimental ratings made in this tank. 

It was difficult to raise and lo~oer the temperature or water over 

the desired rar.ge in the large tank. For the purpose ot ratings under 

regulated temperata-e conditions, therefcre, the experiment a were con­

tined to the SMALL-FIXED circular tank of rectangular section 15 inch 
. 

vide and 17 J/4 inch deep having a central radius o! 3 1't. (photo J). 

An arm provided at the centre of the tank rotates at dif!erent velo­

ei ties t~ougll a gear box by a synchronous motor( fig 2). Bat nee are 

provided at eight radial posi tiona in the tank to prevent water from 

acquiring circular motion during calibrations. 

The experimental calibrations made in the two tanks for evalua-

ting the effects ~!'controlled variations ot temperature 111d boundary', 
_· ~ .. ~· : . . - . 

their procedure 1 .tbe·data collected, their. analysis and the conclusions 

dr~ are descrlbed in the fall~ paragraphs. 

TEMPERATURE EFFECT 

4. The procedure a:lopted !or regulating the t.emperatm.e(T) of water 

in the circular tank is described first.· 

. " . Initial.lT the temperature or water in the circular tank was brou-

ght down to. about J°C b7 adding ice. Water was then fully stirred to 

enst~N unitormiey o! temperature and absence o! differential currents 
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on account ot temperature clltference, Care was taken that no circula­

tion or residual veloci t:r was present in the tank on account of stirr­

ing. Temperature or· water was allowed to rise gradua].q to t~ roan . . 

temperatura ot 23.6°C. It was noted tbat t~ time taken £or each degree 

of rise ot tellq)erature was between .3Q-SO minutes. This ensured that _the 

variation ot t811iperature during the period or observation(.3-5 minutes) 

was less than 0.1 OC. Cillbrati~s were next done with the rise of tempe­

rature from 30C to room temperature as described above. 

Temperatures or water higher than the room temperature were produ­

ced b;r heating water electricall,y at three clltferent. places llld stirring 
. 

\t conatmtl,r to .ensure unitormit:r of temperature. Actuall,r, tempera-

ture readings or water were t&ken at 8 different points along the peri­

terJ of the tank, and all inte--se dilterences were within a variational 

latitude ot O.lOC. 

5. OBSERVATION OF DATA 

With these arrangeuenta of temperature(T) control, a set ot experi-

DI!lntal calll:lrations were made of one p:rgm;y-t7Jltl Gurle:r currentmeter 

(No 54l273)for asseeaing the ettect ot changing temperature ot water. 

A 12-inch conatart. depth or water ll&s Daintained in the tank all through 

and the currentueter illlnersed to a constant depth ot .3 inches under water. 

The currentmeter was rated six times uncklr six d.itferent controlled 

ranges ot temperature ot 

So-6, 13-14, a>-21, 27-28, 31r.3S lc .39-400c 

covering between them nearl,r t~ full range or "'ater temperatures in 

Indian streams. For each rating five seta ot the R, V data were obtained 

at !ive speeds or 
2.61, 1.44, .86, .51 and .29 tt/sec 

.. 
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Fig 3 : Rating expressions ( V =a+ b R) for Pygmy type Gurley Currentmeter No. 541273 calibrated in 
circular tank at different temperatureS 
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Fig 4 : Extensions of rating expressions for V> 2·16 ft I sec. ( i e outside observed range) 

12 F~----------------------~L_ 
W 1, T E R .. LEV L • ~ 

12 24 48 60 72 60 48 36 24 IS 12 5 0 
DISTANCE FROM SIDE WALL (iNCH£$) 

Fig S : Cross-section of Ship model testing tank showing immersion positions of Currentmeter for calibrations 
looking towards the end of the tank. 
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Observations or V and R were started only atter the c\ll"rentueter 

had completed two revolutions of the cil-cular tank and stable conditione 

were reached. Following procedure was adopted thereafter. 

For each separate run or the currentmeter the ti.ms intervals taken 

tor five COIIIJllete rounds at the tank were observed repeated]T until their 

two successive values(t) were obtained as near]T identical. The number 

or revolutions recorded or the currentueter wheel were also counted for 

equal intervals or time (t0 ) untU two 11uccessive count11(n) were steady. 

The values of V and R !or the .30 run11 so mde with c!itfsoent· combina-

tiona or the six constant temperature rangn and the five 11peecls were 

derived from · 

V • Length of five rounds and R • !!.. 
t t 0 

and set in Table 1 below: 

Table 1 : Values ot R 

~-----------------------------~~~-' ........ ...T(OC): 5-6 : lJ-14 : 20-21 1 27-28 : .34-.35 1 .39-40 =variation .. 
. . ........ ; : : ' I I :ot R 
------------------------------------1 I 2 I .3 I 4 : 5 I 6 I 7 I 8 
---------- --------~-----------------
2.61 2.270 2.270 2.2501 2 • .300. 2.250* 2.3oo0 2.22 
1.44 1.256+ 1.247 1.245 1.247 1.236* 1.242 1.62 
o.S6 0.772+ 0.76.3 0.758 0.761 o.?sstt 0.761· 2.25 
0.51 0.4.30 0.422* 0.4,30+ 0.423 o.~ 0.423 1.89 
0.29 0.~6 o.~1* 0.~6 o.~9f' 0.2)6 0.2)8 3.98 

• Obtained !or V • 2.6o !t/sec 
+ Max:! mum value or R 
* Minimum value of R 

------------------------------------
6. .ANAUST..S OF DATA 

The anal,yais or such data ususll,y proceeds b7 fitting expre11sionB 

ot the type to the six uh 

ot the data respectivel,1 tor the six rsngea at temperature va1uu. Pre­

J1m1nar.Y to this, hmo;ever, plot at the (R,V) data vide tjg .3 showed a 
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fairly linear lle ot the live points in all the .batches separately. pn 
. evallll!-ti~ exact expressions, tht dispersions ot the individual points 

about the respective lines are seen to go up ~ !,3%. Subject to this 

measure or observed variability, the six lines all drawn against a common 

. pair ot coordinate axes in fig 4 shew themselves as ver7 nearly coales­

ce~ over the length of the observed data. In other wards the linear 

expressions descriptive ot the R, V relations(.29-"V k 2.61) are not 

appreciably d1t terenl; from each other tor temperature variations betw-

een S.lt0°C, Col 8 of Table 1 shows the maximum percentage variation ot 

revolutions for dittere~ velocit7 values, It wlll be observed that 

this variation is of the crder of about 2% except in the ~ase ot lowest 

velocity ot 0.29 tt/sec, lihich is veey small md boosts up the difference. 

