‘@Government vf Bombay
Public Wourks Deparviment

N ' Technical Paper No. 47

Report on Fxperiments carried out on
Models of Standard Vertical Screw
Gates adopted in the Lloyd Barrage
" and Canals Scheme

®
. BY
C. G. HAWES, M., BSc. (Lond.), AC.G.T, M.Ins1.C.E, LS.E,
Hxecutive Engineer, Development and Research Division
T
. 3 . Hdn
FIRST EDITION I “Ee

/}-_ﬁﬁk ! \\“;-\ .

o}l Price—Annas 15 or 1s. 9d | : S
i .
1 .

\
BOMBAY
. PRINTED AT THE GOVERNMENT CENTRAL PRESS
1933 )

‘Obtainable from the Superintendent, Government Printing and Stationery,
Bombay, or through the High Commissioner for India, India House,
Aldwych, Lon@cn,’W.C.Q, or through any recognized Bookseller
' d : .

A -



LIST OF BOMBAY PUBLIC WORKS DEPARTMENT TECHNICAL PAPERS.

Paper
No.

10

11

—
el

13

15

16

17

18

19

20

Subject.

" Price.

Year of
publication.

No. of copies
in stock
(June
1933).

Reinforced Concrete Flooring in the Hostel for the High
School at Satara (Bombay Presidency), by W. L. C.
Trench, B,AI, AM.ILC.E.,, Executive Engineer, and
T. S. Mirchandani, B.Sec. (Edin.), Assistant Engineer.

Famine Relief Road Works carried out in the Banda

District, United Provinces, in the Famine of 1913-14, by
D. R. H. Browne, A K.C., Executive Engineer.

Note on the Lower Ganges Bridge Works at Sara, Bengal,
by D. B. H. Browne, A.K.C., Executive Engineer.

Report on Experiments on Concrete Flooring carried out at
Poona (Bombay Presidency), by Conductor T. H.
Naughton, Sub-Engineer,

Reinforced Concrete Work in the Bombay Presidency, byj -

J. ¢. Gammon, B.Se., A.C.G.L, late Assistant Engineer,
Bombay Public Works Department.

Reinforced Concrete Roof Construction for use with ceiling
tiles, by J. M. Mackay, A.M.I.C.E., Executive Engineer.

Report on the Felling of the Ma’sonry Chimney at Dapuri
(Bombay Presidency), by H. W. Oddin Taylor, A.C.G.I,
B.Sc., Executive Engineer. .

Note on the Tests carried out with Reinforced Concrete
Brick Walling Loaded as a Beam, by Khan Saheb J. D.
Dubash, Assistant Engineer.

Note an the Manufacture of Hydraulic Lime in the Nasik
and Ahmednagar Districts of the Bombay Presidency, 1920,
by Rao Saheb V. K. Chaphekar, Temporary Engineer.

Glossary of Irrigation Terms applicable to the Deccan
Canals.

Report on the Malir River Boring Investigations for
the Karachi Water Supply, by W. C. Dooris, Executive
Engineer, Boring Works, Bombay Presidency, with a
note by H. O. B. Shoubridge, M.Inst.C.E., Chief
Engineer for Irrigation, .

A Note on the Design, Appiication and Construction of
Masonry Semi-Modules as used on the Jamrao Canal, by,
W. Kirkpatrick, Executive Engineer. (Znd Edition.)

Soil and Sub-Soil Surveys in the Decoan Canal areas, by
C. C. Inglis, Exccutive Enginecer, and V. K. Gokhale,
Deputy Soil Physicist. (2nd Edition.)

A Short Note on the Improvement of Damaged Lands in
the Canal Irrigated Tracts of the Bombay Deccan, by
C. C. Inglis, Executive Engineer.

Notes on Standing Wave Flumes and Flume Meter Falls,
by C. C. Inglis, Execative Engineer, Special Irrigation
Division.

Note on Irrigation on the Block System in the Deccan
Canal Tracts, by C. C. Inglis, LS.E., Executive Engineer,
Special Irrigation Division.

Notc on the Efftuent Farm near Poona (1918-19 to 1925-28),
by C. C. Inglis, B.A, B.AIL, MInst.C.E., Executive
Engineer, Special Irrigation Division.

Note on the Use of Hydro-Electric Power by Small Indus.
tries in Switzerland, Norway and Sweden, by F, O. J.
Roose, M.LM.E., M.LE.E., F.C.S., Electrical Engineer|
to Government, ~

Note on the Design of Distributaries and their Outlets
in the Bombay Deccan, by "C. C. Inglis, B.A.IL,
AM.Inst.C.E, Executive FEngineer, Special Irrigation
Division.

Noto dated November 1927 on “Model experiments to
ascertain the effect of Partial Lining of the Malegaon Cut
in miles 38 and 39 of the Nira Left Bank Canal, by C. C.

Inglis, B.AL, M.Inst.C.F,, Executive Engineer, Special
Irrigation Division, and D. V. Joglekar, B.E., Assistant
Engineer.

Rs. a. p.

114 ¢

1913

1915

1915

1917
1317

1917

1920
1920
1921

1921

1925

1925
1929
1927
1928
1927
1927

1928
1928

1928

Out of stock.

Do.

Do.

Dao.

Do.

110

Out of stock.

113

MO-11 Bk F 38—a ¢




Paper
No.

24

26

28

29

30

31

|

Subject.

-

Price.

Year of
publication.

