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NOTATION. . . gk

\ ~ -, .

- 1 +

gate opening T g .o
. - . - : >

] - . .
coefficient. of discharge to. &

’ -’.i

coefficient of dikcharge for free flow
coefficient of ‘_discharge-j’f.or _submerged flows' '
diameter of g'ate lip '
fynction of () . v . k ' ' C
ac;celeration due to gravity . ' |

upstream flow depth’ C .

downstream flow depth close to the gate . .

downstream flow depth away from the gate ' R
. ¢ . . - T
discharge per unit width of the gate -

(vd) /v = Reynolds number ‘

g/a = mean velocity at the throata
mean velocity at section 1 \ y §

mean velocity- at section. 2
. LY .

angle of bevel - } ' S U
angle of the préssure taps me?sured witf\.reference -
to the approach direction , N t

angle of éeparation : ’ - .

‘(1 - sin¢)/2 . - )

. i
-height of separation point from the channel *

bottom
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T . . 'CHAPTER 1 e L

: INTRODUCTION . ' :
./ N ‘

© .
a . R .n a v . \ . . .
1.1 General Remarks . - . . '
- ‘ ' > ‘. ' ) ¢
- ' : ' P §luice hates,‘holler qates and ngnter - ‘
| ' T ‘gates'are generally used for regulat1ng flow in \ .
\ . )ﬁ hydraullc structures. In des;gnlng these gates’
. . h i

the head-discharge relationship and the pressure
distribution over the gate surface for.different

gate openirigs and forms of the ghte lip are of

. . prime concern to the hydraulic angineer.
b . Y o ! ‘

e

- P

, 3 . | ) g
o ‘Extensive theoret1ca1 (3 4,6,7,14,16) N
4

cu and experimental (1,3,8,17, 18 22) 1nvestigatxons -
£

r

P have been carried out to determlne the flow

. 9

* . characteristics of sharp edged gates (Fig. la).

, \\3 However, the studies td&determine the effect of

> %

the lip form on the discharge characteristics are"

1

- © 1limited (15,18,21).,

-4
N * @
" \ C .
r

i

, . In th? presen{ investigation experiments

[}
R

have been conducted to‘&etermine the factors

< “

. . influenc1ng the d1scharge coefficient of the gates

s on . fltted with cyllndrlcal lips (Figs. 1lb and c). °

. . \ .

[ -
o - . S
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=
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. The trend'gf the'experfhental‘data

R §ppp1ementg§ hy a simble ‘theoretical model.
‘ . N - g . . . . v 1 N ; .
- ‘ : ‘ o - . .

»

1.2

Previdus Studies - ) F

- 2

N L
. 1.2.1 &Sharp-Edged Gates .o .. C ‘
. > ¢ . : - s 4.
Co o (. :
‘ . T \ The precise determ;natlon of the coeffic1ent

-

i

o

of contractlon, defined as the ratio ‘of the mlnlmuq///

: flow sectlon to the#gate opening

\ . ’ . -

R

3

important aspect of the discharge-characteristiés

cdnstitutes an -‘f"

\ : ' . study. An analysis for the efflux from a slot in

X . - "y the wall of a reservoir for ne grav%ty Case was
‘ first carried out. by Raleigh (17). von Mises (14)
. T~ e~
later related the efflux from a two-dimensional

slégbto the efflux from a gate. He made use of % -

. . " . : the assumptions of free stream 11ne theory of .

Y
hydrodynamics n/mély, constant velocxty along the C

v

. free stream line. and constant pressure across the

-

- . *
. ] . . - .

& . : jet at infinity.

e . I ' " A mathematical treatment of the sluice

. . gate“efflux accounting for the effect of gravity

.

. on the free surface.has been given by Pajer (16).

-

e

: He assumed the velocity along 'the free Stream’ et

N ) M .

+ line to vary with elevation, thus'impLicitly'using‘




ihe)

fJ

N
v .

