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ABSTRACT OF THESIS

DISCHARGE THROUGH INGRIR;D GATES
‘Four:gates,; one rectangular’and‘:three:circular,

installed at 457degrees ‘to thé'channel’bottom;“weré investi-
- “gatéd.. "The réctangular gate performed: as‘a submerged weir
~only.: The.circular gates performed as submerged weirs when
the upstream water depth was below the:'top of:the circular
--opening’, and performed as orifices when the ‘upstream water
depth was' abeve the'top,of the circular opening. _Two:kinds
of’ nappes, surface nappe and plunging nappe, ‘were observed
in the submerged weir flow conditions. Weir-discharges under
plunging nappe flow were independent of downstream water
depth, so these data were used to calibrate-the free flow
discharge equations. The free flow discharge- coefficient
for the rectangular gate was conétant, and for the circular
gates was a function of the ratio of upstream head to the
crest height. Data for thé surface nappe condition were
used to calibrate the submerged flow discharge equations.
The submerged flow discharge coefficients for all gates were
functions of submergence ratio and opening configurations,
and different by multiplicative constant from reported
coefficient for vertical sharp-crested weirs. The discharge
equations for orifice flow were functions of openiné config-
urations.

Chia-Shyun Chen

Agricultural Engineering Department

Colorado State University

Fort Collins, Colorado 80523
Spring, 1977
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/Area of flow atAweir“notch or orifice, L2
Area ‘of" flow at vena contracta, L2

Width of channel L

Cauchyanumber

“ontraction coefficient

discharge coefficient

discharge: coefficient for free flow condition

yischarge coefficient for submerged flow condition

Iéiocity coefficient

Diameter of circular weir, L

Froude numbexr

Acceleration due to gravity, L1 2

Head on an elementary area, L
Head difference, Hy - Hy, L
Upstream head, L

Downstream head; L

Coefficient of submerged weir flow discharge
coefflcient, see Eq. 4-4

Length of rectangular weir notch, L
Effective length of contracted weir, L

Exponent of submerged weir flow discharge
coefficient, see Eq. 4-4

Exponent of weir equations
Number of end contractions

Crest height, L
3.~1

Actual total discharge, L T
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CHAPTER 1

INTRODUCTION ,

It has been demonstrated thatiloSSéélaiohg wétér
courses (channels which receive water from the distributory
and discharge that water into individual farmer's fields, or
into branch waﬁer courses) are a primary cause of low overall
irrigation efficiencies in less developed countries (LDC).

A particular need in overcoming these low efficiencies is
effective control and measurement structures. Proper control
structures allow diversion of water to where it is needed,
and measurement structures provide the data necessary to
evaluate overall irrigation efficiencies.

Two types of gates which can be used as both control
and measurement structures, and which are adaptable for use
in LDC's, have been designed in Pakistan by the Colorado
State University Water Management Research Group (l)*. Both
are designed to fit into a channel or channel constriction
of rectangular section. One has a rectangular opening and
the other a circular opening. Both are installea at a 45
degree inclination to the horiwontal so that gravity will
assist in holding the gate in place and in sealing it against
leakage. In both cases, a compressible sponge rod is used
as the sealing material. The gate frames and gate closure

panels are cast of reinforced concrete.

*Numbers 1n parenthases refer to similarly numbered items in
the Literature Cited.



'PURPOSE

”'”ﬁinvestigation 1s to determlne

the}discharge equations of the'gates“mentioned above.

%stﬁﬁ*
~Four gates were used in‘“this" study, three of which‘have'“

:aac‘rcular opening, ‘the fourth ‘of- which had ‘a rectangular

gquhe rectangular gate had a 0*46 mt Wlde openlng and

a 0§11 m high crest. For ‘the! circular gates, £wo ! opening

diameters were studied 05 38 ‘- and 0746 'm. * The*0:46%m?:
diameter gate had a crest height of'O ,20°m. -+ The other-two
circular gates had the ‘same’ dlameter openlng, -0¥38'm, “but

different crest heights, 0 16 ‘m-and’ 0 22 ImAELT e Ly

fThe hydraulic data were collected andeér - both- free flow

2~and submerged flow condltions. “The' method’ OF: submerged ‘£flow

analysrs reported by Villemonte (2) was tilizedin“develop-
>ing the rating ‘curves- for those gates operatlng ‘Undér ‘sub-
fmerged flow conditions.\gThesevratings-were then * compared

ﬂwith;thosefobtainedﬂfor~veftical weirs (2) “in’'ofderito’ -



ﬁAETER;:I%

D‘EVELQPMENT; 'OF,;WEIR “AND ;ORIEICE ,EQUATIONS

GENERAL FEATURES

By means of the law of energy conservatlon, nearly any
Ly ,'H e Ly S ikl L ait owe Loty
klnd of a contractlon to flow in a closed condult or an’ open

vy
Ve

chéﬁhéiié;h”éé émp1$§ed¢a§w£;$§£;rlng ae$£éé:' In thlS study,
the two types of gates were used a:édisoharge'meterlng
devices. The rectangular one performed as;aasubmerqedaWeir
w1th partlal contractlon. The 01rcular one performed as an
orlflce when the water surface upstream from the gate was
above the top of . the openlng. It performed as a submerged

- weir when the upstream water surface drops below ‘the top of
;the ‘opening. | | N
Generally; weirs are classified (3) as head-area meters.

They apply only to open condults and 1nvolve a s1multaneous
’;varlatlon of head and area, whlch means that the area&of the
fluid flowing through the weir notch is a function’of'the
upstream head. Orifices can be used either in”olosed conduits
ror,%n openﬁoonduits. In both cases, the cross-sectiona% area

of the fluid flowing through the opening is conhstant and

hence they are classified as head meters.

" BASIC EQUATIONS FOR 'WEIRS AND ORIFICES

It was shown by Mavis (4) that orifices and all simple,
'exponential:shape weirs bear a single-family relationship of

the form:

Qf”F”CéAVHi.’ (2-1)



=ﬂffeé¥f1owidi§éﬁ§fﬁéz Cy =-a~discharge‘coefficiént,

VTQ_ ar akof'fluidelow1nd‘through “the ﬁotcH~"H1 = head on
the crest

oy As stated above, the area A in Eq. 2- l is a constant

when in orifice flow, and A is a function of Hl when
)“ KR i B .

weir flow ocburs. The spec1f1c equations for orifices and

L : Do

weirs are now discussed.

ORIFICE:EQUATION

The velocxty of a fluid approaching an orifice or
similar dev1ce 18 called the velocity of approach In
Fig. 2 1 lt 1s assumed that the plan area of the tank is so
large relative to that of the orifice that the velocity at
p01nt (l) is negligible. If the Bernoulli equation is
written between points (1) and (2), and it is recognized

that the pressures at both noints are eaqual to atmosoheric

pressure, then

Va5 ¥29H

t

where V2t'ﬂisrthe theoretical'velocity because no friction
loss is consxdered, '1 *is the head on the orifice, and g
is the acceleration 6f érawity.' Owing to friction the
actual average velocity, V, .at point (2) is less than the
;theoretical ys?l??;i-fei Vzt f@féd the ratio vz}vz,: =cC, is
;oalled the velocity coefficient. Thus, V, =.CV, . The

‘actual discharge is

* AV, = (CR) (C /2ng) A/?Eﬁz (2-2)



where C, + the contraction coefficient, is the ratio of
the area Ao at the vena contracta to the area of *he
orifice, A . The discharge. coefficient C; 1is introduced

as

Fd = cccv

Therefore, Eq. 2-2 can be written as
Q = C4AVIGH, gH; (2-3)

Equation 2;3 is the discharge equation for a free jet orifice.
Figure 2:2'§h6ws a Submeféed jeﬁ brifice. With the
notation of Fig. 2.2, realizing that the pressure head in the

vena contracta at point (2) is equal to y , the Bernoulli

equation results in
H+y=y+ V2t2/29
and therefore,
| \Y

2t=m

where H is the difference between the upstream and downstream
head (Fig. 2.2) | According to the definitions just given,

the actual/discharqe is
Q = C4A/ZgH (2-4)

Equation 2-4 is, the discharge equation for a submerged jet

orifice.
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WEIR EQUATION

In 1716 Poleni studied a rectangular sharp-crested
welr without - end contractions (Flg. 2. 3) «nd assumed that
the velocity over the vertical sectroh at theicrest must
vary with the square root of the dlstance below the level
of the approachlng flow. To derlve a flow equatlon for the
weir, consider an elementary area dA Ldh , and the

velocity through thlS area is assumed to be /2gﬁ . The

total flow through the total area is

H ﬁ

1 3/2

Q =Cyq J Y2gRh Ldh = 2/3 Cq Y29 L Hy (2-5)

0
where h is the head on an elemental area Ldh ‘ Hl is the
head measured from the top of the crest to the undisturbed
water surface (Fig. 2.4), and other symbols are as defined
previously. This type of weir, with the sides of the
channel acting as the ends of the weir, has no end contrac-
tions of the nappe, and is called a suppressed weir.

If the effect of approach velocity is included, the

discharge equation is (5)

2 2
- y3/2 (o y3/2, (2-6)

Q = cLl(H; +a
where C = 2/3 V/2g Cd of Eq. 2~5, a = correction coefficient
H
for inequality of velocities in the channel of approach,

V2/2g"=-velocity head due to the mean velocity of approach,

V , and H1‘= measured head as defined for Eq. 2-5,
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If the sides of the notch have sharp upstream edges so
that the nappe is contracted inAwidth, the weir is said to
have end contractions and is called a cénfracted weir. End
contractions reduce the effective length o6f a weir. Francis

(5) in 1852 found that

L'=L - 0.1 NH (2-7)

1

where L' = effective length of weir, L = measured length,

N = number of end contractions. For two complete end con-
tractions, N = 2 and if the contraction is suppressed at
one end only, N = 1. The measured head, Hl , 1s defined

in Eq. 2-5. As a result, the Francis formula for a weir with
hoth ends contracted, neglecting the velocity of approach (6),
is

Q=3.33 8% (1 - 0.2 H)) (2-8)

If the velocity of approach is included,

2

2
v A 3/2

Q = 3.33 [(H + 5o y3/2 _

D
(2-9)

where all symbols are as previously defined.

