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The well-known Schwarz—Christoffel transformation

-
-

“and the free streamline theory are uéed to solve the probleﬁ-

fogy

of. flow\past a lateral outlet housed in a two-dmmen51onale

\ Y

conduit The solutlon presented can be applled to 1até:a1.

It R I L P .
Ea%f%@.o

*  outlets which are fitted with a bdrrier that'can be set at
- S ) R *
arbitrary inclinations. For particular cases such as the’

«f?ee outlet and-the outlet fitted with a barrier normal to

_the conduit, closed form solutions were bbtained. For the
‘ * H .
4 . .
more general case, where the barrier inclination is arbit-
8 N ’ ¢ 5

‘rary, numerical techniques were used to obtdin the solution.

The contraction'coefficient and the jet inclination of the 3

flow 1ssg;ng out of the outlet are obtalned as functions of

the jet &eloc1ty tatio.

The theory of flow through a lateral outlet housed Jo

- [
&

iﬁ a two-dimensional conduit has been adoptéd to deveiop a

v, hydrodynamlc model related to the flow through a lateral
S 4

"weir set in the side of a rectangular channel. The proposed

/
relationshipé are valid when the flow in the channel up-

stream of the weir is subcritical. The experlmental data

!
“\ 0"

obtalned in’ a test flume proyldes a verlflcatlon Qf ‘the _
theoret1cal~relatlonsh1ps between thé geometric and fluid :i
- » . ' | ) | R
' ¢ . : - . (,'

¢
’ -
. , oo B
P v o - P s ' . N - v ekl L s 51
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dynamlc parameters of theuwelr flow. The proposed express-

~ions are valid for flow through. lateral weirs whlch can beA

as wide as the parbnt channel Co

.

’r

*

D

"

/
In?tef%aln a

L

3

ppllcatlons such as autofiated irrigation

\

‘ %

systems multlple lateral weirs are housed in open channgels

in whlch spatlally decreasing flow occurs ; When the channel

" bed slope and the frlctlon slope are very smallh spatially

decrea51ng subcrltical channel flow results in a: ri51ng
\

profile in the reach‘containing.the multiple lateral weirs.

This céusés(non-uniform distribution of weir outflows. . For

purposes of analysis, a single equivalent weir is considered

.

and it is shown that un;form water. surface proflle ensuring
!
uniform outflow can be obtained by modifying the weir system

.

3 o

3

TRV GRS e O R

geometry."The proposed methods to obtaln unlformly dlscharg— .

ing outlets ere simple and easy tp construct even\Ln exlst-

"

ing channels. A number of tests were. conducted tofuerify' .

1

tHe proposed methods. The nddifications’suggested are simple

and easy to’ consfruct. The present study is limited to -

rectangular open channels.

-
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o .. o . CHAPTER I

"INTRODUCTION

1.1 GENERAL REMARKS

The following section deals very briefly with the

previous work done related to flow-past lateral outlets

house&d in conduits and open. channels. ' .

a

1.2 LATERAL OUTLET IN A TWO-DIMENSIONAL
CONDUIT v

f

. . .
s
The division of flow from a lateral outlet housed

in a canal or a conduit constitutes a common feature in

many hydraulic systefﬁé ‘Familiar ekamplég of such systems

' include the flow through side weirs and multiport -diffusers.

Often barriers aré fitted to the outlets as in cugb outlets,
branéh channels and pipe manifolds. The characteristics o%.'
lateral flow past free outlets and outlets fitted with
barriers set at right~-angles to the ma;n conduit have been

studied in the past. These studieé are based on. the free

t

‘streamline theory. However, the case where ‘the bapgier is

set at arbitrary angles to the conduit has not been studied &

so far, although practical applications in ikrigation systems
and_urbaﬁ sewer systems include branch channels which are -~ \\‘

oﬁgenﬁget at afbitrary angles to the parent channel.

)




In Chapter II, numerical solutions based on the
well-known Schnarz-Christoffel transformation [26] ﬂand
the free streamline theory are presented for flow past a
lateral outlet housed in tWO—dlmen51onal condult. For some
special cases, closed form solutions are obtalned and the
results are verlfled using the solutions suggasted earlier by
other investigators. The*approxlmate relationship proposed
for the coefficient of discharge of a free outlet is shown
to compare welf with the empifical formula suggested by .
Rawn, et 4l [21], who conducted tests on flow through a

lateral outlet of a pipe. . ‘

—-—

The jet contraction coefficient and the jet angle

constitute the main chareéteristics of the outflow. To limit
the number of variables in the general case, the analysis

presented assumes the barrier length to be 1nf1n1tely long.

- ——

It should be noted that the contraction of the jet in &
physical model occurs w1th1n a short 1ength of the barrler.
Consequently, the theoretical model is strlctly not restric-
tive from the point of view-of,practical applications.l
Table 1 provides a summary of the studies'nade to obtain the

characteristics of flow through a lateral conduit outlet.