/}Q - v ~

the\concept of hydrostatlc pressg?é dlstrlbutxon'
t+h the sections,gggsﬁg%orm flow. Southwell and

Vaisey (20):solved’thé Laplace equation emplovinQ,
A .
finite {ifferences techniqu. Benjamin (3)', .
~a .o . . t{\ . e .
gave a comprehensive analysis for the sluice gate .

-

flolz. He treated the curvature of th& water -
. ’, ‘“ ~
. . o ~-~ . : .
surface to be sLall and qssumed hydrostatic .

L 22N L 4 1 .

die;ribution‘of pressure to;bccur beyond a certain

- dlstancirdownstream of the gase\ For sharp-edgea
gates.exgerlmentally determined cqrvee respresent1ng o
" the values\ o_f Coeffllcbnent of:' dlscharqe have been
prepared by Hengy 4%?1‘ Other\ﬁotable ané;yticel
solutie;s to the problem have beeﬁ-éresente by~ -

Fangmelér‘and Strelkoff (6) and Klassen (99 .

.. Lar@ck (10) has developed a gravity solutlon-for any

' 1
~. arbitrary gate lncllnatlon.

-
\ -

. oL -
» B The.ebove studfgé reveal that , .
i ., - Gy /'-4‘
C, varids malnly with a/H However, the variation ¢ .-

s o
y of C with a/H is small, and for practical purposes

K

Hendersonh has.recommended a value of 0.61 for C_. &
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Radial Gates. S

1
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Ve
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[}

Until recently, designs of Radial or

Tainter gates were carried out €Brough specific

hydraulic model studies.. Metzler (13), Toch (22)
. ;

and Babb (2)- have made systeﬁati&/studies related
LS E '
to specific hydf;u ic models. °.Toch has presented

a'simple analysis fo6 describe, the discharge
- /

N b . >
characteristics of the Tainter gates g%r free and

submerged flows based on'energy and momentum .

considerations. Birkhoff (4) applied hydrodynamic

theory in the form relaxation method to obtain an

analytical solution for radial or curvgd gates. But

s e

the method is véry tedious and each ‘solution is

qppli&able only to particular geometric

i

”

k

proportions chosen. - . : .

2 3

i

e

for the dééff;cient of contractipn C_ by fitting a

(

parabola to both Von Mises' and Toch's results as’

” (\,l \ B - ‘o
Hendersgn (7) has proposed aff equation .

4

N

' . € = 1-0.750 +0.36§°

(1)

P «

S

. . where 8 is the Tainter gate lip.angle (I'ig.-1d). L

©

)

[

)
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- 1.2.3. Lip Geometry - N .

- \ .

| o S U
' Even though the sluice gates used in
AN ' A

- the Laboratory are sharp-edg g, owing to the °

. L \\ Py *
structural considerationg.and soundness of sealing

at complete closure, the field conditions dictate

. a finifeﬁgpickness at the end of the lip. Studies
N | Tre@arding the éff6ctsof lip geometry havelbeen
, , carried out by Mdél}er-(lS). Elaborate studies
‘ : on‘tﬁevvibfation caused in gates due to lip

‘ i geometry have beed‘maae by Waterways Experiment
| Station (2N. These studies have been
‘{ ) \< “ ' . reviewed by/Rouse (18). The effect of the lip

! . - ' . - .
angle © (Fig.,1dj on the coefficient of contraction

has been discussed by Toch and later by Anwar (1).

/
. _ . Recently Larock (ll) has presented a theoretical

. study of the f%ew paét a radial gate; the results .

VL complied with the experimentdl values obtained

“ by other investigators. | .

.

1.3 Outline of the Present Study - *

-

o ‘ - to The present experimental study aiims at

LR ) . e,
improving the discharge coefficient of a sluice

L ) gate by avoiding the dowystream contraction caused

1 . hd . N N

” ’ . ' / ) \ . ‘

‘é;u T"“.‘m L}s"" Ky

BAPEid

[}
v - r——— ———— o
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. been investigated.