Some additional important formulas for rectangular weirs
are listed below (5). Those formulas are all written in the
form for suppressed weirs. If there are end contractions,
length L 1is represented with the effective length L' of

Eq. 2-7. All formulas given here are in English units.



10
The, Fteley and:Sterns formula:(1883).:
IR I TR A B gl V ) 372 4 g0 L

The; Bazin; formula; (1888):

= 2/3 /35 L Hl3/2 (0.6075 + Q-Q%QZQ) %
1
"2
Hy
l

where Yl is the upstream water depth measured from the

channel invert.

The Frese formula-(1890):

= 2/3 /25 1 u; 7% (0,615 + 200689,
2 1
. - Hy
Y12
The Rehbock formula (1912):
=2/3 /2§ L H; (0605+———3-20H +——-——)
where P is the height of crest.
 The King formula (1918):

1.47 H, ?

= . 1

Q=3.34 L H, (1 + 0.56 = )
Y
) 1
rne swiss Society of Engineers and Architects formula
(1y24) ¢
= 94 3/2 0.615
.-Q =27/3./2g L H,;”/° (0.615 + -65H1 g ¥
2
e . . Hl

Y

1
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The Schoder formula (1927):
2 L 2

‘ v H, V
= a ,3/2 1 b
Q—3.33L[(H1+-1§-) 'i'm—z-‘-g-]

whgre ,Va‘ is the mean velocity in the cpannelrﬁf approach
above the crest level and Vb is the mean velocity in the
channel of approach below the crest level.

As discussed above, the velocity of approach and end
contractions do have effects on the discharge. However, in

this study, the simplest rectanqular weir equation,

Q=c; L/Ign/? (2-10)

is applied, which means that the effects pf the velocity of
approach and end contractions are included in the discharge
coefficient, cd .

As for the circular weir equation, there are no avail-
able formulas which can be used to compute the data collected
for the circular gates. The derivation of the circular weir
equation is by no means as simple as that for a rectangular
weir and is given in detail in Chapter III. The submerged

weir condition is discussed in Chapter IV,



CHAPTER. III.

“DERIVATION. OF CIRCULAR WEIR EQUATION

In this chapter the circular welr equation is derived.
“‘M‘l' ’ SR N
Two well-known mathematical relatlons are used here. The
I T '

first of these is the binomial expansmon,

(l—X) = 1-NX +

N(N 1) x2 - N(N-1) (N-2) 3
2T ' 31

. N(Nb1>(212)4N~3) Sl T

which is convergent for the case X2 <1 . In these studies

n”¥‘i/2 , and the expansion becomes

1-x)1/2 = 1 - % X - % x2 - %g x3 - Igﬁ x?

- 7§g S (3-1)

The second needed relationship is a definite integral,

m+1 n+2
a 2_,2,n/2 1 mener [T
S X" (a%-x%) X =3z a T (A3,
, 2

where m , n are any real, positive numbers and T (w) 1is

(3-2)

the gamma function of w

DERIVATION

With the notations of Fig. 3.1, assume that the ideal
velocity of a stream filament issuing from a weir notch at
a digtance h below the undisturbed water surface is v/2gh .
The area of this filament, dA , is 2Xdh , and hence the

ideal discharge, Q' , through the total area is

12
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Fig. 3.1.

Circular Weir
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By
. Q' = 2/ VZgh Xdh
Qo= el vegh as
Introducing the discharge coefficlent, Cd>fas defined

_p:éviquslyq the actual total discharge, Q , becomes
o Hy _
Q= 20&/75‘[ X vh dh (3-3)
0

where

2,172 (3-4)

.

(R? - (R - Hy +.h)

Py

X

v} n,
: &
.

and R is the ra@iﬁs of the openiné,

Expanding Eq. 3-4,
f
2211/2

o= [2R( - h) <y - W

Replacing R- with . D/2 , where D is the diameter of

the opening, vields

x = [p(Hg - h) =(a, - w31t/ (3-5)

Combining Eg. 3-3 and 3-5, the discharge becomes
Hy
Q = 2C4 v2g / vk /B(H] - h) - (H; - h)2 dh

0 .

(3-6)

Let
H. - hzxxua
Then

du = -dh



and'
cub=cHr when -h =07, S,
RSN Rty B PN S SO LTS (AW S A {&‘1
u=0 ‘when b = H

+v¥2g J vH; = u vDu - u“(-du)

d g
Qi = 2c, V2§ / /H - u /DU - uzdu (3=7)
0

In order to apply the: binomial expansion, the first

sxpression under the integral is written
Hl - u‘=l/Hl 2N u7Hl

This meets the criterion of x2< 1 , because 0 < u < Hl

and so (u/Hli2»< 1. Thus,

T = ~lw _ 1 ,u ,2_1 u,3
Hy -u=/H [1-55 g (g ) 1 &
: 1l » 1l 1
5 w4
"'fz—s“(ﬁ—l‘) - .oo‘oof] (3-8)

By ‘#. similar manipulation,’ the second expression under

the integral becomes




4

5:4

31,22 . 3.5
70 ~H,D-3H, D' -DH, +7H)

4.4
HyD

o 755, 4. 23 3.2
IRy Lk o N Ut e

12¢
5.5
-HlD [

5. A_.7. 5
=3ty DAl ”

' *When integrated term by term, Eq. 3-7 results in
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=2g:Cy /b1, % [0./802:1 o&zosm(—lx

. H H
- 0.033 (92 - 0.012 (T%)3 e e (3-10)

One can now write

t
Q = cy V290 H,°PL' (- (3-11)
where
H H H
1, _ - 0.9 1, 12

H
- 0.012 (T%)3]

H
The polynomial function PL‘(T%) is a convergent infinite

series, of which the value cannot be exactly determined.
However, a special case can indicate the error between the
infinite series and the polynomial function with finite
terms. The special case is that when H = R , or when the
weir is half full. Equation 3-3 can then be integrated by

means of the definite integral, Eq. 3-2. 1In this case

= yR2 = h2

S0 thét‘Eq; 3-3 becoites

R
«Qs=:2~cdh/f§Af vh' V(R2"< h2Y) dh (3-12)

o

= 1/2, n = 1, and the following results,
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1
TR
142
o P( )P( )
: 1+:5+3
?‘x 2 )
or 3
3
4o T(FT(F)
Q = cyv2g /2 A2 (3-13)

sl

r (-3-)

The values of the three gamma functions can be obtained from

mathematical table (7), and Eq.. 3-13 becomes

5/2

Q = 0.9585 C4/Zg R (3-14)

On the other hand, Eq. 3-11, the general equation for a

circular weir, under the special case of flowing half full

is as follows.

2

Q.= Cg /25 VIR R? PL' (3

or

Q ='cd/2—<;" r3/2 /3 PL' (%)

.Thus;

Q= 0.9747 C4/2g R/ “ (3-15)

Comparing the coefficients in Egs. 3-14 and 3-15, it is
seen ?hat the difference is‘0.0162, which is about 1.7
penceﬁt. The finite polynomial PL'(Hl/D) for the special
sase investigated: thus compares closely with the exact
solution of the same case. The error would be even less if

nore fefris Wara-ufied in thé detérmination of PL'(H./D). In
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the calculatlons glven here, Egs. 3-8 and 3- 9 were only

expanded to the 8th degree

b
fi Equatlon 3 11 can be rewrltten by notlng that
! 3
/— H /—5 H /D . Hence, '
H
-~ nd/2 1 -
Q=C4D PL(D) (3-16)
where
H H H
Sy ~1,2 1,
PL(TT) = V29 (D) PL'(TT)
H H
= 112.28 ( l)2 28.84 (—I-})3 - 4.62 (—D-l—)4

H

and here g = 9800 mm/secz.

The curve of the above function, PL(Hl/D), is plotted
on Fig. 3.2. In addition, its values between Hl/D = 0.1
to Hl/D = 0.89 with an increment of 0.0l are shown in Table 1.
Equation 3-16 is the discharge equation of a circular
weir with diameter D , neglecting the approach velocity.
Because the end contractions in a circular weir cannot be
properly defined, this circulaf”weir equation does not
explicitly include their effects. However, their effective

is included in the discharge coefficient, Cj4
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Table 1. Values of PL(H,/D) = 112.28(d,/D)2 - 28.84(H,;/D)> - 4.62(8, /D)% - 1.68(H,/D)">.
0.00 0.0l 0.02 0.03 0.04 0.05 0.06 0.07° 0.08 0.09

0.1 1.09  1.32  1.57  1.83  2.12  2.43  2.75  3.10  3.46  3.85
0.2 4.25  4.67 5.12  5.57  6.05  6.55 7.06 7.59  8.14  8.70
0.3 9.29  9.88 10.50 11.13 11.78 12.44 13.12 13.81 14.52 Ls.zé
0.4 15.98 16.74 17.50 18.28 19.08 19.89 20.71 21.54 22.39 23.25
0.5 24.12  25.01 25.90 26.81 27.73 28.66 29.60 30.55 31.51 33.48
0.6 33.46 34.45 35.45 36.46 37.47 38.50 39.53 40.57 41.62 42.67
0.7 43.73 44.80 45.87 46.95 48.04 49.13 50.23 51.33 52.43 53.54
0.8 54.65 55.77 56.88 58.01 59.13 60.25 61.38 62.51 63.64 64.77

T¢



 CHAPTER: IV~

:"SUBMERGEDWEIR FLOW ANALYSIS

A submerged wedir frequently proves to be a usefun.and
economical‘meterlng dev1ce in® open channefs where head. can
'not be sacriflced. But 1n u51ng a welr, the difficulties are
to accurately predlct the effects of submergence and to
select the welr formula whlch is most llkely‘to give reliable
results. Because welr flow, ‘either free or submerged, is
a gravity phenomenon 1n which frictlon plays little part,
dynamic simllarlty is governed by the Froude lavi. The
dlmenslonless retloe 2/H and. P/H (Fig. 4.1) are also
1mportant;

In 1943 Vennard and ‘Weston (8) compared the data of
five hydraullc workers -- Francis, Ftelej, Bazin, Cox and
Cone =-- and made~ggaphs to show the possible relationships for
submergedfflow through:vertical weirs. ‘’ennard and Weston
plotted the gisoharge ratio Q/Qf (the.ratio of the'actual
discharge;to?free flow'diSCharge) against the submergence
ratio. szﬂin for various values of P/Hl . It was found
that all éheidata points with a constant value of P/H, fell

g 4 ; . ot » . :
on one curve-and for different value of P/H, , the curves

changed. iThis implied that
‘;Q/Qf *’f(Hz/le”P/Hl)

Later,_Villemonte (1) obtained more Valuable results by

iésuming that the net .flow over the: weir is ‘the difference
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£

~between the free-flow discharge due to H; and the free-

flbw discharge due to H, . Then,
Q=0 - 0 (4-1)

where Q 1is the net flow over the weir, Ql is the flow due

to the head H and 02 is the flow due to the head H2 .

