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PART I. 

EXPERIMENTS WITH GIBB MODULES. 

356.~ .uaeo. Gibb module being teeted in the M ...... ing Tank 
(Gibb' •• ta.ndard design). 

929.-0ne ouaeo Spiml module with 3 semi-cirolee. 

Sheet 1. 
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16 Cueecs---... 
module 

3 CUae08_ 
module 

EXPERIMENTS WITH OI8B MODULES. 

469.~·3 cusec Gibb Modul .. : diff ... nt dnoigno. 

Sheet 2. 

..oE---m= ~ -20() r, , 
(Oibb standard 

dnoign) 

m=!-5 

m=3·0 

1366.-8 and 16 ousee. O~ module. (standard d .. ign) at the head 01 Dietribul&ry 8 •• 
Nin. Lelt Bank Canal. 



Note on the Theory, Design and Construction of Gibb. 
Modules which, without moving parts, give a constant 

discharge within working limits, irrespective of 
variations in upstream and downstream 

The Note coOBists of :­

Part I.-Introduction. 

water levels. 

Part II.-Experiments carried out to determine how far theoretical assumptions 
are justified. 

Part III.-Standard designs of modules. 

Part IV.-Methods followed during 1928·1931 in remodelling and moduling Distri­
butaries in the Deccan, using Gibb modules. 

PART I.-INTRODUCTION. 

A/lAOUfIh iii .. Pap ... · dud, pr1 .... Nly will, /10< .... of Gibb mododu in Ih< Bombay Ducan, yel Par'" I, II and III 
art fleMral and ~en IV comaim mUM of g~ tlflPlicatiOfl. 

1. DESCRIPTION. 

The modulel, named after its inventor Mr. A. S. Gibb, late Executive 
Engineer of the Irrigation Department, Punjab, gives an almost constant dis­
cbarge over a considerable range, irrespective of the upstream and downstream 
water levels. Gibb's module is the only rigid module without any moving part. 

Water enters this chamber through an inlet pipll, which delivers water to 
a 180· rising pipe in which free vortex flow is developed. It then enters the 

. eddy chamber-see figure 1. 

The water at the downstream end of the module ..discharges through. a 
spout or flume into the outlet channel. 

In free vortex flow, velocity x radius=constant, for any filamellt. In this 
condition, the water at the outer circumference of the stream flows at a compara­
tively high level due to centrifugal force, and the surface slopes down towards the 
inner circumference-see figure 2 of Part II. 

A series of baffles are fixed in the eddy chamber with their lower edges sloping 
at the required height above the sill of the module. If the head causing flow is 
·in excess, the water banks up at the outer circumference of the eddy chamber and 
impinges against the baffles imparting an upward rotational direction of flow to 
the water which spins round in the compartment between two successive baffles 
and finally drops on the oncoming stream of water, thus dissipating excess energy. 
The action of baffles difIers. In fact, except at maximum dissipation, some baffles 
are out of action and generally one baffle is much more effective than the others • 

• " Gibb'a Modulo for irrigatioD oh&llJlO!a, 0\0." Paper No. 18-A (Cloaa A) publiahed by the Irrigation Depart­
mont, Punjab. 
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PART II. 3 

PART H.-EXPERIMENTS CARRIED OUT TO DETERMINE HOW FAR 
THEORETICAL ASSUMPTIONS ARE JUSTIFIED. 

2. NOTATION. 

FIG. 2. 

I' B 
f)' • . 

!I r-
r roo 

r, =Radius of inner semi·circle of the eddy chamber. 

ro =Radius of the outer semi-circle. 

d, =Depth of water at inuer circumference. 

do =Depth of water at outer circumference. 

h =Head causing flow, varying from ho to h,. , 
hp+D=Total difference of level measured from the minimum water 1evel in the 

parent channel or distributary to the floor of the eddy chamber (i.e., 
including head lost ill inlet pipe=hp). 

m =ro/r,=Ratio of outer radius toillner radius. 

Q = Discharge. 

B = Width of eddy chamber=ro-r,. 

3. GENERAL DISCHARGE FORMULA FOR GIBB MODULES. 

Gibb's formula for discharge was 

- (m2-1 I m 2_1 ~ 
Q=l'oV2g (d,+ho)l·5l--a-log,m+-log.m--2 3 

l m m m (1) 

l'he way his formula was arrived at is explained in paras. 13, 14 and 15 of his 
Paper. 

The formula is based on free vortex How, in which the velocity at any point 
varies inversely as the radius; and by Bernoulli's theorem, the total energy head 
of all filaments is constant :- . 

[Total energy head=head due to velocity plus static head measured 
from the same datum.] 

Gibb's formula held only for his standard design in which 
m=ro/r,=2, and 
ho 
D =1/7; 
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SO a general formula was worked out as under :-

f
ro fro Q= Vd dr= y'2gh d dr 

r, r, 

Now r V=ro Vo or ry'2gh=roV2gh. 
r2 r2 

:. h=ho T and d=D - h=D - h. T r r 

,rro .. I r 2 f r 2l 
:.Q=CJ r, V 2gh. ;2 (D -h. ;zsdr 

f ro ( r 2~ 
=C roy'2gh. r, ~D/r-ho ; 3S dr 

=C roV2gh.[ D log ::-h. r02~- 2!02 + 2!,Z}] 
Calling ro/r,=m 

_ (_ ho
3/2 .) 

Q=C roV2g~Dy'h.log.m- 2 (m2-I), 

and calling h.= K D 

Q=C rov2g DS" 

C=0'935 

(2) 

• (2A) 

In Appendix I of this Paper, it is shown that Gibb's formula applies only when 

h.=Dl/m2 or Dl=ho m2 

(m2-I) 2 
and d,=D1 rn2 =ho (m -1) 

and as D=d,+D1 

D=h. (m2-I+m2)=h. (2mlL-I) 

Gibb standardised 

m=20r D=7 h. 

d,=3D/7 =3 h. 

and D1=4D/7 =4 h. 

(3) 

and he designed on the assumption that the loss of head in the inlet pipe=h.. 
This is only true when the inlet pipe is of a standard length and design; so that 
what he called Z or H is the assumed minimum working depth in the upstream 
channel over the sill of the module for a particular length and design of inlet 
pipe. 

The total energy head available over the module sill in the eddy chamber is 
7j8ths of Gibb's H, and is ealled D and=do+h.=d,+h,. 

The following relationships should be clearly borne in mind:-

dl=D-h, 

=D-h.m2 

=D-KDm2 

=D (I-K m2) 

Gibb stated that correct free vortex conditions are established provided" the 
circular upstream pipe completes a curve Bubtending an arc of 1200 or more. 



PAlI'l D. 5 

4. DEFINITION OF' RANGE OF GmB MODULES. 

Although the Paper is only being published in 1940, yet the work on which 
it is based was done---{Jhiefly by Rao Sahib Joglekar-during 1927 to 1930 under 
the direction of the Senior author. 

The standard variation from modularity then laid down was ±3 per cent. ; 
and " range" was defined as the difference between the maximum and minimum 
depths of water upstream of the module within which the discharge varied by less 
than ±3 per cent. 

5. OBJECT OF EXPERIMENTS. 

The object of experiments was to ascertain-

(I) the effect of adding baffles successively in the eddy chamber on dis-
charge and range; 

(2) the effect of adding a beIImouth to the inlet pipe; 
(3) . actual loss of head in inlet pipe and curved rising pipe; 
(4) minimum working head in practice; 
(5) factors affecting range, viz., 

(a) fixing baffles at successively lower levels from entrance to 
exit of eddy chamber, 

(b) increasing the number of baffles in eddy chamber; 
(e) increasing the length of arc of curvature through which water 

flows before entering the eddy chamber; 
(d) increasing the spirals of the eddy chamber; 
(e) varying m (ro/r,) ; ho and D 

It must be clearly understood that these experiments were only carried out with 
field accuracy using field modules and the variation in discharge considered 
permissible. for practical pqrposes was ±3 per cent. 

6. EFFECT OF ADDING BAFFLES SUCCESSIVELY IN THE EDDY CHAMBER ON THE DIS­
CHARGE AND RANGE. 

In the standard design of 3 cusecs Gibb module, there are six baffles. 

Figure 3 shows the cross section at the junction of curved pipe and the eddy 
chamber. 

~iG: 3. 

Photo 366 showa a 3 (01l8(\C Gibb module being tested. 

Discharges were observed wit.h various water levels upstream; both without 
baffles and after adding baffles successively. Results are shown in figure 4, and 
table 1 shows the head killed by the addition of each successive baffle. (The 
discharge scalo in figure 4 is exaggera.~~d to show differences clearly.) 

11 
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TABLE 1. 

No. of bailles in the eddy chamber. 

