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.fLineqr proportional.weirs find many diverse engi;eering
applicéﬁions such as"fIOW*méasuring devices a?d qutlets for
sediment chambers. Available exact solutions to generate the

. weir Pfofiles chargctefiéed by a linear he%d-discharge rela—~
tiﬁnship‘involve considerable mathemagidgl complexities. Recent

studies have indicated that simple weir shapes formed of two

quadrants attached to rectangular bages possessed linear head-

’ \
o discharge relationships. In'the present study, the character- ’

-

"istics of flow through quadrant plate weirs having triangular

/

i and circular bases are obtained theoretically. Functional ?

‘b

relationships between the coefficient of discharge and the other

characteristic weir flow parameters are eééablished. Experi-

mental studies were conducted on selected weirs and the test
results are in agreement with the theoretical predictions.
| . Based on the present study, it is established that the coegféc?

ient of discharge Cj4

is nearly constant for the guadrant

! plate weir when the weir parameter P/R exceeds 0.5. Design ° 1

- have reé;angular, triangular apd circular bases.

- K
) - ¢

: /
charts have been prepared for the guadrant plate weirs which "
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proportional weir /
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Froude number
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gravitational acceleration ,

head acting o&er éhérdatumb
head acting over the crest
dimgnsional conqtaﬂﬁ of proportionality
index

height of the crest above the channel bed level
_theoretical discharge through the guadrant
‘plate proportional welr

theoretlcal discharge through the,rectanéular }
‘base weir » : ]
theoretlcal dlscharge through the triangular
base weir o }
theoretlcal dlscharge through the circular
base’weir . !

'theoxetlcal discharge through the rectangular weir

' envéloplng the quadrants

‘theoretlcal dlscharge through the two quadrants

"actual dlscharge through the quadrant plate «
proportlonal weir

. acgﬁal full d;scharge through the gquadrant plate
. proportional welr

non—dimensioﬁal form of digchqrgé
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vii
radius of the quadrant edge weir
rfadius of the circular base weir , .

. mean velocity in /_t;he a‘pproach" channel

half-width of incremental area as defined in
Fig. 2(d) .
half-width of incremental area as defined in
Fig. 3(b) . — .

half-width of incremental area as defined in

. Fig. 4(b). . |

height of incremental area above the crest

base width of the weir

inte medlate angle as def%ned in Fig. 4(b)

factoX of reduction of head for the laocation
of head datum

gamﬁa function {}
{,r’
ratio of weir base height a to radlugﬁi of

quadrant

ratio of top width b of the weir to radlus R
of ‘quadrant ’

ratio of head H acting over the crest to
radius R of quadrant o

ratio of radius Ry, of ,the circular base-to
radius R of quadrant L @ ’

ratio of in remantal area height y to radlus
of guadran
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CHAPTER I

INTRODUCTION *

A weir is a structure built across a river or a channel

, N
in order to raise the level of water and to divert it. ,The

depression in the side of a tank, a reservoir or a channel for
- v - . . .
pissihg:surplus water, an overflow structure associated with a

dam, or other similar overflow structures are also referred to as

‘weirs f3]. A proportional weir is a wgir-with a profile such

that the discharge is a desired function of the head causing
flow. Brenke used Abel's integral eguations to obtain the pro-

files of certain proportional weirs [3]. Cowgill.followed

the same procedure as Brenke [3] to achieve the discharge~

P i R v
.

head relation given by

.\

/

He obtained an equation for @he weir profile“given by

6" Q= K" | (1.1)-

) B N , v
x(y) = zxrf?zlxymza/z 7 (1.2)
' L P(m—z) -
where 1 ) )
@ = discharge §éss;ng through the weir i

K = éimenégonal constant of proportionaiity
h = head overithe‘crest of the weir ’ -
m = index ’ C

x(y) = half-width of the weir at any height &
r =

familiar Gamma function

: . . s ~ ey weear . ®
o - . ' : oy




Examining the above equation we note that x + » as y » 0 whep"

m < %. It is,therefore,impracticable to construct a weir of

infinite width. ' In orxrder td/overcome the practical limitations
of the infinite width, 'the infinite bottom wings of the weir
were cut off and replaced by the circular openings. ' However,

°

this method seems to be approximate. The exact method is to

provide a base weir and to account for it while designing the

i

propo;;ional weir, but the head has to be measured from a
certain dgtum [3] . Since the dischérge of such 'a weir is pro-
portional to the first power of theiheéd'on the weir (m=1), .

the name Linear Proportional Weir is given to it.

Linegr proporticnal weirs find many g;ﬁengs’gngineering
applications such as flow measuring devices, outletg for sedi-
menﬁ’ﬁﬁambers, controls for float regulated dosing ghd chemical ,
sampling. \Theﬂérofile of a linear proportional weir Eepends on
the shgpe of the base Qeir which may be parabolic,/triangular,
tr;pezoidal, circular or gectangular. In ordef to simplify the
construction of linear proéqrfional weirs, a guadrant plate

" welr was deéigned inqdi{}ng two quadrants of circles with
//féétangular'bases [2]. t@ﬁ§5portion of the weir profile exclus-
ive: of the base weir is termed ihe proportional portion. The
fiinearity of the,diséharge—head relation holds for the entir¢
weir after the flow depth enéers the prOportional porgion. #Fe
- discharge that flows through the base weir before the flow
enters, the proportional portioﬂ may be qusidéred waste since it

-

would not be governed by the proportiéﬁality relation.

Ve .