1
This assumption implies that the head, H2 » does not directly
affect the flow of water due to H; and likewise, that head,
Hl « does not prohibit counterflow due to ‘H2 . This approach
is equivalent to an application“of the principle of super-
position which is frequehtly used in evaluating the combined

effect of several independent conditions. Dividing through

by‘ Ql + Eq. 4-1 becomes

Equation 4-2 should not be espected to give a quantitative
réiaﬁioh'for‘détermining Q since interaction and other
perturbing influences have been entirely neglected. The
experimental tests Villemonte did showed that Q/Ql was
related functionally to 1 - Q2/Ql but that the appropriate
function was not the simple linear one of Eq. 4~2. This

relation may be expressed in the form
Q/Qy = £(1 - 0,/0)) = K(L - @,/0))" (4-3)

or, since
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then,
n n
Q/Q, = K(1 - C,H, %/c;m, 1™ (4-4)

where K and m are constants and are determined from data
and the C's and n's are the coefficients and exponents
that appear in the free-flow discharge equation (such ag

Eq. 2-10, or Eq. 3-11). For an ideal weir of identical
upstream and downstream conditions, the coefficients, Cl
and C2 + and the exponents, n, and n, should be equal,

Then, Eq. 4-4 reduces to
0/Q, = K(1 - sH" (4-5)

where S = the submergence ratio, H2/Hl . The constant K
and the exponent m , which account for the interaction
effects, were determined separately for each weir type but
only the arithmetic average of the K's and the m's were
reported. The values given were K equal to 1.00 and m
equal to 0.385 for a practical submergence range of 0 to
0.90 . Thus the general discharge equation for all sharp-
crested weirs expressed by continuous single-valued functions
is

Q = Qf (1 - Sn)0.385 (4-6)

In this study, the submerged weir problem is analyzed
by Villemonte's method. First the free-flow equation is
determined by using the standard weir formulas. For the

rectangular gate, Eq. 2-10 is employed. For the circular
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5gate;qu. 3-11 is used. The 45 degree inclination is
gﬁglected at this moment\ allow1ng comparlson w1th the
veféYCal weir data referrea to by Villemonte. More precisely,
the -exponents for:both circular or rectangular weirs are
assumed. to be the same values as in the standard weir equations,
or n = 1.5 for a rectangular gate and n = 2 for a circular
gate. Attention should be paid to the fact that the circular
gate equation employed in the study is Eq. 3-11 rather than
the general Eq. 3-16. The former was chosen because the
general Eq. 3-16 does not show the desired exponent n which
is needed in the submerged weir flow equation. It is also
noted that truly free flow for weirs were not obtained in
this expeiiment as explained in Chapter VI.

Figure 4.2 shows three different possible weir flow types.
In Fig. 4.2.a, true free flow conditions are shown. This
indicates that the water level in the downstream channel is
sufficiently below the crest to allow free access of air to
‘the area beneath the nappe. Sometimes an air vent is needed to
assure a free access of air to the area beneath the nappe.
.Figure 4.2.b and Figure 4.2.c show the two possible submerged
weir flow conditions, the surface nappe and plunging nappe.
'The former occurs at high submergence ratios, and the latter
at iuw submergence ratios. The surface nappe remains on the
water surface; all stream paths are directed downstream and
standing waves are developed. The plunging nappe plunges
beneath the water surface and rises to the surface at a point

downstream where some stream paths are directed upstream.
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a. Free flow

Standing wave

S )

b. Surface nappe

c. Plunging nappe

Fig. 4.2. Three Types of Weir Flow (After Vennard)



‘The transition from surface nappe to plunging nappe can‘be
,identified by a breaklng of the standlng wave crests 81m11ar '

in apprearance to a hydraullc Jump.;fThls implles that

cr1tica1 flow could occur when the plunglng nappe is present.

2’
N

Actually critical flow does occur 1n,the plunglng nappe
condition, and this w111 be discussed in Chapter VI. It is
known that when criticalflow occurs in the vicinity of a
contraction in an open%cbanne;, the downstream water depth has
no effect on the upstream water depth. Therefore, in the
submerged weir problem, plunging nappe flow behaves as free
flow, and data for plunging nappe flow were used to calibrate

the free flow eguation.



" CHAPTER V

" EXPERIMENTALFACILITILSANDGA'I'EGEOMETRIES '"

s o o LYPIONCRPI, IS _
The data for thlS study were collected usanva test
4 .
'channel located in the Hydraullcs Laboratory of the

’Englneerlng Research:Center at‘Colorado State UniverSLty,

!

Fort Colllns, Colorado

JThe test channel 1s 1 83 im wide,
1. 22wm deep and 18 ?9 milong. In thlS experiment, the 1.83 m

w1de channel is d1v1ded by a partltton into two subchannels,

ey

one w1th a width of 1 22 m, the other with a width of 0.61 m,
and the gate is installed in the 0. 61 m wide subchannel

&
(Flg. 5.1). The test;channel has a: zero slope. The water

}

is supplled from a sump located under the Englneerlng
5}‘»:1.

Research Center bulldlng and 1s c1rculated by a propeller
pump’.which gives a max1mum capac1ty of 156 llters per second.

The water is- transported from fhe pump to the head of

11_'
3

the test channel by a 0.30 m dlameter plpellne whlch is

’.

‘located along the- floor of the: laboratory A 0 25 m diameter
orlflce is set in the%plpellne, and . the dlscharge can be

determlned from the ratlng curve of: the orifice,

Q=5.73 /E |

1 i

where Q is the dlscharge in llters per second and H is
the d1fferentia1 head cn the orlflce, ln mm §The upstream
?

and downstream heads are read from manometers attached near

¥

,.(._.,, gt mﬂ— ‘_
the upstream and downstream faces of the orlfice.ﬁ

km .

' The water is very turbulent when lt emerges from the

5headmsump,wand th;s could cause large fluctuations in flow -
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3&3§€H“%ﬁf5ﬁ§houﬁ"tﬁe léngth ‘of thé channel. ‘This turbulence
is rémoved by installing'a dampef ‘at thé entiande of the
subchannél. " Thére ‘is alég d damper installdd it the down-~
“stréan simp of the test channel to prevent possible vortex
£16w or turbulence from cecurring. -

 As’ the stream passes over the weir, the top surface
curves downward. This drawdown extends upstream from the
weir notch. The upstream head, Hl' must be measured at a
point on the water surface in the channel at a distance
beyond which any significant drawdown occurs. This distance
is at least four times the maximum head on the weir (6).
Four manometers are placed upstream from the gate at distances
of 0.30, 1.22, 2.44, and 4.88 m. As the water passes through
the constriction, the contracted stream reaches a minimum
width which corresponds to the vena contracta in orifice flow.
Beyond the vena contracta, the live stream expands until it
reaches downstream where the water surface is undisturbed.
The downstream undisturbed water depth is taken as the down-
stream head HZ' Seven manometers are placed downstream to
determine the undisturbed flow range. They are located down-
stream from the gate at distances of 1.30, 1.32, 1.37, 1.83,
3.35, 4.88, and 5.49 m. The four upstream manometers are
tapped 0.08 m above the bottom of the channel, and the seven
downstream manometers are tapped 0.03 m above the bottom
of the channel. The water level in the eleven manometers
could be read to an accuracy of 2.54 mm (0.1 inch), the

water level in the manometers of the orifice could be
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;r:eadx tm an accuracy, of 3.ﬂ5q,mnr‘ T’O 127 :anh),. The,‘diachargea
fcan\be* varﬁ.ed* by adjusting ‘the: valve on: the plpe line.

Tha creet“ height, P, of ;peﬁ._in_cl:._p‘ezg. gates . is:
illustrated: by, Rig.. 5. 2. | The configuration-and. dimensions-
off the: ft;ur' gates: are- illustrated: by; Fig 5.3; and. Table: 2..
The: gé;@:i@qlarg' gates. investigated:were chosen. to: be. geomet-

rically. similar; gates: used in, the: field.



Rectangular gate

Fig. 5.2.

Circular gaté“

Illustration of Crest Height for Inclined Gate

EE
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Téble 2. Dimensions of Test Gates, All Variables Refer to Fig. 5.3:.