(1) 1 

(2) land 2 

(3) 1,2 and 3 

(4) 1, 2, Sand 4 

(5) 1, 2, 3, 4 and 5 

(6) 1, 2, 3, 4, 5 and 6 

, nu .. 4. 

Mea.n 
discharge 
(ClUIOCS). 

3-7 

3·55 

3·25 

3·20 

3·10 

3-10 

, , STANDARD 3 CUSECS MODULE 

WITH 

BELL-MOUTH 

Range of u/B water levelB Over 
module Hoor with ± 3 per cent. 

variation in Q (ft.). 

1-38 to 1-72=0·34 

1045 to 1-93=0·48 

1-20 to 1045= ·25 
} 0·48 

1-85 to 2·08= ·23 

1-15 to 2·27=1-12 

1-10 to 2·34=1·24 

1-10 to 2040=1·30 

Difference of 
each lucoesaive 

bam. (ft.) 

0·14 

Nil 

0·64 

0·12 

0·06 

s.O~------~---------r--------4-----~L-t_------~--~f---~ 

~·5 1--------l---------+-------j4-----~--t_----~~--~.,f_--~ 

,,·0 1--------,,4 

~.5~--~--~--------~------~--~----~------~~~--_; 

~.0L-------~-------L------~--------~------~------~~~ ,.0 /'3 N$ 1-9 2-2 _...., 

~£A9 (N F~t;T I,IP:?THEAM 9VE/f fl"OQU(.$ FLt;JQIi', 



i>ARl Ii. 

With only the 1st and 2nd ballies, the discharge was not modular. Discharge 
began to be modular with the 3rd bailie added. The 4th bailie was most effective, 
Q8 the range increased to 1·12 ft. Adding a 5th and 6th bailie increased the range 
to 1·30 ft. 'As the above results showed that 3rd and 4th ballies were the more 
effective; experiments were done with these two ballies. These alone were not, 
however, effective; but became effective when the lst bailie was added-see 
figure 5 and table 2. 

2·oL. ....... --,~---~---.,.I--~··~-~·_L __ -::1:-__ ....",l-,-__ ~ 
/'0 /-1; NI loS 2·2 2-15 2-8 

HEAO IN FEET UPSTREAM OYER MOOUI-E FLOOR. 

TABLE 2. 

Moan Ra.nge of u/s W. L. 8. over 
No. of baBl08 in the eddy oha.mber. disoha.rge module floor with ± 3 JM)r cent. Difference (ft.)_ 

(0 ...... ). variation of Q (ft.) 

(1) 8rd and 4th · · • · 8·57 1·36 to 1-55 0·19 

(2) 1, 8 and 4th · · · · 8·30 1·5 to 2·26 0-76 

(3) 1 to 6 . · · · · 3-10 1-1 to 2·4 1-30 

• , 

7. EFFECr ON RANGE OF ADDING A BEl.LMOUTH TO THE INLET PIPE. 

Experiments described in para. 6 were carried out with a :I cusec module 
with a bellmouth at the inlet to the pipe from the distributary-vide plate I. 
Experiments were repeated after removing the bellmouth. 

Experimeuts' were also done with 4'5 cusecs module without a beIlmouth 
and with a bellmouth. 

Table 3 shows the effect of bellmouth on range. Figure 6 shows the dimensions 
of the standard bellmouth in terms of the diameter of the inlet pipe. 

B2 
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FI(Ji; o. 
BELL MOUTH PIPE 

PLAN. 

d = diamefer of' 
inlef pipe. 

, 
I 

~l ~ 
lit/ 

"I 0:, 

TABLE 3. 

Range of uta wa.ter levels over module floor with±3 per cent. variation in 
discharge. 

S cusecs module • 

4·5 CUSecB module 

Without a bellmouth. 

1-20 to 2·40=1·20' 

1'46 to 2·60=1-14' 

With a heUmouth. 

1-10 to 2·40=l-30' 

1-18 to 2'82==1·64' 

(The range for 3 and 4'0 CUIJCC8 Gibb Modules 88 stated by Gibb=1'5~ and l·S' respectively. It is not known 
whether he uaed heUmouthe.) 

With a bellmouth, the range of the module was increased considerably and 
less head was required to attain modularity-see table 4--

TABLE 4. 

(1) D in ft. . 

(2) Minimum depth of water upstream over module i100r (ft.l­

(a) without a bellmouth 

(6) with a bellmouth 

(al Loss of head in inlet and curved pipes (ft.)­

(a) without a bellmouth 

(b) with a bellmouth • 

3 01l88C1 

module. 

0·87 

1·20 

HO 

0·33 

0·23 

4-5 OUIeca 
module. 

0·85 

H6 

H8 

0·61 

0·33 

A. Loss OF HEAD IN THE INLET PIPE AND CURVED RISING PIPE. 

Pressures were observed in the 3 cusecs Gibb module with the minimum 
upstream water level of 1'105 ft. over module floor, at which the modular action' 
began, at-

(i) the junction of the bellmouth and the inlet pipe, 

.. 



PART n. 

(ii) the junction of the inlet pipe and the curved pipe, and 
(iii) the junction of the curved pipe with the eddy chamber. 

Total energy=energy head due to pressure plus energy head due to velocity. 
Table 5 shows the results. 

-

-(1) V (fIB) . 
(2) h, (=V2/2g) (ft.) . . . 
(3) Mean observed pressure head in ft. 

(4) Energy (ft.) (total of items 2 and 3) 

Total loss of head=I'105-0'925 
=0·18 ft. 

TABLE 5. 

Junction oC 
bollmouth and 

inlot pipe. 

3·82 

. 0·23 

. 0-785 

1·015 

(i) Loss of head in bellmouth =1-105-1'015 

Junction of Junction of 
inlet pipe and ourved pipe and 
curved pipe. eddy ohamber. 

3·82 3-48 

0·23 0·19 

0·755 0·735 

0·985 0·925 

=0·09 ft. or 50 per cent. of total loss. 
(ii) Loss of head in inlet pipe =1-015 -0,985 

=0,03' or 16·6 per cent. of totaiioss. 
(iii) Loss of head in curved pipe=0·985-0·925 

=0,06' or 33·4 per cent. of total loss. 

With this data, the loss of head for other sizes of modules was calculated as shown 
in Appendix III. 

9. MINIMUM WORKING HEAD IN PRACTICE. 

Minimum working head=minimum water level upstream at which modular 
action begins - maximum water level downstream which just does not affect dis­
charge. 

This includes loss of head in bellmouth, inlet pipe and curved pipe. 
Experiments were carried out with o· 3 ; 1 ; 2 ; 3; 8 and 16 eusecs modules 

and results are shown in l'able 6. In the case of 8 and 16 cusee modules, the 
spout had 1 in 10 divergences downstream. 

In these experiments, the upstream water level was kept at a minimum value 
when modular action just began, and the downstream water level was then raised 
till the upstream level was just not affected. .The difference of these two gave 
the minimum working head. 

According to Gibb, the maximum depth downstream above the module floor 
=4/7 D or 0'56 D. The observed maximum water level downstream above module 
floor varied between 0'57 D to 0·65 D, the mean value being 0·61 D-see column 
8 of 'rable 6. Better recovery of head was obtained when 1 in 10 diverging walls 
were added to the spout, the maximum depth downstream then being 0'70 D. 

10. EFFECT OF FIXING RAFFLES AT SUCCESSIVELY LOWER LEVELS FROM ENTRANCE 
TO EXIT OF EDDY CHAMBER-TO ALLOW FOR FRICTIONAL LOSS OF HEAD. 

Buffies were fixed in the 3 cusees module at successively lower levels from 
entralll'e to exit of eddy chamber, the idea being to neutralise the loss of head due 
to friction and thus inorease the range by making baffles more effective. The 
discharge curves are shown in figure 7 and table 7 shows results. 
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13. EFFECT OF lNCRFAS1NG THE SPIRALS OF THE EDDY CHAMBER. 

According to Gibb, thjl range is increased as t.he number pf ~piral8 of the 
eddy r.hamber is increased, i.e., the range of a spiral module consisting of 3 semi­
circles is three times the range of a ' single semi-circle' module. 

Experiments were carried out with a I cusec, three spiral, module to test 
this. Plate V shows the design of a 1 cusec, spiral, reinforced nment concrete 
module. Details of the design are given in Appendix IV. 

A semi-circular vortex chamber was provided upstream of the 1st semi-circle, 
containing guides to create free vortex flow. Water was led frpm the leading 
channel through a 9" diameter pipe and 9" (900

) bend into the vortex chamber. 
Guides and bames were of iron plates and the rest of the module was built in 
, Nofrange ' concrete according to design shown in plate V-see photo 929. 

Figure 10 shows the discharge curve. The range was found to be 1·32 ft. 
with mean Q=0'85 cusec. 