7

\ [
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In the present study;fé similar apﬁroach'has-been extend-

! \

ed to quadrant plate weirs which have triangular and .circular , \

- o . . tF ‘;‘3
‘base ‘Weirs (Figure 1). Numerical integratidn techniques were )
appliéd to obtain the thebretical head-discharge relationship
fgr linea;'proportional weirs éssuming the invariance of the

weir discharge coeffiéiént,cd. Design charts ﬁave~5een prepagld
for a quick'solution to a given set of paiameters that character- ..
\ise‘the weir flow. In the ensuiﬁé diécussibn, linear weirs .
'denofe’wei?s for thch the_yead discharge relationship is linear.

tr , a

|
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i

Since the head cahsingﬁflow through the weir has to be
measured from a ‘certain datum, the geﬁeral dischgrge equation

may be considered to be of the following form [1,4,5]

-/
1
- .

Q = K(H-)a) (2.1)
- .\ v
where o ; '
|
A= % for recﬁangul?r base weirs

i

L

A= g-for triangulaf base weirs », = . .

\ ‘ |
or T " Q = K(H-AR) (2.2)

where . i -
' 1 . ,
A= 5 for circular bqse welirs

| » . -
. . . e

t

In the above equations, the value of K is not known

T | . ) -
a priori, since the discharge coefficient Cj has to be deter-

. q
mined experimentally. The exact solutions assume that the value

, —_

of . Cd. is constant. Consequently, the tested weirs based on

these solutions are expected to’ possess only approximate head-
discharge relationships.‘ The principal parameters that govern

the head discharge relationship are given in the non-dimensional

v

form
Q

ac -
Q = ‘ (2.3)
non Iz,ca(zg)l/zRS/z]

o

B




~

Q
)

non-dimensional form of discharge and its

non
values are calculated by numerical integra- "
tlon technlques : - l

Qac‘ = actual discharge measured experimemtally

U
»

Knovlng Qnon and Qac' one can calculate Cd’

P
©

e
2.1 RECTANGULAR BASE WEIR /

. .
- '
VA ,
. ¢
Vs

y . /
The flow %hrough the quadrant plate weir can be viewed "

- as the flow through different sections of the weir, as shown ?”

. one gets

1n F1g 2(a).

2 1.1 Computation of the theoretical dlscharge (o))

through the rectangular base welr . o

‘lb
. -

For the flow cdnfiguration shown in Figure 2(b),
v S [2gm-y) 12+ ,

apd

dq = (b+2R)dy[2g(H-Y)]l/2

5/2

dividing both sides by . R

- d ‘ - -
=%y =[R2 120 (B0 112 (&

to nondimensionalize the equations,



v i & ’ . f * LS *
' *The following relation is-obtained for:the base weir

flow when the above equation is integrated with réépect to .y.

Thus, C - -
. a/R
b+2R . 2 s
E}f LEER et s rE B2 ey
o ww i/z " / | |
1 2 4 :
7 (n,.+2) (2g) S (-
. #_). b ) g 0 . ) Y“ ’ v B 2
i N _wn n
’ = (ny+2) (29020 (G (B 372 e -
> ‘ .0 Co B
; ‘ - ‘ /
U ©oo= (nb+2) (29)1/}2[71}3;/2 = (=n )3/21 '
"’ . Or, ) S o, '
. Tpa2 3/2 y3/2; e
S L= [ )]E = (ng=n_) 2] (274)
\ EZ(Z )I/ZRS/Z] R H' B .
2.1.2 Computatlon of the theoretical discharge Q, f
through the rectangular weilr  enveloping the quadrants
For the flow configuration shown in Figure 2(5)
N /
r
N - . . .. N 2 . -
: ey v = £2g(H-y)]l/
. _ ' 4
and ‘ o ' v

aq = (B+2R)dy [2g (H-y)1*/2

dividing both sides by Rs/2 td.non-diﬁensionalize the equa~,
tion, one gets -

-

272

N a .
: - b+2R)][2g(-—Y-)]l/2 (&)
. R,
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¥

The follow1ng relatlon is obtained for the top weir flow
(including the flow through two quadrants) when the above equa-

tion is integrated with respect to y. Thus

‘ H/R
Q2 . b+2R 1/2 Hry, 21/2 Y.
[E2R) ) (29) 7L d , :
r2/2 \ _a/R rﬁ*)J (% !
3 Ny
= (n +2) (29) /2 ¢ (ngg=ny) 172
b , "a, dny ]
h -n. 3/2 H
= (n+2) (29) /2 [(%}(ﬁﬁrfl) 1.

i

(n +2) (29 2y (nzn )32

+2
S0, )3/23 % (2.5)

2.1.3 Computatlon of the theoretlcal dlscharge Qs ! © &
: through the two quadrants

oy - LB
[2(29) /%857 %)

/

RN

The weir fléw’throuéh the two quadrant can be considered

as the weir flow through the half-circle ha#f;g a raéius of R. %
. ‘ . ‘ \ !

v —»[29(H-—y)]l/2

- .
s
. .oy </
s T
.

cosg‘=,(ii§:z):.
x = [(a+2R-y)(y~a)]l/2
4
V. - \
b




b
&
and ‘ .
aq = 2[ (a+2R-y) (y-a)1*/? ay[2g(B-y) 3172
: ' ) - ¢ T
dividing both sides by R‘r’/2 to nondimensionalize the equa-~ .
‘tions, one gets S ' ) . L .
) o » .
i dg- _ © a*2R= | ¥ =a 1/2 .4 H-vyy
-7zt AUEENIERA YA F2e (R0
- 9 s R -, N
- al/2, 01720, 4172
20,0, +2) (n,=n,) 1777 (291 "L (ry=n,) ] dr&

The following relation is obtained for the weir flow

through two guadrants when the above equation is integrated

i

with respect to vy.
thus, || o
s \ ' \
.. nH . ' . . ) & o
Qs = 7 Lngmag#2) (ngen ) (ng=n ) 142 an 2.6

1T 575
[2(2g)~/ “R7™/ 7] um

The totalyﬁeir flow through the quadrant plate proportion-
from the sum of

)

&

'al welir is therefore obtained by deducting Qi

Qi1 -and Q2. !