" RECTANGULAR CIRCULAR CIRCULAR CIRCULAR
P=008m D=0.33m P=0.14m D=0.38m P=0.19m D =0.46m, P = 0.18 m
0.46 m 0.48 m 0.48 m 0.56 m
0.08 m 0.38 m 0.38 m 0.46 m
0.05 m 0.02 m 0.02 m 0.02 m’
0.03 m 0.03 m 0.03 m 0.03 m
0.08 m 0.08 m 0.08 m 0.08 m
0.04 m 0.04 m ' 0.04 m 0.04 m
0.04 m 0.04 m 0.04 m ' 0.04 m
0.10 m 0.18 m 0.16 m
0.15 m 0.23 m 0.21 m

A9 M e "B U 0w

0.07 m 0.07 m 0.3 m

GE



| - CHAPTER VI
RESULTS AND DISCUSSION'"

,RESULTS
{

gsince the equations for rectangular and c1rcular weirs i
have' been determined, the main purpose is ‘to find a dimension-
less relation for the discharge coefficient :Ca » which can
then be applied to an gates with different dimensions so long
as they are geometrically similar. For’the rectangular gate,
weir flow only exists, either submerged .or frez. For the
circular gates, both the weir flow and orifice flow, which
could be submerged or free in each conditlon, should be con-
sidered. Dimensional analysis was employed to help find the
relationship between possible dimensionless'factors, such as

the submergence ratio, S , the Froude number, F , etc., and

the dimensionless discharge coefficient, Cd

DIMENSIONAL ANALYSIS

In general the important variables that can influence
fluid motion are the -following: (1) the several linear di-
mensions fully: definlng “the geometrical boundary conditions-]
Ll ,{ 9 L3 ' L4 » etc., which night be the crest height, the
width of the weir notch, the width of the approach channel or
the mater depth of the flow; (2) Kinematic and;kynamic char-
acteristics of flow -- a mean velocity V (or a discharge Q),
and a pressure increment;Apn(or a}resisting force, or an
intensity of shear);ﬁandy (3) the fluid‘prqnerties of density,

p , wpecific weight, v , viscosity, u , surface tension, o ,

36
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and elastié¢ modulus, '€ .. Application of ‘the Il theorem gave
the' following relationship betweeén the ‘discha¥ge coefficient,

Cq + and dimensionless parameters (9),
Cd = f(Ll/Lz ’ Ll/L3 ’ Ll/L 2 'vl Re \' W ’ C)

where Ll/Lz’ Ll/L3, Ll/L are some linear dlmensaon ratios,
one of which might be a submergence ratio S , H /Hl , P

is the Froude number, and F = (V /Ll)/(y/Ap); R, 1is the
Reynolds number, and R, = (VLl)/(u/Ap); W is the Weber
number, and W = (V2Ll)/(o/Ap); and C is the Cauchy number
and C = Vz/(e/Ap).

In open channel flow, friction force plays little part
compared with gravity, and hence the Reynolds number, Re , is
not important. Water is considered an imcompressible fluid,
and its density does not change appreciably in the test; there-
fore, the Cauchy number, C , is neglected. The Weber number,
W , is important only when the molecular attraction, which
gives rise to the liquid properties of cohesion and adhesion,
plays a primary role in a fluid problem. The most common case
of such a problem is the capillary rise of liquid in a tube,
In an open channel fluid problem, the molecular attraction
usually has little influence on the flow. In weir studies
cohesive forces would be significant i1f the nappe tend to
cling to the weir surface. This condition did not occur in
these studies and so the Weber number could be eliminated.

The Froude number, which reflects gravity forces, has no

effect on the discharge coefficient over the range of flows
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\1nvestlgated nere. sZhus, : the: dlscharge coefficients of:the

weir andgorlflce,are functions .of, linear. dlmension ;ratios

only.

WEIR PERFORMANCE ---FREE FLOW

As mentloned before, the Cd of a free-flow weir was

callbrated by u51ng the data collected at a plunglng nappe
‘conditlon. For the rectangular weir, the free flow dlscharge

;coefflclent C was calculated by Eq. 2-10, and

df
3/2

Cqe = Q/{L/2g H /%)

‘df

where Q is the observed discharge at the upstream head equal

Similarly, C of a circular weir was calculated

to H af

l .
by Eq. 3-11, and

v

Cqp = O/1/7T5 H,2PL' (b))
df egd By D/

or

C.r = Q/[vD H 21>1.(Hl]
ag = 9@ 1 PL(5™1

. H '
where PL(BL) is the polynomial. function derived in Chapter

Iv.
‘After several different linear dimension ratio had been

'trlea,'it“was found that C for the rectangular gate was

af
R PP S ; i

constant, 0.481 ’ but Cdf for the other three circular weirs
had a 1inear relationship with Hl/P (Fig. 6.1). The free
5flow”e§uation for the rectangular gate with a crest height of

0.08 m ‘hence is
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0.8
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6-——- D =0.383m, P=0.14 m

'°—- D = 0.38 m, P = 0.19 m

4+-—- D =0.46 m, P = 0.18 m

0.7 | ! l

1.3 1.5 1.7 1.9 2.1 2.3
Hl/P

Fig. 6.1. Free Flow Discharge éoef;Eicient, C
Ratio of Upstream Head to Crest Height, Hl/P. C

Correlation Coefficient r2 = 0.973.

e for Circular Gates; As a Functﬁ'.onf of
af = 0.090 - 0.080 (Hl/P),
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[
ENS

3/2
1

-6

Qp = 0.481 L/2g H x 10 (6-1)

where Q. ;isiln liters per second, L and H, are in mm,

g equals:f9éDO mm/sec2 Héﬁa”fﬁé”hﬁﬁ5é§ 10"% is the coén-

version f#@tér from cubic?millimeters(ﬁe; second to liters per

second. The.same dimensions are used tﬁroughout this réport.
The uhique relation for the three circular gates between

C and Hl/P is

af

Cag = 0.990 - 0.080 Hl/P (6~2)

and hence,

Q; = (0.990 - 0,080 H,/P) p5/2 PL(H,/D) x 1076

(6-3)
Equation 6~1 is the discharge equation for the rectangular
gate when plunging nappe flow takes place. Equation 6-3 is
the discharge equation for the three circular gates, provided

a plunging nappe occurs.

WEIR PERFORMANCE -- SUBMERGED FLOW

After the discharge equations for free flow were
determined, the discharge equations for submerged flow could
be calculated by the method illustrated in Chapter IV.

Thé sﬁbmerged discharge coefficient Cas is the ratio
of the'suﬁmerged discharge to the discharge calculated from
the frée flow equation using the same head, H, . Therefore,

for the rectﬁngular gate, Cds could be expressed as:
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_ 3/2
Cag = 9/ (Cqe LV2g H, /%) (6-4)
~and for circular gates,
Cqs = @/ [C44VDT PL(H,/D)] (6-5)

In Eq. 6-4 and 6-5, Q is the observed value of
discharge, and Cq¢ 1is that determined previously. The
values of Cds then were plotted against the values of
(1L - s on logarithmic paper with Cg. as the ordinate and
(1 - s™) as the abscissa (Figs. 6.2, 6.3, 6.4, and 6.5).

The symbol S has the same meaning, H2/Hl y as in Chapter
IVv. The value of n 1is 3/2 for rectangular gates and 2 for
circular gates. As expected, for each single gate, a
straight line resulted from plotting the data. The equations
for the four straight lines are as follows:

For the rectangular gate with a crest height of 0.08 m

(Fig. 6.2),
Cqg = 24069 (1 - §3/2)0.393 (6-6)
s
For the 0.38 m diameter gate with a crest height of
0014 m (Figo 6-3)[
_ _ «2,0.385 _
Cgs = 1.128 (1 s%) (6-=7)
For the 0.38 m diameter gate with a crest height of
0019 m (Figo 604)l
c.. =1.062 (1 - 52)0-378 (6-8)

ds
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o » M

0. Lt — ,
0.01 - 0.1 1.0

Fig. 6.2. Submerged Weir Flow Discharge Coefficient, Cas’
for Rectangular Gate with a Crest Height of 0.08 m;
As a Function of 1 - 83/2,’8 is the Submergence
Ratio. Cds = 2,069 (1 - S3/2)0'393, Co.relation
Coefficient x2,.0.987.
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For the 0.46 m diameter gate with a crest height of
0.18 m (Fig. 6.5),

s MR S et o Y e

Rl e ) 0 0 3 Qo A
fing, 1,210 (1 - %) 775047 (6-9)

Y

‘The submerged weir-équations could be written as
(6-10)

where Cdé is as shown in Egqs. 6-6 , 7-6 , 6~-8 , and 6-9,
Q% is as shown in Egs. 6-1 , and 6-3.  This completes the weir

eéuétions for free flow and submerged flow.

ORIFICE PERFORMANCE

The orifice flow rating curve is éeveloped for the
circular gates when the upstream water depth is above the top
of the circular‘bpening. Plotting the discharge, Q , against
the head difference, H , between upstream head, Hl . and
downstream head, H2 , with Q as the ordinate and H asg the
abscissa, the data points fall on a straight line when plotted
on log-log paper. As a result, the discharge equations are:

For the 0.38 m diameter gate with a crest height of
0.14 m (Fig. 6.6), |

0.477

0 =13.6 H (6-11)

For the 0.38 m diameter gate with a crest height of
0.19 m (Fig. 6,7),

0 = 13.3 g0+477 (6-12)
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1.0 —_
, { -
> o]
Y o 9
w0
1]
|8}
0.1
T ~ T.0
1 - g2

Submerged Weir Flow Discharge Coefficient, Cas’
for 0.46 m Diameter Circular Gate with a Crest
Height of 0.18 m; As a Function of 1 - 52, S is
the Submergence Ratio, Cds =1.210 (1 - 82)0'392,

Correlation Coefficient r2 = 0.993
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"10 100

H (mm)

Submerged Orifice Flow Discharge, Q, for the 0.38 m
Diameter Circular Gate with a Crest Height of
0.14 m; As a Function of Head Difference, H

(H; - Hy), Q = 13.6 g0-477
r? = 0.992

, Correlation Coefficient
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Fig. 6.7. Submerged Orifice Flow Discharge, Q, for the 0.38 m

Diameter Circular Gate with a Crest Height of
0.19 m; As a Function of Head Difference, H

(Hl - H2),nQ,='13.3 H°'477, Correlation Coefficient
+2 = n_gga
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For the 0.46 m diameter gate with a crest height of
0.18 m (Fig. 6.8),

Q = 21.3 g0+475 (6-13)

In Egs. 6-11 , 6~12 , and 6-13 , Q is in liters per
second and H is in mm . Equations 6-11 , 6-12 , and 6-13
are the discharge equations for the three circular gates
operated under orifice flow.

In this study, the values of free flow discharge co-
efficient, Cy, ;ithe submerged discharge coefficient, Cag
Hl/P and (1 - 8") were calculated with the help of a
digital computer. The linear regression calculations for all
the rating curves were determined using a Hewlett Packard

programmable calculator.