No. of copies
in stock
(June.
1933).

|

l

l Note on the Outturn and Profit from Sugarcane Crops
grown in the Deccan Canal Tracts, by C. C. Inglis,
B.A.L, M.Inst.C.E., Superintending Engineer, Irrigation
Development and Research Circle, and V. K. Gokhale,
B.Ag., Deputy Soil Physicist.

Note on Experiments carried out at the Hydraulic Testing
Station at Distributary No. 5, Mutha Right Bank Canal,
near Poona, with a Lindlay Type Standing Wave Flume,
by C. C. Inglis, B.A.L, M.Inst.C.E., Superintending
Engineer, Irrigation Development and Research Circle,
Bombay, with the assistance of D. V. Joglekar, B.E.,
Assistant Engineer.

A Note on Standing Wave Pipe Outlets, by C. C. Inglis, B.A.,

Development and Research Circle, Bombay.

Inglis, B.A., B.A.L, M.Inst.C.E., Superintending Engineer,
Irrigation Development and Research Circle, with V. K.
Gokhale, B.Ag., Deputy Soil Physicist, and the staff of
Baramati Development Sub-Division. . _
4? Modnling Operations on Distributary No. 8, Nira, Left Bank

* Canal,and application of the Resultsto other Distributaries,)
' by C. C. Inglis, B.A.X, MInst.C.E., Superintending

with D. V. Joglekar, Assistant Engincer.

Report on Tests made on a Modb1 of the, Group of Regula-
tors at Oderolal gt mile 169 approximately of the Rohri;
Maoin Cansl, Sind, by C. G. Hawes, M.C., B.Se. (Lon.),|
A.C.G.L, AMInst.C.E.,, Executive Ingineer, Central
Designs Division, Karachi, and C. C. Inglis, B.A.L,
M.Inst.C.E., Superintending Engineer, Itrigation Dsve-
lopment and Research Circle, Poona. |

‘ Report on Experiments on Model Culverts made with Hume
Pipes, by C. G. Hawes, M.C., B.Sc. (Lon.), A.C.G.L,
A MInst.C.E.,, Executive Engineer, Central Designs
Division, and H. S. Kahai, Assistant Engineer, with

* Appendix containing a Note on the use of Hume Pipes;
for Irrigation purposes,based on Notes by C. C.|
Inglis, B.A.X.,, M.Inst.C.E., Superintending Engineer,
Irrigation Development and Research Circle.

Note on “ Research Work done by the Special Irrigation
Division since its formation in June 1916 by C. C.|

Inglis,” B.A., B.AIL, M.Inst.C.E, Superintending
Engineer, Irrigation Development and Research!
Circle. ‘

Note on ‘‘ Experiments carried out with various designsi
of piers and sills in connection with the Lloyd Barrage!
at Sukkur,” by C. C. Inglis, B.A.L, M.Inst.C.E., Super-|
intending Engineer, Irrigation Development andi
Research Circle, and C. G. Hawes, M.C., B.Sc., A.M.Inst.!

C.E., Executive Engineer, Central Designs Division,

with J. S. Reid, B.Sc., Assistant Executive Engineer,:

D. V. Joglekar, B.E., Assistant Engineer, and H. V.

Katakkar, B E., Temporary Engineer. .

A note on ““ A Critical study of Run off and floods of,
catchments of the Bombay Presidency with a short notc,
on losses from lakes by evaporation,” by C. C. Inglis,!
B.A.L, M.Inst.C.E., Superintending Engineer, Irrigation'
Development and Research Circle, with A. J. DeSouza,.
B.E., Assistant-Engineer.

Report on Experiments carried out at the Karachi Model
Testing Station on a Model of a Flumed Regulator,!
by C. G. Hawes, M.C., B.Sc. (Lon.), A.M.Inst.C.E.,!
Executive Engineer, Central Designs Division, and'
H. 8. Kahai, Assistant Engincer, with a note by’
W. A. Evershed, B'Sc. (Lon.}, A.M.Inst.C.E., Super-
intending Engineer, Irrigation Development and
Research Circle.

Note on experiment on a model of the Bifurcation on the'
North-Western Perennial Canal at the head of the Warah!
Branch, by C. G. Hawes, M.C., B.Se. (Lon.), A.C.G.I.,,
AM.Inst.C.E., Executive Kngineer, Central Designs/
Division, and H. S. Kahai, Assistant Engineer. |

{

B.A.L, M.Inst.C.E., Superintending Engineer, Irrigationi

Report on Land Drainage Experiments at Baramati, by C. C. '

Enginger, Irrigation Development and Research Circle,

Rs. a. p.

130

010 0

11 o

[%

1928

1928

1928

1928

1928

1929

1929

1930

1929

1929

Out of stock,

59

41

41

60

106

67

o
<t

Paper
No,

Subject.

Price,

Year of
publication.

33

34

35

36

37

38

39

40

41

43

44

45

46

Report on experiments carried out in the Central Designs
Division, Lloyd Barrage and Canals Construction, in the
Karachi Testing Station on a model of syphon proposed
to be constructed on the North-Western Railway, by,
C. G. Hawes, M.C., B.Sc. (Lon.), A.C.G.L., A.M.Inst.C.E.,
Executive Engineer, Central Designs Division, and
H. 8. Kahai, Assistant Engineer.