Q=0Q1 +Q2 - Qs - k




> ) K - | ¢ . i - .
13 * 4 i °o ) ( “ 3
r‘ " 8
| ' - 9 3
1 . ‘ . . ' \ d . ‘
S o | . fﬁ*‘"/na/z 3/2 .
: 7= = [ ) 1L ~ (N =ng)~ ] B
aE - [2029) /3% 3 5 8 ;
f ‘ - ‘ B n, +2
. . : + [t 1L (ng=n )3/2] \
- - * ’ -
4 . v
L . H e o o, 1/2 ;
: . - - - Tf)'[ Ny My*2) (ny-na) (nH-ny)'] dn,
,Z - S e . : ' v
i o Q. ,
bt 2 Rearranglhg ani ngting that Q = <% °ne gets
- g Qac /
[2 cq(2g)™ -2/ | u .
- A N
N AU V7 ) H L 1/2' &
. ‘ = - - +2 - — n
L, . 3 Ing rff L(n, n*+2) (n,=n,) (ng ’ny)] 4
i S | s S a i ‘ " S
! H “ . : ‘ - " i
i e (2.7)
i -« 2,2 TRIANGULAR BASE WEIR »
3 P . . - . , 7 - _
o . J ) " ’ . R * . - ,' o \ .
| * - - Following- the same computation’'as above, the tﬁét‘al,wéir
s flow %Hrougﬁ’ the quadrant plate_proportional weir with triangu-
' ' » ) . =
L ] - lar base weir is obtained by computing only the weir flow Q; <
N Yoo through the trlangular base weir. (?igdre 3(a))
poL : 202 1 Computation og&fhe thedret:.cal dlsc'{'la?:ge Q' S \J
oL through the trlangular base welr
L "“V*' L ’ : " For the fldvr'configuration shown in Figure 3(b) . —
B SR . ! 3
P S L V2O B R
;ﬁ. . o . v = [29(H‘Y)]' /\j o e
. .- | . o
- . - o " by _ r
. {. . . .‘ L . TanB e 7 X = ( )/‘ . ' ™
¢ ‘ - . Y " a
F] . : . ,
. i N Y
( N i .




BT

10

e b ‘v
—;§)(a+-2-) |

—

and

ag= () (2R + b) dy*[2g(E~y)]
* « .

”

1/2 [ . '

diﬁidinq‘beth sides by Rs/2 to nondimensionalize.the equations,

one.gets S o L
| 2R+b, - 4 H-y, 1/3
- $97 7 GIEERRIED 12e@FD) /

\

‘ The following relation is obtained f®x the triangular base weir

\
\ — , .
flow when the above equation is integrated with respect to y.

Thus,

S . » ‘ a/R
RQ: - [’ (2q)1(2(%y ! & [‘,(ET;.Y_U:‘I-/'Z‘d(%)
+2 na
- Tb -] (2g) 172 1 nytrgony 1/2 dn
‘ - .
o N
Oor _ | ‘ , | | |
~ [ "/ i +2 » 5/2 \
T - L 3/2
[2(29)1.‘;2 /2] = [( lSn e 12y (2nH+3n )(n ﬁa) 1.

\ . )
‘ (2.8)

-
! ‘

The total weir flow througb’the quedrant plate proportional-

we1r w1th triangular base weir is therefore obtalned by deduct-

ing Qs ‘from the sum of Q;_ and Qz\ (Fig. "3(c) "and E;g..3(d))

]

Noting also that “ - o
, .
- (o]
Q= g r . /
@
\ N
" N ‘&'m
'\ e - 4 ;
[
- e . 4 ) ot
i, e - - = _—— - —

v




s @t ‘
. ll i
LY
& o a
one gets .
Q = Zac T B
. DM 229t/ fRA) : -
nb+2 5/2 3/2
[(1sna”[2nn = (2M#3n,) (=n,)
+2 - N _
v L2, 10=n) 3% . coe
oo BT : '
) 1/2 4 C
- [(n -N +2)(n -n )(nH-—n )] (2.9)
. 4y '
a .
: B v | -
2.3 CIRCULAR BASE WEIR ) _— T ‘ -
A | o B
. Similarly, the total reir flow through the guadrant

plate proportional weir with circular base weir i3 treated as
the flow through different sections of the weia,(gs shown in

Figure 4 (a).

2.3.1¢ Computation of’ the theoretlcal dlscharge Q"

through the 01rcular base weir - ‘ . \’
v ' For the flow configuratioh, as shown in Figure 4(b)
| c7 . ’ ~ S

-
<
]

[2g (H-y)1H/2-

a
~

Ry siny ’ .
» . N

AN
*
1]
o

. . o 'cosy (———z) A



-

N

‘and

1/2 1/2

dq = 2(2y Eo-yz) dy [2g(H-y)]

Dividing both sides by r5/2 to nondimensionalize the . f
' [\ . . ’

equations, one gets
e o .

25 - z[(—Y——-—LRR"‘ 112 (& f2g (—1)31/2

4

The following relation is obtained for the circular base weir

x\\flow when the abizj/etjiiiii_is'integratedwith~respect to g.