The range of a single semi-circle, standard, 1 cusec Gibb module, shown in 
Plate I, was 0·93 ft. so the range of the three-spiral module was only 1·42 times that 
of a single semi-circle standard module. 

Another experiment was carried out in which the two outer semi-circular 
eddy chambers were removed. The range was 0·95 ft. with mean Q=I'12 cuaecs 
-which was nearly the same as the range of the standard 1 cuaec module, viz., 
0·93 ft. 

The minimum working head in the spiral module (with three semi-circles) 
was 0'55 ft. against 0·36 ft. of the standard module. The spiral modules are more 
costly and the guides had to be very carefully fixed. 

14. 'EFFECT OF VARYlNG m (=ro!r,); ho; D AND BfD ON RANGE. 

The general discharge formula is 
- _ . hoI. 5 

Q=v2g ro [Dvho log.m - 2 (m2-1)] 

In order to determine which of the factors, viz., ro, ho, m; D ; BfD affect the 
range, experiments were earried out with small size modules of 0'3 eusec-to get 
quick results at a small cost--1Jide photo 459. 

(a) m, ro, Band h. were kept constant and D (and hence hofD), B/D and Q 
were varied. 

TABLE 9. 

m=2: r.= I 11;,: B=O·5 11;. and h.,=O·053 11;. 

Range with ± 3 per 
Expt. No. D (11;.) BID h./D Mean Q (ensec). cent. va.riation 

in Q. 

1 0·26(1 1·92 1/4·9 0·16 0,37 

2* 0·368 1·36 1/7 0·31 0·61 

3 0·398 1·26 1/7·51" 0·35 0·52 

4, 0·477 J.l5 1/9 0·46 0·50 

5 0·583 0'S6 1/11 0·67 0·42 

• Gibb'a Standard deSIgn-tilde figure 11. 

In this Series, the range was a maximum in experiment 2 in whieh dimen­
sions of the module were .according to Gibb's standard, viz., mc=2 and h.fD= 1/7. 

(b) In this Series, ro was kept constant and m, D and holD were varied, 
vide photo 459, 
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TABLE 10. 

Experiment No. S 2 'of Table 9 7 

m . · . Hi 2·0 3·0 " 

r. (ft.) 1·0 1·0 1·0 
B (ft.) 0·333 0·5 0·667 
D (ft.) 0·511 0·368 0·306 
BID · 0·65 1·36 2·18 
h (ft.) · 0·053 0·053 0'028* 
h'ID . 1/9 1/7 1/10'92 
Mean Q (coseca) . 0·345 0·310 0·335 
Range in ft. with ± 3 0·40 0·60 0·42 

per cent. variation -
in Q. : 

[. Tho module with m=3·0 (experiment 7) oooid Dot be designed with ~=O·053 it.J'ua negative depth Wal 
obtained at the inner oiroumferenoe; hence lao was a.asumed to be 0·028 ft.] , 

The range was a maximum with Gibb's standard' design. • 

(e) In this series, the effect '0£ BID on range in modul~ with m=2·0 was tested. 
Gibb did not standardise BID ratios and according to him, modules having the 
same <i!scharging capacit,Y, but with larger BID ratios s~ould haye a big$er range 
than With lesser BID ratio. '..;: 

, ': 

m 
r, (ft.) 
B (ft.) 
D (ft.) 
BID 
II. (ft.) 
h.ID 

TABLE 11. 

Experiment No. 

Mean Q (cu8ecs) •.. 
Range in ft. Ylith ± 3 per cent .. variation in Q 

2ofT.bl.9 

2·0 
1·0 
0·5 
0·368 
1·36 
0·053 
1/7 
0·310 
0·60 

8 

2·0 
1·25 
0·625 
0·302 
2·05 
0·043 
1/7 
0·315 
0·48 

Actually, however, the module which was wider in experiment 8 gave a smaller 
range. In fact, there is an optimum BID. As a rough guide to estimate friction 
losses, the Lacey and Manning formula were used. 

According to Lacey's formula, the loss of head due to friction 

LVI 
h, at R'" 

LD 
at R'" 

where L=length of eddy chamber measured along the centre line 

= ~ eo~r,) 

V=mean velocity of flow in eddy chamber 
D=Total energy 
R=Hydraulic mean depth. 

According to Manning 
LD 

h, at R"" 
a 
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Table 12 and figure 12 show the effect of BID or shape of the eddy chamber 
on calculated loss of head due to friction. 

TABLE 12.-Skowing friction loss estimated by Lacey and Manning formulas for 
variOUB shapes of 1 cusec Gihb modules with m=2·0; h./D=1/7. 

(Q=H47 r. D'·'). 

h, or unite ' hI r. D B BID L R of friction =LD/R"" REMAIUtS. (ft.). (ft.). (ft.). (ft.). (ft.). =LD/R'" 
- (Lacey). (Manning). 

0·8 '0·9067 0·40 18·89 r.' 0·441 1·8856 0·165 25·5 hl=h.,- .... 4 ho . f,' 
1-2 0·6919 0·60 0·865 2·8284 0·199 21-8 16·84 

104 0·6244 0·70 1-120 3·2998 0·208 21-7 16·72 d,=D-h,=3ho, 
88D=7 ho 

1-6 0·5714 0·80 1-40 3·7712 0·213 21'85 16·94 Arca= B(D-hom) 
=5Bho 

2·0 0·4927 1·0 2'03 40714 0·215 23-2 18'03 

2'0 0·4243 1·25 2·95 0·893 0·211 "21;·8 19·91 do=6 b. 

P =wetted peri. 
meter. 

=B+d.+d, 
=B+9ho 

ShoB 
:. R=A/P= B+9b. &Ild L=2·357 r. 

FIG: 12 SHOWING FRICTION L.OSS 

IN GIBD MODlIl.ES OF VERIOUS SHAPES.(B/oRATIOS) 

;n.: 2'0 0'( ;D .. ~. 
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Figure 12 shows that the calculated loss of head due to friction increases in 
modules which are either too narrow or too broad, the loss being nearly the same 
for values of BID lying between 008 and 1'5, m, h.ID being 2'0 and 1/7 res­
pectively. 

In experiment 2-see table ll-, BID was 1'36, i.e., was within the above 
limit; whereas in experiment 8, BID was 2'05, i.e., outside the suitable range 
and the range was considerably less than in experiment 2. It appears that opti­
mum results will be obtained with m=2·0; h.ID=I/7 and BID lying between 
0·8 and 1'5. 

15. EXPERIMENTS WITH MODULES OF 8 AND 16 CUSECS. 

Two modules of 8 and 16 cusecs were constructed at the head of distributary 
8 of the Nira Left Bank Canal-1!ide photo 1366. 

Both modules How during maximum demand, i.e., in Kharif and Rabi seasons. 
In the Hot weather season, ouly one module is kept working, either 8 or 16 cusecs, 
depending on the demand. 

In the case of 16 cusecs module, a stilling chamber was provided upstream 
of the module with an overHowpipe to indicate when the modular range is ex­
ceeded, so that the distributary Head Regulator gate can be lowered to increase 
loss of head from the canal and so decrease the level in the stilling chamber. In 
the case of 8 cusecs module, a stilling chamber was originally provided; it was 
not, however, constructed, but the inlet pipe of the module was directly joined 
to the distributary sluice. 

Range. 
Discharges were observed in the Standing Wave Flume already existing 

downstream of the modules. Figure 13 shows the discharge curve of 8 cusecs 
module. 

DISCHAReJE 

(ctJse:cs) 
1/.0 

10·0 

8·0 

8·0 

7-0 

F'/{!;.lfJ 

B' CUSECS MODU/..f;. ON DISTI<'Y B. 

NIRA Ll!!rT BAH", CANAL.. 

-NAM9EI·SSro 3·l! Fr. 
-I' 26FT. 

I'B~ 2·S~ Z'S2 .3'32 3·8~ 4·:SZ 

DePT II 1s OVER MODUL.E FLOOR (FT) 

03 
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8 CUSe£8 module. 
4 pressure pipes were fixed in the inlet pipe to record the upstream levels, 

to which the head due to velo~ity was added (viz., 0·32 ft.). The range was found 
to be from 1·95 ft. to 3·2 ft., ~.e., only 1·25 ft. 

16 CUSe£8 module. 
The range was from 2·4 ft. to 4·2 ft., i.e., 1'8'. The range of 8cusecs module 

~as very low compared with the range of other modules tested as will be 8een 
from ~~e 14 which s~ow.s the ranges of stan~ard modules of various discharging 
capaCities tested at Distributary 5, Mutha Right Bank Canal and Distributary 
8, Nira Left Bank Canal (with m=2·0 and ho/D=1/7). The discrepancy needs 
further verification, but is. apparently due to unsatisfactory conditions arising 
from the module being added to an existing sluice. 