Thus the variation in revolutions for the range of t-emperature 

tested is within the tolerance limit .tor rating or currentmeters. In­

depends~ statistical analysis of variance carried out for evaluating 

the rating expl'essions also confirms that the effect ot tsperrature varia­

tions .from S-40°C on the R, V data is not significant as under: 

-------------------------------------From varia- :Degrees: Sum ot 
tiona ot ; ot : squares 

:freedom: 

1 Mean 
: square 
: 

:Standard : 
:Deviation : Conclusion 
: tt/sec : 

-------------------------------------Temperature 
Velociey­
Errar 

Total 

s 
4 
~ 

29 

o.oooao9 
16.185443 
0.002215 

16.188467 

0.000162 
4.046361 
o.ooolll 

,013 
2.012 
.. ou 

Insignificant 
Significant 

--------------------------------------Thus the standard deviation IIIE!asure ot tle velocit,y values due to tem­

perrat\U'e variations namely .OlJ ft/sec equals only about ball percent 

far V • 2.6 rt/sec and 4.5% tor V • .29 tt/sec. 

7 • EXTRAPOLATIONS 
But the lillitations particularly in respect of ~e emall range of 

variation or the observed velocity• data was rather serious. The 
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interence drawn about the invariability or the v. R relation wiU have 

little importance. it similar invariabUi~ did not hold tor tblt higher 

velocities as welL Higber velocity runs could not be made in the circu· 

lar ratiDg tank due to limitations already lll!lntioned. Thus pending tur­

ther observations an inductive approach was made to see 11' it could pro-

vide an answer. 

Norma.l.l,y velocitq encountered in stream gauging doee not exceed 

14 to 15 tt/ sec. l':hen the lines fer the six seta ot expreasione in 

fig 4 are extended to a velocity or 14 tt/sec the maximum inter-ee dirt­

erence in the region or 14ft veloci~/eec is toWld to be aenaibly 

smaU. limited to !,1% onl,y. 

Thus. despite the six expressions having been derive_d tran oba .. -

ved data of only five points each fran 'the lower. values or V not exc­

eeding 2.61 ft/sec. their divergence w1thi.'1 a strictly narrow band in 

upper reaches of the R-V field indicates that in caae ot higber velo­

cities al.ao, the effect ot Temperature on rati11g may not be or IllY 

consecpence. 

BOUNDARY EFFECT 

8. EXPERIMENTAL PRECAUTIONS 

Experiment& were undertaken tor investigation ot boWJd&r7 effects 

in the larger Ship Hodel Testing Tank. 'lbe tol.l.owiDg precautions 

were taken to ensure treedan trom any experilll!lntal variatiorun 

(1) The current.meter was olled llld clellled before each 
set or runs. 

(2) Spin teets ot tblt currentmater was taken regularly 
befcre beginni11g each set ot rWJB to ensure that 
friction in the bearings wae m1n1mnm, t.'hile the spin 
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• 
test gave a period of at least 90 seconds ma~ 
ratings were carried out with spin-test values ot 
100 seconds and more up to UO seconds. This 
ensured that tbe effect of friction at veloci­
ties ot 1 ft/sec was negligible. •. 

(J) The currentmeter was hei.d tight4' to the carriage 
by securing it at 2 points so that vibrations 
dua to suspension of rod were reduced to the minimum. 

(4)* Sufficient interval of time was allOifed to lq>se 
between two consecutive runs in order to induce 
stUlness to the water mass in the tank and so 
ens~re freedom from dist\D'bance to till follawi~ run. 

9. DESmN OF THE EXPERlMENT 
Twenty positions of illlnersing the currentmeter during its experi- · 

mental rwts in the tank comprised of points at four depths along each 

or the five selected verticals vide fig 5. All the 20 positions were 

selected from a halt portion of the "cross-section, as their 8ylll!letr,y· 

about tm central vertical suggests similar V-R behaviour over the 

second half also. The observations for any individual vertical will be 

cv.pable of yielding separate4' ini'ormation about t!W! influence of the 

nearness of the bottom. S1m1lar4' the observations along any one depth 

-----------------------------------* 'When a rwt is taken in a tank for rating a current meter, waves 
and drift are gemrated. It takes certain timB for this disturbance to 
reduce to a reasonab4' low value before next rwt can be taken. These 
intervals were actuall,y decided !rem a separate experiment in which 
the absence ot movements in water -were checked by observing the refle­
ction o!4.0 1't long t'luorescent tube suspended about 13.0 ft from the 
surface ot' water. The movement of tha image of the tube is great4' 
exaggerated, if the water has even the slightest mo'V811ent. With a 
view to minimise the effect ot any residual disturbance md make its 
effect equal on all calibrations, definite intervals were allOifed 
between successive rwts at different speeds as given belOif: 

These were aaintained in all the exp~riment.s that are described 
in the note. 

Velocit,y 
(ft/sec) 

1 1.5 2 2.5 3 4 s 6 7 8 

Time interval .3 3 5 5 6 9 11 l4 16 (minutes) 
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on the five verticals can abo 7ield 1n1'ormation about. the Wlucnce or 

the nearness or side wall; these ma;r again differ .for the 4 different· 

depths. The advantage or. this method or collection ot data lies in the 
•• 

utilization ot a large numb_er or compounded observations to yield 1n1'or­

mation. on each .feature or investigation and their interaction or differ-

combinations. Fcr example 1 whenever di sproportionatel,y increased bias 

due to depth is obtained along some verticals alone, the feature will 

be properly highlighted b;y the interaction mean square term in the ana­

l,ysis or variance. 

JO, OBSERVATIONS 

. A constant depth or 7-o ft or water was maintained in the tank and 

a Watt currentmeter(No 91891) was used .for the experimental ratihgs. 

Following series ot tests wre comucted: 

(l) 

(2) 

(3) 

Currentmeter held in the centre of the tank and velo-
. cities observed at 6, 121 66 imd ·72 inches above 
the bed . 
Current meter held at 5, 12, 18 and 24 inciM,s from 
the side wall of the. tank arxi the velocity- observa­
tions made in each case at 6, 12, 66 am 72 inches 
above the bed 
Additional tests with currentmeter at the centre ot 
the tank and velocities observed at 6, 12, 18, Vt, 
30,_ 42, 48, f:IJ, 66 and 72 inches above the bed 

Fer evaluating rating eJqressions correspoming to 
20 diff~ent positions replicate observations were 
made vide items (1)&(2) above. About lO runs were 
made for each by- .running the carriage at different···----­

. velocitiB s between o. 95 I. V '- 8.44 tt per second. 

11. ANALYSIS OF DATA 

The ·numerical values ot the R md V for all theseveral runs are .. 
reproduced ~ Appendix ~ and lhown pl,.otted in .fig 6. Straight line 

expressions evaluated by- the method_ of leaet squares are -drawn on 
. 

the respective sets to show _their _goodne_ss-ot-tits. · The. average depar_. 
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tures ot individual points tram the respective liDes do not exceed about. 

3% except in a singls case wten it goes up to 6. 9% tor the extreme immer 

sion position vis six inches from the bottom and five incb!a from the 

side ot the tank. The large departure mq more probably be ascribed to 

soiiiB nchanical maladjustmBnt during the eJII)eriment rather than to the 

immersion position. 