1.3 LATERAL WEIR OUTLET IN - .
AN OPEN CHANNEL | ‘

/
i
Lateral weirs are used erensively in irrigation

and urban sewer systems. The mechenics of flow through

Y
-

such a weir has been studied by.a number of investigato:s in .
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- e,

. the assumption that the energy loss is negligible‘in the

. foot- w1dth of the weir due to the static head h .

.-
L

. channel ups@ream of e:wéir is relatively low
h

. plane to be crltlcal and proposed a theoretlcal expression

. cates that the proposed formula 1s valld in- the low Froude

. S al i B 3 by
»y g a.

the past . [6,7,8,11,19,23]. (71

an explicit solution to the problem of flow through a later-

De Marchi has presented

al weir which is housed in a rectangular channel, based on °

’

main“ohannel section that'spans the lateral°weir and that
in the simpie weir relation~ -
. 23

the discharge coefficjient Cw’

ship given by equation. (1.1) 'is constant.
] . . L

372 . .
2 g=Ch’ . (1.1);
. “wo . ; /

. <

P maren i il WA b g s v

-8

IR

-In the above equatlon q denotes the dlscharge per

2
s ST VY

Appllca-'
tion of equat;on (1.1) is approprlate to f%gw dhrough a

lateral weir, when the Froude number of the flow in the ~

St

(F1 < 0.4).

—

Various versions of, the De Marchi equation have been proposed

by several 1nvest1gaéors 1n the past. In particular,
(6] [23]
3 .4
ed the effect of VvV, anpd hence Fi1 on the we1r~coeff1c1ent.

Iy -

[23] assumed the nature of outflow in the weir °

.}

Frazer [ll], COIllnge ‘and Subramanya consioer-

Subramanya

for~the De Marchi coefficient for flow through lateral weirs

.

whose sili heights were zero. His experimental data indi-

) ' /’

[s] .

have used the momentum prlnclples to predlct the nature of

number range ( F1 < 0.4). Nimmo [19] and El Khashab

flow through lateral weirs,

P
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Visual observations indicate that the outflow
- emerges'as a jet whioﬁ makes%an oblique angle with the weir
plane. The normal veloclty component -of the jet (outflow)
S correspondlng to any 1nf1n1te31mal layer is a functlon of
the depth of the layer below the free surface (Figure 1).
‘Consequently, thls varlatlon mg the jet angle has to be V
accounted for in: any lateral wer& model. Based on the
existing lategal conduit outflow models T[14,17,181, A
lateral weir flow nodel is developed in Chapter II. -Ia the °
' ‘ ensuing‘sections, th%s model will be reféﬁfed t? as the
hydrodynamic weir‘&odel.
A brief summary of(br;vious studies related to ,
lateral weirs is prévided in Table-2.

1.4 UNIFORMLY DISCHARGING LATERAL &P
WEIR SYSTEM = IR '

, ~ S
’ ' Water is becdming/universall§ accepted as a nation-
‘ i3

al resource. The 1ncrea81ng use of thlS resource suggests

PR R
.

. ) the need to adopt methods for its wise and eff1c1ent use.

!

b aakl

Intensxflcatlon of agrlculture in exlstlng farmlands also

kd

i, TR

oints out the need to 1mprove the ex1st1ng methods of appyy- i

1ng 1rrlgatlon water. Conventlonal surface irridation'
\

usystems resultlng in non-unlfoum*gppllcatlon of water lead

to increased runn~-off and deep percolation. kecently,,

méthods such as automated. furrow irrigation [16], cutback

f ~ systems [12], etc,, have come into vogue. . \

-
1
EAN
o




Automated irrigation systems permit the use of less

skilled labour besides.gllowing substantial reduction in

the labour force required for farm “work. ﬁumphreys [16]‘

provides a useful summary. of existing automatic surface

irrigation systems.

Sweeten et al [24] studied the uni-

formity of discharge from a bank of *siphons set in the 'side

of an open channel Lndervcondiéions of spatially varied

flow. Sweeten and Garton [zsj\ have conducted field experi-

ments to find the non-uniformity of outflow from multiple

. . : &
lateral weir systems. .

e

In Chapter V, test data related to unlformly dis- ;

.
- ...u«,.w.....4«~mj i
=

charglng lateral weirs is presented. Unlform welr outflow

v : 1 '
conditions were qptained by altering the geometric parameters

of the weir system. The outflow through the lateral weir

model was obtalned on the basis of the hydrodynamlc model
Chapter II prov1des ‘a brief outline @f the theoretlcal model

related to uniformly discharging lateral weir systems.

'

A E
brief review of previous research is given in Table 3

’
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‘ ’ " CHARTER II

THEORETICAL ANALYSIS

2.1 GENERAL REMARKS . . '

1 ~ -
—
.

‘ An outline of the thg?reticah,analysis related to

the following problems is preseﬁfeq in thissection. _

(1) lateral outlet in a two-dimensiénal conduit

o4
v (2) Lateral weir outlet in an open channel

N / o .
(3) + Uniformly' discharging lateral weir system

The theoretical model of a lateral weir is compar-

ed with the experimental data in Chapter IV.