Minimum working head. 

TABLE 13. 

Minimum W. L. Maximum W. L. Minimum working 
- ula over module downstrea.m over head in ft .. 

.Boor. module floor. Col.~ol. 3. 

1 Il 3 , 

8 cusecs module . . . 1·95 1·08 or 0·69 D 0·87 

16 cusoos·module . ': . . . 2-4 1·25 or 0·71 D 1-15 

The spout had 1 in 10 diverging flume downstream and hence the maximum 
permissible depth downstream was greater, viz., 0-70 D against 0-61 D in modules 
without the diverging flume--videllara. 9. 

16. SUMMARY OF RESULTS. 

(1) Of the 6 baffles in the eddy chamber of the standard 3 cusecs module 
(m=2·0; ho/D' 1/7), the first 4 baffles were more effective in killing head, 
viz., 1·12 ft. than 5 and 6 which increased the range by only 0·18 ft. and reduced 
the mean discharge from 3·20 cusecs to 3'10' cusecs. . 

(2) WheIia: bellmouth was added to the inlet pipe, considerably less head 
was required to attain modularity and the range was in?reased. 

(3) The range (i.e., the range of upstream water levels over the module floor 
with±3 per cent. variation in Q) was maximum in Gibb's standard designs in 
which m=2·0 and ho/D=1/7. According to Gibb, the range of a module can be 
increased by increasing the width of the eddy chamber, i.e:, by increasing BID 
ratio; but this was not. borne out by experiments and the values of B/D 
within which' a high range is obtained is between O' 8 and 1· 5. _ 

(4) Increasing the lll:imber of baffles in a semi-circular module had no effect 
on range, though fluctuations of discharge within the range were reduced. The 
range was not increased by increasing the length of the arc of curvature through 
which water'flows before entering the eddy chamber, . 

(5) According to Gibb, the range of a module can be increased by increasing 
the number of spirals of the eddy chamber; and he held that the range of a module 
with 3 semi-circles would be three times the range of a module of one semi-circle. 
This was not borne out by experiments: The range of'one-cusec spiral module 
with 3 semi-circles was only 1'42 times that of " a single semi-circle" module. 

(6) Maximum permissible downstream depth above the module floor was 
found to be 0·61 D against 0'56 D according to Gibb. With 1 in 10 .diverging 
flume added to the spou't, this was increased to 0-7 D. This modification is desir-
able. ... ' . . 

(7) When the length of exit flUme or spout' 2 D, the range was a maximum. 
, . 
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PART III.-BTANDARD DESIGNS OF MODULES. 

17. DESIGN OF THE INLET PIPE AND THE CURVED PIPE. 

The area of the inlet pipe should he equal to the area of flow in the eddy 
chamber. The area of flow in the eddy chamber=(ro-r,) (D- h.m)=B (D­
h.m), see Appendix II. In the standard design, b.=Dj7 and m=2·0 

7t d2 D :'-4- =B (D- 7 X2)=5/7 B D 

- or diameter=0·95 vB D 
The curved pipe is semi-circular in plan. The upstream end of the curved 

pipe takes off from the inlet pipe and the downstream end joins the eddy chamber, 
the cross section at the junction being as in figure 2 of Part II. The depth d at 
any point in the cross section can be worked out from the formula 

d=D-h 
r2 

=D-b.. -2.. 
r" 

_ The circular section at the inlet end of the curved pipe is gradually developed 
to this section--vide Plates I and II. -

1$. SPACING OF BAFFLES IN EDDY CHAMBER. 

The lower edges of all the baffles-which were called diaphragms by Gibb­
should be at the same level. The lower edge of the baffles should meet the inner 
circumference at a height=i d. from the floor of the module and the- outer cir­
cumference at do. Gibb laid it down that the number of baffles should be such 
that the distance between them measured along the outer -circumference, should 
not be less than do nor greater than 2 do. Our experiments have shown that 
within the above limits, increasing the number of baffles does not increase the 
range, but they tend to reduce fluctuations in the discharge. 

19. LENGTH OF EXIT FLUME OR SPOUT. 

Gibb stated in his Paper that the length of the spout-L-should be equal 
to the width of the eddy chamber; but L should be a function of D and not of 
B, and it has been standardised equal to 2 D, for the same reason that Crump 
made his flume throat=2 D, to eliminate draw-down and to ensure the control 
section being in the throats. When L=2D, the range was a maximum. The 
reoovery of head was greater when sides downstream of the spout splayed at 1 in 
lO--vide para. 15. • 

20. MINIMUM WORKING HEAD. 

For a particular downstream water level in the distributary or water-course, 
the lowest level at which the module may be placed is fixed by the !Jlodular limit, 
and the minimum depth upstream over the sill is also fixed and the difference 
between the two is the minimum possible working head. 

Our experiments have shown that the maximum depth of water permissible 
downstream over the module floor=0'64 D against 0·56 D according to Gibb. 
With a 1 in 10 diverging flume downstream, of the spout, the maximum permissible 
depth downstream. was found to be 0·70 D. 

21. MAXIMUM WORKING DEPTH. 

The maXiinum working head=the minimum working head plus the range. 
If the head at F. S. L. in the parent channel exceeds the maximum working 

head, a regulating gate is necessary to keep the head within the modular range; 
and the gate should be so regulated as to keep the head within the modular range 
-allowing for fluctuations. The height of the eddy chamber=the minimum 
working depth+the range+free-board of 6" • 

• P. W. D. Tech. Paper No. 151" No ... on Standing Waft Flumeo &lid Flume HoterFaUa" by C. c. IosIi& 
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22. STANDARD DESIGNS OF MODULES OF VARIOUS DISCHARGING CAPACITIES. 

Table 14 shows the dimensions of inlet pipe and of modules of I, 2, 3, 4, 5, 
8, 10 and 16 cusecs and Plates I and II show the designs of 1 and 4 cusec modules 
and dimensions of the remaining modules. Item 2 of Table 14 shows the cost 
of modules of I, 2 and 3 cusecs in reinforced cement concrete and of the remain­
ing modules constructed in brick masonry. Generally modules of I, 2 and 3 
cusecs are required in large numbers and hence it is more economical to build 
these in sections in reinforced cement concrete. Plate III shows details of cen­
terings of a 3 cusecs Gibb module in reinforced cement concrete. 

TABLE 14.-Showing dimensions of Gibb Modules of 1,2, 3, 4, 5, 8, 10 and 16 cusecs. 
-

Item Discha.rging C&pBcity 1 2 3 4 6. 8 10 16 
No.1 "(lUBeC cuse .. cusecs cusecs euseca cusecs cuse .. cuse .. 

2 Cost of modules Re. 90 116 190 320 340 600 640 870 

3 r. (ft.) Jo6 1-916 2·76 2·68 2'76 3·26 3·6M 0·0 

4 ... (=B) (ft.) 0·76 0·968 1-376 )029 1-376 1-628 1-832 2·6 

6 m=ro/rs 2·0 2·0 _.2'0 2'0 20() 2·0 2·0 2·0 

6 D (ft.) . 0·626 0·84 0·875 1-096 1-215 1-56 1-594' 1·772 

7 h. (ft.) 0·089 0·12 0·125 0'156 0·174 0·22 0·228 0·253 

8 d. (ft.) 0·536 0·72 0·76 0·94 1-04 1·34 1-366 1-519 

9 d, (ft.) 0·268 0·36 0·376 0·467 0'62 0·67 0·683 0·76 

10 BID . ).20 H4 1-59 1·30 HO 1-04 H5 HI 

11 Diameter of inlet pipe . 9" 10" Ill' 16' 15' 18' 21' 24' 

12 No. of baffles in eddy cham. 6 6 6 7 7 7 8 10 
ber. 

13 Height of lower } At outer 0'636 0·72 0·76 0·94 1-04 1·34 1-366 1-519 
edge of baftls circle. 

14 from module 
floor. At inner 0'402 0·64 0·56 0·70 0·78 1·0 1-026 H4 

circle. 

16 Minimum working depth up-
stream over module floor 

0·76 1·08 1-10 (1-26) (Ha) 1·95 (2,20) 2·40 

(ft.) 

16 Minimum working head= 0·36 0'58 0'53 (0'59) (0'69) (1-00) (\-23) (1,32) 
Minimum W. L. upstream 
f"i'nu maximum W. L. 
downstream (ft.) 

17 Minimum working head with 
1 in 10 diverging flume 

(0·29) (0'46) (0049) (0,49) (0·56) 0·87 (1,08) H5 

downstream of Bpout. 

18 Modular ra.nge witb±3 per 
cent. variation in diacha.rge 

0·93 (HO) )030 (1'40) (J060) (1,84) (J.70) 1-80 

(ft.) 