12. DIFFERENCES BETGN REPLICATE CALIBRATIONS 
Replicate ratings tor each ditterent position were made solely to .. 

provide the ~asure ot consistency between repeated calibrations,other 

things being equal. 

The paired preeentation ot replicate lines in fig 6 discloses 

veey effectively the varying degrees ot their coalescmce generalJ.i •. . . 
Theee random ditterences between repeated calibrations usual.l7 provide 

the base tor colllp!lting the upper llmits 'lrlhich ncrlil.al dirterences betw­

een calibrations tor different positions should not exceed. 

It there were no ditterences between replicate calibrations or 

between calibrations tor different immersion positions ot the current­

meter, .the values b7 the 40 lines tor R • 1 (am similarly 3 or 5) 

should all be identical. The format of Table 2 otters a Diana tor exa-

mining as well as fer computing the concrete ditterences between repli­

cate calibrations or calibrationslllith positions of otb!r features in 
. 
c011111on. Thus, for exaanple a glance at the mean values line discloses 

the steadily-decreasi~ trend for decreasing depths ·or illmersion ot 

the curre~mBter. 

Nearl,y p1milar variation ot the side ettect is also perceivable 

in the series ot the mean values in Tabla 2 for different horizontal · 

distances from the side well. Thus, when the currentmBter ia closest 
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Table 2 : Values of V from rating expressions for different immersion positions of the currentmeter 

Distance 
R=l I R=3 I R=S 

from DISTANCE FROM BOTTOM (INCHES) 
side wall 

I 
-
I I I I I I Mean I I (inches) 6 12 66 72 Mean 6 12 66 72 6 I 12 66 I 72 I Mean 

1 2 3 4 I s I 6 I 7 I 8 I 9 I 10 11 I 12 I 13 I 14 IS I 16 

s 2·293 2-273 2-167 2·162 6·795 6·810 6·481 6·519 11·297 11·348 10·794 10·876 
2·253 2·161 2·151 2-137 2·202 6·770 6·485 6·506 6·497 6·608 11·287 10·809 10·862 10·837 11·014 

12 2·173 2-154 2·206 2-169 6·567 6·616 6-637 6·520 10·961 11·077 11·068 10·870 
2-207 2·186 2·184 2·242 2-190 6·713 6·652 6·488 6·579 6·597 11·218 ll·ll8 10·793 10·915 11·003 

18 2-185 2-228 2-176 2·154 6-606 6·709 6·500 6·515 11·028 1Jo190 10·823 10·815 
2·187 2·180 2·174 2-175 2·182 6·541 6·610 6·542 6·605 6·578 10·894 11·041 10·910 11·035 10·974 

24 2·194 2·165 2-187 2-190 6·525 6·551 6·542 6·520 10·855 10·936 10·898 10·849 
2·213 2·210 2-166 2·144 2-184 6·524 6·504 6·546 6·538 6·531 10·835 10·798 10·925 10·933 10·879 

72 2·220 2·160 2·150 2·143 6-609 6·612 6·448 6·434 10·999 11·063 10·747 10·725 
2-224 2·199 2-189 2·152 2·180 6·703 6·545 6·611 6·460 6·553 1Jo182 10·892 11·033 10·769 10·926 

--- -- -
Mean 1 2·215 2-192 2-175 2-169 2·188 6-635 6·609 6·530 6·519 16·5731 11·056 11·027 10·885 10·868 po·959 

Marginal random difference J Mean V's ·024 ·026 . ·061 ·068 ·ll3 ·126 
between two Unit V's ·074 •192 ·356 

From varia- Degrees of Sum of Mean Sum of Mean Sum of Mean 
lions of freedom squares square squares square squares square . 

Dist. from bottom 3 ·012823 ·004274 significant ·099995 ·033332 significant- ·275158 ·091719 significant 
Dist. from side 4 ·002641 ·000660 ·031569 ·007892 ·101301 ·025325 
Residual I 32 ·032216 ·001007 ·201933 ·006310 ·609967 ·019061 
Residual II 36 ·034858 ·000968 s=·031 ·233502 ·006486 s = ·081 ·711268 ·022227 s=·149 

Total 39 ·047680 =±1-42% ·333498 =±1·23% ·986426 =±1-36% 
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to the side wall, higher velocities are again reglstered fer SaDie R' a. 

But the side effect does not continue in a steaey sense beyond a 5 in­

ches distance. The casual differences noticed between the ~~ean valuea 

for other distance ot 12, 18 and 24 inches fran the side wall are not 

larger than what may be expected between repeated calibrations fer an;y 

·random immersion position. 

For the comparison ot overall 11111ans for R • l, R • 3 and R • 5 

vide cola 6, 11 and l6(Table. 2) with the mean values for observations 

at 6 and l2 inches fran the bottom vide cola 2, 31 1, 8, 12 and lJ 

and at 5 and 12 ir¥:be s from the side, vide itema l md 2 ot cola 6, . . 

• 6• : 12" . 5" I 12" .: • • 

-----------------------------------v 2.215 2.192 2.2)2 2.190 2.188 
R • l Difference V-V

0 
.027 .004 .014 .002 

%difference to V0 1.23 .18 .64 .09 

v 6.635 6.609 6.608 6.597 6.573 
R • 3 Difference V-V0 .062 .OJ6 .035 .024 

%difference to V0 .94 .ss .53 .)6 

v U.OS6 11.021 11.014 11.003 10.959 
R • 5 Difference V-V0 .097 .068 .oss .044 

% difference to V
0 .89 .62 .so .40 

-----------------------------------
Thus 

(l) For the 6 inches position abcwe bottan the me111 
velocity estimates ~ be subject to an up­
ward variation between 0. 9 to l.2J;C. 

(2) For the 12 inches position from bottom the effect 
remains between 0.18 to 0.62:(. 

(J) For positions o.t' 5 inches from the side wall the 
mean velocities ma;y be similar :13' subject to an 
upward bias ranging between 0.5 to 0.64%. 

(4) Far the l2 inches position from side 1ll8l.l the 
velocities will var;y between 0.09 to .4;C. 
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The broad inferences above are cCil!irmed as COJ:"rect by exact ana-

l.yaea-of-variance subJoined in Table 2. 

The percentage standard error ditferences between the respective 

pairs ot V1 a in Table 2 for all replicate calibrations are shown in 

f:J& 6. Their numerical magnitudes gereral.l.y do not exceed 1.5% except 
. 

fer only one position(l2 inches from _bottom and S imbes from side wall) 

wben the replicates have a standard error equal to about 3.5%. But a 
. . 

minute scrutiny of the data has disclosed that the rating runs for one 

ot the two sets for the supposed position ot 12 inches from bottom 
. 

might in all probability have been made at tbe 6 inches position. 