3 N .o
2.2 LATERAL OUTLET IN A TWO-DIMENSIONAL "
CONDUIT t '

\

. A briéf analysis of flow past a lateral outlet

fitted with an infinitely long barrier set at arbitrary angles’
is presented below.
/

. ' - 2.2.1 The Physical Plane

t

Consider the flow past a two-dimensional lateral
- Y
outlet (Fig. 2a) which is fitted with a guide DE. For this
outlet, the flow qhara¢teris£ics are obtained‘ihrough conformal

- transformations. Figures 2 to 4 denote the mapping planes of

/

. .
¢ . . . ‘ [ R ‘».a,.,,‘-fu,,\,)‘.‘,‘:‘;e,‘m

/

14 v :
. . ~' — e -y
* , P i L ANk i Al W“w\ ST TR .
N ‘e
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|
!
|
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the transformations.

To begin with, the solution for the most generalized
case is sought. ' To this end, let us consider the following

physically realizable cond{Eions.

.
e o

(1) The‘barrier angle (7n/K) is arbitrary in the

LY ‘\(.
range:

liKioo ' ‘ ) . .

, [
(2) The dimensionless barrier ‘length C/b and the
outlet ratio a/b are variable: .
. /‘
0 < (C/b) <= and 0 < a/b < =

[}

(3) ' The range of Ehe velocity ratios B( = V2/V))

and n( = V1/Vj) are as follows;

L

"0<B<1l and 0 <n<1l

where ' ,

V: and V; = the velocities upstream and down-

stream of the outlet rdspectively

At ' ' b

In conformity with familiar practice, the jet velo-

. city V., is assumed to be unity without any loss of generadl

ity. The liquid issues ‘through the slot AD (Fig. 2a)'and o

is guided by the outlet barrier DE. When the angle of the

1
Q

£

&

o

oo
Rz

Y

.
b@ﬁ%ﬂ;‘} DA
o ,‘-.\y‘?-}?;;. e
e

o
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N L[4

free jetr(unguided) is smaller than the angle of the guide,

: the guide. forms. the lower bounding streamline up to E, while

2

the  rest of the jet boundary is defined by the free-streamline

o ' - pattern. Table 3a provides a summary of the kasig transforma-
tions adopted. The same letter is used to denote the corres- &
ponding points in all planes. In the physical plane (Fig. 2a) -. ‘%.

. R " 3
D is assumed to be the stagnation point. When the value of

Wmbrgtin, =
A iy ey

K is unity, the barrier DE will be aligned with the conduit
; (Fig. 5a) -and the stégnation point D is located in a region
.downstream of the outlet point .E. Figure 5b shows the dispo-

.sition in the Z and &' planes, 'when K has a value of 0.75.

- -

"2.2.2 The Inverse Hodograph Plane (Z +'§ = E')

»

Figure 2b denotes the inverse hodograph plane-

"g( = |v] e*Y). Figure 3 denotes the logarithmic hodograph

plane £'( = log T%T &'y, where V denotes the velocity

i and  y is the angle of the velocity vector .with respéct to

?

the x~axis.

I3
e bk ko BN

o et e S wCaTrad e N

. 2.2.3 The t-plane (§' + t) ‘ &l
% .
The semi-infinite strip’ig the §'-plane (Fig. 3)
: - ? R R ' §
! 4 ’ , [ <t
i is opened at the DD, vertex and the points D, ,E, F, A, B,ﬂ . !
i ' + Ci» and D, -are located along the real axis of the t-plane
b 3 { !
(Fig, 4) in order, at -=, -1, tpg lr tge o, =, with the
3 . g -
following relations:
1 ) . (,. .
. "y ‘
L , ' - - e
———— ez - -
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. . v K-
; t, = cosh 2n () . (2.1)
, B K 3
' N Vi . ‘ .

. . Tr
- N L K ’,’,
Y Y v, o
C . t. = cosh &n () . (22) . g
: C V K . 03
, 2
* .4}:.-
o # .
k] ® ;'1
t, = cos Ka - (2.3) :
. 4 , : -
The transformation that provides the above correspondence ;

is: . < X ' ' ,
. « ) ' ’ w © :
. . i
. t = cos[z_%E%?T_l} , O (2.4) i

. . J? . ) ' } . 4
toE ' '
2.2.4 The w-plan€ (t + w) ‘

.

By continuity, we get
Vib = Vb + Ccavj ' (2.5)

.