19 Range .tated by Gibb (ft.) . 0·70 )020 1-50 1·40 )060 .. .. .. 
REMA.RKS :-( 1) Figurefl in bra('keta are eIther calculated or mterpolated from the expenmental results. 

(2) Figures for the minimum working depth upstream over the module ODor in item 15 include losses 
in modules which take off from a chamber upstream. i,e .• loss in bellmouth entrance, inlet and 
curved rising pipe. When modules take off directly from a Canal or Distributary. 1088 in outlet 
pipea will have to be added. This is explained in Part IV. 
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PART IV.-METHODS FOLLOWED DURING 1928-1931 IN REMODEL­
LING AND MODULING DISTRIBUTARIES IN THE DECCAN, USING 
GIBB MODULES. 

23. PREFACE. 

In the Deccan, unlike in Northern India, the demand for irrigation water 
varies widely according to the crops grown, which in turn depends on the posi­
tion relative to markets, the suitability of the soil for various types of crops with 
widely differing water requirements, and the financial standing and energy of the 
cultivators. 

Distributaries had previously been designed without taking such variations 
into account and the discharges of outlets had been controlled almost entirely 
by gates, which were regulated by low-paid staff. 

The Canal tracts have now been classified, taking into account these factors 
and it only remained to standardise the supply by the use of modules, which for 
Deccan conditions must give a known constant discharge. 

24. DATA. 

Before commencing remodelling, the following data were collected :-

(1) Complete plans and sections of the whole distributary showing the 
position of existing outlets, their size, etc. 

(2) Soil classification plans for the distributary area. 
(3) Irrigable area after drainage, i.e., the maximum that can possibly be 

developed. 
(4) The maximum areas previously under cultivation, showing the peren­

nial block areas, 2-seasonal blocks or lease areas, and ordinary rabi 
areas. 

25. SIZE OF OUTLETS. 

A fuJI Bupply coefficient of 50 was assumed for the outlet for cane, where 
the full- supply coefficient is the number of acres irrigable per cusec capacity of a 
channel at its head,-that is to say one cusec of capacity will bring 50 acres of 
cane to maturity. 

Similarly a capacity coefficient of 100 was assumed for other crops. So, 
knowing the proportion of perennial block area to the total irrigable area on any 
outlet, it was a simple piece of arithmetic to find out the size of the outlet module 
required. For example: If 1/9th the area was under cane and 8/9ths under 
other crops, or say 50 acres under cane requiring one cusec and 400 under other 
crops requiring 4 cusecs, then 5 cusecs would be required for 450 acres and 1 cusec 
per 90 acres. This was adopted as the maximum discharge coefficient j and held 
for well-drained areas where 33 per cent. of the area might be under sugarcane 
blocks; but where drainage was not so good, a lower figure was taken with a com­
posite duty of 120 ; and for hirge tail outlets, where no cane was grown, as high 
as 150 was considered permissible. 

A full supply coefficient of 90 assumed that practically the whole area is irri­
pated in well drained areas; where drainage was not so good some 30 per cent. 
was assumed to be unirrigated and in tail channels over 40 per cent. 

Having found the maximum size of outlet required for maximum supply, 
the next point to decide was the minimum supply required. The minimum demand 
occurs at that period of the hot weather when only cane is being irrigated; and 
we assumed that 25 acres of cane could be irrigated per cusec of capacity of the 
module. That is to say it was assumed that the channels would be run for only 
5 days in ten. . 

The above figures were adopted for capacity where the proportion of peren­
nial block to· the total irrigable area was not known and could not be predicted 
with accuracy; but where the concentration could be estimated from classifica­
tion plans and the existing cane and other areas, the fuJI supply coefficient was 
worked out as shown in the example. 
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The ultimate aim was to develop a definite ratio of perennial block area to 
other crop area for each outlet. This definite proportion could have been deve­
loped by imposing an irrigation cess.3 

26. SIZE Ol!' GmB MODULES. 

Modules were standardised in units of a cusec; and, when dividing by the 
full supply coefficient, the nearest whole figure was adopted. It was usually 
found, except on outlets which had a large area of cane in proportion to the rabi 

/ area, that the size·of the module required for the hot weather was much smaller 
-than required for the rabi season. 

Two Gibb Modules were then fitted giving a total discharge equal to the 
rabi discharge, one of the modules giving the required hot weather discharge. 

27. TAIL OUTLETS. 

The tail outlets were ordinarily Standing Wave Flume meters sometimes 
with a discharge recorder. 

The reason why semi-modules and not modules were used near the tail of a 
Distributary was because the tail outlets have to deal with whatever discharge 
is left over after the modules have taken their discharges. 

For this reason tail outlets must be capable of passing considerable excesses 
without undue affiux. 

Tail outlets being semi-modules or ordinary outlets, it was not necessary 
to find !'ut the minimum discharges except to exclude those which would be non­
economIC. 

The tail semi-module outlets were designed so that they could carry a dis­
charge=.v Q, where Q was the. discharge of the distributary at its head. Thus, 
if the distributary discharge=IOO cusecs, semi-modular outlets were adopted to 
carry> 10 cusecs; while if distributary discharge=9 cusecs, semi-modular out­
lets were adopted > 3 CU8eCS. This was to ensure that a very small discharge 
was not carried a long way in the distributary with correspondingly high losses. 

28. MINOR DlSTRmUTARIES. 

Where the size of an outlet worked out to more than 7 cusecs it was generally 
treated as a minor distributary, which had its own outlets and was designed simi­
larly to the main distributary-but the tail portion of such a minor was generally 
not less than 4 cusecs. 

29. LOSSES IN TRANSIT IN A DlSTRmUTARY. 

Having found the sizes of the modules required for the maximum (or rabi) 
discharge and the minimum (or hot weather) discharge, the total outlet discharges 
required was added up and losses then taken into account. 

It had been found that losses in a normal dis~ributary' were of the order of 
' 16V Q cusccs per mile, where Q was the mean distributary discharge-hence 
the losses were approximately determined, and where higher losses were antici­
pated, a higher coefficient was adopted. 

In a distributary, the velocity should not be less than Yo-Lacey's critical 
velocity, being equal to 1'15v' f,R, f, being taken as equal to 0'8 for soil; and 
up to 2 Yo or even higher was allowed for murwn sections. To prevent scour, 
berms were maintained-using , mol' grass (Pennisetum alopecuros) where scour 
was bad-. Dry stone pitching, which was found to encourage crabs and to be 
liable to collapse within a few years, was disallowed because it was found to do 
more harm than good; but in general such channels were regraded . 

• 8t1!J'att:e 3 ofP. W. D. Tech. Paper No. 25: tI Moduling operations on Distributary No.8, Nira Left Bank 
Canal, an applica.tion of re8ults to ot.her Distributaries" by C. C. IngJis and D. V. Jogleku.· . 

• 8u page 10 of P. W. D. T. P. No. 19: II Note on deaign of Distributaries and their outlets in th" Bombay 
D.o ....... by C. C. Inglio. . 
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30. REMODELLING AN EXISTING CHANNEL. 

In remodelling a channel, the procedure was as follows :­
If the existing channel ~as working satisfactorily, 

New Q. at (R./R)·" X (S./S)"2 ...... Lacey. 
Present Q 

Assuming S.=S (which is on the safe side), Q,/Q at (RJR)"4 
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In other words, the best way to remodel an existing channel which works 
satisfactorily is to retain the shape and increase the size of the channel BO as to 
give the right value of R ; but it is near enough to increase the area proportion­
ally to the, discharge.6 • 

31. MODULES AT DISTRIBUTARY HEADS. 

At distributary heads,:the ideal aimed at was to have modules. As there is 
a considerable daily fluctuation in canal levels a Head Regulator module must 
have a considerable modular range; Data collected seemed to indicate that Gibb 
modules could be designed to give a • range' of 2·8 ft. for a 25 cusecs module and 
4·20 ft. for a 100 cusecs module and the range could be extended to any desired 
extent by killing excess head by gate regulation. 

Two modules would be required for each I;Iead Regulator--{)ne for Hot weather 
conditions and the two combined for Rabi conditions. Two such modules of 8 
cusecs and 16 cuse,cs were ,constructed at the head of Distributary 8, Nira ,Left 
Bank Canal. 

Where standing wave Humes were in existence or were added, care was taken 
to see that the sill of the hump was sufficiently high for the flume not to be drowned 
at any discharge. ' 

32. • FIXING' AND • SETTING' OF OUTLET MODULES. 

For this, the range of the distributary water level at the outlet head must 
be known. Considering any outlet: the maximum distributary discharge at 
that outlet will be the distributary head discharge minus the summation of the 
maximum discharges of all other outlets upstream of this outlet, the outlet itself, 
and the losses between the head and the outlet. 