Report on experiments carried out on a model of the Makhi
Right Distributary ex Mithrao Canal, Eastern Nara
Division (Sind), by C. G. Hawes, M.C., B.Sc. (Lon.),
A.C.G.I., AM.Inst.C.E., Executive 'Engineer, Central
Designs Division, and H. 8. Kahai, Assistant Engineer,

Report on the installation and testing of various types of
radial gates on the 84th mile Jamrao Canal by C.G. Hawes,
M.C., B.Se. (Lon.), A.C.G.I, M.Inst.C.E., Executive
kngineer, Central Designs Division.

Note on road construction in the Nili Bar Colony, Punjab,
by H. B. Parikh, L.C.E., M.LE. (Ind.), Executive
Engineer on Special Duty, Sind Roads, including
summaries of important details.

Standard Type Buildings for the Forest Department,
Bombay Presidency—Abstract estimates, block plans,
specifications, ete., by T. 8. Pipe, B.Sc., M.Inst.C.E.,
Executive Engineer, Poona Division (formerly Superin-
tending Engineer, Forest Department, Bombay
Presidency).

Standard Forest Roads—Cross Sections and Earthwork
Tables by T. S. Pipe, B.Sc., M.Inst.C.E., Executive Engi-
neer, Poona Division (formerly Superintending Engineer,
Forest Department, Bombay Presidency).

Note on the resurfacing of the Nasik Station Road with
various asphalts, cement macadam and cement concrete
by L. E. Greening, A.M.Inst.C.E.,, M.Inst.Struct.E.,
Executive Engineer, Nasik Division.

Note on cement concrete roads in the United Provinces
and on the financial aspects of cement concrete and asphalt
surfaces by T. C. Kantawala, L.C.E., M.R.San.I., Special
Officer, Road Development Schemes.

Note on boring operationsin the Bombay Presidency by
A. P. Maddocks, B.Sc., M.Inst.C.E., Superintending
Engineer, Public Health, Bombay.

Notes on (1) Flumed Aqueducts, (2) Remodelling an
existing Canal or Distributary to pass an increased
discharge, (3) Afflux caused by heading up water at
regulators of a Canal and the extent of backwater and
(4) Distribution of velocities in channels by C. C. Inglis,
B.A., B.AI, M.Inst.C.E., Superintending Engineer,
Irrigation Development and Research Circle.

Concise Report ton. the Punjab Irrigation Works by
Mr. M. T. Gibling, B.A. (Cantab.), LS.E.,, Executive
Engineer, Northern Dadu Division.

The dissipation of energy below falls by C. C. Inglis, B.A.,
B.A.L, M.Inst.C.E, Superintending Engineer, Irriga-
tion Development and Research Circle, and D. V. Joglekar,
B.E., Assistant Engineer.

Note of May 1931 on Silt Exclusion from Canals  Still
Pond ”* versus ¢ Open Flow ”, Part I, by C. C. Inglis,
B.A, B.AIL, MInst.C.E, IS8.E., Superintending
Engineer, Irrigation Development and Resecarch Circle.

Note on Silt Exclusion from Canals, Part II, first report
on experiments with the full width model of
the Sukkur Barrage at Khadakvasla with Appendices
on the design of dynamically similar models in

accordance with Lacey’s formulas by C. C. Inglis, B.A.,|

B.A.IL, M.Inst.C.E., L8.E., Superintending Engineer,
Irrigation Development and Research Circle, and D. V.
Joglekar, B.E., Assistant Engincer.

Rs, a.
012

011

0 14

p.
0

|
|
|

i
!
{

1930

1931

1931

1932

1931

1931

1931

1931

1932

1932

1933

1933

In Press ..

| No. of copies

instock
{June
1933).

81

35

sS4

59

199

41

S |
1

33

100

100

Copies obtainable from the Su
High Commissioner for India,

perintendent, Government Printing and Stationery, Bombay, or through the
India House, Aldwych, London, W.C.-2, or through any recognised bookseller.



No.

famd

o

N
[

4 & 4A

No.

jr—

1A

.
[&]

3 &34

o

-3

LIST OF PHOTOGRAPHS.
Description.
View of model from upstream with gauge on gate,

Downstream view of model.

Downstream view showing depth indicator and float in gauge well fastened to the
gate.

Depth indicators,

LIST OF PLATES.

Description.

Sketch plan of model of vertical screw gate at head regulator over D-12-L Ex Rohri
Canal at R.D. 9,54,632. ' .

Vertical screw gate experiments. Plan showing details of model of gate with gauge
wells and water level indicators on Upstream and Downstream sides.

Vertical screw gate model—Standing wave conditions.
Vertical screw gate model—Drowned conditions.
Arrangement for fixing recording gauge to gates.
Details of recording gange.

Graph showing discharge through vertical screw gates for different heads and openings
of gates (for standing wave condition).

Graph showing discharge through vertical screw gates for different heads and
openings of gates (for drowned condition),



DEVELOPMENT AND RESEARCH DIVISION.

VERTICAT, SCREW GATE MODEL.
No. 1

View of model from upstream with gauge on gate.

No. 2 No. 3

o A

s

Downstream view of model. Downstream view showing depth indicator and float
in gauge well fastened to the gate.



s

DEPTH INDICATORS.
No. 4

No. 4-A

REPORT ON EXPERIMENTS CARRIED OUT ON MODELS OF
STANDARD VERTICAL SCREW GATES ADOPTED IN THE
LLOYD BARRAGE AND CANALS SCHEME..

