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ee-flow it is
1e weir crest
- large weirs
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Agration Need of Rectangular Weir

5
1 tion of rectangular we
for aera SUlar weirs spanp;
eed ; , ing the ful]

i 1tlndicf*"’d ge 7'2',1' The rate of ajr Sllpplby (o) u-l Wld}h of a chanpe]
I “ﬂsplle‘c}y meet the aeration need is given by a N M/S) required ¢
|~ 0

@ = G 3
ali2))
: — water discharge and y = yat

s which 0 : p €I-pool depth on the d

,n[he weir plate (Fig 7.1). 1f a submerged hydrayli s il p]:c“enmcam
Y, can

(1.13)

shere AZ = difference in elevation between the weir crest and the downstream
foor (Fig: 7:1):

7o cause air flow into the air pocket through an air vent, a pressure difference

wetween the ambient atmosphere and the air pocket is needed. Assuming a
qaimum permissible negative pressure in the pocket (say 2 cm of water
column), the size of the air vent can be designed by using the usual Darcy-
Weisbach pipe flow equation.
FXAMPLE 7.1 (a) A rectangular channel 2.0 m wide has a discharge of
0350m%s. Find the height of a rectangular weir spanning the full width of the
channel that can b}used to pass this discharge while maintaining an upstream
depth of 0.850 m’

Solution

A tial-and-error procedure is required to solve for P. Assuming C; = 0.640,
by Eq. (7.5) - ;

B2 = 0.350/(% x 0.640 x ¥19.62 X 2.0] = 0.0926

P = 0.850-0.205 = 0.645m

H, = 0205m L
sz and  16) = 0611+ (Q08X0318)= B

I iteration; Using the above value of C;

and

ad 1

g2 = 00926, 0640 = 0.09318
! 0.636
H = 0206m, P = 0644m, H/P = 0320

G 0637
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s value of C, the final values are
= (0.644 m.

320 Fow |

Accepting thi

Hioe 0.206 m and P
The height of the required weir
p = 0.644 m.

ntracted Weir

7.2.6 Co
The discharge Eqs (7.4) and (7.5)
have been derived for a weir which
the full width of the channel.

spans
e will be no

In such weirs ther
contraction of the streamlines at the

ends and as such they are termed
uncontracted or suppressed Weirs. Fig. 7.6 Weir with end contractio,
s

However, if the length of the weir L
is smaller than the width of the channel, such weirs are known as ¢
ontracteq

weirs (Fig. 7.6). In contracted weirs, the flow issuing out of the weir ;
will undergo contraction at the sides in addition to the contraction c e
> au, :

d lower nappes. As a result, the effective width of the weir is r;]ed b
uced,

upper an
The discharge from a contracted weir can be obtained by using the eff;
3 effective

length L, in the Eq (7.4). The well-known F i
- . (7.4). - rancis formula gi
) L, =L -0.1nH, g i
:vh—cr; n ; .number of end contractions. For the weir shown in Fi e
Th— , an if m nurflber of piers are introduced on a weir crest, b
e discharge equation for the contracted weir is written as e

Q:%Q\/EE(L—QIIIH]) (H,+_‘§2_ 2y
2 2 @.15)

For L :
on;:ori:nl;lr;;:g H}:/P < L0, the value of C_is taken as C_= 0.622
e so?x];s-;rei;ecis\;/ei;s, cl:ljndsvater and Carn:,r6 ha‘ve éiven a
Sl .mg.e ::vm(:;] eTheir extensive experimental
S, as

2
0==C ,/
3 G2 L HE 1.16)

where C, = :
4 = coefficient of disch
and H, = : arge for contracted wei 2 :
1 = effective head. The effective len andw;“' I.;“-5 :lt:ft:;:uc\: :nzlh
gth ead n

d I L=
an - i, = + K
k 5 1 7.16a)
where K, and K, are niiili\!e cf“ =l ek E7.l6h)
¢ correction terms to account for several phenomet

attributed to viscosi
ity and surface tension. Values of rec
are given in Table 7.1. The di of recommended K, and K,
T -1. The dlscharge coefficient G i : L M
/P, expressed as : 4 is a function of 2
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Cuc = K+ K{i) &
AP
sation of K, and K, are also shown ; (7.17)
o variatl 1 2 W in Table 7.1 s
fable 7! Values of Parameters foriUiseliniEq ¢ 16)'s
al g o
K, K
LB B H
), (m) § K,
.0009 :
09 ¢ S 0.59 +0.0750
o 0.0043 9 0.5 +0.0640
07 0.0041 I 0'5 7 +0.0450
06 0.0037 £ oo +00300
05 0.0030 = 0-592 +0 0180
d ¢ 0'4 0.0027 § 0'59 +0.0110
Ontractiong i 0.0025 20 +0.0058
02 0.0024 o 8222 +0.0020
; 0.0024 53 g -0.0018

N 3s contraceq ol 0.588 0.0021
'Equalion (7.16) is subject to the limitations H\/P<20, H,>003m, L>0 15 m and

s weir Opening
tion caused by‘ p>0.10m.

veir is reduced

EXAMPLE 7.1 (b) In Example 7.1(a) if a contracted rectangular weir of

1g the effectiv; ength 1.500 m and height 0.60 m is used what would be the depth of flow
s & ypstream of the weir?
(@o14)
in Fig. (7.6), ' Solution
L, n = 2m+2
i L
In this case E = % = 0.75. From Table 7.1,

32 K, = 0.0042, K, = 0.001, K, = 0.596 and K, = 0.0375.
) ) . L =L+K, = 1.50+0.0042 = 1.5042m
As a trial-and-error procedure is needed to calculate H,, assume C, = 0.60 for
0.622. the first trial. From Eq. (7.16)
have given a | >
xperimental ] HY? =0350 / (g><O.60x\/19.62x145042)=0.13l33
"‘ H,, = 02584 m, H, = 02584 - 0.001 = 0.2574 m
7.16)
( H/P = LT 0.429 and from Egq. (7.17)
=ctive length 0.60 ;
ained as C, = 0596 + (0.0375 x 0.429) = 0.61
(7.16a) &nd iteration: Using the above value of ;.
(7.16b) 3
phenomena HY? = 0612;3 % 0,600 = 0.128755
IKH and Kl, frp o 0255m H = 0254m, HI/P = 0.4233 and
Land ‘Ch ; hich i the same as the assumed value.
of B z Hen & 0012 wiich s 254m and C;, = 0.612. The water surface
ce the final values are H, = 0. de 0854 m above the bed.

% the upstream of the weir will be at a height 0
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7.2.7 Non-Rectangular Welrs
Sharp-crested weirs of various shapes arc adopted for meeting Spec
requirements based on their accuracy. range and head-discharge rclanons;lhc
The general form of head-discharge relationship for a weir can be ox : “Ps Trap
as Q = KH,". where K and n are coefficients. The cogt'ﬁcwm g dcpcndpsc“cd
the weir shape and K depends upon the \f'cl'r shape and its setting. The disc}? on
equations for some commonly used weir shapes are given in Table 72 arge
A variety of sharp-crested weir shapes ‘have bgcn designed to give s‘;e ]
head-discharge relationships and are described in literature!. A type of wci:Iﬁc e
which the discharge varies linearly with head, known as Sutro Weir fings for 7.3
in flow measurement of small discharges and in automatic contro] of f[use 7.3.
sampling and dosing through float operated devices. oW, 2
The details of some special sharp-crested weirs are given in the next section ::l‘j
Table 7.2 Discha?ge Relationships for Some Commonly Used N weir
Rectangular Thin Plate Weirs on- float
Shape Discharge C
dete
T o h
dzjanzulas S ' Q=GC‘n/2—g tan @ H3'? the !
: : . desi
* Cy=fn (0 j =
: For 20 = 90°, C, = 0.58
e R 13
The
" xsa
Circular fl , 0 E for §
, =C, 945, ¢=f(H/d), C,=f (H/d) by ¢
f infi
w—d — and'
ER b
abo
W s
Fig.
Parabolic T 5 | g
& 2
Hotle 4"'CJ \/;JZng
2
4
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2 sPECIAL SHARP CRESTED WE[RS

131 Introduction

" U —— T

This section deals WiFh SPCFiaI sharp-crested weirs desj
gischarge-head relationship. These are also Sometimes caleq :
welrs (P-weirs). Slnce (}?e flow over a P-weir can pe con; Ilpl'opor‘nonal
ﬂoa[.regulaled dosing devices, these are widely used in industry ©! ;d gasl!y by
Given any defined shape of weir, the discharge through i:ln 1mgauon..
Jetermined, €.g. in the case of a rectangular weir, g = ey
(0 #*% and in the case of a triangular weir (V-notch

gned to achieve 5 desireq

the di§charge 1S proportional
) the discharge is Proportional

design of proportional ?veixs. fI'he design of proportional weirs has considerable
applications in hydraulic, sanitary and chemical engineering.

73.2 Linear Proportional Weir

The linear proportional weir, with its linear head-discharge characteristic is used
as a control for float-regulated dosing devices, as a flow meter and as an outlet
for grit chambers (sedimentation tanks). The linear proportional weir was invented
by Stout (1897). This weir is only of theoretical interest as its width at base is
infinite. This was improved by Sutro (1908) to develop a practical linear P-weir
and is well-known as the Sutro weir. Referring to Fig. 7.7 the Sutro weir has a
rectangular base over which a designed shape is fitted. It is found that for flows
above the base weir the discharges are proportional to the heads measured above
areference plane located at one-third the depth of the base weir. Referring to

Fig.7.7.
= b(,, ; %a) (1.18)

¥here b = the proportionality constant.