" n
QY 8 1/2 2 1/2
-5/ = 2(%) ! [n (2nR -n )(nH ny)] dn,
or ) ;r )
. " ' N
( Qi ' a 1/2
= f [n (2n, ~n_)( n )] (2.10)

[2(29)1/2 R3/27 R,y "H ?’

4

The total weir flow throﬁgh the quadrant platg propor;
tional weir with circular base weir is the:eforg obtained by
deducting Q3 from the sum of Q: and Q2 (Figures 4(&) and’
1a).. | |

¢

. Noting also that
Mt 4 Co .
0 = lac -

C-I».. e t

2

one gets - f‘

/

4
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Q

. S ac
PR [2 cy(2g)7 % R4

Na

1

0

[(

+

.nH'

!

"a

-
\

nb+2' 3/2
T 1m0 /2
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- 3 o yaL/R an
7y 0 o) (= ) TR an

..

_ - _ 1/2
S .[(na ﬂy+2)(ﬂy na)(nH ny)] dﬂy

(2.11)

Assuming Cq tobe a constant, equations (2.7), (2.9)

tion tecﬁniques, in which dny

mented by 0.1, starting} from 1

values of na and’ ﬂb

.

a

to

ﬂa+l.

TABLE 2.1 TRIAL SOLUTIONS

1

and (2.11), were solved numerically by:using numerical integra-
is incremented by 0,.01, start-‘

ing from theé lower limit to the upper limit, and Ny is incre-

The numerical

are determined by trial and error,

a different set of (ﬁg,nb) -are selected and the maximum theoreti-
cal deviation from linearity in percentage are. calculated. Trial

solutions obtained are shown in the following tables.

Series Base Type Ny nb )
1 Triangular 0.50 0.80
2 " Triangular 0.35 0.65 —
3 Circular 0.374| 0,90




- e

< @
TABLE 2.2 NUMERICAL VALUES OF EQUATION. (2.9) WITH,
o ~"a = 0.50 -AND n_ = 0.80 - ~
AND ITS DEVIATIONS. SERIES 1 \\\\5 : ‘
H/R Q on Q/Qo ' DEVIATION FROM'
. LINEARITY (%) ,
0.5 1320 ° | .1584 | 0.095- v | -
0.6 | .2008 ,2411 ~ -0.6084
0.7 ".2718 .3263 -0.143 | . .
0.8 -3434 | 4122 0.323”/ .
0.9 .4149’ﬂ'- .4981 \ 0.609 /
1.0 .4860 .5834 . 0.715 ‘ . /Q
- 1.1 .5564 .6679 0;679’ '
1.2 .‘.squA . 7516 0,547
1.3 .6953 .8347 | 0,364 -
1.4 | .7642 .9174 0.169 N P
1.5 | .s331 |1.0000 0.000-




.

TABLE 2.3;& NUMERICAL VALUES OF EQUATION (2.9) WITH
n = 0:35ANDDNQL = 0.65
a b

AND ITS DEVIATIONS. SERTES 2

Q/Q0 DEVIATION FROM .
LINEARITY (%)

.1125 ~0.000
.198% ~1.460
2883 -0.590

' 3797 0.243
.4710 0.760
5617 0.979 -
.6513 0.970
.7397 0.807
Qszzf 0.554
9137 0.268

1.0000 0.000




TABLE 2.4 NUMERICAL VALUES OF EQUATION -(2.11) WITH

_~m = .374,n, =0.90, R = 3K

AND ITS DEVIATIONS. SERIES 3

! “

H/R . Q 0/Q0 . DEVIATION FROM
non LINEARITY (%)
"
.374 .1278 | .1458 ] 0.000
474 .2024 | .2308 -0.170
574 © L2772 | .3161 -0.165 B
b . —
674 .3527 | .4023 © 0.067 ’
.1<f .4285 .4887° . 0,249
874 © .5040 .5748 ° T 0.331
974 .5790 | .660% " 0.323
1.074 .6537 | .7456 0.253
1.174 .7281 | .8304 "ooo.ass
1.274 .8024 | .9151 0.06)
1.374. .8768 [1.0000 ~0.000
J
- -
{ i
T ."
i N '
[ . )
» “/ -
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CHAPTER III

° EXPERIMENTAL SET-UP AND PROCEDURE
/ ‘ | J

The objective of the present experimental investigation

)

. was to verify the linear proportionality of Quadrant Plate
Proportional Weir with triangular and circular base weir and

tol?etermine the value of Cq for further designs.

Quadrant edge weirs of the required dimensions were

- "

cut out of 6 mm thick plexiglas sheets. The thickness of all
: the ¢dges wass 1.25 mm and bevelled at 45°. The experimental

.set-§: (Fig. 5) consists of a horiZOhtal_recirculating steel
flume 40.6 cm wide and 3.05 m long. Suitable screens and an
approach floo; were provided to obtain a smooth and level flow
surfgze near the section where the head causing .the.wejr flow

.. v
was measured. . ‘

- - 0

“ Welr plates were fixed at the gutlet gnd of the flume '

with the crests levelled at the desired height Jgove the bed. -

e ad®)

¢ " The supply was provided through two 5.6 cmvdiameter pipes
.connected to a centrifugal pump. Thé Jischarge from the
quadrant edge weir was léd into another steel flume fitted
with a 90° V-notch conforming to‘flow measing standards.
/' The head over the crest of the proportional weir and the V-
notch were meas red by precision point gauges which could read

B to the nearest|0.01 in. \

-

/I"_ =




£ e a, -
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.