Similarly the minimum distributary discharge at the outlet can be found. 
This determines the maximum and minimnm discharges in the distributary at 
any outlet under normal conditions and from this the maximum and minimum 
water levels can be worked out. Figure 15 shows the conditions to be met for 
a 2-cusec Gibb Module fixed on a standard pipe outlet without any chamber, 

FIGURE 15 

2 CU5ECS GIBB MODULE SECTIQN. 
SCA.LE.'-lMCI e:. 

WITH A LOCKll'IG ARRJlNIlEMENT. 

r-OYI!:. flOW PIPE (rop R.I.. ""'.07) 

W.L) 

NOTB.-The top of over8ow pipe should be 8xed allowing for entrance losses at the bell-mouth entrance ot 
the pipe outlet and friction 10S8e8 in the pipe. Thus R. L. of top of overfiow pipe=102·2(-O·09=102·07. 

Tables 15 and 16 show heads required, range, etc., of 0'3, I, 2 and 3 cusee 
modules. ' 

• s .. paf!O 2 of P. W. D. Tech. Paper No. 42: .. No ... on (I) Flumed aqueduoto, (2) BemodolliDg aD uiotiDc 
.anal or dimibul6l7 to _ an iIlClMOed dieobarge, eto. .. by C. C. 1D&lio. 

D 
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TABLE I5.-Showing the modular range, losses, etc., of Gibb Modules with a standard 
pipe outlet, (i) with. a chamber at exit, (ii) without a chamber at exit. 

q=discharge of the module. 

0·3 CU8ec 1'0 cuaec 2·0 CUBeca 3'0 CUleCI 

,. 

(1) Minimum W. L. upstream over module sill including losaea 

(i) at the bell-mouth entrance of leading pipe . 

(ii) due to friction in the leading pipe 5 ft. long 

(iii) in the rising curved pipe • 

(vide calculation aheet 1 in Appendtz m) • 

\2) Modul .. ra.nge 

(3) Maximum w.ter level upstream over module sill (items olplull 
2). 

(4) Maximum permiasible depth in waterco1lI'lJ6 over module 

I. Will. Ii cllamb..- at ..m of BI4~d ~. 0IlIlet. 

Diameter of pipe 

A=Area of pipe in aq. ft •. 

q' 
(5) (i) Loaa of head in pipe outlet=h= 62 A' 

where 0=0·9 in q=o A.r2gh 

(ii) Loaa in friction in the outlet pipe from 

v=c/2.r dh/I where c= 106 
d=diameter 
h=loos of head in ft_ 

=length of pipe=15' .. y_ 

(iii) Lou of head iii ft. in chamber at exit . 
(See calculation sheet 2 in Appendix III). 

Total loss = 

(8) Minimum water level upstream in the cfutributary over modole 
oiIIlDill> I1>e Bl40danl ~ • ...a.t and a liiIamber (itema 1 plu. 
6). 

n Without l any chamber, i.e., 1M Gibb module is con8~ 
. in continuation 0/ ,he pipe otdld. 

(7) (i) LOI8 at hen·mouth entrance of outlet already included in 
item I (i)_ 

(ii) Loaa in friction in leading pipe say 20 ft_ long_ 

Looo in 6 ft. length of pipe already included in 1 (ii) 

:. Loaa in 15 ft. length of pipe 

(8) Minimum W. L. upBtream. in the distributary over module aill 
with the ata.ndard pipe outlet but with no chamber (iteme 
I pIu.7): 

., .. 

0-50 (0-70) (1-06) 

0-58' 0-93' (1-101 

1-08' (1-69) (2'16) 

0-22 0·40 (0-48) 

0' D" 10" 

0-1964 0-44,18 O-MIO 

0-04:1 0-10' 0-261 

0·02 O-Of 0-08 

. -

0-02 O-Of 0·13 

0·08 0-18 0'47 

0-58 0-94 1·53 

0'02 0'08 

0-62 0·80 1-14 

.Remark' :-m= 
outer radiu. (rD ) 

inner radiUS" (Il) ; 
2 in all. ouea. 

Figures ahown in braakete are calculated and not obeuTod. 

HO 

0-67 

12-

0-78M 

0·28' 

0·08 

0·13 

0-48 

1-59 

1-18 
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TABLE 16.-Showing the modular range, losses, etc., of Gibb Modules with a 
masonry outlet and a chamber at exit. 

q=diacharge of the module. 

- 0·3 cuaeo 1'0 cuseo 2.() OUBece 30() 0UBe0lll 

(I) Minimum water level upstream over module oill 0·60 (0,76) (1,06) I·W 

Same as item (I) of Table 15. 

(2) Modular ..... SO in ft. 0·58 0·93' (BO) 1·30 

(3) Maximum W. L. upstream over module oill (items Ip"", 2) 1·06 (1-69) (2-16) 2-40 

(4:) Maximum permissible depth in watercourse over module sill . 0·22 0'40 (0'48) 0·57 

(5) (i) Loaa ofhead with. masonry outlet=q'/25 A' 
where q=diaoharge; A=a.re& j and 0 (in formula. q=o 

. A.t2gh)=0·625 

Size of outlet channel • S'x6' l'xO' l'X l' l' 6'x l' 

Loaa of head 0·02' 0·07' 0·16' 0·24' 

(li) L088 in friotion in outlet ohannel from 

v= 1-346 R B" (b/l)I"; 1=15 ft. 
N. 

0·01' 0·03' 0·08' 0·06' 

and N.=O·017 for .masonry in good condition (vide caloula-. 
tion sheet 3). 

. 
(iii) Loaa in chamber at exit (vide oalculation sheet 3 in Appen. 0·01' 0·01' 0·02' 0,02' 

dix Ill). . 

Total of item (; 0·04:' O'li' 0·26' 0·32' 

(6) Minimum W. L. upstrea.m over module sill with a. 
outlet and a ohamber 

masonry 0·54 0·87 1·32 H2 

(items 1 pi ... 5). 

outer mdills (ro) . 
Remarkl :-m= inner radius (1'1) =2·0 m all cases. 

The module sill was fixed at such a level that the module would never be 
drowned by the downstream water level in the watercourse. That is to say it 
was fixed at the height shown in item (4) of Table 15 below the maximum water­
eourse level; if this meant placing the module undesirably high, it was necessary 
to exclude the high land, which normally was quite a small area of "not properly 
commanded" land, which had interfered to a very serious extent with distribu­
tion and had led to heavy percolation. The minimum difference of level permis­
sible between the water level of the distributary and the module sill was that 
shown in item (8) for a standard pipe outlet without a chamber, or as shown in 
(6) if there was a chamber; or as shown in item 6 of Table 16 for a masonry 
outlet and a chamber. 

Example.-The case shown in Figure 15 will be explained as an example for 
a 2 cusec module outlet; M. W. L. (maximum water level) was R. L. 100'48. 
Deducting 0·48 ('IYide item (4), Table 15) gave module silllevel.of 100'00. 

Item (8) shows a minimum depth over sill of 1·14 required for a standard 
inlet pipe; so the minimum supply level in the distributary was 101-14 and maxi­
mum level in distributary was this figure plus the range (see item 2) or R. L. 102·24. 

In this case the distributary range was greater than the modular range; the 
minimum water level being too low and the maximum water level too high. 

There are two ways to neutralise ex~ess head :­

(i) raise the module sill or 
(ii) reduce the head by partially closing the outlet gate and preventing its 

being fully opened by having a locking arrangement on the outlet 
gate. This will kill the excess head. 

(i) is better, where conditions permit, because it is fool-proof and tamper-proof; 
but (ii) will generally be better in the case of Distributary head modules or where 
subsequent scour may reduce the maximum water level. 
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In the example, the module sill could not be raised to R. L. 10Oo76, because 
the minim\llll water level in the distributary would then be 0·9 lower than re­
quired to give the designed discharge. 

This could be set right either by a temporary stop gate or a weir designed to 
work with a small afflux at F. S. and with an afflux of not less than 0·9 ft. pl~ 
full supply afflux at minim\llll supply. If the F. S. afflux were say Oo4 ft., the 
minim\llll supply afflux must not be less than 1·3 ft. 

Designs of Weirs or h\llllps for this case are shown in Figures 16 and 17: 
Figure 16 shows the S. W. F. type h\llllp which is also a measuring device 

and Figure 17 shows a cheap type of hump. 
Let F. S. Q. of the Distributary = 32 cusecs 

Minimum supply = 10·5 cusecs 

D,-D, 
IO~'4 

F16t15. 

SECTION. 
, h 

SCALE:- 5 =1 

F'IG: 17. 

SECTION. 
SCAL.E,. s'.,i" 
B~ =GFJ 

D, 1-'02.53 ----....L _______ _ 

'*:1 

Figure 16 design. 

103·0_ 

101·0 

99·O(D.B.L..) 