133 Shape of the Sutro Welrs

Refering (o Fig. 7.7, let the wéir have the base on a mt?ng“m weir!: : W'fdf:
and depth a. For convenience, the horizontal and vertical axes at the ;:'liilal
Oare chosen as yand x-axes respectively. The weir is assumed to be symm

the x-axis,
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le— Wl

Weir Crest —W —n

Fig. 7.7 Definition sketch of linear proportional weir

The discharge through the rectangular weir when the depth of flow is /i above
the origin is

g, = %wcd\/ﬂ[m ray - ) (7.19)

where C, = coefficient of discharge.
The discharge through the upper portion above the origin called the
complimentary weir is

h
g = zcd@j,/h-xfu)dx (7.19)
0

The total discharge through the weir is
0=q+ 9,
We wish this discharge to be proportional to the head measured above the

: . a :
reference plane situated 3 above the crest of the weir. This reference plane is

chosen arbitrarily by Sutro for mathematical convenience. Thus

Q=g +q,
4 h
= WG [(h+ay" - w7+ zq,\/ﬂ‘[)\/h—xﬂx’d‘
2 B
=4 (" it ?) for h20 (e

whgre b is the proportionality constant.

It is

of
tern

SO |
seri
we

* Sut
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s /i above
(7.19)

lled the

(7.19a)

ove the

plane is

—Z\ﬂow
B o o Measurement 3
AstheT L 7.20) B E= 0, o
_oin Eq A
"= b= WKa'2 g
Jhere K= 262 L
Subslll““ng this value of b in Eq. (7.20)
2 2 _ 2 4
,3_w[(h+a) h ]+J; VA= 3 f(x)dx = ygin 2
: +7 (1.22)
Re-arranging: ‘
7 et 2a) 2
—x f(x)dx = W4 (h+~)——
jm/"// o ek 7]
T A e s 0) e )
= W{3a +a h+§h ’~»5(a+h)3’2]
2“{ 323
= SW PR 1, ik o
3 8 T "’“"J; (23)
It is required to find the. function f{x) such that Eq. (7.22a) is saﬁsﬁ;ﬁ‘ or all
posiﬁ"e values of h. This is achieved by expressing fix) in a series of | owers
of x and determining their coefficients. A general term x™ in fix) res; | ina

ferm
K.ﬂ,—’;x"‘dx=J;'A’"(hm-%h_mx+%h—mxz— de

= Const (hy™¢2 (1.23)
so that the first term in Eq. (7.22a) can be obtained by a constant tei 11 in the
series for f{x) and the other terms by taking m half an odd integer. Con quently
we assume,

) =y =A +Ax? + A2 + AL 4. (124)
*Substituting this in Eq. (7.22a)

J'h (AVh—x + Apfht - 22+ )dx
0

; 4
=Zﬁh312+7"42"2+7“43”3+5"‘4‘h ek
3 8 1GEEE 128

=2 u{ eI JEv ]
: 3 8
This leads to
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e coefficients in Eq. (7.24)

o o2 l:r

Substituting thes!
2l fay
WIjI i ;{al/l 32 1 55002 |

fx) =

a

(S et
W{] ”mn ‘/—{:J ‘ (725)

utro weir can now be summarised ag

1

The discharge equation for the S
2 a
= 2ol il =
g = b(h+ 3(1) b( 3) bH, (7.26)

where b = WKa'” and K = ZQJZE

s the channe
ncide with the bed of the channel)
ectangular base weir

H = depth of flow i 1. (It is usual practice to make the ey

of the base coi
h = head measured from the top of the r

H,, = depth of water over the datum.

The sharp edged Sutro weir is found to have an average coefficient of discharge

of 0.62.

A simple weir geometry, called quadrant plate weir, which has the linear
head-discharge relationship is described in Ref. 7. This weir has the advantage
of easy fabrication and installation under field conditions. Linear Proporliongal
weirs having non-rectangular base weirs are described in Ref. 8 and 9.

EXAMPLE 7.2 A Sutro weir has a rectangular base of width 30 cm and height
6 cm. The depth of water in the channel is 12 cm. Assuming the coefﬁcientgof

discharge of the weir as 0.62 determine the dischage through the weir. What
would be the depth of flow in the channel when the discharge is do.ubled°
(Assume the crest of the base weir to coincide with the bed of the channel).

Solution
Given: a = 006m, W=0302=015m H=012m

2028 = 2x062% 2981 = 54925

K
b= WKa" = 015x54925% (0.06)"2 = 0‘2018

From Eg. (7.26) 0 =b [H—£) |
| {
3 |

- 0.0
0.2018(0.12——3—6)=0.02018 m'/s
; i = 20.18 litres/:
When the discharge is doubled, 0= 2°)S< s0 02018 = 0.04036 m’/
! =0 m’/s
0.06)

From Eq. (7.26), 0.04036 =0.201s( 2000
3 3

H=02+00
x A =)
e 22 m
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neral Equation for the Weir
Ge
3.4 d Banks® have shown tha the
Q=bh" form>1n s 4,

b (m+1) (oym=y2)
S ) 2
L S5 P T(m-12)

R
owgill” 2"
(i discharge

Curve dcscnbing the weir Producing
en by

(1.27)
h

o J’zq f(x) 2g (h—x) dx
when 5 hel?’!d measured above the crest of the weir
where h 3 coordinates along vertical anq horizontal axis Tespectively

S a coefficient of Proportionality

Cb :Coefﬁcienl of discharge of the weir

5

I" = gamma function.
Jationship between the exponent m and the profi
The re
in Fig. 7:8.

le of the weir is shown

0

7 : f 1 val of exponent m
8 Wénr pro iles for different lues
ﬂg. .

4 ir producing a
t to design a weir prod a0
: - (7.25) that an attemp curve which wil
e f.mgllfg h™ for m < 312 mevua.bly lef‘ds lowz;]ich is physically
::ssharge pr(.Jpoﬂl‘:h base giving rise to infinite w@h. e such case. Sutro
asymptotic at the L ir (m = 1) is on
2 g al weir ' S mgular base.
Urealizable. The linear proportion viding a rec
Ommc tlelis defect by the ingeneous method o{u‘:lowas provided by KC-Sh?va
A rau:;)nal explanation for the selection of the dal f slope discharge continuity.
Murthy2.12.13 l\:vhich is enunciated in the the‘:f:w’.‘;.":‘m any physically d:u] r‘:l:b(l;-
; -continuity theorem states: 20 & eometry, the rae 9
e slop-discharge e dimooiien B ppsialy s
= hmfn: : ﬁlu::»l z Puml:;_;nuous at all points of disconti
8¢ of discharge is cor

d
for any compoun
Teang ibing the discharge versus ﬂ'l[c‘h:ls“: c(l);r as otherwise
S that the curve describin

; int.
Weir canpop have more than one slope at any pO
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there could be more than one value for the dig
chafge

the ncighbourhood of the discontinuity wh;

roof of this theorem which is based on the Ich jg

ond the scope of this book. use of

The P-weir consists of a known base over which a designed complime

d. Each weir is associated with 2 reference plane or datum wh‘m :

evaluating a new parameter 2 called the datum constant blch 18
uity theorem. The problem of design Q}’f[}l\:

dischargeanmin
technique of solution of integral equations. This i
b 1S explained

dratic weirs in the following section.

an, theoreticallys

it would me L
p in

in the infinitesimal stri
physically meaningless- The p! ;
the theorem of Laplace transforms 15 bey

weir is fixe
determined by
application of slope
weirs is solved by the
by the design of qua

notch Orifice

nal weir in which the discharge Q is proporti
10nal

A quadratic weir is a proportio
to the square root of the head h. This weir has applications in bypass f]
ow

measuremenr.

7.3.5 Quadratl: Weir-

< x-axis

.\,g

Lo Ueer 200 )
i it

3
=

Fig. 7.9 Definition sketch

It is evid
to s
having infinite wi B OIS 3/2 inevitably leads t
obviatge thisn:h: ‘(;Vlig:i}:a?cd\l’:eir' o w:iueilh Sl Uméa}{izables Iﬁ 2r§::‘:z
" i is provided with a base i I :
we ase in th
eir 8 Ll o depihi oy which i form of a rectangular
(Fig. 7.9). ich a deSIgr?ed curve is fitted
Referring to Fi :
g. 7.9 the weir is |
Ve Is assumed to be sharp-edged and :
rectangular wei en the flow is & above the base, th g symmemcal
weir, below the y-axis, is , the discharge through the

2
g = EWK[(h v a)3/2 i ha/z] (7 »)

where K = 2C, \/—2—
: uN28,Cy = the coeffici ;
complementary weir above the origi:]cl;n( of discharge. Th;a discharge from the

h
q, = K| Jh-
: '[“m f(x)dx (1.289)

v

When =
Eq. (7.30)

Differentia
under the |

Applying
we have

Solving Ec

The refere;
Equation (
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hich is S

2 h

Zwk{n W2,
use of 3 K[ +a) h } *KLRJ_“)C“

, o S (729
entary We wish 10 have the discharge 0= b\/*\la, Wi )
lich jg qantand A 1s the datum constan. I, other words, g, : is the p“’POﬂmna],[y

' \ the
e joithe Squar root of the head measureq above 5 rcfercncl:d][arge S Proportiong|
of P- i Aare to be evaluated. They are determineq by u,ep ane. The constants
laineq inuity Of discharge and the requiremen, of the sj tWo conditions o
‘ ewriting Eq. (7.29) pe disch

ar, S
(heorem- R ge Continuity

0) = %WK[(I: +ap )

i K6 V=3 oy ax
10na] & m

flow forh>( 7.30
when = 0 fei5 s 00 flow above the base weir Hence substituting p i 0 ‘)
£g. (7.30) 3 g h=0in

§WK03/2 =tk (7.31)

pifferentiating Eq. (7.30) on both sides by using Leibpiry
under the integral sign, and re-arranging

h
HEE o S
J; R =~ M+ a7 _ g aany
Applying the slope-discharge-continuity theorem, j.e. putting & = 0in Eq. (7.32),
we have
b
e 2Wa'? (1.33)
Solving Eqs (7.31) and (7.33)
- to y 1 2
rve A =5 and b = TE'WKG s (7.34)
to : o ;
lar The reference plane for this weir is situated at 3 above the crest of the weir.
ed Equation (7.32) is in the Abel’s form of integral equation whose solution is’:
: : 1 [F ¢'(h)
cal —f)=—=1 —==dh
& y =fx)=7 s,
Sbsiuting for ¢'(s) :
8)

x 7 6 Jxla (7.35)
w12 a2 -2
= T a T

: 12
a

nk "It profile drawn to scale is shown in Fig. 7.10.
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Y—axis