. ’ - . . C
\ l:;y conventionai gate iips (Fig. .ia,)a. TO t':hifs' end,:,
" a .circular lip was.attached to the énd of the leaf
" - 'gate”(Figs._ lt; and ¢). Thé' cylindrical li):i is . .

chafacterised’b’y its ability to let the flow "cling"

A A to the exit section of the gate. A consequence of

\ =~

L, « {0 4
. this.fs to create a low pressure in the throat -

beu

section which in turn enhances the outflow through

the gate opening. - .
™ N ¥4 * 2 ' | v

3

' [

Presently the characteristigs of the flow .
4 .

past a ga‘te fitted with cylindrical énd_ lip have e

Simple theoretical expressions . \

for computatiopof coefficient of'disdha;ge for free

as well’ as. submerged conditions have' been developed.’

~
.

’ *

. B N %2 .7 4
4 . ¥
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. CHAPTER 2 -
- . . e —— it
. - M : .
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» T * * THEORETICAL CONSIDERATIONS

o - ] .

- ) ’ - ¢ - v e
‘ 2.1 __~"Pefinitions / ‘
’ . . . a

'\ \ - N ’ B S _—
z [ 5 o,
12,11 free Efflux -

B
\ T ‘

e

u
ot

Fl ‘ |\ . The oufflow is said to be free when the

A}

issuing.jet of water is open to atmosphere and is
* not overlaid, or submerged, by tailwater of excessive

° ) depth- (Figs. 1lb and 1lc)

- !

‘ , ‘ ’ ) . - \\ -

§ , AN ' .
’ . \ .- . For flow past a cylindrical lip, separation

can occur on the forebody or afterbodyof the lip.

*The former is generally associated with laminar

. separation and is characterized by low Reynoids

o ' X numbe'rs with th!diameter of the cylindrical lip ~

‘. | ' \‘ as 'the,\, length parameter. When the Reynolds number

\ of the flovg is rebatively large, the separation point
movés downstream of the point) C on the cylinder as
‘shov‘m in. Figure lc (@ > 90°) . Based on the mode '
of é'ep:ﬂration, two theoretical expressions are

obtained in the ensuing section. However to unify

the ‘ékperimental results, a common discharge .

3 ' -’

coefficient, Cyq¢, defined by equation il) is proposed

for free flow conditions.

't

S . a=Ceava(ma) *(2)
~ . . ) . . - ' ‘~ < ' /'l'

Te ‘ ., ~ o
N,

- ¢ - -
D

W ey A e A RO or T
N L LR LR i RS TSN




3
3

: )

where, q = discharge pex unit width of the gate,’

Hy is the upstream depth, and a is the gate
N 1 ‘\ .

*

»

o ¢

» ~

opening. - v ‘
\ .
AN

Submerged Efflux
/

’

’ .

For the case of submerged outflow
. | o
('Fig. 2-) the coefficient of discharge, Cas’
defined by equation (3Y
N <

) ¢

' ’ : "

1

q = C4g wa\{Zg (Hl'H2)‘.

M a

]

where H, is the,tailwqtergdepth immediately a&jaced%

to the gate. o ‘ ) .

7

Coefficient of Discharge

\ Id
v
T

_An approximate theorétical EEBFQS§1OD

has been developed to relate the discharge

parameters of the cylindric#l lip.  The

.

separaLiour/@. is an important rﬁium-lgic parsuuet or

and fs_largeiy dependent on the -Reynolds|number. .
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Free Efflux re

[
. 3
. ¢ LY

. -

Forcbody Separation Upstream of C(@ 90°, Figure 1c) i B
’ C . - ”‘ ‘
- Applying thé energy equatign between sections T

. c
l and 2 for flow past the gate lip".(Fig. 1b) and

\ e . ‘ sy N LT .
neglecting losses one can writ® the Following .