Pooling the prim&l"Y data of all depths posi. tiona for each fixed 

diatatce from the aide wall separately the five ean lines respective­

ly obtaining are drawn in fig 7. Similarly the 4 mean lines computed 

from all primary data for each or the 4 different. depths irrespective 

ot the posi tiClllS distances from side wall are also shown as a sepa­

rate set. The two sets ot IIIB&n lines together provide a graphical 

demonstration of the larger dispersion due to tbe effects of different 

' clistatces from the bed than of similar effects from the side wall. 

Obviously, 1\lrthsr observations were mcess&r;JPtor investigating the 
. 

depth at which the bottom effects were tbs least it not totally absent. 

l). ADDITIONAL OBSERVATIONS AIDNG CEN'l'RAL VERTICAL 

Fresh observations were therefore made as stated in para 11 supra 

with their scope limited to the central vertical only, as side effects 

had been fourxi ~tally absent along three verticals close to the side 

wall and nearly abse.nt at S inches distance. The prim&l"Y data of the 

R, V values for the different rating runs made for 6 repeated calilra-
. ct1: . 

tiona tor 10 different depths of illlnersion respectively,(6, 12, 18, 24, 
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Table 3 : Values of V from rating expressions for different immersion positions of currentmeter along central vertical 

Distance 
R=1 

from 
bottom 

(Inches) 1 I 2 I 3 I 4 5 I 6 !Mean 

1 2 I 3 I 4 .I s· 6 1 1 I 8 

6 2·220 2·223 2·182 2·159 2-181 2-1882-192 
12 2·160 2-199 2-159 2·226 2-168 2-183 2·183 
18 2-154 2·214 2-142 2·180 2·174 2·197 2-177 
24 2·157 2-199 2·165 2·185 2·181 2·180 2-178 
30 2-179 2-188 2-181 2-177 2·208 2·194 2·188 

42 2-176 2·150 2·141 2·195 2·210 2·145 2-169 
48 2-158 2-159 2·173 2-173 2·192 2-158 2-169 
60 2·171 2·209 2-156 2-158 2·157 2-135 2·164 
66 2·150 2·189 2-213 2-180 2·159 2-185 2-179 
72 2-143 2-152 2·201 2·175 2·153 2-178 2-167 

Mean 2·177 

Marginal random differ-} mean V's 
ence between two unit V's 

·022 
·053 

From varia- Degrees of Sum of Me am 
lions of freedom squares square 

• Distances 9 ·004594 ·000510 
Residual 50 ·024808 .000496 

I R=3 I 
REPLICATES 

1 I 2 I 3 I 4 5 I 6 I Mean! 1 I 2 I 3 

I 9 1 10 1 u 1 12 1 13 1 14 1 1s 1 16 1 17 I 18 

I 
6·609 6·618 6·544 6·552 
6·612 6·545 6·463:6·548 
6·468 6·585 6·452 6·482 
6·519 6·513 6·489:6·512 
6·584 6·564 6·55716·480 

6·471 6·456 6·442.6·661 
6·469 6·466 
6·538 6·573 
6·448 6·611 
6·434 6·460 

6·457j6·498 
6·534,6·524 
6·629 6·562 
6·53216·558 

Sum of 
squares 

6·562 6·53916·571 10·9991ll·OI3,10·906 
6·551 6.515 6·539 11·063110·892,10·767 
6·538,6.544 6·512 10-781 10·957110·763 
6·519 6.494 6·508 10·881 10·826 10·813 
6·520 6.497 6·534 10·990 10·940110·933 

6·678 6·453 6·527 10·766 1D-763 10·743 
6·641 6·469 
6·535 6·454 
6·532 6·590 
6·482 6·540 

Mean 
square 

6·500 
6·527 
6·562 
6·501 

6·52~ 

·056 
·138 

·003572 
·003362 

10·781 
10·904 
10·747 
10·725 

10·768 10·741 
10·937 10·912 
11·033111·046 
10·769 10·864 

I 

Sum of 
squares 

Total 59 ·029402 ·000498 s = ·022 

•032152 
·168112 
·200264 ·003394 s=·058 

=±·89% 

·100774 
·519691 
·620465 

=±1·01% 

I 

R=5 

4 I 5 -~-6-, Mean 

19 1 20 

10·946 10·943 
10·870 10·933 
10·784 10·902 
10·839 10·857 
10·782 10·832 

11-127 11-146 
10·824 11·090 
Ul·890 10·914 
10·944 10·904 
10·942 10·811 

Mean 
square 

.·Olll97 

I 

·010394 . 

21 f22 
10·891,10·950 
10·847: 10·895 
10·890 10·846 
10·809 10·838 
10·801 10·880 

10·761 10·884 
10·779 
10·718 
10·995 
10·901 

10·830 
10·890 
10·945 
10·835 

10·879 

·099 
·242 

·01.0516' s=·102 
=±·94% 
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30, 42, 48, .60, 66 and 72 inches are reproduced in Appendix II. 

Table j ·shOWS three sets or v•s.as befcn for R. 1, 3 md 5 toge­

ther with tbeir respective anaqses-ot-variance. Study ot mean value 

lines for the 3 sets of velocities shows that bottom effects do not per-

ceivabl,y continue beyond mere than 12 inches as inferred from the mean 

value lines in table 2. 

At the central vertical mean velocity at 6 inches. abcwe bottom mq 

be subject to a maximum variation or o.67f, and the dll'terence at 12 

inches above bottom is not. likeq to exceed 0.'21%. 

Thus, the mean v•s fer onq two positions distant from the bottom 

by not mere than 12 inches are consistentl,y higher than the rest. The 

higher mean v•s uniferml,y obtaining for the position 66 inches from 

bottom seem to be mare casual than systematic, as no similar tendenc7 

is observed tor tl'B positions 72 inches or 6o inches !rom the bottom. 

Fig 8 shows the 10 mean lines separatel,y evaluated !or the 10 

depths each b7 pooling all the respectivel.7 replicate ratings data. 

The canpact lie of the 10 lines, indicates the ver7 negligible bottom 

effects on currentueter ratings at dirterent heights above 12 inches 

along the central vertical. 

14. CONCWSIONS 

From a set or observed data of experimental calibrations ot a 

pygmy-type currentmeter with. 2 1ncb dialll!ter bucket wheel towed at a 

circular rating tank the following conclusions can be derived: 

Temperature effect 
i) Onder constant temps-ature coniitiona~ R-V relations 

are sensibl,y linear !or .89~ V .( 2.61 ft/sec subject 
to standard deviation random variations ot 3%. 
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ii) Estimates of V deduced from different relatialS for 
5°~ T~ .I.DOC have a + standard deviation variability 
between tbem not exceeding I,%. In other wcrds, R-V 
relations remain sensibly invariable to normal te­
perature changes. 

iii) The variability measure between different. R-V relations 
does not. increase even w hen they may be extended beyond 
their observed r!l'lge up to nearly V • 14 ft/sec, Thus, 
the invariability of the R-V relations to temperature 
changes is interred also up to V • 14 tt/sec provided 
theh' linearities hold; the latter aspect is amply borne 
out by the volwninous data collected for tm e.xpe riments 
in the larger towi~g tank. 