Noting that C and F are sinks and B is a. source,
the transformations from the 't-plane to the w—-plane can be

I

obtéi;ed as:
b . CdaVc ! ." e
w = 2 [Vifn(t=ty) - fn(t=tp) = Vain(t-t.) 1\'\

| (2.6) .
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2.3 THE JET CONTRACTION COEFFICIENT C
. V//’ -~ ‘
- . // .
2.3.1 Free Streamline Development 3
- Along the free streamlines AFE, the magnitude of the )
velocity is ﬁniﬁy and y the stream function is constant. o
. Hence dy = 0. ' | #
_Furthér;
t = 1 i = 1 . '
E' = &n ]vj + iy = iy ‘ \ (2.7% . . ;
o ! . ] ? %
' Accordingly, v . . ! _ ‘
~ : , d ’
- - aw = ap = 3 as = vas ; (2.8)
. - . . ' ; *
so that, .
dw = ds | 2
N :
: .- where |/ o o ' ;
@ - ‘ . . N ‘ C !
: ¢ = the velocity potential : f
, . and
' ds = the differential length along the stfeamline -
» : :
. From Equqtion (2.6) ,-one notes that, 1
v C_av, o Lo
: ai = 2 (Vi) - Spd () - Vil dt (2.10) “
i - B “TCF cC. R
% Ty
'\%{"’ -~
| o
5 ) /
. ) o »
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On the free streamline, the -following relations hold:
. 8 dy = ds siny (2:11)
‘ , dx = ds cosy : o (2.12) ]
>/ ) : ‘
‘Hence, the expressions for the projections of the free-stream- o
line on the coordinate axes are: , ' ‘ i
E . T E
Yap = [/ dy = [ Ads siny = / dw siny ‘(25‘13)
A A . . . A
E “ E .. - E ’
Xpp = J d&x =/ ds cosy = / daw cosy (2.14)
e A / A A :
From Geometry (E‘”igs\.sé and .6b) one gets oo T
S F s .
= - - T
a= 'YAE + AFy C cos 7 (2.15)
5 /
- s T
, Xag = C sin & + AFX (2.16)
. AFY = Cca sino, FY = Cca cosa (2..}7) ) j
\ ' b .
“ Let YAE: =T Yap (2.18)
. _ b
XAE = T Xap (2.19)
o . _ N
Usiné equations’ (2.18) and (2.1'9) , equations (2.15) and (2.16)
t N . ) ' ' r ‘

T MMy
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can be.written as

- -~y ¥
.. AR . _ m
a—T—b+CCa51na Ccosxh
**E=Csin£+(ll a cosa : (221)
“AE T K c . . °
. “Since Vj' = 1, from equation (2.5) -
/ ' . 3
! b i ’ ~ a.
) C, = (Vi - Vz2)/(a/b) (2:22)

-

Hence Egs. (2.20) and (2.16) can be reduced “to

“

‘the following form: ' / &

-

/ C/b = {(*.)/m} - (V, - V2J cosa/sin(n/K) (2.23)

s Af

¢

T

a/b = {~ (YAE)/'"}. + (V" ';,Vb) sing |

& ' :
- (C/b) cos(n/K) (2.24)

T

Conséquently, equation (2.22) yields Ce in terms

-

of known quantities. ¢

The expressions for x,. and Y,. are obtained

as follows:\ .
\\'\\ .

*From equations- (2.4) and (2.7), the following rela-

/
f . . . R
tions can be obtained;

‘ - |‘ i 4
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( S Y. t=cosk (G4 (2.25)
roo dt)= - sin {K(F + v)IKdy (2.26)

Substitutirig t and dt in equation (2+10), we
get dw as a function of y which can be substituted in turn

in equation (2.13) and (2.14) to yield an expression to the

projection of the free streamline on the Y axis.

\

"
]

L Y= Vi (By) - (Vi = Va) (By) = Va(C,) (2.27)
- where
E '-K.sin {K(g- + yv)} siny ‘
By = [ [— - ] ay(2.28)
. A cos {K(~2-+Y)} -ty e ¥
’ i E -K,s‘in {K(% + v)1} sinly ‘ /
F_ = [ = ] dy ~
Y A cos {K(f +'v)} - to
4 ' ' E ’ ) .
. =\al £(y)dy (2.29)

.-K.sin {K(% + v)} siny

v 7 ldy °(2.30)
A cos {K(z + v)} - £, =

Similarly, the projection on the x-axis is

1 -

- Xyp = VaB = (Vi = V2)F, - Vo€, (2.31) -
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The corresponding expressions Byr Fy and Cy include the term

cos (y)instead of sin(y)which appears in By’ Fy and Cy.

A

The integration limits A and E are the angles that
. Al A . 3 n
the tangent to the free streamline makes with the X-axis' atl

- +

. these®two points.

- ) Let . A :

‘ . S A
,é A+t =1-+% - (g—) '

: A ’

f | . ’ E+t=-10> —(1‘.)~_(E) 7

i e T % 2

s ' . ¢ "

H

F+t=cosKoz+YFl=’a—12T- . '(2.32)
S The integrands of Fo and Fy include a singular point
at the location where the variable y is equal to (a-%) . )

; / '

‘ .To integrate equations (2.29) around the singular B
* N ' point [18], th€ integration field is divided inte two and  ° <
i . . '
% the infinitesimal increment |e| around the singular pﬁo‘int F

is made to vanish in the limit o '

: E F+e

é FY. = Af {f.(Y)}C'iY = Af {£(y) }ay + .

g o 1
L : °
2 3 = [ {qu)}dy (2.33)

| n ’ F-¢

, ]

|
|
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\ expressed as follows:

-

Table 1 provides a summary of the physical models

and the corresponding solution types which were obtained.
V ' ’ ’ . W ¢

2.3.2 Ph_{rsi‘cal’ Models

\ * y
i ‘L.'\"’

It is possibie to obtain several 'physical models by
varyfing the I'nagnitude of K., For arbj:trary values of K, a
cloded form solution of equations (2.27) and (2.31) is. not- -’
ossjble, in- deneral. However, nufnerica]j solutions can be

-

obtained if closed form solutions are-not feasible.