Sxpression for the total head - . S '
- o
. 2 \
N vi N v2 o ! ?( * P
, Hy + ==t +—= : (4) '
‘ T 29 29 ’ .
E=S . . . .
A ¢ <
where Hl is the upstream depth, Yl and V2 afe'mean
velocities at sections (1) and (2) respectively. ' S ;
Further, - . s ‘
t=a+ (1-sihf)d/2 =asba (5) ,
whére b = {1 - sing)/2 - ‘ (5a)
. . & - .
According to the equation of continuity |
? = Hlvl = Cct V2 ’ (6) )
P ' L
o t

BB U

.
'Y e o R e T e RS2
RS E e R Rt SO A
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f
o

From\éqgations {2), (4) and fB), the ﬁolloying‘

3 )
. expression for Cdf‘can be obtained T Y
e B
~ . \
. ) e C, (l+bd/a) . P
T + Taf | °
N ' : C, & .
- , (Ll -a/mM.)]| 1+ (1 +bd/a)
. . 1 Hl
. . ’ 7,
) \ . ,
» )
., fox very small Vvalues of a/H, (a/HJ-y 0) . ‘ \
R ¢ . ! ’ s
) jcdf = C, {1+ bd/a) q (8) ,
S ' . T
| ® | S
‘Treating the £1o¥% under a cyllndrlcdl lip gate to’ ~ o
. be similar to the flow past a Tainter gate (Figs.
. Ib and 1d) for which C, depends upon the separation e
— ya v _ 0 4

angle (b, one may obtain the relatidhship

. Cag = £, (9, d/a) o (%)

.

.

Adoptimyg equation (1) for Cor proposed‘by Henderson,

~ C4¢ has been evaluated as a function of d/a for .
. oL 0 I
fixed values of'¢h,and is shown in Figure 3 .” o i

o
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A , G o ot

e

~—

' L} * . '
. Af{:er'body Separation Downstream*&® C (@g> 900)

- ‘ o -
.

[
+ 4°* Referring to Figurg lc ., the energy
1o6ss-in the short reach betweén sections (1) and

\

.(2) may be negiected. : Further; assuming the
preésure distribution to be hydrostxic at

. 12 H « . .
section (2) one may write ' .

According to the equation of continuity

(a + bd)

1

unlH ,-=V

1 2

e

L

Combination of egdations (2), (10) and (11}, yields

\ . ) v \\ . ? i
o (1-24, :
, . ! a \

4
For very small values of a/H:l (a’/H]’:—bO)

-

\ ¢
e 24 (3)

~
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Hence | =
. \ \P N
! ! .
1 . - N
! ll C‘\\ f .(‘ d N ) ’ . P Y . .
" / ’ dN g ,d/a ') P t1a) .
N \; p
.- 3 ‘ | .
the walue'of @ was difficult to measure accurately
for lQ;ge d/a ratios since the’ flow was gtructured i
. and uneven immediately downstreamof the gate. {
\ The measured values of @ varied between 100 - 110° '
for afterbody separations. )
. . ' ' il ¢ . :
* 2.2.2 Submerged Efflux ‘ . < T
- O .,
For t ow past thé sluice gate ‘

. 3
fitted with the cylindrical lip, the point of

. flow separation from thé lip boundary occurs in co
. the, afterbody (g » 900) of the cylinder (Fig. 2),

' if the Reynolds number of the flow isyvery high.
' ' : ot o,

Assuming the pressure distribution-to
: 1 . 4
.be hydrostatic at the exit section and neglecting

.

losses in view ofythe short reach considered,

4

application of the energy equation between a section
iy . ?
upstream of the gate (1) and the exit section (2)

]

ISI

A 13

through point (',Fj,.g. 2) yields the following

relé\tipnship. $
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.

. , q = ﬁl v, = (a+bd) vy L
: From eqﬁatlons ,B),(l§) and (16) the followmg r‘élat
> is. obtamed ! ~ " L

o ' ° F " Iy

(1+ bdaja)

N - N

. ‘ \/lﬂl"_ __a_jj( 1 +ba /a)?

1 ‘

For very small values of a/H (a/ry —'0), equ

. s
. (17) may be simplified to the form, S

-

T Cds = 1 + (bd/a)

»

the 1lip diameter d and the Reynolds number R,

can be expressed in terms of a/Hl, d/a and 'R.
= [
Cds . f/3 (a/ Hll d/al R)
0 v
‘ [ -
.ﬁ’.
/ . * -

Based on the gate opening a; the total head H,

~ R . \ ' !
L ‘*s.. :
Iz - l
—f‘ \"‘
, (16) .
7Pnsh1p . oo
. 1 - . .
w oL i
) (17)
. . : ‘-‘T’I
b -
o ) ot
rhg v
o - LI,
ation ~
t
18 1
(18)
AS
1,
/]
cds ' j
"
(18 a) N
u
v ~ -
LN \
7N .