DISCUSSION

HEAD MEASUREMENT - It was observed that the undisturbed

flow took place upstream and downstream at the maximum dis-
charge, 156 liters/sec, around the places where the first
manometer and the tenth manometer were set (Fig. 5.1). There-
fore, the upstream depth, Yl » and the downstream depth, Y2 ’
were the values of the water level in the first manometer and
the tenth manometer, respectively. The maximum depth in the
channel was about 0.61 m , and the discharge of both the
Ifirst and théltenth manometer were 4.88 m from the gate, and
hence, a general rule to measure Yl and Y2 was that they
should be measured at a distance at least eight times the

maximum depth of flow. The upstrean, Hl  was the value of
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Fig., 6.8, Submerged Orifice Flow. Dlscharge, Q, for the 0.46 m
Diameter Circular Gate with a Crest Height of
”0 18 m; As a Functlon of Head Difference, H
(H - H ), = 21.13 "0 475, Correlation Coefficient

"— 0. 990
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“‘water "depth measured from ‘the top Of the crest in a weir

‘flow condition, ‘or

In ‘an orifice flow ‘condition, H, is measured from the

‘cénter of the orifice, or

— - _ 1
=Y -P-30
The quanitity, H, , is similarly defined with Y, replaced
by Y2 .

THE EFFECT OF SUBMERGENCE RATIO -~ In a Parshall flume

or a cutthroat flume, there is a free flow condition when
critical flow occurs in the vicinity of the flume throat.
This critical depth makes it possible to determine the dis-
charge knowing only the upstream depth. 1In this submerged
weir study, it was noted that when a surface nappe was
changing into a plunging nappe, the standing wave of the
surface nappe appeared very similar to a rolling hydraulic
jump. As the discharge increased, eventually, a hydraulic
jump-would take place. As critical flow must exist before

a hydraulic jump can occur, this observation implies that
critical flow occurs in the vicinity of the weir notch when
a plunging nappe appeared. Actually, this has been proven
by the free discharge equations (Egqs. 6-1 and 6-3) because
only the upstream head, H, , was involved in those equations,
ané'ﬁﬁé§”§;vé a”véf§ acéurate estimate on the discharge under

the blﬁﬁaiﬁélﬁépéé condition.
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"+, The plunging nappe, could cocur only when the submergence
ratio reached some value, or below it. For the rectangular
gaté:Wifh a crgSt height of 0.08 m, the plunging nappe begins
at a submergence ratio of 89 percent, at'a suﬁmergence rafio
» 0£.51; percent for the 0.38 m.diameter circular gate with a
crest height of 0:13 m, at a submergence ratio of 38 percent
for the 0.38 m diameter circular gate with a crest height of
0.19 m, and at a submergence ratio of 62'percént for the
.0.46 m diameter circular gate with a crest height of 0.18 m.

One of the distinct differences between submerged weir
flow and submerged jet orifice flow is that a critical flow
can never occur in the vicinity of the orifice opening no
matter how low the submergence ratio. This is because the
flow through an prifice follows the law of flow in a. closed
conduit, and in a closed conduit critical flow is not defined.
This is why only one kind of discharge equation was obtained
in this submerged jet orifice study, and in those equations
..both.the. upstream head and downstream head were involved to
--calculate the discharge. 1In addition, the submergence ratio
.has very little effect on the submerged orifice flow.

‘THE. DISCHARGE COEFFICIENT FOR THE INCLINED SUBMERGED

WEIR - .The submerged discharge coefficient CdS for weirs

shas-the relationship

= K(1L - sH™

Cds

As discussed in Chapter 1V, 'the results of Villemonte's study

of seven vertical sharp-crested weirs of different shapes when
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'éi'xiéhb‘éﬁ"f&rithiﬁé‘i:icany showed that K equal’' to 1.00 and
M equal*to 0.385. The makimum ‘variation Gf each from the
avera§é is less than 1 percent. Tn this study, the average
“‘value of the fouf m's, 0.393, 0.385, 0.387 and 0.392, is
1 0.387, from which' the maximum variation of each is less than
1.2 percent, if the K's value of each remains the same. The
dverage of the four K's, 2.069, 1.128, 1.062 and 1.210 is
1.367. The averaged K results in an average variation of
each is about 20 percent, when m = 0.387. It is apparent
that the coefficient K is not equal to 1.00, and varied
considerably with shape. For the rectangular gate, K = 2.069,
and for circular gates K is between 1.062 and 1.210. This
variation from the results of Villemonte was primarily caused
by the inclination of the gates and the unsharped crest. The
conclusions reached by comparing the results of this study.
with that of Villemonte's are:
(1) The exponent value m does not vary appreciably,
either with shapes or with the inclination of the
weirs, and m always approximately equals 0.385.
(2) The coefficient K equal to 1.00 for vertical
weirs with all kinds of shapes, but K no longer
remains a constant when the gate is installed at
some angle with the channel bottom, and K varied
significanply with different shapes.

THE DISCHARGE COEFFICIENT FOR THE ORIFICE FLOW -

Reviewing Eqgs. 6-11, 6-12, and 6-13, the discharge equations

for the orifice flow had a constant exponent, 0.477. It is
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‘known, that; for an orifice, £low,;the, discharge coefficient
.only,depends on the, boundary geometry. Hence,the arithmetic
.average of .the. two coefficients for the, 0.38 m diameter.
cifcuLar,gapes‘waQ;t;ken,vand(;h;s ave;agg.vagge,yo,ggquas

. considered the -discharge coefficient for the 0.38 m diameter
circular gate. It had beehiqhownyprgvipusly that the dis-
charge coefficient was a function oﬁyl;near,dimension ratios
only. The same values of Cq - might be used for equal ratios
.of the opening diameter to the channel width, B/L . This
resulted in the discharge equation for the orifice flow in

the form:

and,

= 0,843 for B/L 0.625 ,

Ca

c 0.750 .

a 0.925 for B/L

FREE FLOW NEAR THE TOP OF THE OPENING - When the ratio

of upstream head, Hl , to the diameter, D , of the circular
opening was greater than about 80 percent to 86 percent,
Eﬂough the submergence ratio was in the plunging nappe flow
'range, the free flow discharge equation did not give an
accurate flow estimate. The error was more than 5 percent,
uéﬁpi&ly”ihcréaéing as the submergence ratio decreased. This
problem could be explained as follows:

ﬁﬁéh‘fléﬁ*ia~§£‘of neéf’the critical state, the water

'surface undilates due to the fact that a minor change in
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specific energy, the sum of ve1001ty head and the potential
head, w111 cause a major change in water depth Those minor
specific energy changes may be caused by variations in chan-
nel roughness, crosé section, siope or deposits of sediment.
Therefore, the wavy surface associated with critical flow
touches the top of the opening and truly free flow does not
occur under such conditions. Thus, under free flow condi-
tions, when the water depth is approaching the top of the
opening, the free flow discharge equation fails to yield an
accurate answer. Knowing this point, the restriction of
Hl/D less than 86 percent should be imposed on the applying
of the free flow discharge equation. Thus, the free flow
discharge equation can only be applied when plunging nappe

takes place and Hl/D is less than 86 percent.



CHAPTER VII

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

SUMMARY -
ggﬂnghe;purposgﬁofgthisugtudy;hasﬁbeenxto develop:.general
iﬁSdhargeeratingg(forutheﬁfqu:pgates,apne,rectangulargand
three;ci:cular,: Asphasgbeen;statedwearlieyyrthezrectangular
jate can only operate under weir. flow condition. The.-three
*ircular gates can operate under either weir flow conditions,
vhen the upstream. water depth is lower than the top of -the
ircular opening, or orifice flow conditions, when the up-
stream water depth is higher than the top of the circular
opening. For the weir flow conditions, either free flow.or
.submexged flow exists. For the orifice flow conditions, only
submerged type flow. takes place in the studies described here.
In this study, the discharge is given in liters per
second, the weir lengtl, L , the crest height, P , the opening
diameter, D , the upstream head, H1 » and the downstream head,
H2 . are all given in mm . The acceleration due to gravity
is 9800 mm/sce2 » H; and H, are measured from the top of
the crest to the undisturbed water surface in weir flow con-
ditions, and are measured from the centerline of the circular
opening to the undisturbed water surface in orifice flow con-
ditions.

The reéults of the investigations are given in Table 3.

56
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 CONCLUSIONS

1(a) H‘l and H2 should be measured at a dlstance at
§ i ,

leastéelght tlmes the maxlmum depth of flow.

ot boe

(b) The free flow welr equatlons, Eqs.rﬁ 1 and 6-3

: §"" t 5

wshould~be applled when ‘Hy/D---i8- Jess then 86
percent

(c) When oriflce flow: takes place, both the upstream head
and downstream head should be measured and applied to

Egs. 6-11, 6-12 , and 6-13 .

RECOMMENDATIONS

aegommendationszfor further research are:

(1) Additionai.dimensions in crest'heiéhts and weir
‘Ienéths or opening diameters be studiedjdn order to
edetermine>if\there is a general;reiationship for the
dlscharge coeff1c13nt.

(2) More data: be observed for circular gates operatlng
under free ‘flow welr condltlons for Hl/D greater
than 86 percent soithat the problem of,an.undulatlng
surface touching theptop edge of theiopeninq can be
eba}uated

(3) Additional inclination angles be studied.