level. P is the level difference between the crest level and
the cha?nel bed level. At the start of Ehe eiperiment, the
full diSchafbe Qo was allowed ﬁp pass through the proportién-
al portion and thig was reduced incrementally in order to ' ‘
record the diséhargg passing throuéh at different'heads. Con-

¢ .
siderable settling time was necessary to stabilise the weir

discharge and ensure steady flow through -the weir system before
the readings could be taken. At the end of the tests, the

inlet valves were shut off ang the water level corresponding
. ( &

to the weir crest was recorded. A large waiting time was

needed to record the weir crest level. 1In a typical series,

. J
the height P was set at 9.50 in, 5 in, 2.3% in,. 1.11 in,
4 >y
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/ ////i, - CHAPTER TV ":”".’:ﬁ’l' ' ' 4
ANALYSISAOF RESULTS
. ] 6‘
4.1 EXPERIMENTAL DATA
o
The éxperimental results related to the variation of

. the acéﬁalqdifcharge Qac through the Quadrant Plate Propor-

tional Weirs with head” H over the weir datum are given in
; \ Fig. 6.\ The trend of the"H:;)ac curve_fs linear and validates

the theoretical predictions for the thrfee series ghown.

Theoretic;ilyf éﬁ%’linear relationship is prédicted when the -
{ L head registerea correspoﬂds to the top of the weir base. ™

However,.as a consequénce of the inherent draw down accompany-
ihg terminal flow, deviationé from the liﬁearity relationship

" is to be expected when the héhd:registered is only slightly above
the top of'tﬁe base gsection. Columns (3) and (4) of Tables A.l,
A.2,A.3 are set in,the non-dimensional form by dividing the

. L]
actual discharge Q by the maximum discharge Q_ , the head
ac N o .

H is divided by the radius R of the quadrant. The head-diséharge
relationship is also plotted in the non-dimensional form in

Fig.7. Column -(5) of Tables 2.2, 2.3 and 2.4 denotes Qnéﬁ and is

-

derived from column (4). XKnowing .Qac and Qnon’

column (6), ,Cd 'can be calculated by using Equation

(2.3). Column (7) is the mean velocity V in the approach

t L]
—

channel given by

.

. i Qac"
Vv = v
Cross-sectlonal area of channel




Q

" ac \

V= ,
' , (H'+P) (40.6 cm) (.397 in/cm) /(144 in?*/£t?)
‘ Co 0. | ,
.y o= ac b (4.1)

0.112(H'+P)

The'Froude,ﬁumbeE;\f\ in column (8) is givén by

\A

P —— X L (4.2)
[g(H'+P) ] .

The variation of the discharge coefficient Cd with the non~
diyensional form of head H/R iéxgivén in Figure 8, which

shows that the coeffié?ént of diécharge C, decreases With

d

head H. 1In an earlier series of tests on Quadrant Plate’
. > . »

ek

Proportional Weirs with rectangular base weir [2] it was -
observed that the coefficient of discharge: Cd
N - ' N )
I , tendency to increase at low head; reaching a‘maximum value,
. \

.exhibited a
. * and then dé&rease, Such a phenomenon was alsa\pbservéd in
the present investigation, especially in the .Serie 1, with a
triangular base weir. The assumption of the'invﬁriancg of ik
Cy - was ensured only for high P/R valueél' In fact, for
the weirs tesﬁed, the Gﬁiﬁe of Cd is highly variable for

) 4 values of P/R whith are befﬁy/ﬁf% (Fig. 9). Ff%ure 9 is

generated using Figure 8 to fndicate the effect of P/R on Cq-

For very large P/R values, Cq seems to approach asymtotically
-, T the value of 0.62 for all H/R. When P/R is below 0.5, the
coefficient of dischafge Ca vafies in the limited range.of
5% beyond 0.62. Low valu%F of P/R alsg resultéd in ahigher

P

range of Froude number. ‘ k

. ' ‘
¥ | 8
. .
A




] QL{’ ‘ ‘ . - For. full f%c‘)w gonditions’, .C
wt T ”

'th)e-‘Fxoude‘ numbsr F which reflects the effects of "the velécity‘

\ ! *’ ) 'o'f' épp}oadh [23.: Figu}:;e 10 indicates the location of the datum
b ) .. for the ‘Quadrant Plate PrOport,ional\Weir with rectangular,-
é S tri;lngular and circutar base weir.' In the case of the triangu-
. lar base \weir, the agym;itﬁotic value of A (=0.62) compares
B Q'. @' .- .\avoura*bly with the Ltheareti‘cai value ‘of A(=3/5) (Fig.10(a)).

R 4
For the rectangular base wei:r, A varies slightly above 0.33 when

. @&/R is below‘ 0.35, and it remains nearly constant when a/R

~

exc_:e@ds 0.35 and compares well with the theo:;étical value
JA(=1/3). But, in. the circular base weir,‘\,l the value of ) varies

4 L3

\

L ) hyperbolically from 0.6 to 0.1 correspondipg 'to the limited
range Lf Ro/R which varies from 2 to 5. It ié evidént that

the more the ratio Ro /R \increases the more the datum tends to

infinite width. (Fig.10(b)- and Fig. 10(c)). .