 Introductory.—In the Lloyd Barrage and Canals Scheme, the design of
gates for the smaller regulators has been standardized and, in all, some 900 gates
of exactly similar design have been supplied by Messrs. T. Cosser & Co. of Karachi.
The gates range in span from 2 to 9 feet and in height from 2 to 8 feet, the variations
in span and in height being in even feet only. o
The gates work undershot and their sills are smooth, the top of the opening
under the gate is the sharp edge of the smooth steel plate forming the face of the
gate itself and the sides of the openings have shallow grooves, composed of two

~ angle irons welded together, in which the gate moves. :

A

Conditions of flow for all gates will thus be the same, except for the dimensions
of the side grcoves (which naturally become less in width with the size of gate),
and the factors likely to affect the value of the ccefficient in the discharge formula
are constant with the exception of the varying of side grooves, the effect of which
variation would, for practical irrigation purposes, be negligible. :

It was considered, therefore, that it should be possible to calibrate the gates
lbgr means of experiments cn a model and thus to use the gates themselves as a

eans of measuring discharge. _

Experiments were made on a medel of an 8’ X5’ gate at 1 full size scale at the
XKarachi Mcdel Testing Station. The Mcdel, photographs of which are seen at the
beginning of this paper (Photos Nos. 1, 2 and 3) was accordingly constructed.
‘The plan,of the mcdel is seen in Plate I, and the various details of the design are
seen in Plate I-A. Plate I shows the, pCsiticns of all the various gauge wells etc.

2. Object of the Experiments.—The object of the éxperiments was to ascertain

. the equations ccnnecting the discharge passing the gate, with the size of the opening

and the Head of water under which the gate is operating for two different sets of
conditions : (@) with-a Starding Wave fcrmed clear of the gate on the downstream
side, and (b) with the gate opening drowned.

The equations of discharge having been ascertained by experiments, it is a
simple matter to prepare graphs showing discharges per foot width of gate for
different values of gate opeaing and Head, and these graphs will be of universal
application all over the Barrage canal systems, wherever standard vertical screw
gates are installed. ‘

3. The model was constructed in the year 1930 and experiments for the
Standing Wave conditions were completed in July 1930. Experiments for drowned
conditions were also taken up in the year 1930 (when various difficulties, which
are referred to later in this paper, were experienced) but were dropped owing to
other urgent experimental work and not-completed until April 1932. '

4. Description of the Model.—A reference to photographs Necs. 1, 2 and 3 and
is Plates T and I-A will show the arrangement of the model quite clearly. The model
to constructed of Brick-in-cement for the mcst part and all surfaces exposed to the
water are cement-plastered. The gate itself is a’scale model of the full size gate,
except that it is higher to allow of greater depths of water being used and
is operated by a screw rod in exactly the same way. Itis provided with a scale and
a vernier, the vernier being attached to the gate, by means of which gate openings
can be read quite accurately. Frcm Plate I it will be seen that no less than 7 gauge
avells were constructed for use in the various series cf experiments, which are
shown in Table III, 4nd it will also be seen that the discharge passing through the
model was measured by means of the Meter Iall at the downstream end of the
model, the depth over the crest for purposes of calculation -of discharge being
measured in gauge well G-5. Plate I shows the data of the full sized gate and
of the model, and Appendix I shows the calculaticns of dimensions etc. for the
model itself. :

5. Experiments carried out.—The various series of experiments which have
been carried out and the approximate dates covering each are shown in Table III.
From this table, it will be seen (vide item 1) that no difficulty was experienced

‘»0-11 Bk F 39 1 ’ .
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in obtaining the equation for the Standing Wave conditions, and for these experi-
ments, depth of water was read only in well No. &-1 for gate reading ; G-5 also
being read to give the discharge passing through measuring flume. From items
2 8,4,5,6and 7 it is clear that considerable trouble was experienced with the
model working under drowned conditions. Particularly was this the case when
the difference of head cperating to pass water through the gate was measured
at gauges G-2, G-3, G-24, Q-3A and G-1—G-4. It was found that the value
“of the coefficient in the equation for the discharge passing the gate, as ascertained
from experiments, varied very considerably, both with the depth of water
downstream of the gate and with. the amount of discharge passing through the
model. The results were examined by Mr. Inglis, Superintending Engineer,
Trrigation Development and Research Circle, during a visit to Karachi and he
suggested that further experiments should be made with measurements of water

levels taken immediately upstream and dcwnstream of the gate itself. This was .

done and it was found eventually that, by fixing two crdinary gauges to the gate
itself—one on the U/S face and the other on the D/S face—and reading these

‘gauges by the eye, a fairly constant value for the ccefficient C was cbtained for.

the complete range of conditions, and it was therefore decided to fix to the gate

upstream and downstream the gauge wells with glass fronts which are seen in

photograph No. 8, and in Plate I-A for the purpose of damping out oscillations in
the water surface and allowing of more accurate readings of the difference of head
upstream ahd downstream of the gate. This was further extended afterwards by
the addition of floats inside the glass fronted gauge wells bearing irdicatcrs
attached to wires.rising from the floats through the tcp of the gauge wells.
These indicaters show, frem a common zero on a scale above the gate, the
levels of water on the up and downstream sides and the difference between the
two readings is, therefcre, the actual head operating on the gate. The float
indicators worked very satisfactorily in prectice and a design has been wcrked out
by Mr. Cumming, Executive Engineer, Draglines Divisicn, for actual practical appli-
cation to the gates of the various regulators. This design has been tried out on
one gate and worked very satisfactorily. It is now being tried out on a number
of gates on various regulators scattered throughout the Barrage command with a
view to testing its operations under working conditions. The depth indictcr is
seen in Plates IV and V. : o