Weir crest Pt W
Fig. 7.10 Quadratic weir

as an orifice for all practical purposes. As this weir gives discharges proportional
to the square root of the head (measured above the reference plane), both while
acting as a notch as well as an orifice, this device is also called a notch-orifice.
The discharge equation for the quadratic weir can now be written as

a I 2
Q0 = bih+ e wa = by Hy (7.36)
; o
where b = & WKa and K = 2C\28
and h = depth of flow above the rectangular base
H, = head above the reference plane

H = depth of flow
Ql.xadrafxc weirs having non-rectangular lower portions (base weirs) are
described in detail in Ref. 14, |
u;};edquadx.—atlc weir l}as an average coefficient of discharge of 0.62: Ina
:rmr ie; ; wsl.r the error involved in the discharge calculation for a unit per cetl
- V-nof:h ;s{only 0-.5 per cent as against 1.5% in a rectangular weir and 2.5%
- Hence this is more sensitive than the rectangular weir and V-notch

EXAMPLE 7. Sapad
3 A quadratic weir is designed for installation in a rectangulé"

channel of wi :
of the ck:mvr::lk: 310- - Th? rectangular base of the weir occupies the full wid
nd is 6 cm in height. The crest of the base weir coincides with

he
f flo¥
of the'

. Sglllfi‘

Frot

(@)

(®)

From




image19.jpeg
oportional

oth while
“h-orifice.
as

(7.36)

irs) are

2. In a
per cent
d 2.5%
/-notch.

angulal’
1 width

es with

Prcnannc: == s 0 % 8¢ through the ye;
oW in the ‘h“""j ’hhl*s ‘”?- (b) What would be the dcp:r r“h“ the depth
::ﬂh” weir when the discharge in the channe] jg 25 litres/s? [/\30 flow Upstream
g SSume C, = 0.62
d 2]
Sﬂ[ufioﬂ y

Given: a =0.06m, W = 0.3012 = 1S 5
* v A= 01Sim

1% = Agndli = 2x0.62x 2% 981

: = 5.4925
b=—-WkKkg=_2 X
20
= 75 U5 X54925% 006 = 005708
. %
L (726 0 = b (” = T)

172
) 0 = 005708 x [0.15 = (@H

= 0.0189 m%s = 18.93 litres/s
(v) When the discharge O = 25 litres/s = 0,025 m/s

1/
0.05708 x {H L (MH :
3

0.1918 + 0.04 = 0.2318m
23.18 cm

@

From Eg. (7.36), 0.025

H

]

1.3.7 Modelling of Flow Velocity Using Special Weirs

In many hydraulic engineering situations it is desirable to maintain a constant
average velocity in a channel for a range of flows. A typical éxamplc of this
situation is the grit chamber used in sewage treatment. To obtain such a control
of the velocity of flow in the channel, proportional weirs can be used at the outlet
of the channel. The channel cross-section shape, however, will have to be
determined. This, in turn, depends upon the shape of the outlet weir and the
rlationship between the upstream head and velocity. Design of such channel
shapes controlled by a weir at the outlet is described in Refs 8 and 15. It is
interesting to note that a linear proportional weir, such as a Sutro wcir: fixed at
the end of a rectangular channel irrespective of the fluctuations of the discharge.

14 OGEE SPILLWAY A
The ogee spillway, also known as the overflow spillway, is @ control weir

having ap ogee (S-shaped) overflow profile. It is probably the. most extensively
5ed spillway o safely pass the flood flow out of a reservoir.
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A typical ogee spillway is shown in Fig. 7.11. The crest profile of the spillway
is so chosen as to provide a high discharge coefficient without causing dangerous 5
cavitation conditions and vibrations. The profile is usually made to conform to
the lower nappe emanating from a well-ventilated sharp-crested rectangular weir
(Fig. 7.12). This idea is believed to have been proposed by Muller in 1908. Such in w
a profile assures, for the design head, a high discharge coefficient, and at the with
same time, atmospheric pressure on the weir. However, heads smaller than the heac
design head cause smaller trajectories and hence result in positive pressures and cons
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possible flood flow over @ spillway is a rare ev e‘nt, the spillway Profilc can by
designed to correspond to alower value of head such that at the maximum poggjy
flood, Hy/Hy > 1.0. The other structural features can qf course be designeq 1
safely accommodate the flood flow. This ensures that the spillway will be functioning
at a higher average efficiency over its operating range- When the maximur floog
flow oceurs, the spillway will perform at head more than the design head, ang
consequently, with an enhanced efficiency- This practice of designing is calleg
underdesigning of the spillway.

The use of Hy and H,» the energy heads, in the discharge equation is not very
convenient for discharge estimation. Usually the value of V02/2g is very small
relative to the upstream head hy, where hy = (Hy— V,2/2g). For spillways with
hy/P < 0.50, the velocity of approach can be assumed to be negligibly small and
the relevant head over the erest up t0 the water surface can be used in place of
tlie energy head, i.e. hy and h; can be used in place of H, and H, respectively.
he minimum pressure on the spillway p,, for

To approximately estimate t
operations higher than the design head, the experimental data of Cassidy" in

2 H
P~ 17 |2 -
vH, (Hd ] (141)

can be used. This equation is valid in the range of H/P from 0.15 to 0.50.

y conseq

tions of an ; : '
0, the inception of cavitation is th
e ol

Hd53-

the form

EXA i
= 201(‘)1()1"[1;557:; gz)()d?]n overflow spillway is to be designed to pass a discharge
i :
e o lis 75(:)w at an upstream water-surface elevation of 200.00 m.
e fis 75. m .and the elevation of the average stream bed is
L ine the design head and profile of spillway.

Solution

A trial-and-e; :
mror method is adopted to determine the crest elevation-

Discharge per unit wi 2000
width g; = <22 = 26,67 m*/s/m. Assume Cyp = 0.136.

75

By Eq. (7.3 2
Eq (7.39) gd 5 Cdo@(Hd)}’Z

et D
667 = £ (0736)VI962 (H, 2
H, =532m

yelocity 2

Elcvmion «
Crest eleva

For this Vi
nd iterati

h,= 0.03.
Crest elev

PIH, = 5
jterations
Design er
and crest
The dowrt
present C:

The ups
0<— %
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il = ===
i 5 S

o value of P/H, from Fig 714, Cp = 0.738.
ud terasion
H? - 26.67

@/13)0.738) V1563 ga =20
= 0.03. Elevation of energy line = 200,03 m
C'rcsl clevation 200.03 - 531 = 194,72 m

BE=919457> 165.00 = 29.72 m

H, = 5.60. For this P/H,, from Fig. 7.14, Cp = 0.738. Hence no more
ucraliO"S are required.
Desgn energy head Hd =S31m
ad crest elevation = 19472 m
The downstream profile of the crest is calculated by Eq. (7.37), which for the

present case is
185
B bxi
—— = 050 =
531 (5.31)

The upstream profile is calculated by Eq.(7.38), which, for the range
0$- x £1.434, is given as . :

n

.625

5 185 0.
Lo i -0432(-‘—+o‘27o) +0.126
L 0.724(5_31 +o.270)) 432 )

Te apex of the crest at elevation 194.72 m is the origin of coordinates of the
re two profile equations.

BMPLE 7.4 (b) In the spillway of Example 7.4(a), what wouh:j '; z
“harge if the water-surface elevation reaches 20200 m? What w:;}:ono
" pressure on the spillway crest under this discharge ’

Yltion -

hy = 202.00-194.72 = 728 m
hy+ P = 202.00-165.00 = 37.00m
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Tobug 733 _ 138
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From Fig. 7.15, correspondir -

since Cyp = 0.738
(e 0.768
S (e e R
3

V2
4500 _ = £ ~008m
V=t 1216m/s, = 50

w

2nd iteration:
Elevation of the energy line = 202.08
Hy = 202.08 = 194.72 = 7.36 m

Hy £9—~1 04 from Fi
0N =l ig. 7.1
H; Iigsh Cuo S
C, = 0.768

q = % J19.62 (0.768) (7.36)* = 45.28m’/s/m

V, =1224mand h, = 0.08 m which is the same as the assumed value at
the beginning of this iteration.
Hence
H, = 7.36m, g = 45.28 m%/s/m
0 = 4528 x 75 = 3396 m%/s

n

Minimum pressure:
Using Eq. (7.41),

Pn

i - 1.17(7.36) (1.386 - 1)
=-332m

The minimum pressure head over the spillway will be 3.32 m below atmospheric

7.4.2 Contractions on the Spillway

:;;Za;if:,: z:cu(:v;rﬂow spillway operates with end contractions. Thes¢
i e ue Fo the pres.ence of abutments and piers on the spillway
g The. 3 - £quation (7.40) is used to calculate the discharge at any L

& ective length of the spillway L, is estimated by

Labadics k) H (A

i
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" spillway with Crest Gates

spillways are provided with crest gates,
:V?;]e‘:; under high flood ‘conditions and \vti}[l;yp};?-:i:og:f: rste:‘? bRy nold
fovs. At partial gate o.pcnmgs, the water issyes out of the gai’en;ngs_a! lower
ifice flow and the trajectory is a parabola. If the ogee is shaped bpegmg as an
e orifice flow, being of a flatter trajectory curve, will cause negati);e i (7'37):
on the spillway crest. These negative pressures can be minimised if 1hepreastsup‘elz
js placed downstream of the apex of the crest. In this case the orifice ﬂiwe\:ll
he directed downwards at the initial point itself, causing less difference between
he ogee profile and the orifice trajectory.

If the trajectory of the orifice flow with the gate sill located at the apex of
the crest is adopted for the spillway profile, the coefficient of discharge at the
full-gate opening will be less than that of an equivalent uncontrolled overflow
spillway.