P -
-

It was noted that‘the',\p‘rpfiles of the. eﬁzct weirs

. ) were generated” earlier by cbmplex mathematical formulae and the

‘

A ', pfofiles of thwe g\uadrant proportional weirs were generated by

:'ugifg ;%nple‘expressio‘ns. ‘It is interesting to note that the
. ) : v i

: ‘two Bolutions do not appear to diff‘er verﬁr much ,[2‘1 when

-

L selected weirs were chosen for ¢comparison (Fig. 11).' Fig. 12
.relates the theoretical full discharge Qo with the v‘eir
’ ¢ - b * “ ) * " ' v
dimensions (a/R, ub/R, Ry/R) and the max‘imum dgviation(%) from
' iy the linearity of Head-Discharge. \
& ‘ ' . @ o >\', . 'cy ~ /
3 . - . \ v
3 * ' \
o“ ki
- &
WF \ v N ) - -

acl'§ the crést level in Order to approach the ideal profile of




»
b e =~

.y

These éesfﬁns have been prepared for a quick solution for a

given set of parameters that characterise the weirs flow.
D ' L ,,

*

' [

« . N ) "
chart is provided below. ’ i

/

Requirements: * To design a quadrant’pl%?’\Proportional yeir
with a triangular base weir to carry the full discharge

Qo = 100 cfs, with R = 3 ft,

.

L]

Q. . 20 K )
non 2 cd(29)1/2 éS[Z . "

.
. SN ¢

_ 100 \\\j o

. " 2(.62)[2(32.2) 122 (3)3/2

kil 0.64

Ll

From Fig. 12:

l.1% _

Maximum deviation =
a/R = 0.34
5 b/R = 0.65 ' L
Thereforxe , ;
“\\\ ‘a = 1.02 ft o
) ' A .o _ . _ *
[ . . ‘4 3 . b‘—lug‘sft
/o~ .
{
. o
/

- oo N 22.

A simplé‘example to illustrate the use of the design- -
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geometric vafiébles (ex£ R/a, b/a, e@c.% of the weirs that
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CHAPTER V

CONCLUSIONS AND SCOPE FOR FURTHER WORK

5.1 CONCLUSIONS

W - The following conclusions can be drawn on the.basis

of the present study. ‘ w (

i

N

For quadrant plate weirs, théxtriangular, circular
’ U4
and rectangular shéges can be adopted as suitable base weir

profiles. Simple expressioﬁs can be aeveloped to relate the

ensure linear head discharge relationships.

The data obtained during the experimental program

validates the theoretical predictions.

Simple charts have been developed to aid the designers

in selecting appropriate basic weir shapes for  a required set

of weir flow characteristics.

5.2 SCOPE FOR FURTHER WORK

The present study is an extension. of the prev}ous work
[2] related to linear proportional weirs which e recﬁangu—
lar profiles for base weirs. However, one may chanfe the
design approach slightlf/and examine the effect of.replacihg

the base weir by a simple orifice, Even with a simple

rectangular orifice (Fig. 13), one can vary several variables
.

%




\ / . , ’ . .
Na ) -
(Ex: W/R, t/R, S/R) to ensure the desired linear head-discharge ‘

. . . . 7 R
relationship for the weir over a wider range of discharges as one

has additional variaﬁiﬁjgto select for-a given set of flow

conditions.: )
N /
®

» .
-~

Reference [2a] includes some details of the results of

’ tbe'present study related to linear weirs.
A '
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.182

2.76

: TABLE A.l
EXPERTMENTAL DATA FOR SERIE 1
Q + cfs / = §"
H -+ in = 2;50”,
V + fps _ ) =, 4.16"
Total number of ‘experiments = 56
1 2 3 4 5 "6 7 8
Q.. B 9. ER o i v Fr
P = 9.50"
: —
.902  7.50 1.000 1.500 .833 .603 .477  .071
.810 6.90 .898 1.380 .750 .601 .444 .067
.771  6.64 .855 1.328 ,715 .600 .429  .065
.744  6.46  .825 1.292 .690  .600 .419  .064
.702  6.21 .778 1.242 .653 .598 .402  .062
640  5.77 .709 1.154 .593  .600 .377  .059
.538  5.13 .596 1.026 .500 .599 .330 _ .052
.443  4.47 .491  .894  .410 .602 .285  .047
.349  3.89 .387  .778 .325 .598 .234  .039
.262  3.30 .20  .660 .243 .600 .184  .031
.201  .552  .170 .598 .133

.023
pe




(continued)

1 2 3 4 5 6 7 8
: : - - -
Q.. H Q /% H/R Qon 4 v Fr
) p = 5"
.893 ° 7.35 .976 1.470  .8l4 .610 . .650 .113
.871  7.24 .952 1.448  .798 .606 PRRLTLIS S
.794  6.70 .868 1.340  .722 .612 .610 ~ .109
.707  6.19 .773 1.238  .648 .607 .568  .l04
.640 5.70 .699 1.140  .580 .614 .538  .100
.547° 5.09 .598 1.018  .496 .614 .487  .094
444 4.41  .485 .882 ©  .402 .615 .424 _ .084
.350 3.8l .382  .762  .320 .609 .357  .073
247 3.18 .270  .636  .226 .608 .271  .058
152. 2.5 .181 513  .140 .604 .180  .040
P 2.37"
922 ¢ 7.47  .997 ,1.494  .830 .618 .843  .164
.891  7.27 .963 1.454  .803 .617 . .831  .163
.808  6.76 .873 1.352  .733 .613 .796 . .161
.737  6.30 .797 1.260  .666 .616 .765  .159
673 5.92  .727. 1.184  .612 .613 .730- .155
.621  5.51 .67L 1.102  .555 .623 .709  .154
.536 4L9s .579 992 .480 .621  .658 .148
446  4.38 .482  .876  .396  .627 .594  .139
.359  3.84 .388  .768 , .320 .625 .520  .127
.260 3.21  .281 .642 .232  .623__ .419 .108
.167  2.63 .180  .526  .150 .619  .300  .082