The effect of the JrOxl.mity of boundary was assessed with a Watt 

current.meter having 5 inch diameter bucket wheel, in the large tank. 

The following·conclusions were drawn: 
Boundary e tfect 

iv) The linearity of the R-V relations for .75{ V~8.5 ft/sec 
holds for all positions of immersing the currentmeter 
in the towing tank,subject to + standard deviation 
random variations of .3%. -

v) Estimates of V from replicate ratings expressions,other 
t:bnditions being equal, have a +standard deviation 
random variability between t heat not exceeding 1. 5%. 

vi) Estimates of V from rating expressions for different 
immersion positions more than 5 inches from sl.de wall 
or 12 inches from bottom also have comparable +stan­
dard deviation variability and are less than 175%. 

vii) For the 6 inches posl.tion above bottom the mean velo­
city estimates uay be subject to an upward bias or 
from 0.9 to 1.2$. At the central vertical the bias 
is or the crder or .67%. 
For the 12 inches poaition from bottom the bias 
remains between .2 to .6%. 
For posl. tions of 5 inches from the side wall the mean 
velocitiss may be similarly subject to an upWard bias 
r111ging between .5 to .64f,. 
Fer ths 12 inches posl.tion from side wall the bias 
varas between .1 to .Jd,. · 

v111) From conclusions (v) to (vii) it .follows that current 
meter observations in the field as well as calibra­
tion in the rating tank will be subject to a negligi­
ble boundary ef'fect(lobich will be less than 0.6%) 
provided the velocities are observed at a distance of 
not less than 12 inches from the _sides as well as bottom. 

ix) An errcr up to 1.2% may be expected it velocity observa­
tions a-e taken six inches above the bottom and 5 
inches frcm the side. · 



Distance 
from 

side wall 
(inches) 

5 

12 

18 

24 

72 

APPENDIX I 
Revolutions (R) I sec and velocity ( V) fi/ sec observed for experimental calibration runs 

of Watts type currcntmetcr No 91891 

DISTANCE FROM BOTTOM (INCHES) 
6 l 12 I 66 I 72 

REPLICATE 
-1 I 2 I I I 2 I 2 I 2 
R I v R IV I R IV I R IV R IV R IV R v R I~ 

·44 ·99 ·50 1·00 ·43 ·98 0·46 1·01 ·70 1·54 ·44 ·95 ·46 1·01 ·43 ·98 
·66 1·47 ·69 1·50 ·64 1·47 0·69 1·51 ·88 1·93 ·68 1·49 ·69 1·52 ·69 1·47 
·85 1·93 ·76 1-66 ·86 1·95 0·82 1·79 ·91 1·99 ·76 1-61 ·89 1·91 ·87 1·81 

1·03 2-33 1·02 2-22 1-12 2-52 1·01 2·18 1·05 2·27 ·96 2·10 HO 2·38 1·03 2·24 
1·35 3·06 1·28 2-74 1·33 3·02 1-41 3·03 1·28 2·74 1·26 2-65 1·35 2·89 1·35 2-90 
1·50 3-61 1·45 3·94 1·80 4·07 1·86 3-98 1·78 3-87 1·71 3-69 1·77 3-83 1·64 3-59 
2·07 4·71 2·16 4·70 2·07 4·67 2·34 5·01 2·19 4-67 2·17 4·66 2·24 4-83 2·12 4·54 
2-43 5·60 2-60 5-86 2·62 6·00 2·73 5·93 2·77 5·96 2·62 5·66 2·77 6·00 2-66 5·76 
3·01 6·73 3·16 7·26 2-97 6·76 3-34 7·24 3·16 6·83 3·11 6·78 3·17 6-91 3·14 6·84 
3·53 7·95 3-71 8·21 3·64 8·23 3-90 8·44 3-68 7·96 3·56 7·74 3·70 8·08 3-66 7-92 

·47 1·01 ·46 1·02 ·48 1·01 ·44 ·97 ·43 •97 ·43 1·02 ·46 1·01 ·40 1·03 
·67 1·50 ·68 1·53 ·69 1·51 ·66 1·48 ·68 1·52 •67 1·52 ·68 1·49 ·66 1·53 
·78 1-64 ·81 1·74 ·96 2-05 ·83 1·77 ·82 1-81 ·81 1·76 ·84 1·82 ·87 1-87 

1-02 2·21 1·08 2·40 1·06 2·30 ·98 2·15 1·03 2·28 H3 2·44 HI 2·40 1·06 2-49 
1·32 2·80 1·26 2·72 1·38 2-91 1·20 2-57 1·30 2·82 1·50 3·17 1·33 2·86 1·36 2·91 
1-63 3·54 1·63 3-63 1·65 3·64 1·74 3-81 1·66 3-68 1·73 3·74 1·70 3-67 1·76 3-83 
2·02 4·52 2·11 4·66 2·25 4·83 2·13 4·63 2·14 4·73 2·36 5-11 2·25 4-90 2·26 4·95 
2·70 5·96 2·53 5·76 2-61 5·86 2·55 5·76 2-67 5-92 2-87 6·18 2·72 5-91 2·77 6·10 
3·05 6·64 3-10 6·93 3·03 6·67 3·02 6·75 3·24 7·14 3-31 7·17 3·30 7-18 3·20 7·02 
3·56 7-76 3·57 7·99 3·51 7·78 3-48 7·67 3-62 8·04 3-85 8·35 3-80 8·26 3·75 8·23 

·47 1·04 ·45 1·00 ·45 1·01 ·46 1·02 ·46 1·07 •46 1·00 ·47 1·02 ·45 ·99 
·69 1·53 ·68 1·49 ·68 1·52 ·68 1·52 ·69 1·51 •69 1·50 ·71 1·53 •68 1·48 
·83 1·79 ·87 1·87 ·83 1·84 ·85 1·87 ·90 1·94 ·89 1·92 ·95 2·05 ·96 2·08 

1-01 2·20 1-12 2·44 1·00 2-21 ·94 2·09 1·00 2·13 1·08 2·32 HI 2·39 1·06 2·28 
H7 2·53 1·33 2-89 1-19 2-60 1·44 3·15 H3 2-42 1-13 2·44 1·29 2·71 1·49 3·27 
1·68 3·70 1·83 3·99 1-66 3-80 1·89 3-91 1·27 2-76 1-68 3-64 1·88 4·09 1-69 3-66 
2·21 4·85 2·18 4·76 2·03 4·52 2·20 4·83 1·89 4·10 2·12 4·76 2·27 4·93 2·26 4·90 
2·51 5·50 2-61 5·74 2·51 5·57 2·58 5·75 2·28 4-91 2·69 5·85 2·77 6·03 2-51 5·58 
3·03 6·66 3·16 6·86 3·02 6·76 3·18 7·04 2·95 6·41 3·19 6·92 3·22 6·97 3·21 7·09 
3-45 7-65 3·77 8·20 3·56 7·99 3·57 7·90 3-47 7·52 3-66 7·99 3·78 8·22 3-41 7-51 