P. =
P. = Total Discarded Data Points
P. = Total Calculated Data Points

Table 3. Diéchézge}quationsifdr Models Investigeéedis
o I wType of.Flow Dev1ce .ifi = jf ‘g
| Geometry s : . Weir: i F "yg
R =R . I 1 Orlflce .
1 Eree Flow (Plunglng Nappe) Submerged Flow (Surface = Dpe) : _
TRectangular |, _ C4 LV7T Hy /2 x 10” -6 Q = CgeC L /75 1.3/2 %1078 LA ;;r‘
|u = 0.46m _af’d 33/2,0.393 LY
' Tt Cas = 0 481 , S< 0 89 Cas = 2(062(1 - # o
|P=0.08m Lo yM.p. =18" T.M.P. = 77 5>0.89 .. S
| *T.D.P. = 3° T.D.P. = 12 SR i RS
*T.C.P. = 15 T.C.P. = 65 - D
DS — o~ /2 . ~5/2 I SO : '
:g;:cular Q= Cde PL(H /D) X 10 Q =.C3¢C4sP PL(H, /D) { : :
- — - -9 1 - [ 385~
D =0.38 Car = 0 990 - 0. 080Hl/ Cas 1.128(1 s7) : ,S>0. 51
T.M.P. = 15 T.M.P. = 114 o A
i P = 0014 m TQD.R’ = 0 . T.D.P. = 20 :
‘ T.C.P. = 15 o ' S T.C.P. = 94 S
- ~ 0 090 — p . _ ‘ 2,0.378 .
D=20.38m Cgqe = 0.990 0.080H, /P Cqg = 1-062(1L - %) 777 ,§>0.38
T.M.P, = 9 T.M.P. = 57 : T
P=20.19m T.D.P. = 0 T.D.P. = 32
T.C.P. =. 9. T.C.P. = 54 s ’
D=20.46m Cdf -0.990 0..080H1/P Cds” 1.2;0(1- s°). ,S>0. 62
T.M.P. = 9 T.M.P. = 54 -
P=20.18m T.D.P. = 0 T.D.P. = -4 ‘
T.C.P. = 9 T.C.P. = 50
*
Notes: . Total Measured Data Points

-
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Table 4. Hydraulic Laboratory Data for Rectangular
Gate with a Crest Height of 0.08 m,

Hy H, H s
(Lit/sec) (mm) (mm) (mm)
60059 2afenn .891.92 5.08 98,023
64,85 258,401 251,92 610 97,637
71437 25954 251,92 Te62 97.064
71e31 260¢bn . 251.66 8.89 96,588
83,54 262408 251,92 10.16 96,123
91,19 264 .62 251,92 12.70 95,201
97470 267410 790,65 16451 93.820
104478 26941Y 251441 17.78 93,395
T1.31 221,44 206,20 15.24 93,118
82,69 223,90 206.20 . 17.78 92,062
88,08 226.45¢ 206,20 20432 91,029
99,72 239!JJ 2?6020 24,13 890524
40,21 230,33 227.79 2254 98,897
50,98 2314060 227,03 4457 98,026
55.06 232,81/ 226,77 6.10 97,382
6970 235441 _ 227,03 8.38 96,439
70.80 236,60 226,52 10,16 95,707
75.05 237495 226,77 11.18 95,303
79.30 239,2¢ 226,52 12.70 94,691
84,83 2410db 22._’.03 14,22 94,104
89449 244430 227,79 16.51 93,242
99,72 246044 = 227,79 . 19.05 92,282
103,37 249,63 227.79" 21,84 91,250
109,32 25341Y 226,52 26467 89,466
40,58 183, 34 176,23 = . 7.1l 96,121
49,56  183,3¢ 175,72 T.62 95,844
48,71 279,86 277,57 2.29 99,183
55479 281419 217,83 3.3 98,825
62,02 281,38 217,57 3,81 98,646
61¢40 282540 277.57 4483 98,291
. T2e22 283,16 277.32 5¢84 97,937
8U.15 284,94 277,32 T7.62 97.326
111.86 272424 251,92 20.32 92,536
117424 274478 251,92 22,86 91.681
123,48 2774 3¢ 252,43 24,89 91,024
125,17 278,59 251.92 26,67 90,427
162,73 217¢5¢ 193,50 84,407 69,711
140489 275,03 193,50 81453 70,355
147,83 2684494 189,69 95,25 66,572
151,34 289,76 188,42 101,35 65,025
115,89 242401 155440 86461 64,211
122,91 251,92 157,94 93,98 62,694

121444 258,21/ 154,13 104414 59,677
123,19 251,41 156,67 94,74 62,316
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r/Table:4. ..Continued...
Q Hy )
(Lit/sec) '(mm) (mm)
80,38 286.41 277.57
71-93 379017 376033
81028 3?9393 376 38
114400 23741y 158,45
126,96 259454 198,58
131069 264487 196.64
165096 310.44 241 76
16u.79 315,42 239,22
65,99 216,30 206,20
71493 218,90 206,20
48,99 254497 251.92
59479 256424 251,92
31,72 180,29 177,75
63,05 182,07 175,97
S5V.69 183.u5 115,72
102.80 234414 206,20
133,10 281,49 251,66
140,18 285419 . 291.92
151034 289o?° 4 191,47
58,06 2139&d 206,20
34,83 253,19 251,92
118409 280,11 251,92
85024 2024 3Y 173.18
107490 238471 206,20
88,36 380,70 376,38
114.28 247-0? 201.12.
140,89 292,05 249,38
148,82 295,10 246,84
5'.‘9 187415 175.72
6¢-02 189,69 175,72
30,02 278,59 277,57
39,93 279,86 278,33

S

(mm) :
8464 96,983
2.79 99,263
3 56 99,064
‘78, 74 66.802
60.96 76,512
68,83 74,012
68,58 77.901
76420 75.842
10.16 95,304
12.70 94,198
3.05 98,805
4032 98,315
2.54 98,591
6010 96,652
8,13 95,579
27.94% 88,067
30,23 89,277
33.27 88,333
98,30 66,076
T.62 96,436
1.27 99,498
28419 89,935
29,21 85,567
32.51 86,380
4,32 98,866
. 45,97 81.394
42,67 85,389
48,26 83,646
11443 93,893
13.97 92,635
1,02 99,635
1¢52 99,455
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Table 5. Hydraulic Laboratory Data for 0.38 'r‘n.'Diameter
Circular Gate with a Crest Height of 0.14 m,
Weir Flow.

Q H ) H s
(Lit/sec) ~(mm) “(mm) (mm) -
. JVa02 187.88 . 175,18 1270 93,240
.. 34,55 191 469 172,64 19.05 90,062

38,23 195450 172,64 22486 88,307
49,31 204,39y 168,83 35.56 82,602
34,55 192,96 171,37 21.59 88,811
41,91 198404 170,10 27494 85,891
4re01 20dele . 167.56 35.56 82,493
50,98 206494 166,29 40464 80,360
40,78 198504 172,64 25.40 87,174
2%.17 190,42 . 180,26 . lo.16 94.664
58034 217409 168,83 48,26 77.769
64.44 223!4“ 166.29 57.15 74.422
49456 29&3&0 167,56 40264 80,480
49,31 203.1¢ 170.10 33.02 83,743
3/,38 196,77 172,64 24,13 87,737
29,17 190.a2 176445 13.97 92,663
53,81 215,82 165,02 50.80 76,461
5°,64 21;225 165,02 48.26 77.372
6VUe89 217,09  162.48 54461 74,844
62487 220,90 162,48 58442 73,553
‘59.98 20?!47 168,83 40.64% 80,598
3i.72 186461 . 172.64. .13a97 92,514
41,35 195,50 168,83 26,67 86,358
50,69 205,66 165,02 40464 80,239
72.78 234a81 .. 162,48 = 72,39 69,178
T8.45 245404 15?040 87.63 64,236

92,61 256440 153,59 102,87 59,888
93.74% 26155& -.183.59 . _107.95 58,125
99,12 267,49 149,78 118,11 55,910
103,65 2724917 148,51 124,446 54,405
100,20 21942 145,97 133,35 52,258
113,00 284440 143,43 140,97 50,432

115,38 292.0¢ 142,16 "49,.,86 48,681
123,76 299,64 139,62 60,02 46,595
129,764 303,45 138,35 65,10 45,592
13!007 326:41 147008 89.23 42,008
58,34  2l4.nn 162,48 52,07  75.730
SY.,19 222417 159,94 62.23 71,989
69,38 23l.06  157.40 73.66 68,120
79,05 238408 154,86 83,.82._ 64,881
79,86 243470 152,32 91.44 62,487
85,81  25i.48 151,05 00,33 60,088

92489 260427 149,78 10049 57,547
99,69 267,48y 148,51 19,38 55,436
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3Table‘S.T“Continuedg::

LI ‘10

H PRI

Q. 2

(Lit/sec) ~ (mm) (mm)
7131 264408 213,28
81,00 26?!35 213.28
i'80e09 27291/ 21074
QL g &7 "278e05 209,47
' 906485 28440 208,20
-100420 294,490 205,66
10Y.88 298437 203.12
119,55 30“07‘ 201,85
119479 . 30980 200.58
126,02 319.96 198,04
121444 323.7( 196,77
119,23 305.99 190442
129446 312044 186,61
131,97 322,50 185,34
130450 332.00 180,26
141,60 3464063 175,18
\144.43 35?.23 175,18
_14!:55 365,68 157.40
”144030 38009d 152.32
‘140,18 339,01 137.08
146413 36lant? 116.76
141426 365,68 172,64
‘152436 380.v¢ 168,83
151440 398470 165,02 .
"109635 292.5¢ 205 66
‘110673 299,64 204,39
118466 308454 201,85
121416 321,24 199,31
,134-39 3324060 195,50
‘139405 345440 192.96
‘145400 37200J 190,42
15¢436 383,90 185,34
150433 396:10 182,80
161471 419:@9 160.26
166480 445,069 170,10
28432 228,5¢ 222,17
32487 231400 222,17
36023 233:66. 226090
45.61 236414 220439
145 88 238155 219,63
Sesll 241.47 "~ 218,61
‘56, ‘64 245409 218,36
qu ‘60 248,84 217,09
3.44 251738 217,09

H

S
(mm)

50280 80,763
54,10 79,766
~'62ed ~77.202
68458 75,335
- T76.20 73,2006
88490 69.819
95.25 68,076
102,87 66,241
109.22 64,745
121,92 61,895
127.00 60,774
115,57 62,230
12624 59,648
137,16 57,469
. 152440 54,187
171.45 50,537
178405 49,593
208,28 43,042
228,60 39,987
201,93 40,435
245.11 32,265
193,04 47,210
212.09 44,321
..233,68 41,389
86,87 70,304
95,25 68,211
106.,68 65,423
- 12]1.92 62,045
137.16 58,768
152,40 55,872
181,61 51,184
198,63 48,269
213,36 46,142
236,22 43,281
275.59 38,165
6.35 97,221
B89 96,152
12.70 94,563
1575 93,331
.N;glgs 920018
22.86 90,533
26467 89.115
31.75 87,241
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Table 5. Continued