WU I AT w0




(continued)

4

1 2 3 5 6 . 17- 8
Q.. H Q/Q H/R Q- C4 v Fr
. P = 1.11"

.937 7.49  .997 1.498  .833 626 .980  .204
.899 7.23  .956 T1.446 .795 629 .970  .205.
.824 6.76  .876 1.352 .730 628  .942  .205
.758 6.31 .806 1.262 .670 630  .919  .206

.692 5.93 .736 1.186  .612 .630  .884  .203
.628  5.48 .668 1.096  .550 636  .857  .204
.550 4.94 .585 .988 - .480 .638° .818  .203
.458 4.39  .487 .878  ,397 642 .749 ©.195
.36 3.83  .389 .766 .316 .644  .666° .183
.268 3.23  .285 _ .646/ .232 .643  .555  .162
'.180‘ 2.69 191 .538  .157 .638° .426  .133
P, =0.24"
.952 7.3 .981 1.472  .815 650 .1.127  .250
.928 7.21°  .957 1.442  .796 649 1.121  .251
.902 7.05  .330 1.410 .772 .650 1.113 .252
.857 6.79 .883 1.358 .732 651 1/097 .253
-800 6.40 ° .825 1.280  .680 .655 1.084 .257
.727 5.93  .749 1.186  .612 660 1.060 .26l
.658 5.47 ¢ .678 1.094  .550 €66 1.037  .265
600 ’ 5.11 618 1.022  .500 .668 | 1.009  .266
.530 4.67  .546. .934  .440 671 971 .267
.444 4.15 .458 .830 .36 - .676 .910 .265

T




/ ] )= 29
(continued) P
1 2 3 4 5 6 7 8
Qaic H Qac:/ Qo H/R Qnon c:d v Fr
P = 0.24" °
~ .
.353 3.64 .364 .728  .292 673 .818 .253
.260 3.11 .268 .622  .216 .670 .698 .233
.167 2.54 ..172 .508- .140 .666 .540 .198 -
\ I'4
., - “
. .
/
] \
~
L
* J
' "\'". - e ”, . o L T
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| . TABLE A.2

o EXPERTMENTAL DATA FOR SERIE 2

Q » cfs ' = 5,25"
' | H » in S a=1.84"
' y V> fps =" 3.42"
Total number'of experiments = 43
3 2r/, 5 6 7 8
— —
/20 H/R Q on C4 \ Fr
P = 9,50"
1.000 1.350 .650. .599  .432 .065
.972  1.303 .623 .606  .432 .065
.889 1,219 .575 .600  .397 .061
.777 1.093 .500 .604 .363 .057
.666  .960  .425 .609  .326 .052
578 .867 , .373 .603 .293  .048
.400,  .663 .253 .614  .219 037
.26 .61 .137 .614 .129  .023

e

Y
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_ (continued) -
m{‘ 1 2 3 4 5 6 7 8
Qe H Q,./Q H/R Q on Cq \' Fr
P 5u -
. .727 6.50 .90l 1.238 .585  .611 .569  .102
| -652 5.90 .808 1.124 .523  .613 .538  .100
.559 5.21 .693  .992 .445  .618 .493  .094
.465 4.49 .576  .855 .365 .627 .441 .087 .
.378 3.82 .464  .728 .295  .630 .386  .079
.267 3.04 .331 .579 .204 .644 .299 .064
.169 2.38  .209 .453 ,130  .640 .206 .046 :
P 2.50"
2773 6.81 .948 1.297 .620 .613 .747 .150
.740 6.55 .908 1.247 .592 611 .736 .149
| )
.687 6.14 .843 1.169 .546 619 .716 .149
.623 5.67 .764 1.080 .495 .619 .686 .147
r"“/
.578 5.33 .709 1.015 .456 .624 .664 .145 |
.498 4.72 .611 .899 .390 .628 .621 .141
.419 4.4 514 .788 .325 .634 .568 .135
347 3.58 .426  .682 .265  .644 .514  .127
.265 2.99" .325 .569 .200 .652 ' .434 113
172 2,33 .211 .444  .130 .651 .320 -.090

o .




823 1.352  .650 .623 .901 192 A
‘“275’2, 6.56 .914 1.249  .594 1623 881 ;194

.685-  6.05 .832 1.152  .536 .628 ,éso .196

624  +5.59 .758 1.065 .486 .632 .837 Y.197

5400 4.97  .656  .947 420, 633 .798 Y97

440 7 H27 , 535 .813° .340 .637 .735 193

361 Ned 439 699 .274 .648 .678 189 |

266 - 2.97 . I323° .s66  .200 .654. .85  .177

174 2.35  .211 .47 130 .659 .451. 14§

~ . \ , | o '} : .

.. P 0.18" ) ,

‘ : .~ ‘ ,1- : _

.823  6.96 _.976 1.326 .635  .638 1.037 .237
2737, | 6i3L  .874 © 1.202  .565 642 1.022 .246
['+677  s.est .s03 1.1 515 647 1.010  .251

619 540 ..734 1.028 .465 .655 .998 7

534, u.-'tx'._vs‘j' .633° .910\ ;396 .656 .969 " .26%
.40 4.1 522 .783° .323 .665 . .923 .272

.350 7' 3.49 415 .665 .255 .675 858 274 -

263 . 2.89 312 .550 °.187 .68 .771 , .269 .