< » “5‘: 'y
x It 3"4 ?
t ~ "
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4 flume.  The maximum value of Hy that could be attained was
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oo CHAPTER 3 ‘ /
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‘ ' \ - tos A . ‘ [} %‘
EXPERIMENTAL SET-UP AND PROCEDURE ¥ . o e
- . ) . .
%‘ ) . , I
. A sch%ﬁ%tic representation of the experimental

«[5»-)5’ :

~get-up is shown in"Fig.4. Plexiglas cylinders 0.625" (1.59 cm),"

A T, . < N
2.25" (5.71 cm) and 5.0" (12.7 cm) in diameter were psed to

N
form the end lips of the gate in the'exploratoyy tests . ) .
* (series 1, 2‘and 3). These teéts were performed in a 18"
(45.7 .cm) wide and 15" (38.1 cm)‘higb recircﬂlatiﬁg steel
Wy , ] ,
36" (91.4 cm) and The depth of submergente in .the downstream
sectiop of the sluice gate was controlled by an end gaEe.
To obtain higher disch;rges per unit width of the gates in‘
the main tests, the width of éhe flume was reduced to 5.27" .

(13.38 cm) . In these tests (gerieé 4, 5 and 6) brass ‘

cylinders 0.75" (1.9 cm), 3.13" (7.95 cm) and 6.0" (15.24 cm)

in diameter were used to form the end lips of the gates-. TN

For the brass cylindrical lips, pressure taps 1/32" (0.079 cm)

A

in diameter were provided in .each lip .at 10° intervals

s

(Fig.' 4a). ¢ o« ,

v W '
/'
\

The flow depths Hl' H2 and H3 Qere measured by

point .gauges and .-the discharge past- the gate was measured

with the help of a standard 90° V notch. The range of

©

variables covered in the present investigation are given &

in Tables 1 and 2. The accuracy of measurements are summarised

v

in Table 3., ° ' T




s

s

. [} .
Except

flow depths H2

< . E, ° .
Bowever{/;;;; H2 could not be measured accurately due to "

-

> ;

the« flow instability

' gate, an esé&mate«:fﬂz was Obtained, based on the& momentum - :

a v

w

¥ shﬁsfdischarge could be maintained'throuqh

[y

.

2 (submergence) and hgnce, H

wide range.

. range of H 1

7\

with é/ﬂl for nearly copfstant values of gefnolds number.

Hamaeeyn e N R
SR T R L

for K cases of very 1ow submérgence, the o

and ﬁb could £e meaéured accyrately.
' & « .
immediately downstreamof the —
qu ﬁion'using the known values of g, a, Hlyand H A 0

ﬁy‘ianeasing fhe loss in the supply liné the . :

was waried over a .

This permigs the study of the variation of C

-

3

the gate for a

ds )
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u
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CHAPTER "4

<

ANALYSIS OF RESULTS

=Y

)

Free Efflux

<1
a

Theoretical Expressions

-

-

For the tase of forebody.separation,

characterised by laminar flow separation, the

T

—

~
variation of the discharge coefficient.Cdf with
5] .

?

d/a is shown in Figﬁre 5. Clearly’ ,for any
! v

fixed value ?f g, Cdf incre?ses/with d/a when

a/H]r is very small. Further, the envelope

shown in Figure 3  definds the lower limit for

the coefficieht of discharge, Cag-

-
»

v .
< A

' For the case of afterbody separation,
characteristic of turbulent flow‘separation,
equation 13.représen§s the varietion of Cd% with d/a
forAsmall v;lues of a/Hl'(a/Hl-—rQ). ?ﬁg gngle
of separation for turbulent boundary’ layers on two
dimeﬁsional circulag cylinders can be between
110° and 130° according to Schlichting (19) and
Daily and Harfem;n (5). | )

. v
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;o s r .
c,(-// i For the free flow conditions, Figure 6

-

v ) . N
' denotes”the valué of the discharge coefficient Céf i

o - '
‘ (/ t ~  as a function of the gate opédolng ratio a/H _ The

diameter ratio d/a is*used as the group parameter.