The discharge from each bay of a gated ogee spillway is calculated from the

following large orifice equation.
0=2pcLE-my A

where C; = coefficient of the gated spillway, L, = effective length of the bay 3
dfter allowing for two end contractions, H, = energy head above the spillway |
testand H, = energy head above the bottom edge of the gate (Fig. 7.16). 111{
cefficient of discharge Cg depends upon the geometry of the gate, gate

Msillation, interference of adjacent gates and flow conditions. For radial gates,
@ gproximate value of the coefficient of discharge G, can be expressed by

ing the USBR data!® as

for'. L. 083 (1.44)

Hl
Cg = 0.615 + 0104 71_; H,
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.5 OAD—CRESTED WEIR

irs with a finite crest width in the direction' of flow ax.'e called broad-creg,
weirs. They are also termed as weirs with finite crest width and find extensiye
applications as control structures and flow measuring devices. It is practicall
impossible to generalise their behaviour because a wide variety of crest ad
cross-sectional shapes of the weir are used in practice. In this section the saljey
flow characteristics of only a simple, rectangular, horizontal broad-crested e
presented.

Figure 7.17 is a definition sketch of a free flow over a horizontal broa
crested weir in a rectangular channel. This weir has a sharp upstream comer
which causes the flow to separate and then reattach enclosing a separation
bubble. If the width B, of the weir is sufficiently long, the curvature of the
stream lines will be small and the hydrostatic pressure distribution will prevai
over most of its width. The weir will act like an inlet with subcritical flov
upstream of the weir and supercritical flow over it. A critical-depth control
section will occur at the upstream end-probably at a location where the bubbé
thickness is maximum.

Assuming no loss of energy between sections 1 and 2 (Fig. 7.17), and furh
assuming the depth of flow at section 2 to be critical,

B s K,

{‘Lﬂ e Ti 3 E Ye
. ‘v = gyt and y‘
pbr unit width of the weir is

wlm

H
The ideal discharge

4=V, = % (.25 g) W = 1705 H"? 4

To acc

equal to l
Eq. (7.45

and O =
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the weir |
weir me:
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is apt to
these ter
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Where F
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instead,
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Will be .
Critica] f
Cresteq
in Ref,
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Fig. 7.17 Definition sketch of 3 broad-crested weir

To account for the energy losses and the depth at section

5 2 being not strict]
equal to the crtical depth, the coefficient of discharge C,, is introduced iz

Fg, (745) to get an equation for the actual discharge ¢ as

9=Cnq,
05 e (7.46)
md 0 = gL, where L = length of the weir.

It may be noted that in connection with broad-crested weirs, L = length of
the weir measured in a transverse direction to the flow and B, = width of the
weir measured in the longitudinal directon. Thus B, is measured at right
angles to L. In suppressed weirs L = B = width of the channel. This terminology

is apt to be confusing and as such warrants a clear understanding of each of
these terms.

Since Eq. (7.46) is rather inconvenient to use as it contains: the energy head
B, an alternate form of the discharge equation commonly in‘l use is

0 =2 ¢ 2 LA" @47)

here H, = height of the water-surface elevation above the weir s.urfa‘ce
Measured sufficiently upstream of the weir face and C, = the coefficient of
d‘SCharge,

the upstream end is rounded, the separation bubble will not exist and

oy itical- trol
Isteaq, 5 boundary layer will grow over the weir with the critical-depth contro

Woint shifys g he flow over most part of its crest
. Shifting towards this downstream end. The floy e ey foce 108

l be subcritical, Considerable flow resistance from s R
A flow section exists, influencing the value of Gy Th-? ron it are available
€ is not dealt with in this section and the details

Ref 4
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From Egs (7:47) apd (7id0) the discharge Coefficients ¢
4 and

are given as Ca respectively
Gl = 5—=u
A and C, = [
= Vb =
V2 L2 1705 LF72 (7.48)

A formal dimensional analysis of the flow Situation wi]| I
reveal that

R S
Cylor Cy) _f[T' El 7‘, Re, W, kﬁl]
in which Re = Reynolds number, W = Weber n
roughness of the weir surface. In most of the situati
road crested weirs, the parameters Re, W, S
:ffecl on C, (or C,))- Hence for practical plzx{g(;s:,d Hg et Db
Cylor C,) = f (H,/B,, and H,/P) (7.50)
Considerable experimental investigations haye been conducted to :md\'.the
variation of C, (or C,)) as indicated by Eq. (7.50). Lakshmana Rao! };& :’iven
a good bibliography on these studies. Govinda Rao and Muralidhar®? o:\ the
basis of extensive studies of the weir of finite crest in the range 0 < H,/B <
20and 0< H /P < 1.0, have given the following expressions for the \‘a;iat‘;on
of G
1. For long weirs, H,/B, < 0.1

C, = 0.561 (H,/B )% (7.51)
2. For broad-crested weirs, 0.1 < H,/B_ < 0.35
C, = 0.028 (H/B,) + 0.521 (7.52)
3. For narrow-crested weirs, 0.45 < H,/B, < about 1.5
,‘ C, = 0.120 (H,/B,) + 0.492 (1.53)

The upper limit of H,/B, in Eq (7.53) depends on H,/P.

Between cases 2 and 3, there exists a small transition range in which
Eq. (7.52) progressively changes into Eq. (7.53). In this transition region
Eq.(7.52) can be used up to H,/B, < 0.40 and Eq. (7.53) for H;B, > 040.

It may be noted that Eq. (7.51) through Eq. (7.53) show C, as a function of
HyB, only and the parameter H,/P has no effect on C, in the range;:f data
Used in the derivation of these equations. Surya Rao and Shukla® have
conclusively demonstrated the dependence of C; on H,/P. As such Eqs (7.51),
(752) and (7.53) are limited to the range 0 < H,/P < 1.0. AH/

Singer?3 has studied the variation of C;, for values of H,/B,, upt0 1.5‘:::;ue (;f
PWp1o 1.5, For the range 0.08 < Hy/B, < 033 and Hy(P < 034 8¢ S8/
Ca is found to remain constant at a value of 0.848. For higher val:;:3 o /B,
“well as H /P, the coefficient Cy is a function of both these par
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limit, the co‘fl a rapid rate. Compared to the sharp-crested v, “the B |
ratio H/H, 2 ood submergence characteristics. " by
crested weir has very & The Weir

nanow-cr
2nd itera
|
|
|
| From Eq

————— 7 73 LB AL 28 VAT A "

3rd iteral

Fig. 7.19 Submerged broad—cresfed weir flow ;
EXAMPLE 7.5 A broad-crested weir with an ui)s!rcam square comer mz
spanning the full width of a rectangular canal of width 2.0m is planned, Ty Hence. H

proposed crest length is 2.50 m and the crest elevation is 1.20 m above the beg

Culculate the water-surface elevation upstream of the weir when the discharge { 29K
is (@) 20mYs and (b) 3.50 mYs. i @ritical-d
5 | achieved
Solition . | constricti
(@) Q0 =20mYs ; | change tt
Assume the weir to function in the broad-crested weir mode and hence assure | Hgw-regy
C, = 0.525 as a first guess. From Eq. (7.47) | portion ¢
2 | provided
20 = 3 % 0.525 x V19.62 x 20 x H"?
o 7.6.1 s
Hi™" =0 =
| 0.645 and H; = 0.747m The crit;
L’L s 0' flume or
B YR ) chanpel,
By Eq. (7.33), ¢ = a rectan
Subs!;:i(:u(ing ll);iscé-!ef‘ 8 (0299) + 0521 = 0.529 for aciri
; « Yalte in Eq (7.47) the dow;
T :

Hi™" = 0640, H, = 0743 m and from Eq. (7.5 SUbmerg
He C' = 0529 Usua] to

nce the water-surface

: ung
elevation above the bed = 1.943 m 3 Ubme
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assume

are started by assuming C = 0:55¢ » the calculatjgng
Ist iteration: C, = 0.55

52 sedia
G e 000 = 2l g 20 x

3/2
B S 007, [ s, B s

The weir flow is in the transition region between th,
narrow-crested weir modes, Hence, by Eq. (7 53)

: C" = 0.120 x 0.42) + 0497 = 0.534
2nd iteration: Using C, = 0.534 jp Eq. (7.47)

H? = 1109, H, = 1071 % Lo

v

0.543

From Eq. (7.53), C,

Il

3rd iteration:  H'? = 109], H—1060m 2 = 0.424
R = 04

C, = 0.543
Hence. H, = 1.060 and the water-surface clevation above the bed is 2.260 m.

1.6 CRITICAL7DEPTH FLUMES

Critical-depth flumes are flow-measuring devices in which a control section is
achieved through the creation of a critical-flow section by a predominant width
constriction. In practice, these are like broad-crested weirs but with a major
change that thescjare essentially flow-measuring devices and cannot be used for
flow-regulation p;urposes. A typical critical-depth flume consists of a constricted
portion called the throat and a diverging section. Sometimes a hump is also
provided to assisif in the formation of critical flow in the throat (Fig. 7.20).