2.3.3 "Models 1 to 5 (Table 1)

. - 5\ »

The solutions for th'es‘e models involve the integra- -

tion of the expressions shown in equations (2.27) to (2.31.) .o

~

Since closed form solutions were not feasible, ‘

simple numexical techniques were adapted to integraLé the . »

3 M ‘
eacpress:Lons Bx' -Cx’ By and Cy.

‘ L. k! ° ./"" /
2.3.4 Models 6 to 9 (Tal,:zle 1) :

-
.\
. ~

For models 6 to 9, /closed form solutions can be

" & . . N
obtained. The singular point associated with the integrals’
\ . .

present no additional disff 'gulties,' as the techniqges stat—
‘ed earlier can be ado_p_ted ‘even .here (see equation (2.33)).

" .
For the closed form solutions, the increments e are made

¥ .

to vanish in the limit. The  solut®on for case 6 can be .

T e e sy
.
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. . By replac1ng ty by tC in equatlon (2 40), one gets.

@ ‘ - C e Tt .
L I

’ ! , T e e f"ﬂr\'?‘"ﬂ"""f‘}ﬁﬂﬂ\’“?‘j«'iﬁ«‘uf"g‘;‘ R i A
. - , : ‘ 16 “
. o v 4 : ) . ) « A
.o a/b = 2 {(t, —m(l/s) tpr - Bt + (2 Bmsn.na/“} (2.34)
. . 01 . , J ‘ ;
» . . . .

St ‘ tg = /T Ft; 1In { } (2.35) .
P . - 1, ] /l—‘_rg__ a .

S .. v ATE 2 | L C
. g : to, = /T F gg: In d } (2.36) .
‘ , Cy,” Y

- . * ; . -
' v

- T - ITH e, + 72 ~
e T, t, = /1 + &, 1n {— } . (2.37).
: . . 1 : fl‘T‘t; - V2 '

o '

B c/b -¥i {(t -1(1—3) £ ‘{Wt — o )n/’z cosoc)}(Z 38).
- s ‘ 'Y “ 'n-ﬁ ! B2 . . FZ C:ZF J ’.

'

. ﬁhe expression for t )

(8 . ! -
.
. o i o 1 { . .
T 1 b
¥ — .
» . g t
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Equation (2.22) along wi

o

equations (2;34) and

o (2.36) constitutes the solution to mpdel 6.

Model 7 is a particular case of model 6. Set the

barrier length to infinity (C »+ =), Consequently, o assumes
the value of /2 in equation (2.34). The latter together

with equation (2.22) forms the solution to case 7.

'

P

. _ : . For model 8 closed form solution is obtained by
f’. ’ . ’ : i
? g01ng through the succ3351ve transformations in the same ]
ia’ - manner as in model 6. From equatlons {2.23) "and (2.24), ome 4
ﬁ : ‘[ gets: o . ,
" / ¢ _ ; . - i
/ o cosa = {(x,5) /T}/(V1=Vz) : (2.41) .
. . ) I ) ‘ ‘ I :
fe < " a o ) :
;e k _ 5= - (yAE)/'-m +(Vi-Va) sina, (2.42) . )
§ L .- » : \
£ 3
& where, ¢
oo N Vg < 3 (V1-V2) ‘ (2.43)
b N . s s
L - -1 - tg -1 -t
T - é - —
1 S yAE \Ylt gl [—I—————J (V1 Vx)t ln [—1-1—37]
% -1 - tc | '
£ ’ - V.‘zt’cln {—f——_—-{:—c-} , ™~ (2.44)

*

’

o Using equations (2.43) and (2.44) in equations (2.41) and

- (2.42), one gets§
< b N ) -
. .
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-1 -t

-] - ¢t - .
a _ Vi B - - I e
pe=w (plp [p=g] - OB Inlg—sgl 7

B ’ bt g
S "Bt i ==l Y

@ sino} _(2.46)

IS

3

DEgdétions (2.45) ana (2.46) together with equation (2.22)

-]

form the complete solution fbr(model 8.

Model 9 is a limiting case. for which K becomes in-

. [

finite. The barrier DE folds over the downstream section

) DC. Hence this case is identical to model 8.
. . .1 .