6. Description of the Experiments : (a) Standing Wave Conditions.—First
of all the model was filled with water which was allowed to drain away over the

"+ crests of the Standing Wave Flume, and of the model, and the zeros of the Hook

(lauges in the Gauge wells were taken when this water had just finished draining
away. ‘ * .
Experiments for Standing Wave conditions were carried out as follows :—
A fixed gate opening was maintained and the discharge passing through
the gate, which was varied, was measured on the meter fall at the
downstream end of the model. Readings were taken for each discharge on

gauges G-1 and G-5 and the utmost care was exercised in order that conditions . |

should be as steady as possible before the gauge readings were taken. In this
connection. it is well to mention that considerable time had to be allowed for
the discharge to settle down, when a variation was made, so as to avoid
errors in the depths as registered in gauge wells G-1 and G-5. The pumps
supplying water to the model are worked off the Karachi Electric Supply
Corporation mains, and the voltage is subject to a variation of at least - 5
per cent. In alldition to the voltage variation, there s the variation due to

the reservoir capacity of the stilling tanks in the Model Testing Station and,

to the Teservoir capacity on the Model itself, on its up and downstream sides.

These factors all combine to render the carrying out of the experiments -

a very tedious business. At one time it was thought that it would probably
be necessary to construct a special Equalizing tank with arrangements for
ensuring that the discharge lcaving the tank should be as constant as
possible. On examining the results of the experiments obtained, however,
(the results for’ Standing Wave conditions are shown in Plate 1I) it was
considered that the variaticn of the points representing experiments from
the graph representing the deduced equation were so small that, for practical
. purposes, the equation as deduced could be taken as satisfactory. It was,

3

therefore, decided not to construct the equalizing tank, but to continue
the experiments taking care, so far as possible, to allow conditions to settle
“down after each change in discharge etc. before reading the gauges. For a
given gate cpening the discharge was increased from a miaimum value to
the maximum possible for the gate opening and then decreased again, points
being taken on both the rising and falling discharges. The equation worked
out from the experimental results is as follows :—
Q/A =452 /H

where H is measured from the centre of the gate opening to the water
surfice measured at G-1 in ft. and is equal o dy — 5. :

In the above equation : . :
-Q is the total discharge in cusecs passing through the model. .
A is the area of gate opening in sq. ft. ‘
H is the Head of water above the centre of the gate opening, measured
at G-1, in ft. ‘ ‘
X is the height of the gate cpening above crest in ft. *
d, is the depth of water, measured at G-1 over the crest of the gate
opening. : a
Thus, in practice, the depth of water over the crest of the gate opening would
be measured by reading the U/S gauge which is fixed above the converging flume .
in all regulators which have been constructed in the Barrage.

The results of the various experiments carried out for Standing Wave condi-
tions are shown in Table I. (These experiments are those described in item

"(1 of Table IT1). The various experiments have been given numbers, vide column 1,

Table I, and the correspcnding numbers have been shown on the graph of the
results as plotted, vide Plate 1L

(b) Drowned conditions.—As mentioned above, considerable difficulty was
experienced with the expriments under drowned conditions and very irregular -
results were obtained when the experiments were carried out by the reading
of gauges G-1 — G-4, G-2 — G-3 and G-2A — G-3A.  The irregularity of these
results was mainly due to recovery of head in the downstream expansion of
the model and also in the throat of the gate opening itself. The ~degree of
recovery cf head varies with the discharge passing, the depth of water on the
downstream side of the gate and so on, and it was not until this fact was realised
and measurements of the difference of head on the upstream and downstream of
the gate were made as indicated in items 6, 7 and 8 of Table I1I, that any
satisfactcry results were cbtained. The final experiments—uvide item 8 of .
Table I11—were carried cut with moveable gauge wells with glass fronts fixed
on to the upstream and downstream sides of the gate itself. These gauge wells
enabled the fluctuations in the water level to be damped out and the difference
of head cperating at the gate to be ascertained accurately.

Many experiments were carried out, the results of which are given in Table II.

From these, it will be seen that the method adopted was to fix the height of
gate opening and to vary the discharge passing, while maintaining the upstream
depth of water above the zero of the indicator on the gate as nearly as possible to a
constant figure, by the manipulation of the level of water on the downstream side
of the gate, this manipulation being efiected by placing karies in the grooves shown
at B, vide Plate 1. Various series of experiments were made and the results are
shown in Table II. The experiments are numbered, vide column 1 of the Table and
‘the 3 graphs, which have been plotted for various values of gate opening, vide
Plates 11T and TII-A, bear numbers corresponding to the experimental results in
the Table. A study of Plates IIT and III-A will show that the value of the coeffi-
cient in the discharge formula varies from 0°61 to 0°64 and for the purposes of
working out discharge curves to be used in practice with the Standard Vertical
Gates, a value of 0°625 has been adopted for the coefficient. '

The actual equations obtained from ‘the experimental results are as
follows :— :

For a gate opening of 0°15 ft. Q/A = 0°61 /2gh
For a gate opening of 0°2 & 0°3 {t. Q/A =062 /2gh

v
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For a gate opening of 0°35 ft. Q/A = 0°61 /2gh
For a gate opening of 0°45 ft. Q/A = 063 ,/2gh
For a gate opening of 0°7 ft. QA = 0°64 ,/2gh
In the above equations Q= The tctal discﬁarge passing the model in cusecs.