1.6.1 Standing-wave Flume

The cn'tical-deptfx flume shown in Fig. 7.20 is known as a standing-wave
Fume or throated flume. This flume can be fitted into any shape of the parent
channel, The throat is prismatic and can be of any convenient shape. Thus for
drectangular parent channel, it is convenient to have a rectar}glflaf throat, and
for a circylar sewer, a circular throat is preferable. A hydraulic jump forms on
tie downstream of the throat and holds back the tailwater. If the ot
SWbmerged by the (ajlwater, subcritical flow prevails all g, 11 ﬂumme;hrlo;i
bsual to operate the flume in the free-flow mode only, ie. with the
Usubmerge,

‘
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During the operation a crit'ical .dept_h {sl for:ne:ihsc:mefw:e;e mdlhe lhroatanfi | Sols
as such its discharge equation is similar to { at o road-cresteq yej, |
[Eq. (7.46)]. However, it is usual to relate the discharge to the upstream depp | Froi
H, which can be typically recorded by an automated float €quipment, f
'ﬂ'llus for a rectangular throat section, the discharge is given by Sha
| For
0= C/ B Hlm (154 ‘ he
where C/ = overall discharge coefficient of the flume = Sf(H/L). Fora Ist

well-designed flume, C. is of the order of 1.62. It may be noted thalin |
smnding-Wave flumes, Hll is the difference in the water-surface elevation upstrean | By
of the inlet and the elevation of the crest at the throat. If the flume is submergel |
and the subcritical flow prevails all over the flume, Eq. (7.54) is not validaid |
two depth measurements are needed to estimate the discharge. Constricton
flumes operating in the subcritical flow range are called venturi flumes.
The modular limit (H/H,) of standing wave flumes is high, being of ¢
order of 0.90. It is usyal to take it as 0,75 to incorporate a small safety fal
and o avoid the regi ® of transition from the free to submerged-flow 'mde
ing-wave flumes with different types of modificaic®
above, resulting in different geometric shapes 4ne

of the basic type

corresponding flow dlam:(ens(‘cs i 4.5 ic favourth
bl ~/SUCS are in use*S. However, the basi o,

ed flumes can be summarised as: (i) low encrg)
> (lll)_ca'sy Passage for floating and suspended M

(ii) rugged construction
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Passed in thjg flume. If

s the width
C/ E62) of the throat, (Assume
Sglutioﬂ
n
Sady — - 25 x Q)
[% B " 0000 (2.op5 = 029529

Y !
From Table 3A.1, —BQ (corresponding to m = 0) = 0.656 and 1
g normal depth

o = 1.312m. This is the tailwater depth H,.

.
ne For a modular limit of 0.75, g = 1312 _
SN s
By Eq. (7:54), B = Qm = 28
C; H; 1.62 x (1.749)32

= 0.667 m
EXAMPLE 7.6 (b) In the Example 7.6(a) compare the heading up of water
surface (afflux) due to the flume and also due to a suppressed free flowin
sharp-crested weir. ;

throat and |

Stedboaxy | Solution
welr
am depth From Example 7.6(a) heading up (afflux) due to flume
% = H - H,=1749 - 1312 = 0427 m
Sharp-crested weir
(7.54) For free-flow operation, the crest of the weir should be at least 0.08 m above
§ the tailwater elevation. Hence P = 1.312+0.080 = 1.392m.
)s tecd Ist rrial: Assume C, = 0.650
d that in > ‘
upstream ByBg 75 0 = 5 Ci28 Lik™
bmer;
:ralid ﬁ h, = head over the crest
ystriction B2 = 2:50 = 0.651,4 = 0.751m
el ’ 2 5 0.65 x 2.0 x V19.62
g of the 3
ty factor : :
g % = 0.54 and by Rehbock equation (Eq. (D)
B C, = 0.611 +0.08(0.54) = 0.654
pes 2nd trial: Using C, = 0.654
,omable 3
gy loss: B2 =0651x2850 - 0647, 1y =0748m
materia! 0.654
tensive h/P = 0537 and C, = 0654

Hece ‘'p = 0748 m
Aflix = 0,748 + 1.392 - 1312 = 0.88m
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\/ 62 parshall Flume
“Parshall flume is a type of critical-depth flume popular in the USA. This
flume consists of a converging section with a level floor. a throat with a
downstream sloping floor and a diverging section with an adverse slope bed
(Fig. 7.21). Unlike in the standing-wave flume, the head (H)) is measured at
a specified location in the converging section The discharge in the flume in
the free flow mode is given by
Q0=KH; (555)
where K and n are constants for a given flume. The dimensions of various sizes
of Parshall flumes are standardised and further details are available in Refs 4,
5, 25 and 26. 5y
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Fig. 7.21 Parshall flume {
7.7 END DEPTH IN ‘,ﬂll OVERFALL 7.
g SRR T ; ! ¥
A free overfall is a sifu? tion in which there is a sudden drop in the bed causing Ro
the flow to s.cpar.alc t'ro the stream bed and move down the step with a free dey
naPpc. The situation is analogous to the flow over a sharp-crested weir of zero ; al
hexghll. A fffrce overfall .ca.u.scs not only a GVF profile in the subcritical flow, S
but also f) ers the possibility of being used as a flow measuring device in all
flow regimes. ang
Sin
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Chapter 7 |

Kapidly~varied Flow-7
—Flow Measuremenp;s

-

;.1 INTRODUCTION

mpidly-\'ﬁfied flow si}tuations' are discussed in detail, Since a wide variety of
RVE problems occur 1n.practlce, an exhaustive coverage of all situations isynot
possible in a book of this nature and hence only basic and important flow ¢ gs
are covered. The RVFs studied in this chapter are due to: (a) sharp-creyslt)ed
weirs, (b) overflow spillways, (c) broad-crested weirs, (d) end depths and (e)
sluice-gates. The hydraulic jump studied in Chapter 6 is an important RVE
phenomenon. In the following sections emphasis is placed on the utilization of
the various RVFs for flow measurement purposes.

7.2 SHARP-CRESTED WEIR

A weir is a structure built across a channel to raise the level of water, with the
whter flowing over it. If the water surface, while passing over the weir, separates
alj the upstream end and the separated surface jumps clear off its‘thickness, the
veir is called a sharp-crested weir. It is also known as a notch or a thin plate
weir. Sharp-crested weirs are extensively used as a fairly precise flow-measuring
dgvice in laboratories, industries and irrigation practice. The sharp-crested
Weirs used in practice are usually vertical metal plates with an accurately-
Machined upstream edge of thickness not exceeding 2.0 mm and a l?cvel of
gle greater than 45° on the downstream face edge. The weirs come in many

ﬁg@e 7.1 shows the definition sketch of flow over a s

$eometric shapes but the rectangular and triangular ones are the most commonly
used .

l

1
1}.1 .Red?nsular Weir
- harp-crested rectangular

y at the upstream of the weir

0, rapid! !
g, The Water surface of the stream curves rap L s

ges down in a parabolic trajectory on the
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Fig. 7.22 Definition sketch of the end depth
s A typical free. overfall is schematically jllustrated in Fig. 7.22. The flow in
the nappe emerging out of the overfall is obviously affected by gravity. With
the atmospheric pressure existing above and below the nappe, the water-surface
profile is a parabola. Due to the need for continuity of the water-surface profile,
i the gravity effect extends a short distance on the water-surface profile behind
A’ the edge. causxr'lg an accelerﬂu’oln of [h;t flow. Also, at the brink, the pressure
it should necessarily be atmospheric at points F and F'. This causes the pressure

distribution at section FF' to depart from the nydrostatic-pressure distribution
and assume a pattern as shown in Fig. 7.22. At sections upstream of the brink,
the water-surface curvature gradually decreases and at a section such as /, at
a distance x, from F, the full hydrostatic pressure is re-established. The result
| of this effect of the free overfall is to cause a reduction in the depth from section
I in the down stream direction with the minimum depth y, occurring at the
brink. This depth y, is known as the end depth or the brink depth.

= In subcritical flow a critical section must occur if the flow has to pass over
to supercritical state. The critical depth y_based on hydrostatic pressure

™ distribution will occur upstream of the brink. In Fig. 7.22 section / can be .
| taken as the critical section with y, = y. Then x; = x.
{ In supercritical flow, y, will be equal to the normal depth, y, = y,.
7.7.1 Experimental Observations
ausing Rouse?” was probably the first to recognise the interesting feature of the end

depth at a free fall. His experiments on the end depth fo.r subcritical flow in
a horizontal rectangular channel with side walls continum.g .down stream on
either side of the free nappe with atmospheric pressure existing on the upper
and lower sides of the nappe (confined nappe) indicated that y‘: O.lenyg
Since then a large number of experimental studies have been conducte
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variety of channel shapes and boundary conditions. Some of the importan,
studies are summarised in Table 7.2} ;

In Table 7.3, the term unconfined nappe me@s that the side walls terminaye
at section FF' and it is seen that this end constraint has the effect of dCCl'Casing
y./y. values. For subcritical flow in horizontal, rectangular channels, v/
)‘: & 0.705 for unconfined nappe as against 0.715 for the confined case. Iy i
ir:(ercsung to note that the channel-roughnf:ss magmluc.irT does not have any
significant influence on the value of y/y, in t}'xe subcritical ﬂo.w fangc. The
possible magnitude of error of the various experimentally determined valyes of

y/y, is also shown in Table 7.3.
For the supercritical flow cases, Delleur et al.? showed that the relative end

depth can be expressed as

1 >
%o g (%Ez channel shape) (1.56)

For a given channel, the variation of y/y_ can be expressed as a unique function
of Sy/S,. The results of some experimental observations on rectangular channels
are indicated in Fig. 7.23. Similar variations of y fy, with S/S_for triangular,

Table 7.3 Experimental Results on End Depth in Subcritical Flow in
Horizontal Channels }

* End conditions: C = confined nappe, U = unconfined nappe

SL  Shape Investigator(s) End Variation
No. conditions A (approx.)  Remarks
55 per cent

1 Rectangular  Rouse? G 0.715
Krainjenhoff C 0.715 20  No effect of
et al’ S roughness
i U 0.705 +20 -do-
Rajaramam® and C 0.715 2135
Muralidhar?-3! 10) 0.705
2 Circular Rajaratnam and U 0.725 +35  No effect of
: Muralidhar roughness
3 Triangular Rajmm and U 0.795 +20  Fully deve
Muralidhar? loped appro-
. h flow
4 Parabolic Rajapatmam and U 0.772 7
Y +50
Muthlidhar?* i
5
5 Trapeavidal - Disidl® TR [—"—"Eﬂ]

Rejaramam and U f[%v‘] +50
Muralidhar®
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Fig. 7.23 End-depth ratio in rectangular channels

s Ko "
Experimental studies™ have shown that in subcritical flow <= is of the

order of 3.0 to 6.0 and is a function of the Froude number of the fiow. Further,

if the brink flow is not to be affected by the tailwater level, the crop Az (Fig
7.22) should be greater than 0.6 y, (Ref. 5).