ELl

2.3.5 Model 10(2 < K < =)

. 4 . e g .
Here we consider ithe particular, K case for which K
S . o

assumes values in the closed interval 2 to = Fhrther, let

\ °

_,\che barrier length C be equal to infinity. One can dis-
; , ’ ‘ ' L \

egard the barrier in the analysis, if the jet'angle o is »

greater than the angle of the barrier which is denoted by

"

" w/K. Under these,circumstances, the model is identical to °
4 1

s

, case 8. On the other hand, when the barrier interferes
) .
with ¢the jet (a < m/K), equations (2.22),(2.23), and (2.24)

: . ' consti;ute the gereral solution to case 10.
. ) ' ‘ ) , \ . .
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» 2.3.6 Remarks

The variable a/b cannot-be chosen arbitrarily for -

fixed values of n and 8.’
/ , ‘ '
/ As n approaches unity, the ratio a/b approaches in-

T a4

finity for fixed values of g [17], and Co takes on vanish-
b} »

ingly small values to satisfy the continuity equgtibn. a

& . 4 2.4 LATERAL WEIR OUTLET IN AN OPEN
CHANNEL — ;

e 0

R
Eatian]

a

As stated earlier, {he lateral outflow through a

P e e w‘-m»‘mk-a‘-.—;awx»« %
Ll N

i

free outlet set in a two-dihmensional conduit (Fig. 7) has
been analysed by a number of iﬁvestig;tors in the -past
{14,17,18]. McNown Ql?] has hinted at the possibility of
extending his theoretical analysis to solve the lateral

*

weir flow problem. The discharge coefficzent Cé for the

jet (outflow) issuing out of the conduit ¢an be determined

theoretically as a function of the jet velocity . ratio n

.. .  provides the akial component while the static head hy .

provides the normal component. Under such circumstances,

S P SR S e A b B e SR R i

|
S
i
‘%\\\ N (Fig.’7)ﬂ For the jet, the inlet velocity V, '(Fig. Ia)\\ .
I
§ * it is common [15,21,27] to add the axial velocity component
£ ahd the normal velocity component vectorially (Fig. 1la)
to obtain the jet velocity Vj' In the following section, .
/ ' s
the two-dimensional conduit outlet model is adopted to ‘ : S

develop an expression for the mean discharge"coéfficient Ea'

Ty e st ol e Sttt T ' . Lo . o " e N l—'"-\\e‘{: """""'ﬁ‘ﬁ‘fi’ TV,
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o

for flow through a lateral weir housed in a rectangular

open. channel. The bed of the channel is assumed to be .
[3

Y Mg
R A

hérizontal. The flow in the chafinel upstream of the weir

J .
is assumed ta be subcritical. For purposes of analysis,
= ‘ , R ‘ gg"
the length of the lateral weir is limited to the width of the = .

R

)

s, L LA F 2]

parent channel (0<L/B<1).

The flow through the weir can be assumed to be made

up of a large number of infinitessimal horizontal layers. o

e v s s i

layer is a function of its depth below the free surface.

'd

The axial jgqt velocity‘is assumed'td‘be equal to W in?the -
entire region of outflow. Consequently, the local jet %
velocity ratio n and thé local weir coefficient Ca will .

be different for thg different layers. .However, the total

outflow can be obtained bf summing up the discharge ﬁhfouqh

the infinitessimal layers.

v

2.4.1 The Polynomial Fit
- L

To simplify the problem, the actual functional re-

)

-’ lationship between Cy and n in Figure 7, is replaced by

The normal velocity component of the outflow ‘through any 1
a close polynomial fit, given by equation (2.47);

Cq = 0.61 + cin? + ean* + cant T (2.47)
Cfor 0<L/B<l and  0<n<l.0 C R
N , / - R . |

.
.
-
. ¥
- - e
' L ) o : ‘ . . ' L T s e ke g, 2y
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o

-0.54 + .25(L/B)

Q
]

‘c2 .058 + .234(L/B)

i

cy = -,13 - .49(L/B)

2.4.2 wWeir Discharge Comp;zséion

(2.48)

For the weir outflow through the infinitesimal

computed. Thus,

N

. =/v% + 2
VU Yl gh

The expression for the¢theoretical dischdrge can be wri

as follows:
Y ok

he .
Q =,/ Cqv; Lah

[

' where
and ]
ho‘ = Yy, - 8§
Furtherx
' Co2
ﬁz = Y...l_ = l : ¢
., : 2 + 2 .
y vy - 1 (st/Fl?]

hd v

/

SN
.layer shown in Figure 1, the jet velocity Vﬁ can be

(2.50)

(2.53)

-

T

ik e

RNV

e e Y s RS o T 055




B ' h
B , ‘ B, —— . 2.54
X 5 B . 4 SY Yl ( )

.By replacing the varlable h by n in equatlon ' L

3 } .

b (2 50) and sxmpllfylng the resylting integral, an express-
:

& % ion for the total weir discharge Qt ‘can be obtained. ;

. Thus é
; )
1 I R i
. ’ <
. L1

e AT

0<L/B<1.0 _ (2.56)

Ll Ct (2.7

No = -
TN (2/F§)13 S

stng equatlon (2.47) in the above integrand, an

expres31on for Qt can be obtained in terms of n. The
resulting expression can be integrated to yield the follow-

ing relation for Qt in terms of n1y. . Thus, . C

[
!




—-

gy
-

e

N

e s T OO 2 TN e 2 i e

g S

A S ey L

¥ T

-

i ’ -
. 5 L5 wm—
' ‘ - 23
A “ .