A= The area of gate opening in square ft.
g=32"2.

h= The difference in level of the water immediately

upstream and downstream of the gate itself

in ft. - :

7. The application of the resulls in practice.—Two sets of graphs have been
prepared (@) for Standing Wave conditions and (b) for Drowned ccnditions. These
graphs are seen in Plates VI and VII, and from these graphs it is pessible to read
off at a glance the discharge per foot-width of gate opening for any difference of
head. It is intended that the graphs shown in Plate VI for Standing Wave con-
ditions are to be used in practice by the reading of the ordinary gauge, which has
been fixed on the'upstream side of all regulators in the Barrage canals above the
1 in 5 contraction leading to the regulator itself and from this computing the ‘value
of d;. It has been necessary to evolve ““ depth indicators * for use with the vertical
gates to facilitate measurement of discharges with the graphs shownin Plate VII
-for drowned conditions. - .

These indicators are shown in Plates IV and V and are composed of tubes
containing floats which carry vertical rods having indicators at their ends.
These indicators cperate against scales which are arranged so that they have a
common zero level and the difference of the readings given by the float pointers on
the upstream and downstream of the gates thus gives the difierence of water level
(i.e. the head ““h ”’) immediately upstream and downstream of the gate. The pipes
containing the fleats are provided with small holes for the admission of water and
the darniping out of rapid fluctuations in level.

In practice, it has been necessary to place the downstream depth indicatcr at
a small distance from the gate itself, this being due to the fact that the indicatcrs
rise with the gate as it is opened, and have to be arranged so that they will not
foul the top members of the gate superstructure.

Photographs Nos: 4 and 4A show the gate indicators in position on an actual
regulator gate.

It is quite possible that trouble will be experienced with the depth indicators '

referred to on account of their becoming blocked up with fine silt from the water.
- To this end provision has been made for a flap valve at the lower end of each pipe,
»and for the removal of the flcat from the top of the indicator tube. This will
allow of silt being washed out by pouring water from above. Itisintended to test
out a number of these indicators on various sizes of gates in crder to find whether-
it is necessary in practice to provide means fcr washing the tubes as described above
or not. It is possible that scme arrangement, such as a portable force pump, could
be used for the cleaning out of such depcsit as may occur in the tubes which, if
satisfactory, would eliminate the provision of the valves and the necessary rods for
their operation and thus simplify, and reduce the cost of, the *“ depth indicators .

8. It is hoped that, by the adoption of the two sets of graphs and of the
“ depth indicators ” described in paragraph 7, and by ncting at fixed intervals
the gate opening, the upstream gauge above the regulator, and the readings on
the two “depth indicaters ”, it will be pessible to cbtain a much more accurate
measure of the discharge which has passed any Head Regulator, having standard:
vertical gates, than would be pessible if measurements of discharge were made
with velocity rods in the ordinary way.

The elimination of velccity rcd measurements will mean the saving of a
considerable amount of tedicus werk for. the canal staff, and may pessibly result
in an actual saving of staff due to this reductién cf wcrk. ‘

Further, the discharges cbtained from the gate discharge graphs should be more
accurate than those obtained from the velccity rcd measurements, particularly
- in the case of the smaller channels in which the “ errcT ” of velocity rod measure-
ments may be anything up to 20 per cent. "

il
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It will be necessary, if velocity rod measurements. are entirely eliminated,
to take and record cross-sections below all regulators at the points where discharge
measurements by velocity rods would ordinarily have been made. Such cross-
sections would be of immense value for watching the movement of the bed of
the channel and of its sides, and also in connection with any investigations (such
as those now in hand in regard to Lacey’s Theory) requiring the use of wetted
perimeters, areas of flow, hydraulic mean depths etc. This information is now
usually obtained from the records of soundings etc. made at the time of taking
velocity rod discharges. '

. .

Experimental work has been carried out by Mr. P. R. Jivrajani, Assistant
Engineer, and Mr. Pinara, Overseer, and the bulk of the experimments were carried
out under the control of Mr. H. 8. Kahai, Acting Executive Kngineer, Development
and Research Division. ‘

The data were worked up by Mr. A. G. Maydeo, Assistant Engineer.

C. G. HAWES,
: Executive Engincer,
Development and Research Division.
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TABLE 1.

Standing Wave Condition—Statement showing head over centre of orifice and discharge.

Experiment No.

Standing wave flume (d/s).

Depth
over sill.
1 2

LI .. 0-473
2. . 0-610
3 . .. 0-616
4 . .. 0621
5 . .. 0-618
$ .. 0-558
7 .. . 0523
8 .. .. 0485
9 . 0-460
10 .. .. . 0398
11 .. 0720
12 .. .. 0-728
13 .. Y. 0-724
14 B 0°-704
15 . 0650
16 .. 0597
17 .. . 0-522
18 .. . 0754
1 I . 0745
20 .. . 0730
‘2 - . 0-715
227 .. 0+705
23 0685

{1d

Hei;’fht A ¢ gpstream

. rea o ept .