·46 1·02 0·41 1·01 ·46 1·02 ·41 1·03 ·45 1·00 ·45 1·00 ·44 ·98 ·45 ·99 
·69 1·52 ·68 1·53 ·70 1·52 ·67 1·51 ·68 1·49 ·69 1·52 ·67 1·47 ·69 1·51 
·81 1·76 ·94 2·02 ·77 1·70 ·83 1-84 ·90 1·96 ·73 1·54 ·81 1·78 ·81 1·73 

1·05 2·26 ·99 2-16 1·06 2·29 1·07 2·30 1·08 2·35 ·94 2·04 1·05 2·28 1·04 2·29 
1·26 2·75 1·44 3·10 1·20 2-43 1·25 2-68 1-37 2-98 H7 2·50 H8 2-65 H8 2·36 
1·71 3·70 1·69 3·68 1·57 3-42 1·75 3·78 1·82 4·04 1·59 3-47 1·65 3·58 1·74 3·77 
2·12 4·72 2·34. 5·19 2·08 4·55 2·17 4·71 2·27 4·88 2·18 4·71 2·17 4·71 2·18 4·72 
2·60 5·76 2·80 6·16 2·65 5·86 2-62 5·78 2-66 5·83 2-60 5-68 2·63 5·71 2-63 5-71 

7·02 3·06 6·72 3-25 7·04 3-21 7·01 3·02 6·60 3·16 6·88 
I 

3-17 6·92 3·24 3·18 6·95 
3-67 7·87 3·72 8·02 3-68 7·97 3-69 7·98 3-79 8·25 3-49 7·65 3-61 7-85 3-66 "8·03 

·44 1·00 -46 1·01 ·45 ·99 ·46 ·99 ·45 ·97 ·34 ·76 ·46 1·00 ·46 ·99 
·67 1·49 ·69 1·52 ·67 1·48 ·69 1·49 ·70 1·50 ·55 1·20 ·70 1·51 ·70 1·49 
·70 1·56 ·92 2·01 ·77 1-62 ·91 1·93 ·91 1·93 ·91 1·91 ·92 1·96 ·79 1·70 

1·03 2·28 ·94 2·07 1·06 2-31 H7 2·51 H6 2·51 HO 2-40 1·00 2·16 1·08 2·32 
H9 2-61 1·27 2·73 1·28 2·59 1·20 1 2-74 1·37 2-93 1·33 2-92 H6 2-46 H6 2·49 
1·59 3·50 1·59 3-67 1·77 3-85 1-691 3-84 1·78 3·83 1·71 3·73 1·73 3·73 1·70 3·64 
2·08 4·55 2·12 4·78 2·13 4·63 2·20 4·75 2·31 4·94 2·29 5·04 2-47 5·26 2-28 4-92 
2·50 5-61 2·47 5-61 2-47 5·51 2·57 i 5·82 2·90 6·24 2-58 5·69 2·64 5-64 2·77 5·99 
3·00 6·65 3-63 7·93 2·98 6·70 3·13' 6·74 2·36 7·29 3·27 7-22 3·19 6-87 3·25 7·00 
3-6317·93 

I 

3·06 6·96 3-61 7·89 3·72' 8·02 3-91 8·34 3-71 8·20 3-82 8·19 3·71 7-98 
i 



Distance 
from 

bottom 
(Inches) 

6 

. 

12 

18 

24 

30 

APPENDIX II 
Revolution ( R )/ sec and velocity ( V) ft f sec observed for experimental calibration runs 

of Watts type currcntmcter No. 91891 at different depths along central vertical 

REPLICATE 

1 I 2 I 3 I 4 I 5 I --
R I v I R I v I R I v I R I v R I v I R 

·44 1·00 ·44 1-01 ·45 ·981 ·47 ·99 ·46 1·01 ·45 
·67 1·49 ·82 1-82 ·68 1-47 ·69 1·50 ·69 1·53 ·65 
·70 1·56 1-17 2·51 ·86 1·85 ·91 2·04 ·86 1·85 ·92 

1·03 2·28 1-67 3-66 1-10 2·35 1-21 2·51 1·05 2·28 1-06 
1-19 2-61 2·12 4·71 1·37 2-94 1-48 3-17 1·26 2·68 1·35 
1·59 3·50 2-62 5·84 1-63 3·59 1·91 4-12 1-81 3-93 1-85 
2·08 4·55 3·22 7·10 2·20 4·87 2·17 4·78 2-15 4·72 2·i6 
2·50 5-61 3-48 7-63 2·53 5·12 2-62 5·88 2·53 5·64 2·57 
3·00 6·65 3·10 6·73 3·15 6·91 3·06 6-68 HI 
3-63 7-93 3-67 7·87 3-82 8·25 3·57 7-15 3-64 

·45 ·99 ·46 ·99 ·36 ·78 ·44 ·99 ·45 . 1·00 ·46 
·67 1·48 ·69 1·49 ·79 1·72 ·11 1·73 1-14 2·50 ·75 
·77 1·62 ·91 1·93 1·24 2-67 1-18 2-63 1·23 2-70 1·27 

1·06 2-31 1-17 2·51 1·48 3·19 1-60 3·53 1·71 3·64 1·68 
1·28 2·59 1·20 2·74 2-14 4·59 2·07 4·53 2·15 4·55 2·13 
1·77 3-85 1-69 3-84 2·75 5·93 2-61 5·15 2·63 5·80 2-67 
2·13 4-63 2·20 4·75 3-15 6·80 3·20 6·97 3·02 6·65 2-85 
2-47 5·51 2·51 5-82 3-76 8·10 3·60 7·82 3·56 7-11 3-43 
2-98 6·70 3·13 6·74 
3-61 1·89 3·72 8·02 

·45 ·98 ·44 ·99 ·44 ·95 ·44 ·97 ·44 ·98 ·45 
·80 1·71 ·67 1·48 ·86 1-84 ·79 1·72 ·79 1·73 .·78 

1·21 2-62 ·72 1·58 1·29 2·75 1·30 2-81 1·28 2·76 1·23 
1·59 HI 1·08 2-40 1·65 3-52 1·53 3-31 1·76 3-79 1-60 
2·24 4-83 1·24 2·69 2·26 4·82 2.17 4·67 2·08 4·52 2·20 
2-61 5·62 1-68 3-65 2-61 5·66 2-67 5·83 2-81 6·08 2-63 
3·06 6-61 2·00 4·60 3·24 6·94 3·19 6·89 3·20 6·96 3·15 
3·55 7-66 2·59 5·66 3-67 7-91 3·54 7-62 3-98 8·72 3-94 

2·98 6·59 
3-61 7-82 . 