Q, = .(V:L;/g) £(nq,L/B) , 0<L/B<1 (2.59) :

v

Etno,1/B) = (1-nd) (22202 4 (1) (D) (2.60)

3 <
a K ’

Since no and Fy are related oné can express Q.

where

in terms of Fo, and L/B. ° ‘ . '
b . 4

S i
- gL -

Further Fp; and are related as.follows.

T

i Fq = —— . .(2.60a)
- . F (0
SYI 4
where _ . ) i
= Bo _ 8 ‘.
SYl Y, (l. -YT) | (2.60b) .

.
.

is the sill height ratio.

: =
~ N
2.4.3 Weir Discharge Coefficient - ' 7
’ N ‘ i ' .(
For the weir outflow, an alterpate expression can
{ , N q [?
__be written in temrms of the mean velocity of the jet (out-
' = |
flow) and a mean weir discharge coefficient Cq i
Thus, . : ) , ,. ‘ ‘

“ ,,

B ¥ . 'i.z

R
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L=

‘ _
O e e o vy .

i.eu'

Q

ho .
L Vj = _%; [ J (v: + zgh17 dh]
2 :
¥, = v, Lo 2,34 .19
Vi= Vi -l Fz) 1]
0
e
- {v,_Fo 2,52 _
£ = Cq.L holvy 3 [@+ Fz) 11}
' 0 -

o

Hence, an expression for Ea given'by equation (2.64) °
-

1,

(2.62)|

N

(2.€3): -~

(2.63a)

Syte smaatio b e toe 2y o .t 2a DR 4“ i L

T e b e e st

&

lan be obtained using'equations, (2.59),(2.61) and (2.63) . ®
= _ 3£(no.,L/B) ‘
. Ca = 3 (2.64)
b LA+ 292 -3 -
P2 -
’ s
3
i.e.,
N ‘Ea f Eé (ne, L/B] ’ (2)65) ?
b | - ‘
— — h) 4
or Cs = C4 (F¢, L/B] ) ' (2.66) '
2.5 UNIFORMLY DISCHARGING LATERAL , ‘ 7 — k)
WEIR SYSTEM . : \ . %
< “%
5
. . , A
The ensuing section deals with the theoretical 3
~ development related to the geometric contouring of a rectangu- é
. _ : 5
- lar channel to obtain a uniformly discharging lateral weir. :
kﬁ
¥
"t ?:
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NS Al




. .
IS e i S S it

|

, |
|

For purposes of analysis, it is convenient to examine
an equivalent single lateral weir, Fig. 8, in place of multiple

weirs housed in the side of the channel. It is reasonable to -

assume that the outflow through individual weirs of a system, -

of multiple weirs will be equal when the water surface ele-

vation in the channel -is uniform along the reach that spans
\

the weirs, when the weir parameter Fp, (see notations) is held

constant. Uniformity of water surface elevation for spatially

decreasing flow in the channel can be achieved by any one of

the following methods:

(1) plane contouring of the channel bed

(Fig. 8)

.

(2) plane contouring of the channel side

.

(Fig. 8)

.

2,5.1 Channel Bed Contouring

Assume that the channel bed is originally horizontal

v

ed. For a rectangular channel whose bed is raised locally to
a height zl‘in the vicinity of the weir of length L, (Fig.S8)

the basic equations of motion are given below.

' !

t . 2
2
' ~\_Z_(‘1;. = Y-+ _‘2’-g- + 7 ~ ((2.5(\7)

and that friction.losses are negligible in the section consider-

i e

R A
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Qy = Y1V1B1\=WQ; + [YvB,] ekit end (2.68)
A .

\

lateral weir discharge

‘.p

Q1 = main channel discharge . .
- By = channel width | . . :
' Y1 = depth of flow ulgstxjeam of the weir 5
Y = depth of flow in the w4ir section at the i
4 center of the channel | o o
| | V) = meanv'velocity in the section upstream of
© the weir )
' V = mean velocity in the weir section, and
, 2 = elevation of the bed . : Y
5’ :
’ Since the water surface elevation has to ‘be set o
' uniformly along the ‘weir spaﬁ,' one can imposé the following f
conditions: | | - | -
. - Y, S Y + 2 (2.69). .-
.8 //;7 : ~ ) .
- - cénsequently, from equations (2.69) amd (2.67)
V=V, and Q = Bi%;iVy "
‘ ile. ' | . | " kS
g ’ .
. ® \

‘
1
{
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From equation (2.7Q), one can compute the total rise in the
channel bed hump 2; required to keep the water surface ele-

vation horizontal for the giéen . Yy and the discharge ratio

vQ /01, \

Al
Ay

2.5.2 Channel Side Contouring

For thé case where the channel side is contoured to
provide uniform water surface in the vicinity of the weir’
|

(Fig. 8), the following equations hold:

2
+ Vi _!i_ )
B Y, 39 T [v + 2g]exit end (2:71)

’

- ) = N
Q1 = YaVaBy = Q'+ [Ba¥VI iy ong -

where o :

B, = the width of the channel at'the weir

[
'

exit section

»

For the water surface elevation to be uniform-

‘. .