1.7.2 Analytical Studies

For the prediction of end depth, several analytical alterpis ha\f'e"::'tr:or;;(ﬁub;
carlier workers. Most of them are based on the aPP“La“""‘lo e
equation with various assumptions, especially regarding the ve mlg);.chn'zg'n the
distributions at the brink section. In a typical momentum ilp,?r pal
pressure force at the brink section is expressed as F, = YA(."f I : belolw i
pressure.correction factor and ¥, = the depth of the centre Ole f[rjr\:m );qualion -
free surface at the brink section. The fuccess of !:c \j;;)i::ion of K, wih the
pdict y, depends upon the proper choice gh Kl erimcnlally).
gometry of the problem has to be determined eM:T]uid-ﬂow at a free overfall
i incrical solution ofalWO'di'.“er:Z’:’S“i‘:];gi:h various finize difference
has ed by some investiga ! ial flow in a free
schert::zcsl.1 ;[r:e?féellen{ review of these stud¥es oneszzntt)?lsgdkdf i alh
Overfall and a theory describing such a flow is prbelsem in a wide rectangular
While it is possible to solve the end-depth pro such as the fanite-element
thannel through advanced numerical lcchmqlu es‘f different shapes have to be
Method, the solution of the problem in channels 0

lickled by alternative methods.
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An elegant method which differs from Ithe above two 3PProacheg
reported by A 1 Based on Anderson's work, a gencraliseq ene, ) bey, |
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7.7.3 Generalis
In a free overfall, the water surface is a continuously falling cyrye ™
- lhe wﬁttr

surface profile starts in the channel somewhere upstream of the ¢g
through the brink and ends up as a trajectory of gravity fall. In g gF',pasks
general expression for the end-depth, expressions for the curvature oefnvm
surface are separately derived for the channel flow as well as for":; Water

€ free

overfall and matchd at the brink.
|

(a) Curvature of the channel flow
Consider a channel of any shape having a free over fall (Fig. 7.22 I
s.urface curvature is assumed to be relatively small and iS.as;u). The wate;
linearly from a finite value at the surface to zero value at the ch med to Vay |
The effective piezomelric‘head is then expressed by the Boussi:nne] bottom, |
[Eq. (1.33?]. The water surface curvature is convex upwards andesq equation |
energy E at any section is given by Eq. (1.41) as the specific
|
|
|
|

E=h,+al
: : g
By using Eq. (1.33) for htp
J5 = y+a E + .1. EZ ﬂ |
‘ e i1 2) i
ie |
i : 3= (0 i (0
Yot —— - iy
Qe AL o g A (ﬁ) &

Assume the speci
s v s aspsicrlic ‘:n_crlgy Eto be constant in the neighbourhood of the brink |
= 1.0 for simplicity. The conditions at the brink sectiot

(denoted by the s
uffix e) is ex :
respect to the critical depth fo:sssed, by non-dimensionalising Eq. (7.58) %if
i (d

B gl >
Y% +1 @y S0y s

P 3 24y, X disfy ¥
i ditions by the suffix c, Y=

Y/y‘.= 1’; _SL <

nnels '

ATy, S and Efy =

Rcrﬂc"‘b€

The eXP!
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(b) OV

Referrir
trajectol

where |
For a ¢g

where

Since

Notin

Thus,
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Qi . Remembering that Q% = AYT. Eq. (7.59) can be simplified g
%y n :
m’nmelhod e=n+lf(n)+lnf<n>m
“yae 2 3 d(x/y, )’
chﬁciem e (1.60)
# Varigy, ,
¢ expression for the curvature of ‘the channel water surface at the brink iy
: from Eq. (7.60),
RO B Aroy
he wae, oy | T mpm ST 5 Sl T61)
* Passeg Y
ving th,
he Water
the free (b) overflow trajectory
Referring to Fig. 7.22, V= x — component of the velocity in the overflow
ctory and is given by
trajectory Vi et i
€ water here V, = mean velocity at the brink inclined at an angle 6 to the horizontal
wne
to vary For a gr(avily fall
o av,
e L g e
quation : b dr
pecific ;- here V. = y — component of the velocity in the trajectory
| W =
L
Since T 7
A2
d%y s 25 8
Zr)i 5 g/V‘ (V.A)? cos? 8
(7:57) gis oA 7.63)
2C00
7.58) 3 ) - =
( Noting that £ = Af"- Eq. (7:63) can be written
brink 3 ¢
; : i
ection 42 TR S gacs b
) with S AT T
Thus, 5
7.59) | (7.64)
‘ CHON| 2 —
A €o!
d(x/y.y’ illin

=





image42.jpeg
354 FoW in Op€

(c) General equation for end depth ratlo

For 2 continuous water surface slope at (x = 0.y=y)Eq A

(7.64) must be identical and as such 61) b

ek
2 f(ﬂ)cosze nf(m > f(n)}
simplifying:
6 € cos’0 - 2 n(3c0528 B E= 3R i

In the usual cases when 6 is small, cos 8 = 1.0, a2 o e (7.65)

- (165
)

simplifies 0
e = L= B = U :
This equation is the general cquation relating the end-depth ratio (7-66)
non-dimensionalised specific energy arthe brink and is based on th N with
of constancy of the specific energy in the neighbourhood of (;assumpﬁOH
illustrate the use of Eq. (7.66), the prediction of end-depth i € bring. To
channels is presented in the following section. 1 €Xponentjy

7.7.4 End Depth In Exponential Channels
An exponential channel is defined as the one i i
in which the :
to the depth y as A = Ky*, where K and a are constants. It .:I::SA i
a = 1.0, 1.5 and 2.0 represents rectangular, parabolic and m'angullly seen tha
: ar channels

respectively.

For exponential channels, T = A _ g, y*! and A_Y
dy o (7.61)
3
s = A& Tl =L e = L
AT g ane (7.68)
Eq. (7.66) now becomes
6e - 4n - Sl =0
a e (1.69)

The solution of Eq
. (7.69) i 3
chamnel flows separately. ) is now obtained for subcritical and supercritical

(1) Subcritical flow

If the flow u

pstream of e
before the end-depth. Ao .bnnk is subcritical, the critical depth must ot

section and end secti uming constant specifi 2
sectio | | pecific energy E between the critéd
5
£ ==
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n Channels
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66 Ths for a given exponential channel shape (. 4 - ;
'he) for suberitical flow. @ = constant), £ is constant
tion Eq. (7.69) now becomes
To ( | ) i)
6|1+ —|- 3 T

ial %) A e

and can be solved for a given value of a. It is seen that for a given value of

g, the end-depth ratio 7 is a constant in subcritical flow and js independent of

\ the flow parameters like Froude number.

E (1) Supercritical flow
Els If the flow upstream of the brink is supercritical, the normal depth y, is less

i than y, and the critical depth does not exist in the profile between y, and y,.
| | Considering a section between y, and y, (Fig.7.24)

7) S gy

A B 7
Yo Yo Yo 284
g ] Putting %Z‘ = & and, noting that %? = ):62
2
; st
) £ =6+ 2 Ton
al 5 |
=5+ -g’- /() @a.11)
. L N
where =
r f(9) . s
I In an exponential channel f (§) = 6 /a :
; b rei 7.72b)
md g oAb _ (% =(1) : (
> ey sl 7
(1.72¢)
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function of the upstream 5 ) 0.80
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End dep long with appropriate expression for €, [viz, 0
using 4. (6% Zqu (1.73) in supercritical flow, the Value of e o1 U
subcritical ﬂ;)ew i;uatea for a given flow situation. Table 7.4 giyeg i ey 2
i an be € o ; vl
o zoi subcritical flows in rectangular, parabolic and triangyyy Chanr'::x »
of? i by Eq. (7.69) along with the corresponding resyt Obtﬂink 0.60 —
eval u.a i L 2t 3
cxpenmental y- S t
Table 7.4 Comparison of End Depth Ratios of 1 Obtained by Eq. (1, % 2
3 =%
Channel e Mean- Per cen; g
e % NSy experimental unée, 2 050 -
value estimation
by Eq. (7.69) (Table 7.3)
Rectangle 1.0 0.694 0.715 + 3.5% 29
A 0.734 0.772 + 5.0% 49 :
Triangle 2.0 0.762 0.795 + 2.5% 42 0.40
Generally, the predictions are less by about 5% of the mean experirnemal.j
values, probably due to the neglect of frictional effects. Considering the natu i
of scatter of experimental results, the prediction of 7 by Eq. (7.69) can be taken |
as satisfactory and adequate. 030
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Fig. 7.25 Variation of the end depth ratio in supercritical flows

Figure 7.25 shows the variation of the end-depth ratio 7 with Fy for
supercritical flows, in rectangular, parabolic and triangular channels, obtained
by solving Eq. (7.69). Detailed experimental data are not available to verify
these predictions completely. However, available data on triangular channels?’
have shown the prediction to be satisfactory. Satisfactory comparison of available
data in rectangular channels is shown in Fig. 7.23.