·45 ·97 ·42 ·98 ·44 ·96 ·46 ·99 ·45 ·97 ·45 
·80 1-73 ·87 1·97 ·83 1·80 ·86 1·92 ·85 1·86 ·77 

1·24 2·66 1·25 2-67 1·20 2-62 1·24 2·70 1-19 2·59 1-17 
1·71 3-68 1·70 3-67 1·78 3-83 1·73 3-15 1·54 3·34 1·80 
2-17 4·70 2·13 4·60 2·25 4·87 2-18 4·71 2·17 4·72 2·20 
2·75 5·93 2-71 5·91 2·60 5·62 2·76 5·98 2-43 5·25 2·54 
3·07 6·76 3·00 6·56 3·29 7-10 3·04 6·67 2·94 6·47 2-89 
3-66 7-91 3-65 7-91 3·76 8·16 3·72 8·06 3-80 8·20 3·64 

·46 1·01 ·46 1·02 ·45 1·00 ·44 ·99 ·44 ·99 ·45 
·67 1·46 ·71 1·54 ·90 1·98 ·79 1·73 ·76 1·70 ·89 

1·04 2·24 . 1·01 2·19 1·23 2-68 1·08 2·35 1-13 2-48 1·22 
1-14 2-46 1-15 . 2·48 1·82 3-94 1-62 3·50 1·76 3·87 1·76 
1·30 2·84 1·29 2·89 2-19 4·75 2·06 4·47 2·07 4·52 2·19 
1·73 3·76 1·71 3-81 2·79 6·07 2·78 5·99 2-68 5·83 2·78 
2·30 5·04 2-31 4·99 3·24 7-13 3-31 7-15 3·13 6·82 3-19 
2-71 6·06 2-65 5-81 3-77 8·24 4·01 8·66 3·83 8·30 3-60 
3-13 6·83 3·27 7·14 
3·77 8·25 3-61 7-90 

6 

I v 

-1·00 
1-49 
1·97 
2·29 
2-95 
4·02 
4·76 
5·64 
6·78 
7-91 

1·00 
1-65 
2·77 
3-65 
4·62 
5·80 
6·18 
7·44 

1-01 
1.72 
2-68 
3-47 
4·78 
5-77 
6·91 
8·56 

·99 
1-67 
2·57 
3-90 
4·77 
5·51 
6·28" 
7-85 

1·00 
1-99 
2·64 
3-83 
4-75 
6·05 
6·91 
7-76 

~ 



Height 
REPLICATE 

above I I 2 I 3 I 4 I s I 6 
bottom 

(Inches) R I v I R I v I R I v I R I v I R v R I v 

42 ·31 ·69 ·38 ·81 ·49 1·04 ·34 ·76 ·36 ·81 ·51 1·09 
·49 1·08 ·59 1·28 ·68 1-47 ·52 1-16 ·35 ·78 ·64 1·37 
·81 1·78 ·83 1·80 ·85 1·80 ·76 1-69 ·61 1·34 ·95 2·01 

1·06 2-31 1·50 3·21 1·09 2·34 1·00 2·21 ·86 1·89 HO 2·37 
1·20 2-61 1·70 3·64 1·31 2-79 1·25 2·76 1-03 2-26 1·25 2-66 
1·59 3-49 1-63 3-49 1-63 3-51 1·59 3-52 1·22 2-69 1·91 4·13 
2·73 5·86 2·22 4·79 2·21 4·71 2-11 4-68 1-60 3·53 2·16 4·63 
3·14 6·78 2·57 5·51 2·72 5·82 2·54 5-67 2·07 4-66 2-76 5-96 
3-68 7-93 3·14 6·77 3·18 6·83 3·01 6·70 2·58 5·74 3·16 6·78 

3-69 7·93 3·71 8·00 3·56 7-94 3·07 6·83 3-69 7-!15 

48 ·32 ·71 ·37 ·80 ·39 ·87 ·37 ·85 ·37 ·83 ·39 ·85 
·80 1·72 ·59 1·30 ·56 1·24 ·58 1·27 ·56 1·23 •63 1·36 
·99 2·16 ·88 1·88 ·78 1·72 ·81 1-74 ·79 1·74 ·82 1·76 

1·22 2-62 1·00 2-18 1·04 2-26 1·06 2·28 1·02 2·23 1·08 2·33 
1-66 3·57 1·31 2-81 1·24 2-68 1·27 2·76 1·27 2-77 1·27 2·73 
2·22 4·77 1·76 3-80 1-66 3·59 2·22 4-84 1-63 3·55 1·71 3·71 
2·59 5·59 2·22 4·76 2·16 4·70 2-69 5-81 2·22 4·87 2·12 4·57 
HI 6·71 2·70 5-83 2-69 5-65 3·19 6·92 2-62 5·79 2·73 5-91 
3-66 7-89 3·21 6·91 3·10 6·71 1-69 3-66 3-11 6·89 3-27 7·04 

. 3-69 6·96 3-60 7-78 3·73 8·08 3·59 7-98 3·75 8·08 

60 ·37 ·84 ·36 ·81 ·35 ·81 ·29 ·65 ·37 ·81 ·38 ·82 
·65 1-43 ·62 1-36 ·56 1·23 ·59 1·31 ·64 1·39 ·64 1-38 
·81 1·71 ·90 1·95 ·94 . 1·98 ·92 1·97 ·94 2·04 .87 1·83 

H6 2·56 H2 2-42 H7 2-49 H7 2-50 H5 2-43 1-13 2-42 
1·25 2·76 1·30 2·79 1·38 2-92 1·40 2-97 1·43 3·10 1·33 2-80 
1·80 4·04 1-69 3-65 1·80 3-92 1·90 4·13 1·70 3·64 1·90 4·12 
2·20 4·81 2-17 4·71 2·28 4·98 2·21 4·80 2·22 4-82 2·21 4-72 
2-85 6·28 2·59 5·67 2-74 5·97 2·89 6·31 2-80 6·12 2·79 6·00 
3-23 7·08 3·12 6·79 3-17 6·90 3·23 7·02 3·08 6·70 3·30 7·09 
3·76 8-19 3-76 8·22 3-69 8·07 3-68 8·02 3.73 8·16 3·71 8·01 

66 ·45 ·91 ;34 ·76 ·47 1·01 ·45 ·98 ·48 1·02 ·45 1·00 
·70 1·50 ·55 1·20 ·67 1·48 ·80 1-73 ·68 1·51 ·67 1·49 
·91 1·93 ·90 1·97 ·88 1·85 H6 2·54 ·89 1·90 ·79 1·73 

H6 2·51 HO 2-40 1·06 2-61 1·58 3-44 1·05 2-33 H7 2·54 
1·37 2-93 1·33 2·92 1·33 2-87 2·12 4·64 1·37 2-93 1·32 2-85 

. 1·78 3-83 1·71 3-73 1·72 3-78 2-72 5·94 1·76 3-69 1·73 3-80 
2-31 4·94 2·29 5·04 2·27 4-98 3·04 6-65 2·18 4.79 2·08 4·52 
2-90 6·24 2·58 5·69 2-65 5·83 3·78 8·27 2-85 6·29 2-76 6·06 
3·36 7-29 3-27 7-22 3·12 6·94 3·18 6·76 3·05 6·70 
3-91 8·34 3-71 8·20 3-61 7-98 3-62 7-97 3-60 7-94 