H H
.0 -1 2 H 8
(Lit/sec) ~(mm) (mm) " (mm}) .
'69¢20 . 239518 185,3¢  53.85 77,487
73492 245,04 182.80 62423 74,603
80,15 251,38 180426 71.12 71,708

109460 284,540 172,64 111,76 60,703
112415 292,02 170,10 121,92 584249
120,64 299,64 170,10 129,54 56,768
126,31 307,206 168,83 138,43 54,946

8€469 253.9¢ 180,26 73.66 70,990
9Ue62 26440y 177472 . 86436 67,297
96,57 269,16 175,18 93.98 65,083
102.80 278905 189,15 88.90 68,027
84939 256,40 178,99 . 77,47 69,792
9¢461 265,35 175,18 90417 66,018

98,84 2724917 172,64 100,33 63,245
109,32 28500( 167,56 118.11 58,655
121.49 299.64 161,21 138,43 53,801
127416 307.¢6 157.40 149,86 51,226
131,69 314085 156,13 158475 49,583
139,65 322450 155,62 166.88 48,254
132,54 317442 159,94 157.48 50,387
121,72 30960 159,94 149,86 510626
105,63 281,06 170,10 111.76 60,349

41,58 218,46 190,42 27494 87,204
13¢.54 317,42 165,02 152.40 51,987
136,79 327,58 162,48 165,10 49,600
141,60 344409 159,94 184,15 46,481
144,443 356,79 157,40 199,39 44,115
141,60 342482 149,78 193,04 43,690
149,28 355§b¢ 148,51 207.01 41,772
149,25 36822 @ 144,70 223,52 39,297
137.35 327,58 152,32 175.26 46,498

28,32 229479 223,44 6435 97,237
34483 232434 223,44 8.89 96,173
42,48 236,14 222,17 13,97 94,084
48,14 239,95 220,90 19.05 92,061
53452 243470 219,63 24413 90,101
58,34 246,430 218,36 27.94 88,656
64457 25168 217,09 34,80 86,185
T0.80 . 259,00 . 215,82 43,18 83,328
76,16 264,408 213,28 50.80 80,763
83,26 269,16 212,01 5715 78,767
88,36 274474 . 210474 64,01 76,703
95,72 283,14 208,20 74,93 73,535

101,39 288,21 206,93 81,28 71,798
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Table 5. Continued
o Hy , fHZ H oS

20
‘(-Lift“?sec)"‘ [ mm) r+(mm) f(mm) Yo

i1QY¥603  279,3¢ ‘147424 132,08 52,713
11040 289440 - 144470 144,78 49,986
12376 300,14 143,43 156.72 47,786
134497 3ibeuy 142.16 172,72 454147
- 3he72 208420 198,04 10,16 95,120

41491 214455 195,50 19,05 91,121
50,13 220490 192.96 27.94 87,352
58,06  228,5¢ 189,15 39,37 82,771
-3940 200en8 181,53 19,05 90,502
30,02 208,20 198,04 1016 95,120
40421 212,01 195,59 16,451 92,212
50,13 21844606 191,69 27.18 87,582
57.21 225,94 189,15 36,83 83,702
64429 234,47 185,59 49,28 79,020
68,25 238,068 185,34 53434 77,652
75490 246430 182,80 63,50 74,218

64457 234,417 186,61 48,26 79,452
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Table 6. Hydraulic Laboratory Data for 0.38 m Diameter
Circular Gate with a Crest Helght of 0.14 m,
Orifice Flow. v

H H
Q 1 2 H
{Lit/Sec) (mx) “({mm) " (mm)
38,77 169,06 16094 B3
46,95 173.64 158440 1524
65.14 183.8)) 155.86 27.94
lo2,24 163,22 97 e44 6574
147,55 18l.26 23.78 157.4¢
154,34 193.7¢ 18e44 175,26
160.01 204,12 13.62 190.50
165,11 219.36 10.82 cybeb3
127.72 146,97 35.21 111.76
135.49 158440 3le40 127.00
135,99 158440 31e40 127.060
141,6( 169,83 2759 142424
70.8¢0 186.34 15459 31.75
70.8¢ 186,34 153.32 33.0¢
78.16 192.18 15205 4Yel3
73.63 190.15 153.32 36463
100,11 211.74 14570 66404
113,28 224,44 140062 83.82
127.61 237.14 135454 101.60
141,6: 254,92 12792 127400
156,55 281459 12030 lo6l.29
77,88 193.96 153.32 40,064
75,61 191.42 15332 38,10
56.0:7 177.45 15840 1908
56,64 179.99 1586410 21459
70,50 188,86 154+59 34429
42.48 172437 16094 11e43
46.73 173.64 158440 15.24
50,13 174,91 158440 1651
58,34 178.72 157413 21+59
63,44 181.26 155486 25440
42,48 171,10 159467 11043
151,51 277.78 125438 152 ¢41)
159,44 291.73 12157 170.18
166,52 305.72 116049 189.23
lo8,18 221.94% 14570 76.20
121,21 237.14 . 16Ge62 Gb.52
13144y 249,84 13427 115.57
140,47 262,54 130446 132408
83,54 199.64 153+32 45.72

88,36 202.85 152405 50.80
(V- L

AnA A T B2 e LN
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Table 6. Continued

H : H
Q 1l 2 H
lLIt7SecJ (mm) (mm) (mam)
68,62 133.00 105.06 2794
57.21 129.19 108.87 20.32
70}23 136.81 110!14 ‘ 26067
4Y.91 120.30 108.87 11043
36.82 117.76 110014 7.62
50455 124411 107460 16.51
56,19 126,65 11014 16.51
141,88 207.93 74458 133.3%
146,41 216,82 72-04 l44.78
159,72 238441 6061 177.80
155,76 232406 65469 166,37
99,12 155,86 944990 6096
110.16 167.29 89.8¢ 7747
113,28 172.37 B8.55 83.8¢
127,16 186434 83s47 10287
36,82 117.76 11141 6,35
50,07 122.84 107660 15.24
57.52 125,38 10506 20.32
62.3¢ 129.19 105.06 24413
70,80 134.27 10252 31,75
76.24 138,08 99.98 38.10
83,83 143416 99.98 63418
42,48 119.03 10760 11.43
66,27 140,62 112468 27.94
37.47 117.76 108487 8.489
45,88 12030 107e00 1270
99,35 160+94 97e44 63.50
113.28 176.18 93463 B2455
109,32 167.29 9236 T493
122,76 181.26 87028 93.98
84.96 148.24 10252 48,.,7¢
99.6( 162.21 9871 63.5¢
113.28 176418 92436 83482
127 .44 192.69 B7+28 105441
43,64 74,58 64442 10416
51,06 784,39 6315 15.24
71.39 89062 5934 3048
155,76 195,23 3046 191.77
167,94 260400 . 56480 203.20
141,60 211.74 79466 132.08
62,30 136.81 112.68 26413
49.3] . 74458 5188 12.7¢
99@60% IIZng 50945 62023,

113.28. 130646, “4p10 66436
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Tablie. 6. Continued
kd Hl H2: H -f
(Lit/Sec) (mm) (mm) !mmii

" 126,82 145,70 37.75 1y749%

141, 6y 169,83 28486 140.97
75,61 92.36 58407 34.29
7&.47 94,9¢ 5680 3bel0)
81,65 97.464 568 40 .60
84096 99,98 568(0 4316
99,69 112.68 49.18 63450
73035 91009 58007 33-02
85.81 99,98 54425 45-72
91,76 105.06 51072 5303“
99,40 11141 49.18 62.23

105,35 117476 46464 Tlele2

112,43 125.38 44410 8l.28

120,93 136.81 39,02 aT.79
58,37 82.20 60¢61 2156
62.53 B4,74 00061 24.13
65,28 86.C1 59434 26067
67,51 87.28 59.34 27.9¢
42,48 121.57 11Gele 11.42
56,64 127.92 128487 19405

T 62,87 183487 15840 25440
69,67 188.88 155.H6 33elc
76,18 191442 154459 36,83
80,71 196,5¢ 153432 43418
38,8y 171610 16094 10.16
33,13 168,56 16094 Te62
42,48 171.10 16221 8.89
52,36 17745 159467 1778

133.95 195.23 80093 114.30

143.30 210.47 75485 134.02
153,78 226,98 69¢59 15748
160,29 239,68 64042 175.26
76,18 141.89 10506 36.83
8l.28 145.74 102.5¢ 43.18
86,09 149.51 102452 46499
90,91 153,32 99.98 5334
38,8¢ 12404 63¢15 B.b9
65,99 82.20 56¢80 25¢40
91,76 105406 S4e26 5Ue80
77.v3 92,396 5680 3h56
82,13 96,17 54¢20 4le91]
71.08 88.55 55453 33.02
67.97 86.01 58007 2194

59.76 82420 59434 22436

- -
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Table 6. Continued

H H2Au~

Q 1 B ~
(Lit/Sec) (mm):- “(mm) “(mm)

55,79 79.65 60061 19405

60.04 82,20 59434 22.66
6§0L4 86474 $9e34 25040
70.80 88,55 58407 30448
7080 86.01 55453 30e48
75.914 89.82 54426 35.56
79.58 92.36 54426 38.10
83.83 94,990 52.99 41491
47,401 72404 59434 1270
49,56 14407 5d.83 15.24
54,94 77.12 53407 19.05
60,89y 79466 S6.80 2286
41,35 69.5¢ 59.34 10.16

43,61 T0.77 59.3¢ 11.43



71

Table 7. Hydraulic LaboratorymData‘for 0.38:.m: Diameter
Circular Gate With a Crest Height of 0.19 m,

Welr;Flow.
h . . e ..
Y Hy H s

(L1ﬁ7"éc) (mm) -~ (mm) (mm)