F. S. L. in distributary downstream of hump = 103·0 
and F. S. D. = 4 ft. 

10/·0 

; 

allowing an afflux of 10 per cent., i.e., 0·4 ft., the upstream depth-:-4·4 ft. and the 
upstream W. L.=103·4 ft. 
Let the throat width=3'5 ft. 
:.3xBxD1'6=32 cusecs or D=2·10 ft. 
The R. L. of hump will-:-l03·4-2·1O=101:3; for Q=1O'5 cusecs, D=I'O and W. 
L. upstream of hump =102·30. Allowlng for an afflux of Oo4 at F. S. L., the 
module sill works out to R. L. 103·40-2·24=R. L. 101-16 instead of R. L. 100·76 
calculated above. 

The afflux at minimum supply=102'3G-10l'0 
=1-30 ft. 

and at full supply =103·4-103·0 
=0·4 ft. 
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Figure 17 design. 

In this, the formulas for discharge were assumed as under :­
Case (i) The weir would be drowned under full supply conditions. 

Q=3'5 B (D1-Da),·6+6·4 BDa~DI-Da-8ee Fig. l7. 
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Case (ii) There would be clear overfall with minimum supply level and 
Q=3·5 B D1'6. 
Let R. L. of hump be 101·90 and the throat width=6 ft. Assuming an afflux 
of 10 per cent. at full supply 

:. W. L. upstream at full supply=103'4 
D1=103·4-101·90=1-5 ft. 

& Da=103'Q-I01-90=H ft. :. D1-Da=0·4 ft. 
:. Q =3'5X6~0'4+604X6XH~0'4 

=32'06 which agrees with F. S. Q. 
At minimum supply, Q=1O'5=3'5X6xDr6 

:. D1=0'63' and W. L. upstream of hump at minimum supply=101'90+ 
(j·63=R. L. 102'53 against 102·30 required. 

When 2 Gibb modules of unequal size were fitted together on the same outlet 
either by using a Y piece or adding a chamber, the loss of head in the outlet was 
much greater when both modules were working than when only one was in use. 
As both modules are in use at times of full supply in the distributary, and only 
(lne module, as a rule, at times of low supply, this tends to increase the range; 
but as the range of the distributary when both modules are working is governed 
by the sill level of the smaller module; and if the minimum level in the distri­
butary when both modules are working should fall below the modular limit of 
the smaller module, t·hen no extension of range can be obtained by combining the 
2 modules. 

As already explained, where the range of the parent channel is great, the mo­
.dules can be kept within their range by partially closing the gate. Such modules 
should have an overflow pipe downstream to show when the gate is insufficiently 
-closed so that the head exceeds the modular linrit of the module (See Figure 15). 

Plate IV shows the type design then adopted for constructing a new outlet 
having one module. . 

Many people assisted in working O)lt the. system of remodelling adopted, espe­
-ciaIJy Mr. J. S. Reid, Rao Sahib R. G. Islur, Rao Sahib N. S. Joshi and Mr. H. V. 
Katakkar. 
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APPENDIX I. 

COMPARISON OF ORIGmAL GmB FORMULA. AND THE NEW GENERAL FORMULA. 

------- ff-f1 
0, 

------- c-l.o 

FIG. 18 

a 

• 

e 
.... --/i. 

~-------------ro 

Gibb's formula (with standard notation) fOf 

( 
1 ,m"-I ) «!ab. = ro D,s,-,V 2g m log .,In 2 mS 

General formula is :-

q.bc =f.ro V 2gho roo ( 
rt r2 

f2) (D,-ho _0_ dr 
r2 

putting h.=k D, 

q.b. = fo v' 2g D,S'2[ v'klog .'Ii+ ~'. (I-m2) 1 
:. for the two formulae to agree 

_ 1 1 . 
-v'k=-ork= -m m2 

kS,' (I-m2) I-ma 
and 2 = 2 ma 

or k"'! = _1_ or k = -.!... i.e., ho = D,. 
ma m2 m 

For part a c d e, Gibb says 
,/- 8.' m'-I 

qacde = fo V 2g D, I X a log .,In 
m 

and the general formula gives 

f.
r ' f o ,/_ ro _ 

q.""= Vd,dr=v2gd, v'hdr 
~ ~ 

= -v' 2g d,f.
ro V bo r;: dr 

r, 

= V 2gho d, rofr
o 

f, 

= -v'"'%il." d, ro log ,m 

1 
dr 

= v' 2g k D, fo d, log .,In • 

For the two formulae 3 and 4 to agree, 

D 8,2 m'-I , /- d 
,X 8 = v ho ,; 

m 
D 

but h.= -' as shown above 
m' 

:. D,ll' (m';. 1) = V ~ X di 

(1) 

(2) 

(3) 

(4.) 
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(}ibb'S results will agree with those for the 'general formula therefore, so long as 

k -_ ._1 and ~ __ Dl (ma_I) D d D 
"1 or =.+1 ma m l 

-= D ( 1 -+- m
l 
-1 ) 

I m" 
=h. (2 ml-I) 

'"' h. (ml-I) 

h.=K= 1 
or D 2m'-1 

• (5) 

This shows that Gibb's formula in terms of D, was not restricted to m=2, as he seems to have 
thought; but was nevertheless restricted to one shape. . 

CoMPARISON OJ!' NEW DESIGNS AND GmB's STANDARD DESIGN I!'OB A 3 CUSEC MODULE. 

(a) Gibb's formulas are:- _ . 
Q = To V 2gh H 1/. - log.,m - + log .m (6) 

__ [ 1 mS_I mO_l ] 
1m2 mS ma 

_ [ 2m" -1 mS -1 ] = ro V 2g H 8/. log em - ~-;;-I m8 2 ma (7) 

Gibb assumed that HI= ~ ,where H=D+h (i.e., head lost in inlet pipe). 

rovTg"H8'". [2mS-l mS-l] 
then Q = 2V 2 m8 log.,m- 2 mS '. • (8) 

The general formula gives 

Q=ro V 2g [DIB,. { Vklog .,m + k~a (1- mS
) ~ +V k D, d.log .,m] (9) 

=ro V 2g Dill. [ Vk log .,m (D, + d.) + D, :B'" (1- ms)] 

[ 
D, kl/I ] 

==ro V 2g DI"I DVk log .,m + 2 (1- m") • 

Now k D,= It D 
K 

orD,= k D 

So Q=ro vTg DI,I [VtKlog .m + K;" (l.2.. ml )] 

For the formulas 8 and 11 to agree, 

Ha/I [2 I 1] 
2V 2 m m-; = D8,e v'K 

1 1 
Now K= 2 m"-l - T when m=2 

HB/I 7 1 
.. -- - = Da,1 X -

Va 8 v·f 
or 

D 7v7" D 
II = 8V 8 or H = i 

• (10) 

• (11) 

The calculated discharge according to Gibb's formnla for his three cusee standard design 
is equal to 3'21 cusees, which shows that the actual discharge is 7 per cent less than the theo-
reQ~ -

Q according to the general formula is 
_ ~ _ Ka/I 

Q=ro V 2g D"" ~ V K log .m + T (I-ml ) } 
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r.=2·75 ft. ; m=2; D;=1 w~ .R:;l; and 
K= 1 = _1_ 

2m2-I 7 

{
7v'T 3 

:. Q =2·75xB _ X 1 xO'6!)3 - - X 
Bv' B . v'T 2 

7';, 
.. X 

B'; 8 

=21-76 (0·2144-0'0663) 
=3·22 cusecs. 

Thus the two formulas agree, ~o long &8. 

K= 1 tc 2ml-l ,e . 



APPENDIX II. 

AlIllA. 01/ lILOW III THE GENERAL 1I0BIIULA AND DIAllETEB 011 THE INLET PIPE. 

f.
r.· r a 

Area = d drj But d-D-h. + 
~ r 

:. Area= Ir
l

r
• (D _ h. :~a ) dr 

= D (r.-rl) - h. r.a [l/rl -1/r.1 
= (r.-rll (D-h.,ml 

Bub r.-rl=B :. Area=B (D-h.,ml 

Area of the inlet pipe should be equal to the area of /low in the ed~ chambeE. or ,.. 

B (D-h.,ml 

:. d = j-,..-:-4-B-(-D""'--h.-ml=HSv' B (D-h.,ml 

d being diameter of pipe. 

29 
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APPENDIX III. 

CALCULATION SHEET OF TABLE 15. 

LOBS of head was calculated by observing pressure heads in the inlet and rising pipes of 
the standard 3 cusec module at D.5. They were found to be as under for the upstream depth 
=1·0' over module sill at which the module began to work. 

(i) Loss at bell-mouth entrance of inlet pipe =O'Og' 
(ii) Loss in inlet pipe 5 ft. long =0·03' 
(iii) Loss in rising curved pipe =0·06' 

=0'18' 
As h.+d,,=1l·125+0·75=0·1!75' 
the actual loss of head=I'lO' -0·875' =0·225'. 