) k
. The dar lnpee 1ng1cate tpe bounds of Cdf for | \k

- ~ .the different diameter ratios in the lower rangef}

©f a/HIz/ Clearly, for very large gate openings

TN e (a/H —>»1), df can be expected to reach ad
h » - " B

¢ , A asymptotlc\value of unity as in the case of a sharp-
o edgEd gate.. ﬁhis asymptotic "Value oﬁ;Cdf w11& be*,

o = » N . o ‘ .
o ) . .indepéndent of the\Reynolds humber ,and the lip - |

RS

. ‘ ‘o L 'shépe. For- the range of tests .covered Cdf ,
* \ , s b = /. \\ ) B -
. . - N - o !
attained a value near 1.15. . This can be

°
\ .
. - ,

< e consmdered high relative to the dlscharge coeff1c1ent

-
40
-~
«

0 A L4

: . : ' l%f a conventlonal gate.' It 1$ to be notéd that

¢ '

. . fhe value of- C p;can be low if ‘the - ﬂéynolds nuﬁ‘er ’ -

o

” , . ,M}s suff1c1ent1y small and léads to early flow -

D ” separatlonﬁwell ahead of p01nt c, (Flg. 1b). “The .

L range of Reynolds numbers covering the experlmental T
_ \ ® . e
v N p01nts is limited .to l 2 x 104 to 7 24 X 10 due - to

A o \ . . :
p \ .- equ1pment l;mltat{on. : -
\ . " -9 . '




‘ . a
For forebody separation, characteristic of low

Reynblds number, the envelope curve of figure 3

is replotted in Figure 5. It may be seen that

this curve denotes the' Lower bound -for the

»
« .experimental values of cdf' .

N o ] . -
b Typical pressure distrgbution on the
(%) -

o

gate lip for the two possible types of free flow

v

conditions is shown in Figure 7. ¥

|

i ' v “ .o\ ‘ s

. ~ -

At higher values of d/a, the flow was

L

slightly structured and uneven.

v

For the case of

- aftefﬁody separation the meésu;ed values of g for

L s

free flows varied between_losd and 115° ‘and were

e

geriedally lower thap‘tbat for the submerged case

L)
- (Art.. 4.2) and resulted in lower values .of Caf*

A feel <

. ~

| For very low values of d/a, the curve

>

.relatfng Cdﬁ and d/a (Fig. 5) iﬁdicates-thgt the

gylinﬁrical lip behaves as a perturbation.attached

" N

0

'_to a sharp edged ‘gate and Cdflreaches 4 value of 0,61.
. t .

A . ) 4

- ¥

o

,

,
/

n

o
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. cate opening ratio a/t . The diameter ratio d/a . ,

is used as the group parameter. The dashed

. different diameter nifios in the lower ranges of

o

/ .
< considered to be large relative to the discharge

‘to develop a relationship between C4q and d/a

- shown in the Figure. During’the tests, it was

‘observed that the transition between the lower and

Submerged Efflux o \_,; L e
3 _ 4 - -

Figure 9 denotes the value of the gate

discharge coefficient C4g 28 a function of the
~
\) .

lines indicate the bounds of C for the

ds

“ -

) _ ;
a/Hl. For the range\ of tests covered, C‘g attained’ ‘ Y

a value which was as-high as 1.5. This can be

.

coefficient of conventional gates (Fig. la). - . - ‘{‘:
An examination of the data (Fig.9) -indicatgslw oL, ~_;;f
that there are two distinct limits of C,_ for b fi}y
most of the d/a ratios considered. These limits . -

generally correspond to the lower and uppef ranges .

of. the Reynolds number based on the cylinder, ~'§:.
N ( - .