101.57 254.9u. 76284 17805 304147
10/.62 266.07 78,11 187,96 29,358
116,68 275,73 77.61 198412 28,146
12V.08 283,49 719.57 . 200.28 . 26,624
55,79 203,44 146,69 57.15 71,964
6v.89 210,19 144415 66404 68,581
66,84 217,41 141.87 . 75.4% 65.285
7<¢.22 224416 140,34 83.82 62,608
78,73 232,55 136,53 96,01 58,713

89,53 240461 133.99 106.68 59,675
91,76 248,55 132,72 115,82 53,400
98,27 - 256.04¢ 130,18 126424 50,770
106,77 268401 126,88 141,73 . 47.236
119.26 218,71 125.10 153,67 44,877
45,31 191,14 151,77 39,37 79,403
50,13 19Te4y . 149,23 48426 75.564
114,70 278,21/ 128,41 149,86 46,145
123448 288,94 126,37 162,56 43,738
129.14 297.ub 123,83 173,23 41,686
13/.64 309470 121,29 188,47 39,157

34,80 184,29 154457 29.72 83,874
43,61 189,81 152,28 37,59 80,202
35,97 180.95 156,85 24413 86,667
43,05 189.bd 154,31 35,31 81,381
58491 207¢9l. 146,99 60.96 70.679
695,14 216054 144 15 720,39 66,570
73,63 225,94 141 61 84,33 62,677
82469 238419 136,53 101460 57,335
39,40 225444 215,27 10,16 95,493
4V0,78 229.&4 215.27 13.97 93,906
46,30  232.55 213,50 19,05 91,808
SU,98 235059 212,99 . 22461 90,405

147,26 353,70 177.17 176453 50,091
154.63 370,21, 172,09 . 198,12 46,485
94,87 253,317 131,45 121.92 51,882
7¢e22 2150¢' 584,27 127.00 41,006
8Y,26 21744} 113,67 . 104.14 52,189
94965 , 222069 111,13 111.76 49,860
99,86 230451 108459 121,92 47,110
103,79 . 234,32  107.32 127.00 = 45,802

4u.44 169,450 132,72  36.83 78,278
48499 172.3% 131,45 40,89 76,273
54081 ,17709“._ 128491 49.02  _ 72.450

60404  184.7v 126,37 58442 68,387



v Tablie 7. . Continued::::.

L9 Hy o TRy g s
-711?75957' (nmj—  T{mm) T (mm)
27.47 ‘151.71 139,33 _12.45 91,800
34413 156,85  137.80 19.05 87,855
‘35¢80"' 161, v4 135,26 26467 83,530

44418 167501 133,49 *33453 79.925
Lf6e68 299,00 193,68  105.92 64,647
12919 309.25 191,91 11735 62,055
b2v.29 316,87 189,37 127,51 59,761
53481 202¢57 149,23 53.3% 73.669
110.45 d‘lo““ 165.05 135.35 43.926
116,76 248,29 100,97 147,32 40,667
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Table 8. Hydraulic Laboratory Data for 0.38 m
Diameter Circular Gate with a Crest
Height of 0.19 m, Orifice Flow.

H H

Q . 1_ 2 ~H .
(Lit/Sec)” (mm) - {mm) - - (mm) .
61.74 TLe49. 47436 24413
66455 - T4¢54 46¢09 - 2Be45S
7193 78.61 45459 - 33,02

Tos46 8l.65 +3e55" bl
70446 81,65 43455 38610 -
BU.T1 B85.46 43495 .- 4le91
84,648 88,77 4178 - 46,99
89,49 Y2.32 41ei)) 5ied]
94 .02 97440 38.98 5842
100.25 104451 37¢20 67.31
106020 110.86 34 ebb 76420
113,85 119.7% 3085 Bbe90
119,51 127.88 28.8¢2 09,06
129,14 141,34 2450 116.84
134,24 150.23 2Cs06Y 12954
138,.4b 157460 19«42 138.18
31,44 104451 98.16 6435
40478 10756 96489 1Ve67
44,75 169,59 9539 13.21
50,94 112.13 9480 1727
57,49 114,67 v2e07 22461
b2e 2 117,98 9308 24489
66,55 121.28 918} 29.46
70,52 124.33 9181 3245]
74.48 127037 90-54 36.83
77,88 129.91 BYe27 4064
81,238 132,45 59.02 43443
85,8} 136426 H7e24 49402
90,06 140407 £6e23 53,85
100,25 150.23 8292 67.31
197,62 157.85 7937 78449
118,38 17005 T4e29 95,76
150,32 174,11 037 17374
146,98 169.24 belB 165010
142,17 160,39 7499 152440
135,09 148,96 14434 134,62
146,7¢ 172.59 14 ¢34 158,24
15403“ 185079 9"7 175.02
159,16 195,95 5645 190,50
163,12 205,61 2491 dY2.b9
119,51 127.38 28.82 99.06
129,14 141,34 24¢50 116,84
134.24 150,23 2069 129.54

138,48 157.69 1942 138.18
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Tablle 8. "“Continued -

Ll i -Hl sz T‘ H o,
(Lit/Sec) (mm) © ) T

R RN RO o
42646 61433 49690 - 11043
49,28 . 65414 - 49414 16400
56l 7. 68495 48463 2032

128,57 - 181498 T0¢22 111476
128,57 181498 - 70422 - 11176
L3735 - 194,68 . 63487 130481
14670 - 208465 604006 148,59
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Table 9. Hydraulic Laboratory Data for 0.48 m Diameter
Circular Gate with'd Crest Height of 0.18 m,

Welr Flow.
_9 H1 H, fhu' g
(Lit/Sec) (mm) (mm) (mm)
foo o, : ) ‘ .
120436 27714u.q“~L9Q19§ 86236 . '68 2857
126,02 282,89 189,67 93.22 67 0468

131, 97 288,73 188,40 100033 65,251
139045 295,08 . . 185.86 . 109.22 62,986
146,78 302470 183,32 119,38 60,562
15“963 3IQQJ¢ 180027 130005 58,092
i9/,18 312,40 179.51 . 133.35 §7.377
169.25 320 ¢4t 176,97 143.51 - 55.220

35:40 252,15 248409 4400 98,383
44475 254,44 .. 246,82 . T.62 97,005
5U.98 256490 246,82 10416 96,046
63432 26047y 244479 16400 93,864
74450 264400 243.77. . . 20.83 92,128
81,96 269,064 241,74 27494 89,640
91,76 274476 239,71 35.05 87,243
104,50 282,38 236,66 . 45.72 83,809
119446 292,049 236,66 55437 81,039
120,22 299.65 235,39 64,426 78,554
138,91 309,01 231,58 78,23 T4.749
146,98 315,91 230,31 85460 72,904
157466 325,56 227,77 97.79 69,963

166,01 331,91 _ 226,50 _ _ 105,41 68,241
169,92 335,.7¢ 221,42 114430 65,954
172475 3384206 218,88 119,38 64,708

40,04 286,19y = 282,38 3,81 . 98,669
48,14 28740 281,11 6435 97,791
56,19 290,00 279,84 1016 96,497
6,493 292,04. . 279.84. . 12.19 95,825
71,93 295408 279.84 15,24 94,835
8¢,13 297.6¢ 278,57 19,05 93,599
91447 302,70 e77.30. . 25+40 91,609
10450 307479 274,76 33.02 89,272
113,28 312.406 273,49 39,37 87,416
12¢,20 31794 272.22 .. 45.72. 85.620
128,29 321.75 272,22 49,53 84,606
133,67 325450 269,68 55,88 82,836
14’026 333,1¢ 267,14 66.0% 80,179
156,69 339,53 264,60 74493 77.931
164,96 345,88 262,06 83.32 75.766
170049 350.90 260,79 90.17 . 74,308
173,88 355454 259,52 96401 72,995
161,71 340,400 259,01 81.79 76,001
163,97 . 3434 34 258,25 §5909 75.217

QT8e42 342407 216,36  125.73 63,244



-3
[

Q : 1 22 H
{zit/Sec) (mm) ~(Tm) (mm)
169435 325,90 175,70 149,86
174605 329,397 173,16 156.21

133.56. 279,84 . 10b.B38 175,26
139,90 28641Y 167.12 17307
12¢,20 26511  }3i2.29 152632
128440 272.73 10712 163482

53,969

52,573
737,371

37,430
42,322
39,277
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Table 10. Hgdraulic Laboratory Data for 0.48 m Diameter
Circula;' Gate with a Crest Height of 0.8 m,
Orifice Flow.

H H

Q 1 2 H
(Lit/Sec) (mm) (mm) (mm)
63.72 ° 85.26 7510 10416
12.22 87.8y 7510 12470
78,81 90.34 T4 459 150?5
85,64 92.88 73483 19.05
92.”4 95042 72081 22061
9T.7¢ 97.71 72456 2915
104.50 100.50 T256 27494
111.3p 103.04 7129 31.75
137,35 115.23 67e48 47475
145,42 119,55 65445 S4el0
152.47 123.61 64494 S58.67
158,59 127493 62465 65.28
41,91 52.49 4Be43 4. 06
54,63 55.03 4701 Tebe
70,09 59,35 4fsl0 12.1Y9
45,24 63.67 4487 1880
96,57 67.48 4401) 2337
107.90 T72.56 42408 3048
115,66 76.37 anely 35456
122,44 80.18 39454 40464
100.11 7002 Y4067 25040
133,1¢ 65,26 38.27 46.99
142,17 90.34 3700 53.3¢4
150,66 95,42 34446 60.96
127,44 T4.59 bl 4775
117,53 68,75 2938 39.37
48,54 B2.47 7637 010
55,79 83.99 7501 3.38
158,59 174,92 10152 T3e41
le2.84 177.97 10152 76.45
166,52 182.29 10152 80.77
170.2¢ 185,34 98.72 BO.01
118,46 105.58 70402 35.56
123.19 108,12 T0e02 38.10
124.61 108437 7C¢02 38435
124,14 72.56 29.38 43.18
41,91 Byes3 Toe3T 4006
156,61 99.23 . 34 eub 6417

163,46 103.04 3319 69.85%





