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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. 



PART I. 

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. 
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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' 

31 

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 
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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. 



,tPPENDIX IV. 33 

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'. 