7.7.5 End Depth in Other Channel Shapes

The generalised energy method described in the carlier section is a simple an:
versatile technique to predict the end-depth ratio 7 in both subcritical an
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supercritical flow modes in prismatic channels of ar;y ﬁ;}aﬁz.eﬂowe),er'

Eq. (7.66) and expressions for £ and f (1) may "0: alb‘:/:ailcssolr:t:d S) SO’[‘\II’;C:zlons
i have to e [ r .

and in such cases use of computers may e

S:hmnmnya and Keshavamurthy?” have used Eq. (7.66) to estimate the eng.

e itic s in trapezoidal ch: - ‘
depth ratio 7 as a function of e for suberitical flows in trapezoidal chanpels, | By Ea- (
The available data substantiate the high degree of acetIgsyl of. this predictiop, The gen
Sub;ammya and Niraj Kumar®® have used the gencral{scd'energy method
Eq. (7.66)) to predict the end-depth in subcritical ﬂo.ws in circular chanpeg
(nqn —Afn (v./D). It has been shown that 7] is essentially constant at 0.73 j, ‘ Substitut
the entire praéﬁcal range of y/D viz. 0 < y/D < 08 This compa{\;s \;ry ngl .
with the value of 7 = 0.725 + 3.5% obtained by Rajaratnam apd uralidhar?, ! i.
Niraj Kumar3® has reported extensive use of Eq. (7.66). lg predict ‘the enld~dep[h Solving
ratio 77 in a variety of channel shapes including elliptical ?“UOHS- inverted
trapezoidal sections and standard lined triangular canal section. | 7.7.6 |
EXAMPLE 7.5 A channel has its area given by A =k’ where k =a | The uni
constant. For subcritical flow in this channel estimate the ratio of the end-depth end dep
to critical depth. section
a chann
Solution | is confir
This is an exponential channel with a = 3.0. For subcritical flow by Eq. (7.70) is better
1 The def
gl e ‘ i
! a const
1 il | i
By Eq. (7.68), f(m) = —5- = — — | gen
Y/ Eq a,},a 3 T}6 : | e g
The general equation of end depth Eq. (7.66) is method
6e—4n -3f(m =0 Ins
g S e needed
Substituting for & and f (1), (6 x 1.167) — 47 3 6 =0 o
1 i " EXAM
Kl il Aa 0.6m
i i = = | known
Solving by trial and error 7 = y/y. = 0.80.
EXAMPLE 7.6 A rectangular channel carries a supercritical flow with a : Soluti
Froude number of 2.0. Find the end-depth ratio at a free overfall in this i
P Takin;
channel. sibors
Solution :
In supercritical flow, for an exponential channel, £ = fn(a, F, b Fe
Here a = 1.0

By Eq. (7.53 el B
PELOS) el (1+ i .
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f By Eq. (7.68), f(m) = L _

s prediction, ] a2,
rgy method The general equation of end-depth
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ar channels ‘ B e ;n) :CIO(7.66) is
t at 0.73 in | :
s very well ; Substituting for £ and f(n), ¢ « 189 - 4, _ % 2
Ly 1 I n

he: 4 - 1134 +3 =g

Solving by trial-and-error, n = Y.ly, = 0.577.

/ 7.7.6 End Depth as a Flow-Measuring Device

The unique relationship for »/y. for a given channel at a i
| end depth the status of a flow meter. For ﬂow-measurcmf::t :\‘/;;f:i:a:h?::;
section should be truly level in the lateral direction and must be prec‘:eded b
f a channel of length not less than 15y,. The overfall must be free and where I);
is confined by side walls, the nappe well ventilated. The accuracy of measurement
is better if the slope is flat, i.e. as near to being a horizontal bed as possible.
The depth should be measured at the end section on the channel centreline by
means of a precision point gauge. In subcritical flows for a given channel shape
a constant value of y /y_ as given in Table 7.3 (or as obtained by using the
general equation for end depth, Eq. (7.66)) is used to estimate the discharge
for a given y,. The general accuracy of flow-measurement by the end depth
method is around 3 per cent in subcritical flows.
In supercritical flows y/y, = fn(F;) and as such two depths y, and y, are
needed to estimate the discharge. In view of this, the end-depth method is not
advantageous in supercritical flows.

"EXAMPLE 7.7 A triangular channel with m = 1.5 has a brink depth of
0.6m at a free overfall. Estimate the discharge in the channel if the flow is
known to be subcritical.

Solution

TaEing the experimentally observed result (Table 7.3) of y,fy, = 0.795 for
subcritical flow in triangular channels

, 500 52
g Y. = o5 = U155
For a triangular channel from Eq. (2.14) °
¥, = Qg m)"®
/2
‘ ; 2 asglg(msgz]
0 - (i - [20%

= 1.645m%s
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L—I:ﬁ()hl EMS

Problems

Topic shik,

A ety 119 7\|

1% Rectangular weir ;
2 Weirs of various shapes ' 4

3% Triangulu{r weir ~'; i

4 Sutro weir /8,

58 Quadratic weir 1.9, 7 l? .
6. Ogee spillway 7.12 7.16 !
7 Broad crested weir .17 = 7.20 :
8. Critical depth flume 7.21, 7.22 |
9. End depth 7.2 = 7.28

10. Sluice gate i R e i

7l

A rectangular sharp-crested suppressed weir is 2.0 m long and 0.6 m high,

Estimate the discharge when the depth of flow upstream of the weir is 0.90 m.

If the same discharge was to pass over an alternative contracted weir of 1.5

length and 0.60 m height at the same location, what would be the change in the

water-surface elevation?

A sharp-crested suppressed weir is 1.5 m long, Calculate the height of the weir

required to pass a flow of 0.75 m's while maintaining an upstream depth of

flow of 1.50 m.

A rectangular sharp-crested suppressed weir is 3.0m long and 1.2 m high
During a high flow in the channel, the weir was submerged.with the depths of
flow of 1.93m and 1.35m at the upstream and downstream of the weir
respectively. Estimate the discharge,

Develop expressions as given in Table 7.2 for the discharge over triangular,
circular, parabolic and trapezoidal sharp-crested weirs.

A right angled triangu‘lar notch discharges under submerged condition. Estimate
the discharge if the heights of water surface measured above the vertex of the
notch on the upstream and downstream of the notch plate are 0.30 m and
0.15 m respectively (Assume C,, = 0.58).

A 15.m high sharp-cr:cstcd weir plate is installed at the end of a 2.0 m wide
rectangular channel. The channel side walls are 1.0 m high. What maximum
discharge can be passed in the channel if the prescribed minimum free board
is 20cm ?
A sharp-crested weir of height 0.80 m and length 2.0 m was fitted with a point
gauge for recording the head of flow, After some use, the point gauge was found
to have a zero crror; it was reading heads 2 cm too small. Determine the
percentage error in the estimated discharges corresponding to an observed head
of 50 cm.
legn a Sutro weir for use ina 0.30 m wide rectangular channel to have linear
discharge relationship in the discharge range from 0.25 m¥/s to 0.60 ms.

Z:he_. bgs6ezof the weir will have to span the full width of the channel. Assume
d s .

I
|

7.11

7.12

7.13

7.14

1S

7.16
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Design a quadratic weir spanning the ful] width
channel at the base and capable of passing minimum
of 0.10m"/s and 0.40 m’/s respectively under th
relationship. (Assume C, = 0.61.)

A Sutro weir wnhba rectangular base is installed in a
width 60 cm. The base weir spans the full wi

coinciding with the channel bed; and has a P::::h?i;h:;hc:‘“::) 2: its crest
discharge through the channel when the depth of flow in the d'n-nncl imlm'::;c the
behind the weir is 25 cm. (if) What discharge in the channel is indic:d mhc'y
the depth of flow is 33 cm? (iii) What depth of flow in the chnnnclcc:, ;:
expected for a discharge of 0.20 m%/s? [Take C,=0.61).

A quadratic weir with rectangular base of 45 cm width and 9 cm height has a
depth of flow of 15 cm in the channel. Estimate (i) the discharge through the
weir and (ii) the depth of flow in the channel corresponding to a discharge of
25 litres/s. [Take C, = 0.61].

Find the clevation of the water surface and energy line corresponding to a
design discharge of 500 m’/s passing over a spillway of crest length 42 m and
crest height 20 m above the river bed. What would be the energy head and
minimum pressure head when the discharge is 700 m%/s?

A spillway with a crest height of 25.0 m above the stream bed is designed for
an energy head of 3.5 m. If a minimum pressure head of 5.0 m below atmospheric
is allowed, what is the allowable discharge intensity over the spillway?

A spillway has a crest height of 30.0 m above the bed and a design energy head
of 3.0 m. The crest length of the spillway is 50 m. As a part of remodelling of
the dam, a three-span bridge is proposed over the spillway. The piers will be
1.5 m thick and are round-nosed and the abutment comers will be rounded.
What will be the change in the water-surface elevation for the design-flood

of 2 0.50 m rectangular
and maximum discharges
¢ desired Proportionality

rectangular channel of

discharge? ' ‘
An overflow spillway with its crest 15 m above the river bed level has radial

gates fitted on the crest. During a certain flow, the water surface upm of
the dam was observed to be 2.5 m above the crest and the gite opening was
1.0 m. Estimate the discharge from a bay of 15.0 m length. (Neglect end

tractions. : :
CA.;,n ogee spi)llwﬂy with a vertical face is designed to pass a ﬂood flow of
250 mg’/s The distance between the abutments of the s?nllw is 450 m. A
; bridas 1s provided over the spillway. The bridge piers are 1.20 m
hrecre If the crest of the spillway is 10.0 m above the river

3 sed.
wide and are round no ions of the water surface and energy line. Using this

_bed level, find the clevad

esign discharge, calcu!atc the spillway' crest ?mﬁlc.

jar channel 2.5 M wide has a broad-crested weir of height 1.0 m.md
Arecmz.ulr ”5mbuinnasecﬁon The weir spans the full canal width.
: .on above the crest is 0.5 m, estimate the discharge

ir. If the same discharge passcs over another similar weir,

discharge as the d

t d-crested weir of height 2.0 m and width 3.0 m spans the full width of
A ~hannel of width 4.0 m. The channel is used as an outlet for
a rectangular
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7.20

7.21

7.22

28

7.24

725

7.26

727

excess water from a tank of surface area 0.5 hectares at the weir c_rcst leve], It
the water leyel in the tank at a certain time is 0.90 m above the weir crest, What
is the discharge over the weir ? Estimate the lifﬂc m.kcn to »lowcr the water.
surface elevation by 60 cm. (Assume that there is no inflow into the tank and
the surface area of the tank is constant in lh.is range.) i

A rectangular channel 2.0 m wide carrying a discharge of- 2.5 m/s is to be fitteq .
with a weir at its downstream end to provide a means of ﬂ.ow m:jxum"emcm as
well as to cause heading-up of the water surface. Two chowcs,_uz_ (i) @ sharp-
crested weir plate of 0.80 m high and (ii) n'hmfld—crc.slcd \\“elr block of 0.80
m height and 1.0 m width, both spanning lhc»lull wnd!hlot the channel, are
considered. Which of these weirs causes a higher heading-up and to whgyt

extent? ! ;
Show that for a triangular broad crested weir flowing free the discharge equation

can be expressed as

o ;g’ C, tand [275)g H"

where H = energy head measured from the vertex of the weir, 6 = semi-apex
angle and C,, = coefficient of discharge.
A standing wave flume is used to measure the discharge in a 10.0 m wide

rectangular channel. A 5 m wide throat section has a hump of 0.5 m height.
What is the discharge indicated when the upstream depth of flow in the channe|
at the flume entrance is 2.10 m? Assume an overall coefficient of discharge of
1.620 for the flume

A rectangular throated flume is to be used to measure the discharge in a 9.0 m
wide channel. It is known that the submergence limit for the flume is 0.80 and
the overall discharge coefficient is 1.535. A throat width of 5.0 m is preferred.
What should be the height of the hump if the flume is to be capable of measuring
a discharge of 20.0 m%s as a free flow with the tailwater depth at 2.30 m?