174 _2.29. .206  .436, .123 -.§82 .634 246 ¢
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3 - 33 7
. TABLE A.3
EXPERTIMENTAL DATA FOR SERIE 3
. Q -+ cfs R = 5" ~
\ . ° n }
H + in a=1.87"
. V -+ fps, ‘ “ b= 4.52" N
‘] / , . 2 [ > B
- Total number of experiments = 58 Rg= 15"
1 e
. &. ! %‘,_..‘\ » K '
1 2 3 4 N o ,
’ 4 o
Qac Ho Qac/ Qo H/,R - Qnon Ca v Fr / 1
, - P = 9,507 | ,
* ] .916 6.77. .980 .1.354 .860 .593° .507 .077
. ’ . , 4 : . .
.851 ' 6.33 .910 1.266 .795 {596  .484"  .074 -
|' . \J . s . »
.760 S.7é\..81§ 1.152 +#.710 /.596  .448 .a70,
' 1 .697 . 536 .745 1.072 .650 .597 .422  .067 ;
e . ) — ' . ) ) , I .
, - .635 4.95 .679 .990 ..590 .599  .395 .063 !
3 * . ) -
..549 4.41 .587 .882 - .510 .59  .355 .058 .
‘ . N 5
.457 3.81 “.489 .762  .420 , .605  .309 .052 "
.365 3.22 .390 .654  .340  .597 = .257 .044 -
e |.262  2.63 .280 526 .240 607 194 .03 UQ
t /. ' ‘
! . .163. 2.0 .174-, .402 .150 .605 -.127.  .023
. ) ] . * ] .
. B ’ " ! —
;“ » ! ' . \ ) I . y
g0 . . .
éé R ‘ '
EY § - o .o ‘ o o
3 Ve ear wam ok b o, R :-w—-u-:-——v l‘L " - vy
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(continued)

1 .2 3 4 6 7 8
Qac P B Qac/Q° B/R ', Quon Ca v, . ¥ Fx
P 5 C '
.955 6.76 .97l 1.352° .860 618 .73l .130
.846: 6,09 .861 - 1.218 .760 .619 .686 .126
.789  5.71  .803  1.142 ©.705. ° .623  .663 .124
.700 5.15 .712 1.030 .620 628 .621 = .119
.652  4.82  .663 .964 570 - .636 .598 117
564" - 4.33 ,.574  .866 495 634 .544 ;%099
461 3.73  .469  .746 .403 .637 .475  .098 °
.370°  3.17  .376 .634 325 .633 . .408 .087
.256  2.50 260 ‘Eop‘ .223 .639  ,307 .068
155  1.93  .158 .386, .135 .639 " .201 047
P 2.60"
/;352 6.68 .963 1.336 845 .633 -.932  .187
946  6.59 .948  -1.318 833 . .632 .926  .186
.902  6.33 .904  1.266 795 .631 .909 .186
.846  5.99  .848 1.198  .740 ..636 .886 -185
.815 , 5.75 .§17  1.150 .710 .639  .878 -.185
752 5.39  .753  1.078 .655 639 .847  .183
” .
.695 5,05 .696 aljaio .603 .641 .818  -.181
585  4.37  .586 .874 .504 646 .755 .%75’
| .524 3.94  .515 .788 \440 650 .707  .169
.433 3.50 .449 .700 .370 .651 ' .639 .158
.
9 ) y
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.2.60"
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5254
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3*‘

00

.345
»254
.172

.600

..490

.394

.296
2215
.145

.654
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+339

.144
112
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. [
B " (conti nugd) - B *
;//L 2 3 4 5 | 6 7 8
Qac H QaC/Qq H/R " Qnon Cd v ' Fr
. |
P = 1.15"

.982 6.63  .948 1.326  .840 .650 1.136 249

1 .961 6.47 .928 1.294  .816 -655. 1.135 .251

\ | .928  6.27 .896 1.254 .790 .654° 1.126 © .252
| 882 6.02 .851  1.204° .750 .654 1.107 .252
.846 5.78  .817- 1.156 .710 .663 1.099 .255 .
.786 5.45 ..759 1.090 .666 ‘657" 1.072 .255 g

.727 _ - 5.08 .702 1.016 .605 -669 1 1.050 .257

/,1661 4.70 .638 .940  .550 669 1.017  .257.

//*// .615 4,40 .594 .880 .505 677" .997 .258

530 3.90 .511  .780 .430 .686 .945  .257

.444 3.40 .434 . .680 .360 .686 .878 .251

&358  2.93 . .341 .586  .290 .687  .790 .234

.260 2.41 ¢ .251  .482 .210 .689  .657  .212

174 1.§g .168  .384  .140 .691  .510,  .178

P = 0.38"

979 6.42 .923 1.284 .8Q6 .676 1.296° . .303

-940 6.20 .887 1.240 .775 .675 1.286 .306

896 5,96 .845 1.192  .740 674 1.272  \.308

-859 5.75 ~.810 1.150 .708 .675 1.261  .311

750 5.12  ,707 1.024 .613 ,.661 1.227 .320

i 642 445 606 .896_ 513 696 1.196  .332

] -568 4,05 .53 .810 - .450 .702 * 1.154 .335
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—u;wb/mu- T e o e e 1,

©

1 -2 3 4 5 6 7 8
Qéc; B Q. /@ H/R Qg Gy .V Fr
g P =0.38"
.502° - 3.64  .474  .728  .395  .707 1.124 .342
.405°  3.13  .382  .626 .316  .713 1.038 .338 .
4.328 2.72  .309  .544  .255  .716 .952  .330
. ~ ;
.246  2.26  .232  .452 .190°  .720 .839  .315
3 N \
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