diaméter%, The‘diffefence between the lower and

the upper bounds of Cds app%;rs to diminish as, the value

of d/a decfeasés since it behaves like a sharp edged qafe.s

°
»

The two limiting values of Cds are used
(Fig. 8)°.. . The range of Reynold numbers covered in

the tests for the various'd/a ratio§ are also

’




«
+ 4 ”

upper bound of C,  was more abrupt with‘chaﬁgeé.

in Reynolds numbers when the d/a ratios were

AN

high. Although it was desirable to conduct the

tests within a very iarq%@ganqe of Reynolds numbers,
X

4

'thg‘Reynolds Qumsz;s R in the present tests were
confined to a r{gge of,l.6 x 104 to/6.5 X 105;
due to equipment iimitations. in general, the
dischargé coeffigient increased with an inpréase
in the Reynolds number.of the flow for all values
éﬁ a/d. The insert of ?igure 8 indicates thé .
agreement between eguaéién 18~and the asymptotic
tf%na of tﬁe upper bound of.the gxperiﬁental data
Consequently, for a given, lip diameter,d, one can
6bthin the QaiUe of.the gate opening for.fixed
values of q and H3. — |

1
the behaviour of the curve denoting C4¢ 2nd d/a (Fig. 8)

Y For very small diameter ratios (d/a—>0),

indicates that the cylindriqal lip tends to behave

as a perturbation attached to a sharp .edged gate.
. . "
' Consequently, the value of Ca for the gate with
’ . ‘4 .
the cylindrical lip will attain a value of 0.61 for

extremely small values of d/a and a/Hi;. In the

laboratory, the meigured values of the discharge

-

coefficient can be slightly\different because of

the free 41;;;; turbulence (12).
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As in-the free case, for, flow past a
a(

gate fltted w1th an end 11p, two types of flow .
can occur dependlng on. the location of the point

of separation. Typical pressure distribution S

°

on the gate 11p for the two poss1ble types of

flows 'is shown gn‘Figure 10. As expected at low . T

v

Reynolds numbers, the boundary layer on the gate . 3
. W n\r e ‘\ 1
_llp is lamlnar and the point of separatxon occurs \f -
on' the forebody of the cylinder (g ;'909)“. A
higher Reynolds numbers, the boundary layer : ; -
becomes turbulent and the point of separation. ' n‘i
moves to a location. in the afterbody (g >90%. \ I N
: L . -}
For most of the present experiments,- the value of oy Yo
. ' . .. 1 -
g at larger Reynolds numbers was of the order . . .7l
' 0 : &' - . »o- s -
of 115". C ‘. N
o . " Py - -‘ * <
‘ - « ¢ .
. \ £ -~ Q‘ “q
~ ' . . -~ . <o ol
-, . . W PISSREN
I hl L 3 . '*" * . 3
\ . ’ . e
N \\\ . »
1] , rs . ! . -
Lt .' . 1{
- o L
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CHAPTER 5,

| . B
' B
! ‘ -t

CONCLUSIONS: AND RBC&MMENDATIONS

N \ .
: ' 5.1 Conclusions '
, \ ' .
o o The follpwing conclusions can be drawn
o ’ - ) from the study of discharge characteristics of a
' h sluice gate fitted with a cyfindrical end lip. .
1 ' 1) \ For‘both laminar and turbulent boundary «
; ' \ layer separations, the coeffibéﬁts of ,‘
j . ‘ - discharge C,. and C4g increase lineafly
Ly | with d/a for small values of a/H, and
;<ﬁ"' . . ) . ) fikéd values of b.
) @3 ‘ The coefficient of discharge Sf a leaf gate
i _/ ¢§an be increased to as high a value as 1.5 by
. ‘! AN - providing: a suipabié cylindrical end lip for
) 28 , * -submerged conditions. : . .

' ., | , . .
o ,3? The efperlmental Yalues of both Cafr and Cds'

,are functions of the Reynolds number at
. | " -

\ fixed d/a ratios and can vary over a wide

range depending en the Réynolds number.
¢ /

ﬁ

1




.2

.4)

/ s !