Obtain the end-depth ratio n = % for a triangular channel having (a) suberitical
e i

flow and (b) supercritical flow with a ;Froude number of 2.5.

Show that for a channel whose arca 4 = k y25 the end-depth ratio 7 for
subcritical flow mode is 0.783. Also, determine the variation of 7 with Froude
number F; for supercritical flow in the channel.
A parabolic channel with a profile x> = 4ay, where y axis is in the vertical
direction, terminates in a free fall, Show that the end-depth ratio n = ¥y, for
supercritical flow is given by

2 -4 +1=0
Determine the relevant root of this equation and compare it with the
experimentally obtained value of . .
Find the end depth at a free overfall in a rectangular channel when the upstream
flow is at a Froude number of 3.0 with‘a normal depth of 0.70 m.
Estimate the discharges corresponding to the following end-depth values in

- various channels, The channels are horizontal and the flow is suberitical in all

cases.
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() Rectangular channel, B=20my = 0
(i) Triangular channels, m=10 ‘,‘ WS 05 L
¥ d o Sl Jym
i) Circular channel, D= 7
( 0.90 m, ¥.=03m

se the value of VY. given in Table 73]
Write a general mometum cquation to the f
evponential channel (A ). Assuming th

oW at the end-depth region in an
¢ channel to be horizontal without

v friction and the pressure orce at the to be =y W
the brink to be p a
brink . YA, Kl’ show that

Wik S (EL‘) (-¢7)
Fr

a 2a
Epetil

here N o
where & = Vo/v:

e R s E et Fetl o 2o
SRR sk SF gate opening is 0.30 m and the downstream
flow is free, estimate the discharge through the gate and the force on the gate.
A rectangular channel 2.0 m wide has to pass a flow A 3 g/
sluice gate opening of 0.4 m. If the water dzpth upstrear:roi ?h:lg/asteﬂ;:o;?)hmé
find the depth of water immediately below the gate,

A rectangular channel carries a discharge of 2.5 m¥s/m. Find the opening of a
gate required to pass this flow with an upstream depth of 4.0 m. The
gate can be assumed to be operating under free-flow conditions

Iy the momentum equation to the submerged sluice gate flow (Fig. 7.29) by
King suitable assumptions and estimate the depth H, immediately below the
sluice gate in terms of y,. a. C_and H,.

Obrain an expression for the force on the sluice gate in submerged flow for the

situation in Fig. 7.29. e
Show that the modular limit of the free flow ina sluice gate (Fig. 7.29) is given

by
% %[_lk,h*sﬁ-’:]
|
H, Bt :
where FZ = [—CC%] (—a—l- QJ and y, = tailwater depth X
; % |
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7.27  In submerged flow through a sluice gate the coefficient of discharge Cy= ] gutter
ki spillw
@ f Fﬁ;" ®) Cyy © C, @) ¢, chann
/ ; is dif
7.28 The coefficient of discharge C, in free sluice gate is related to C as equati
(“)Cc=*_c‘——z (b) Cd:*_c”_c
V1+(CalHy) th-(Cca/Hn)z
(Glg et i Die —aeaiG N
Vi-(CarH,y 4
(i)
1
729  The disch fGici i .
e (a/Ha;ge coe .c’lem Cgy in submerged sluicegate flow is
f iy
© f(@H, y,ia) " D
7.30  Sluice gates usedj “field applications have <
(a) a bevel on the upstream face
((b)) :e be\l':l on the downstream face 8.2.1
C vels on both upstream and 5y
(d) no bevel. dnwnsteadn (ks In apy
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Fig. 7.3 Non-aerated nappe (Courtesy:

M.G. Bos)
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7.2.2 Discharge Equation

It is usual to derive the discharge equation for free flow over a Sharp.-cre,

weir by considering an idcal undeflected jet and to apply a c"cmncn‘ltd
for the deflection due to the action of gravity Uof

contraction to account
ar weir of length L spanning the full widw g .
0

a

Thus for a rectangul _ :
rectangular channel Gi-e. L = B), the ideal discharge through an elemengy o
a depth A below the energy line (Fig. 7.1), is alteh b;’ n

of thickness dh at

dQ, = Ly[2gh dh i
G v 3
H,+Eﬂ-
Thus the ideal discharge O, = Ly2g .[zi ¢k dh e
~ e 2)
and the actual dischgrge Q@ = C 0, @3

in which C_ = coefficient of contraction.

V2

2 V2 3/2 312
=ic 2 ML M
Thus g = ,J_gL[[H,+2g) (zg) o

However, since Eq. (7.4) is rather inconvenient to use, the discharge equation
is written in terms of H, the depth of flow upstream of the weir measured

]

above the weir crest, as
% 2 ;
= &5 312
05 v 28 i (15)

where C, = coefficient of discharge which takes into account the velocity of
approach V, and is given by

3/2 3/2
G =G|+ ol g | v
_2gH, 2gH, (76}

IIn id:lal ﬂl{id flow C; = f(H,/P) and this variation has been studied by Stretkoff?.

vser:c fluid ﬂov-v C, s.h.ould in general be a function of Reynolds number and

! suﬁl; ;::;ll;el;,a:n add;u?fn t}t‘o the weir height factor H,/P. If Reynolds number
‘ ge and if the head H, is sufficiently high

tension effects negligible, the coefﬁcilenl of dischar);c St

= - Cy = f(H/P)
e variation of C, for jedtan :
o fOr fectangular sharp-crested weirs is given by the well-

126

and
the yalue

This I€
and Rous
for sillS i

known Rehbock fonnuli_cf

c, =0611+008 1 G
which is valid for H|/P < 5.0. &
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711,3
1l alues of relative to 1 \H
. : P HI, Le. for —L >20, i
: D » (€ wejr acts as asil]

t the end of a horizontal chanpe] e

as .
yme[hc critical depth ¥, oceurs at the ) such is termeq Sl Assuming
ot s

B fp sy o (g]'“
40 (7.8)
Yy )
- 0 = BJg (H, + Py ~2¢, 5 wpn
ie
d L =B, (7.9)
;n”a;ue of C, from Eq. (7.9) works out to be
32
G = 1.06[1 + i]
) (7.10)

: e bt i ;
This relationship d en verified experimentally b g
iati i y Kandaswam
ad Rouse’. The ve%rlau'on of G, given by Eq. (7.7) for weirs and by Eq. (7 lOy)
forsills is shown 1n Fig. 7.4. :

e /= : 7 v IR LTI i e o
Ity Eq.(7.10) g i
Sill = PN
e
1.0 s :
Weir

g T Eq.(7.7)
o= =
L Hj
o I
i R
gy 7 |
0-6-‘.‘~ | " 1 1 1 ! 1 i | i -
0 0.1 0.2 gy 06 05 0
Pl H)
s and sills

Fig. 7.4 Variation of C, for weir
5) the C, values
7.10) as shown

e inermediate region of weirs and sills (ie. 20> H/P>

 pecteq to have a smooth transition from Eq. (1.7) to Eq. (
Wi 74, : ;
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A review of the effect of liquid prqpﬂu'es on C, is availabje e
Generally, excepting at very low heads, i.e. H < 2.0 cm, for the floy, 5 ef, |
in rectangular channels, the effects of Reynolds number and Weber &) Wae,
are insignificant. Thus for practical purposes, Eq (7 ;”tr &

)

the value of G, i :
for the estimation of discharges. The head g
118 ¢

Eq. (7.10) can be used E
measured upstream of the weir surface at a distance of about 4.0 &
1 from .

© crest. If weirs are installed for metering purposes, the relevan; stan,
g International Standards: ISO: 1438, 1979, Thin-plate i
Weirg)

and
© be
wei

specifications (c
must be followed in weir setungs.

7.2.4 Submergence

In free flow it was mentioned that

the tailwater leveMis far below the ‘L_T\/\LL

crest to affect the free plunging of H, 2
H.

the nappe. If the tailwater level is
above the weir crest, the flow
pattern would be much different
from the free-flow case
(Fig- 7.5). Such a flow is called
submerged flow. The ratio H. ’ \
H,, where jlez = dOWﬁstrear;/ Fig. 7.5 Submerged sharp-crested weir

water-surface elevation measured above the weir crest, is called submerge;

ratio. In submerged flow, the discharge over the weir Q et i nt;e
submergence ratio. An estimation of Q_ can be made byx use of Vilf:nom:

formala'-#

H.o_ns
= S LY
& Q]-( ) .11

where Q, = free-flow discharge unde; _ ;
hea;;cdiscl.la'rgt:mrlela:'lonship Qg= KH"r I:::‘da ’rléc‘:t:n;ur:'p‘:l:l:.t :f=b?.g. vl
5 demmms o vruc of H/H, at which the discharge under a given head
is]!ermed ’Mdulape I.CCTII from the value determined by the free-flow equation
L mOdu]urrmfn‘or :ubrrxergence limit. In sharp-crested rectangular
before the tailwater 1Mt Is negative, je. the submergence effect is felt even
usual to specify the ﬂibﬂ::e the crest elevation. Thus to ensure free-flow it is
for small weirs. This mini \ surt:ace to be at least 8 cm below the weir crest

imum distance will have to be larger for large weirs

where AZ
floor (Fig
To gau:
 petween
maximum
column),

Weisbach

EXAMPL
0,350 m?/
channel t|
depth - of

Solution
A trial-ar
by Eq. (7

to account for fluctubtions
2 of the : :
weir due to any wave action, water level immediately downstream of the