The difference between 0·225 and 0'18 0'045 is most probably due to a greater loBS than ob­
served in the rising pipe due to the changing section of the pipe and due to change of flow from 
parallel into free vortex. The loss in the rising curved pipe may therefore be taken=O·l1' 
against 0'06' observed. The total losses will then be 

(iJ 0'09' 

(ii) 0·03' 
(iii) 0·11' 

0·23' 
2. Loss of head in the case of '0,3, 1'0 and 2·0 cusec modulei can be approximately found 

out as under: 

(i) Losl at Bell-mouth entrance oj inlet pipe: 

j dh Vi 1 
v=e/2 1 or loss ex d 

As 1 is the 811me in all cases, loss III v2/d 

2 CIl800 module. 

v=3·7 f/s; d=0·83 ft. :. 

v2/d for 3 cnsee module= 

16·5 
:. loss at bell mouth entrance = ~ X '09'=0'10' 

Let it be the slime as in 8 cnseo module, i.e., 0'09' 

1 CIl800 module. 

v=2'27 f/s; d=0·75' va/d=6·g 
6'9 

:. loss = -u:s X 0'09=0'04' 

0·3 CIl800 module. 

v=H3 f/s; d=0'5"; vl /d=4-'1. 
H 

Loss= i4'6 X 0'09=0'03' 

(li) Loss in leading pipe IS ft. long :~v=c/2 vdh/1; c=106. 

By substituting values we get loss for 2 cusecs module=0'03' 
1 cuseo module=O'Ol' 

0·3 euse~ module=O'Ol' 
(iii) Loss in the rising pipe can be approximately calculated on the assumption that loss 
va 1 

ex If 



1 i.e., the length ot rising pipe of 
3 cuseo module=4'0' 
2 cusec module=3·2ij' 
1 cosec module=2·76' 

0'3 cosec module=I·76' 

APPENi>JX iIt. 

CaIclllating In a aimiIar way as in (i), we get for 
3'0 cosec module, loss =0·06' observed 

2'0" " " =0·06' 
1'0 JJ U " =0·02' 
0'3.. .. .. =0'01' 
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As stated above, actual loss is greater and may be taken to be 0'11'; 0'09' and 0·09' respec-
tively. Table 17 shows the calculated results. . , 

TABLE 17. 

- 003 CWIOQ HI modulo 

D=b.+do (ft.) . 0'37 '0·62 

Laos in beII·mouth ent ....... of leadiog pipo (ft.) . 0-G3 00(K 

Loos in friction in leadiog pipo 6 ft. Ioug (ft.) • . · 0·01 0-01 

Loos in rising pipo (ft.) 0-00 0·0\1 

Totall ... (ft.) · , 0'13 001' 

Minimum leval oJ .... or mociulo iii! · 0060 0·76 

These fiauzos .... ahown in ilem I of Tablss:16 and 16. 

CALCULATloll SHEET 2 OF TABLE. 15. 

Los. of head in cllIJmbtd at «tit of the Standard Pipe outlet. 

toss of head=h= ( v. ;"V8 )" 
where v. is the velocit,Y in the pipe outlet. 
and va is the velocity in chamber 

Q=3 ousecs : diameter of pipe=l:l" 

.'. v.=3·85 fls 
Va=0'91 fls, as width of chamber=D ft. 

and depth=HO ft. 
• (3'85-0·91)1 
• • h= 64' 0'13 ft • 

:2 OU8eo module. 

=0·76 fls 

1 CIUI!C module. 
1'0 

v,=2'27 f/s; va = :lxO'7G -=0'66 fla 

:.h=<l·Q4' 

2·0 3-0 

0·84 0·67 

0-00 0·09 

0-G3 0-03 

0·10 ().Il 

0·22 0·23 

I'oe 1-10 



:12 NOTE ON THE THEORY, DESiGN AND CONSTRUCTioN OF Glim MODULES. 

0'3 CUBec nwdule. 
0·30 

. v2=1'53 fIB and va= 2xO.5 f/s 

h= (1·63 - ()03)' =0'02' 
2g 

These figures are shown in item 5 (iii) of Table 15. 

CALCULATION SHEET 3 01' TABLE 16. 

Loss of head in outlet channel and chamber. 

v= 1;46 Ralc (h/l)1/1 
• 

Where h=loss of head in friction 
N. =0·017 for good masonry work 

1 length of outlet channel=15 ft .. 

3 CUB//C module. 
Size of channel=I·5' X l' 

1·346 . 
Vi=2·0= 0.017 X(0'3)8/C (h/15)i/' 

.. 
i.fI., loss in outlet channel = 0·06 ft. 

loss in chamber 

e_nwduk. 

(VI_V.)' 
= 2g 

(2'0 - 0'91)" 
=. 2g 

v.=2·0 and v.bO·75 fls 
loBS in outlet channel =0·08 ft. 
lOBS in chamber =0·02 ft. 

Similarly in the case of i cusec and 0·3 cusec modules loss in outlet channel=0'03' and 0'01' 
respectively and lOBS in chamber=O'OI' and 0'01' respectively. 

These figures are shown in item 5 (ii) and (iii) of Table 16. 
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APPENDIX IV. 

DESIGN OF ONE CUSRO SPIRAL GIBB MODULE. 

1. The range of one cusec • single semi-circle' module is 0·93'; and according to Gibb 
the range of spiral module of 3 semi-circles is 2·25 ft. 

2. In the case of spiral modules, the water is led vertically upwards by a standard 90· 
bend connecting with the leading pipe. From this point, the water flows round in what is 
an upstream continuation of the module trough in which a series of guides (t>ide G in Plate 
V) are constructed to establish a free vortex flow. 

3. In order to make an allowance for retardation in the spiral modules, Gibb assumed 
the following coefficients of discharge. 

In the case of modules having two semi-circles 
C for. the 1st (upstream) semi-circle=0·85 and m=r./r,=2·0 
C for the 2nd (downstream) se~i-circle=0·935 and m=I·66 

In the case of modules having 3 semi-circles, 
C for the 1st (upstream) semi-circle=0·758 and m=2·0 
C for the 2nd (middle) semi-circle=0'85 and m=I·66 

& C for the 3rd (downstream) semi-circle=0·935 and m=I·5 
4. Let us first consider /J. spiral module of 3 semi-circles built of say 3/32- iron slieet. • 

1st (upstream) semi-circle. 
Let h. =0·089' (i.e., the same as in single semi-circle module) 

D=7 h.=0·623' and m=2·0 

[ h
a

] Q=C v'Tg r. D v'li;"loge .m - i- (ml-I), 

1·0=0·7118x8xr.X(0·089)'·5 [7XO·6931-1·5] 
r. =1·85 ft. . 
r, =0-92' and B=the width of eddy chamber =0·93'. 

Znd (middle) semi-circle. 
r.=2·/I B=2·32' 
r,=2·32 - B=1·39' and m=1·66 

[ m,I-21] 1:0=0.85 X8X 2·32 X h.'·5 7xlog. 1'66-:-

h.=0·089' and D=7 h.=0·623' 

3rd (doumstream) )emi-cii'cle. 
r.=3 B=2·79' 
r,=3 B-B=1'86' 

and m=I·5 

1·0=0·935x 8x 2·79xh.'·5 [7 X ·401i5-0·625] 
h.=0·078' and D=7 h.=0·546' 

Diameter of the leading pipe 

d =1-13 v' B (D-h. m) 

=1-13 v' 0·93 (0·625-2XO·089) .. 

. -

=0·73' or say 9-
5. When considering the case of R. C. concr~te m~ulee. we have to increase r. and r, to 

make an allowance for the thickness of concreta walls. 
Let the walls be 0·12' thick. 

181 semi-circle. 
Let r,=1'17' and r.=2·34'; m=2·0 

1·O=O·768x8x2·94xh.'·· 7 log.' [ 
mI2-1] 

h.=0·076' 
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2nd semi-circle. 
2 rl-2 B+O·12=3·63' 

or rl=1·82' 
2 r.=5 B+O·12 and r.=2·99 

m=r.!rl=1·66 
1'0=0'85 X 8 X 2·99 Xh.1'6 [7 X ·5068-0'889] 

h.=·067 ft. 

3rd semi-circle. 
2 rl=4 B+O'24 

or rl=2'46' 
2 r.=6 B+O·24 

or r.=3·63' 
m=I·48 

l-O-:-935X8X3·63Xh.1•6 7x!og.I·48- -'--f.-~ [ 
(1'48

2
)1_] ] 

ho=0·067' 
Dia.meter of the leading pipe. 

=1-13 .vB (D - h. m) 

=1-13 .v 1-17 (0·532-0'152) 
=0'75'. 
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