In partiéular, at higher d/a igtios, Cdf

and C increase with Reynolds number.’

ds

The valugs of C . and C,_ obtained through

af ds

experiments generally lic between the

theoretical limitsof C_,_ and C_ . -
df ds

Ho%gver, in the free efflux case, the

values of Cqg and higher -d/a ratios were 7

not large enough to -attain the upper

limit due to the structured nature of

flow 'and comparatively lower separation

&

angles.. -

For very small values of d/a (d/a —30),
the cylindrical lip behéveé as a perturbatioa -

at the-end of the gate and the corresponding.

value of C and C

>

df d

aApplicationsAggﬂ}Scope for Further Study
‘ 7 :
. . . ”"'

Sluice gates with higher dischargé
coefficients aye egsirable under circumstances in
which the head room limitations restrict the
AverEic;l ;raverse og*the gate, as in contrbl. 4

__gates,ﬁousedgin a tunnel or under ; bridge. The
cylindrical gate lip can be effegtiveiy adopted

-ynder such conditions. Further, the existing

léaf gates may be fitted with the cylindrical end

s is of the order of 0.61.

- e ’
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Y

lips to ihcrease the discharge rate. -

\

’

. Tn “order to enhance the 8tudy, !

- - the following fd{{hcr investigations afe ' -

- »
‘ A

- ' suggested: ' -

\ . / °

- - ’

\ . ’ 9
‘ ~ 0] Due to the limitationof the set up, the

; /#// C free efflux for higher valuesof d/a gaé
— ‘ o v
'slightly structured and uneven. ., Further

studies with improved flow conditions is

desirable to confirm the findings. of .
| A\ this investigation. _.

v / . k
, 2) Studies on the behaviour of .the discharge

- l coefficient for 'lLarger values of d/a and .

Reynolds nuvber may be carried out.

3) . For effective adoption of the
S | ” eylindrical lip gate; it is desirable

*

o _to investigate the characteristics(of

vibrations that may dJccur  due to the

' : - . instabiljity in the separation zone\below

the gate lip. ' y
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ACCURACY OF MEASUREMENTS

S1.No. V/ariable\ Accu'rg;cy of Measurements
1 JLen‘gth + 0.001"
L2 ‘Head + 0.001;' ’
. 3 D.ischarge ‘ o + 3.0% N
1 4 agle + 50
5 Viscosity + 0.5%
6 Temperature + 0.5°F ﬁ )
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APPENDIX IV - SPECIMEN COMPUTATION : x
\ & \ B

Camputation of Cdf' Cis

, BD R: - .

Canputation of Cas (Series 4, S1. No. 11):
\

<
Diameter of the lip, d = 00.75 in -+ ! | d .

’ Gate opening, - a = 01.00 in )
Width of the gate, b = 05.25 in s

. Upstream head, Hl= 36.00 in ‘ “. . ’ ;
Head over the notch, h = 05.71 in ? g .

o C 2 -
. » Pemperature, T = 72.5.F, Kinematic viscosity, = 1.03 x 10 3 ftz/ sec

Discharge farmula used for ¢amputation of the actual rate of outflow

2 L § ’
{A.S.M.E, Standard). . '

H

s Q = 2.474 ( h/12 + 0.0028 )5/2

where, Q is in cfs and h, is'inzinches. .

Q= 2.474 (5.71/12 +,o.0028)5/2 = 0.391 cfs %
- \

i

‘. 2
0.894 ft"/ sec

10.730 f\ﬂ sec

Reynolds number, R = V3/ =10.73 x (0.75/12) x 1.0/ (1.03 x 107

q=0/b=0.391/ (5.25/12)

\
1

i

V=g/a= Q._894/ (1.0/12)

L 4

' '

o = 0.65'% 10°°

2}

i

Cde = o/ 2l /z(H) - a1 /12)

= 0.894/ (1.0/ 12) (/2 x 32.2 x (3%.0 - LO/1Z )
\n\ . . . ﬂ
; = 0.783 ‘

t
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