Discharge opening opening. vga%erOf
Q=3 X of gia;te - over crest

1-776Drs, | B=2-0. '

3 4 5 6
]

1-733 0°200 0-400 1-011
2538 0°300 0-600 1-011
2:576 0°300 0-600 1047
2-607 0300 | 0-600 1-062
2588 0°300 0600 1-050
2-221 0°300 | 0-600 0-827
2:015 0300 | 0-600 0711
1-800 0-300 | 0°600 0602
1-662 0-300 0-600 0-538
1-338 0-300 0-600 0-397
3-256 0-400 ; 0-800 1-012

. 3:309 0-400 0°800 1-027
3:282 0°400 0800 1-029
3-147 0°400 0-800 0-961
2-792 0-400 0800 0805
2458 0-400 0-800 0-675
2-009 0-400 0-800 0-502
3-488 0500 1-000 0°847
3-426 0-500 1-000 0-829
3-325 0-500 1-000 0°797
3-221 0-500 1-000 0-766
3-154 0°500 1-000 0-741
3:020 0-500 1-000 0-701

H—Read
over centre
Column 6—3

Column 4.

Discharge
per square

" foot of

Column 3/
Column 5,

opening

[N
e
&

0 G0 s DO RO TP 0T 68 A i D A Y
ot
(303
>

D WA TR N

.
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TABLE II.

Standing Wave drowned—Statement showing effective head and discharge.

Standing wave

flume (d/s).

( Upstream ]s);::; . Discharge

Height Area of dfvptéle;) g depth of %geig‘;f Pefl'ooiq‘l;? re

Experiment No. of waterway a water i - o
Discharge . B=2-0 above above Column 6--| opening

Depth o ge ; opening. —% ¥ lacommon Column 7. | Column 3/

over sill =3 X datym, |9 gommon Column 5

- 176D 15, * | datum. :

2 3 4 5 6 7 8 9

0°482 1-783 0°15 0-300 1-715 0-257 1-458 5:043

0453 1-625 .. 0°300 1-695 0-465 1-230 5-417

0-436 1-534 .. .. 1-690 0°600 1-090 5-113

0-419 1-445 .. . 1:695 0-716 0-980 4-817

. 0+382 1-258 .. . 1-685 0-95 0-735 4193

. 0-355 1-127 .. . 1-700 1-110 0590 3-757

. . 0-388 1-288 .. .- 1-685 0-910 0775 4-293
. . 0-406 1-378 .. .. 1-695 0°815 0-885 4-593
. 0-437 1-539 .. .. 1-695 0-605 1090 5-130
. 0445 '1-582 . .. 1-695 0535 1-160 5-273

. 0-463 1-678 .. e 1:690 0-370 1-320 5-593 |
. .. 0-571 2299 0-20 0-400 1-58 0-280 1-300 5-748
. .. 0542 2-126 .. .. 1-59 0-470 1-120 5-3\5
. .. 0516 1-975 e . 1-590 0615 - 0-975 4-936
. . 0-493 1-844 0-20 0-400 1-59 0-740 0-850 4-610
. .. 0-449 1-603 .. .. 1-57 0-920 0650 4:008
. . 0-403 1-363 .. 1-59 1-110 0°480 3408
. . 0-455 1-635 .. 1-595 0-925 0°-670 4-088
. . 0-479 1-766 .. 1590 0795 0-795 4-415
. o 0-508 1-929 ‘ .. 1-575 0-645 0°930 4-823
. .. 0-534 2:079 .. .2 1:575 0-490 1-085 5-198
. .. 0-561 2-238 0-20 0-400 1-585 0-320 1-265 5-595
. .o 0664 2-883 0-30 0°600 1-240 0-320 0°920 4-805
. .. 0-651 2-798 .. .. 1-275 0-400 0-875 4-663
. .. 0-606 2-516 .. .. 1-255 0°555 0°700 4-193
. .. 0-537 2-097 .. . 1-255 0-755 0-500 3-495
. e 0-400 1-348 .. . 1-235 1-035 0°200 2-247
. .. 0-516 1-975 .. . 1-240 0800 0-440 3-202
. e 0-607 2:520 .. . 1-265 0545 0°720 4-200
. .. 0626 2-639 .. .. 1-270 0490 0-780 4-399
. .. 0-668 2:909 0-30 0-600 1-255 0°320 0-935 4-849
. .. 0-603 2-495 0-35 0°700 1-075 0-545 0°530 3:564
. .. 0-644 2-754 .. .. 1:075 0-420 0655 3:934
. .o 0-664 2-883 .. .. 1:065 0-360 0-705 4-119
. .. 0-689 3:047 0-35 .. 1:070 0265 0-805 4-353
. 0696 3-094 .. e 1:065 060 0805 4-420
. .e 0-668 2909 .e .. 1-075 0°360 0:715 4-156
. .. 0-648 2779 ‘e .. - 1075 0425 0-650 3:970
. .. 0°625 2:633 .. .. 1:075 0-590 0-485 3761
. . 0559 24227 0-35 0700 1-070 0°645 0425 3-181
. .. 0708 3-174 045 0900 0625 0145 0-480 3-527
. .. 0°658 2:844 e .. 063 0-240 0390 3-160
. .. 0620 2-601 . 0625 - 0°300 0325 2-890
. .. 0571 2299 . 0610 0350 0°260 2:554
. .. 0491 1-833 0°600. 0-440 0-160 2-037
. .. 0-428 1-492 .. . 0630 0520 0-110 1-658
. e 0-170 229 . . 0:610 0°-355 0255 2-548
. .. 0°606 2°514 . . 0°620 0-314 "0-305 2:793
. .e 0-641 2734 .. . 0°610 0°245 0°365 3:038
. .. 0-680 2-987 .. T 0°615 0°180 0435 3-319
. . 0-700 3121 045 0900 0-645 0°-160 0°485 3-468
.. e 0522 2:009 0°70 1:400 0545 0°460 0-085 1-135
.. .. 0631 ! 2671 .. . 0540 - 0405 0135 1-908
.. .. 0:630 | 2-664 . . 0°550 0410 0°140 1-903
.. ..| o691 | 3-061 . . 0535 0°360 v'175 2-186
. . 0-701 3-127 .. . 0°54 0355 0-185 2+234
. . 0641 2°734 . . 055 0°410 0°140 1-953
. . 0597 2°458 . . 0555 0440 0°115. 1-756
. . 0-538  2-103 . .. 054 0455 (085 1°502
. . 0434 I 1-523 070 1:400 0°555 0°505 0050 1-088

!

i
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TABLE

III.