.72 ·46 1·00 ·46 ·99 ·44 1·04 ·45 1·00 ·46 ·98 ·44 ·97 
·70 1·51 ·70 1·49 ·81 1·77 ·89 1·91 ·81 1·76 ·72 1·56 
·92 1·96 ·79 1·70 H2 2·44 1·24 2·70 1·34 2-88 H7 2·51 

1·00 2·16 1·08 2-32 1-61 3·50 1·62 3·53 1·72 3-69 1-68 3-69 
H6 2-46 H6 2-49 2-18 4·76 2·00 4·37 2-23 4.82 2·23 4-87 
1·73 3-73 1·70 3·64 2·59 5·65 2·56 5·60 2·73 5-91 2·72 5·92 
2-47 5-26 2-28 4-92 2-90 6·32 3·13 6·85 3-14 6-81 3·01 '6·58 
2-63 5·60 2-77 5·99 3-72 8·08 3·58 7-82 3·73 8·03 3-68 8·00 

J 3·19 6·87 3-25 7·00 
3-82 8-19 3-71 7.98 

. 
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Experimental ratings were made of currentmeters 
i at regulated temperature conditions in a small circular 

tank, and 
ii at different positions along cross-section of Ship Model 

Towing tank. 

The dilfercnccs between velocities for different temperatures 
from S-40'C were estimated to have standard deviation not 
exceeding ± '"· 
Currcntmeter observations in the field as well as calibration in the 
rating tank will be subject to negligible boundary elfect (which 
wit~ be less than 0'6% ) frovided the velocities arc observed at a 
distance of not less than 2 inches from the sides as well as bottom. 
An error up to 1"2% may be expected if velocity observations arc 
taken six inches above the bottom and S inches from the side. 
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: Memorandum HLO I ) 
• • • ! Experimental ratings were made of currentmcters 
" i at regulated temperature conditions in a small circular 
~ tank. and 
: 1i at different positions along cross-section of Ship Model 

Towing tank • • . 
The differences between velocities for different temperatures 
from S-40"C were estimated to have standard deviation not 
exceeding ± I)'.. 

cttrrentmeter observations in the field as well as calibration in the 
rating tank will be subject to negligible boundary elfcct (which 
will be less than 0"6% ) frovided the velocities arc observed at a 
distance of not less than 2 inches from the sides as well as bottom. 

" An error up to 1"2% may be expected if velocity observations arc 
• taken six inches above the bottom and S inches from the side . 
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Experimental ratings were made or currentmeters 
i 11 regulated temperature conditions in a small circular 

tank, and 
ii at different positions along cross-section or Ship Model 

Towina tank. 

The dilfercnccs between velocities for dilfercnt temperatures 
from S-40'C were estimated to have standard deviation not 
exceeding ± J:t, 

Currcntmcter observations in the field as well as calibration in tbe 
rating tank will be subject to negligible boundary elfcct (which 
will be less than 0·6-. ) frovided the velocities arc observed at a 
distan•:e of not less than 2 inches from the sides as well as bottom. 
An error up to J·l<o; may be expected if velocity observations arc 
taken six inches above the bottom and S inches from the Side. 
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: 

: 

Experimental ratings were made or currentmeten 
i at regulated temperature conditions in a small circular 

tank, and 
ii at different positions alons cross-section of Ship Model 

T owins tank. 

• The differences between velocities ror different temperatures 
from 5-40 C were estimated to have Slandard dn~auon not 

'U.ceedins ± "'· 
Cuf"mmtmeter obsenations in the field as well as calibration in the 
rating tank will be subject to negligible boundary effect ( which 

: will be less than 0"61; ) provided the velocities arc oboervcd at a 
distance of not less than 12 inches from the sides u well u bottom. 
An error up to J·b m.ay be expected if velocity observations arc 
taken six inches above the bottom and 5 inches from the side. 
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CURRENTMETER RATINGS by M G Hirariandani and 
P C Saxena, September 1960, pp 14+xill-illus-tables (Technical 
Memorandum HLO I ) 

Experimental ratings were made of currentmeters 
i at regulated temperature conditions in a small circular 

tank, and 
ii at different positions along cross-section of Ship Model 

Towing tank. 

The differences between velocities for different temperatures 
from S-4Q•C were estimated to have standard deviation not 
exceeding ± 1,;. 

Currentmeter observations in the field as well as calibration in the 
rating tank will be subjec~ to negligible boundary effect (which 
will be less than 0'6% ) provided the velocities are observed at a 
distance or not less than 12 inches from the sides .. well .. bottom. 
An error up to 1'2% may be expected if velocity observations are 
taken six inches above the bottom and S inches from the side. 
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Experimental ratings were made of currentmeters 
i at regulated temperature conditions in a small circular 

tank, and • 
1i at different positions along cross-section of Ship Model 

. Towing tank . 

The differences between velocities for different temperatures 
from S-40"C were estimated to have standard deviation not 
exceeding ± I% • 

; Cbrrentmeter observations in the field as well as calibration in the 
• rating tank will be subject to negligible boundary effect (which 
: will be less than 0'6%) frovided the velocities are observed at a 
• distance of not less than 2 inches from the sides as well as bottom. 
~ An error up to 1•2% may be expected if velocity observations are 
: taken six inches above the bottom and S inches from 1he side . 
• • • 
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Experimental ratings were made of cum:ntmeters 
i at regulated temperature conditions in a small circular 

tank, and 
ii at different positions along cross-section of Ship Model 

Towing tank. 

The differences between velocities for different temperatures 
from S-40'C were estimated to have standard deviation not 
exceedins ± 1%-

Currentmeter observations in the fkld as weD as calibration in the 
rating tank will be subj«:t to negligible boundary effect ( which 
will be less than 0·6, ) rrovided the velocities are observed at a 
distance of not less than 2 inches from the sides as well as bottom. 
An trmr up to J·:Z.. may be expected if velocity observations are 
taken six inches above the bottom and S inches from the side. 
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i a1 regulated temperature conditions in a small circular 
tank, and 

ii at different positions along cross-section of Ship Model 
Towing tank. 

• The differences between velocities for different temperatures 
- from S-40 C -re estimated to have Sl&ndard deviation not 
- 'Uceeding ± 1%-

: Currentmeter observations iD the Mid u well as calibration in the 
: rating tank will be subject to rqligible boundary effect ( which 
• will be less than ctK ) provided lhe velocities are observed at a 
! diSl&nce of not less than 12 inches from lhc sides as well as bottom. 
" An error up lo J·h may be expected if wlociry obscrw.tions are 
~ taken sil inches above- lhe bonom and S inches from the side. 
• • • . 
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