Summary of Experiments carried oul.

Series
No.

1

Date.

28-7-30
to
31-7-30

21-7-30
O
31-7-30
&
1-8-30
to
2-11-30
3-11-30
to
7-11-30
&
10-11-30

18-11-30
to
24-11-30,

b

3-12-30
to
4-12-30

B~12-30

i

11-12-30

19-6-31

8-2-32 &
19-4-32

to
30—4-32

Height of
Opening, -

3

Varying
from 005
to  0-525
Openin gs
increasin g
by 0°025.

0°3&0°'1

0°15 & 0°20

02

o3 *

03

030

0-20 &
0-30.

With Standing
wave or
drowned.

4

Gauges read.

Other conditions of
experiments,

6

Remarks.

7

With Standing,
Wave.

Standing Wave
drowned.

Standing Wave
drowned.

Do. .

Do.

Do. .
Al

Do. ..

&

G-1 & G-5

G-1, G-2,
G-3, G4,
& G-5.

Do.

i

0-1, G-2, G-3,
G-4and G-5
& also depth,
at gate was
measured
directly.

. .

h taken as the|
difference of]|
water levels|
immediate }y
upstream and
downstre a m
of the gate as
measured by
eye only.

One more
gaunge G-3A
fixed down-|
stream of
gate.

G-1, G=2, G-3,
G~4, G-5, X

0
and x two
d

ordinary,
gauges fixed
on upstream|
and down-
sfream were]
also read.

h  measured
as difference|
of two gauges|
fixed on gate,|

Upstream gauge and dis-
charge varying. Increas-
ing and decreasing dis-
charges.

Upstream gauge G-1 was
kept constant with dis-
charges varying and also
varying downstream depth.,

Upstream gauge G-1 kept
constant with discharges!
varying. The value of
G-1 was different from
that of series 2.

The rapid fluctuations
damped by two glass
gauge wells fixed to the
gate.

Mean equation oktained when all
points were plotted on a single
graph was Q/A =452 NIT where
I is measured from centre.of
opening.

“h’ the effective head calculated
as D — D4. Each opening gave
a different equation. Coeffi-
cients varying from 4'5 to 11°4
and indices from 0 50 to 0" 87.

This showed that for each different
value of G—1 (kept constant) the
same opening gave different
equations when h was taken as
D, — D,

Experiments to study the effect
of D, on “h* with a constant
discharge. Tt was found that h
increased as Dy increased when
h was taken equal to Dy — Dy
or Dy — Dj.

€' was worked out with index 0*§
and h' =D, — Dy also C* was
worked out with h"= Dy — Dy,
(i.e. depth at gate on d/s). The
values of (' were frregular but
indicated an increase with
increase of h” but the values of
C” indicated a decrease with
increase of H”.

This series indicated a fairly

constant value of ¢ when “h”
was taken as shown in column 5
making allowance for the error
due to observations being made
by eye only.

With a constant discharge, index
as 05 and “h” taken as
D, — Dg,, C was found to he

much more uniform,

This series showed that when “h*
was measured as the difference of
the gauges X, and Xqr C was
constant with index 0'5, i.e that

the proper position for the two
gauges was just at the gate,

The flnal series. The equations
with 0°50 index obtained for
different openings and coetficients
from 0°61 to 0°64; the mean
0-625 was adopted so that

Q/A = 0-625A/2gh.

9

APPENDIX 1.

Model for determining coefficients of discharge through vertical screw gates.

. Data :— D-12-L ex Rohri Canal at R.D. 9,54,632.

Discharge 110°66 cusecs. Bed level 679

Full Suppiy Depth 3-8'.
Bed width 17°.
Crest Level of throat—=68-44,

Design of the Model.
Model to be }th full size.
1. Discharge through model :

Model constant =} X } x 4/ 1 = 1/32

11066
Qm = —;— = 346 cuseces.

38

2. Depth of water in model = dm = -

4-25 ft.

Il

3. Bed width in model = by = -7~
4.

Height of crest above the u/s bed in model =

Design of 8. W. Flume (Downstream) for measuring discharges.

Full Supply Level

0-95 ft.

68:44—67-9 54

71-93
" 71°70
Mean velocity in channel 1-4 ft. per sec.
(ates—1 No. 8" x 5'.

4

Width of approach channel = Bed width of the channel = —121 =4-25 ft,

Crest 0-2 above bed

D‘=0'95'—-0'2' =075

Q =C X B x D3/2 = 3-46 cusecs. ’
=3X Bx 07532

. _ 3-46 1.
o B= 38 164

Size of gate = 2’ X 1-25’ correct to scale.

Gate used = 2’ X 181’ in order to allow of greater depths for experimental work.
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