"

. Y, =Y .and V,; "'-"V

Hence the side contraction' b, (Fig.8) is related to the,

discharge ratio as follows:

L (2.73) °

E

s
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’ . . * . \ //'
where ' i - /
13 N . / '
/ by = By - B2 ' .
denotes the channel sidegcohtraction (Fig. 8). .
™* 2.5.3 Water Profile Indicators, R,, and R, \~/
. ’ ! % L e
Using equations (2.70) and (2.73), two new para-
meters R, and Ry glven by equatlons (2.74) an? (2.75) are
deflned as follows:
- Ry = (Q,/Q1)/21/¥3) o (2.74)
Ry = (Q /01)/(b1/By) . . (2.75)

When the variable RH has the value of unity, the
water surface will be horizontal in the channel -each spann-

ing the weir, for the case where bed contourlng 'é adopted.

?
‘ Slmllarly, when the variable Rb has the value of nlty, the

water surface profile wa}l be horizontal in the channel reach

spannlng the welr, for the case where side contouring is

€

’

a:thed. These two variables are useful in the alysis of

“t experimental data;
« . ° o
C

Experimental data was obtained to verify the various

/

.

theoretical results obtained in thigfsection.

3

r

A brief outllne of the test set-up for each test

.series 1s given in the next ch§£€er. L

-

y




‘CHAPTER III
¢

EXPERIMENTAL STUDY




3

. of tile proposed theoretical expressions for the d1
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" This section was preceded by a sys‘:’.tem of baffles
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3.1 GENERAL REMARKS

|
[
!
e
¢

the tests .

N . Two different flumes. were used to conduct]

related tomthe lateral weir characteristics and their uni-
‘formly discharging 'irrigation outlets. These are |[described
‘ (

®

in the following sections

L4
L

3.2 _ IATERAL WEIR SET-UP

!
3

Some tests were conducted to obtain aﬁverification

.;charge #

coefficient of the lateral weir. The rectangular

~

used in the tests was horizontal and had a smooth painted

‘surface (Fig..9). The flume was 25.‘4 centiméteré (10") wide

'and 43.2 centimeters (17") deep. ,Plexiglass sheets were
used to form six sharp edged lateral weirs which yere housed

N
]

in ‘the side of the flume.

. N Y i )
_The dischargé from the flume and the weir were

K o

measured with the help of .standard v notches.

usc_ed to measure the water levels in the flume and the V notch

ta::ﬁ:é could be read to the nearest 0.1 milimeters (0.04").
séétionj;, 25?.’4 centimeters (10") upst am of the

welir (Fig. 9] was chosen ‘to measure the upstream |depth f;. .

and séiéexis
' “

&

test flume -

. ’ g’bint gages

)
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to reduce large scale turbulenceg at the inlet section, where
the depth Y; was measured. 'The measurement of Y; was done at
the centre of the flume. 1In all the series, the experimental

data présented are related to fully ventilated nappes.

_ The ;cests for series 1 to § (Table 4) were conducted ‘
,J'.n the flume whose width was 25.4 cm (10"). However, the
data} for seriésJTwas obtained from an earlier expldratory
study which was conducted in a flume (Fig. 10) that was 45.7 cm

(18") wide.

" 3.3 UNIFORMLY DISCHARGING LATERAL WEIR SET-UP- ‘ -

PR To verify the theoretical results related to uni-
formly discharging lateral weirs, tests were condurcted in a
rectangular steel plate flumé which housed a lateral weJ.r.

The flume (Flg 10) was 18 inches (457 mm) wide and the channel
sides were given a smooth painted finish. The sharp edged
lateral weirs were 18.inches '(45.7 <;m) long.‘\ The sill height
of theiweirs above the channel floor was variable (Tables 5a
and 5b). Sufficient entry and exit end lengths were provided
to reduce external interference effects in the vicinity of
the Lweir. Thea Hepth measurements were made ‘with a point gage
and the inflow into 't':he test flume was metéred by "an orifice
meter. The ’we‘/ir flow was measured with fhe help of a ’S‘:andard

v

{ASME) V potch .

2]

H
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i The, tests were conduc¢ted to determine the effectiveness

& . P 3

3 R . ! . . -

. . of changing the channel geometry to ensure a uniform water

1 " ,
. % \ surface profile, which in turn, was assumed to provide uniform -
3 E N i ,

3 spanwise weir outflow distribution. To this end, either the

7

,‘1chaﬁnel bed profile was changed (Fig. 8) or the side .wall of -

the channel was cbntourgd (Fig. 8) to the requirements impos-

e
¥
.

3 ' ed by equations (é.70) and (2.73) respectively.

é - "~ The depth measurements were made along the centerline
3 - of the channel using a point gage which could register the -

1 "~ depth to the nearest .001 ft (0.3 mm). Tables 5a and 5b show

the modified channel geometries. Pleiiglass sheets were used

to provide the changes to the channel geometry. . -

AY . ' ‘

In all the tests, it was desirable to maintain a

P

high value for the inlet Froude number to get an appreciable

\ change im the velocity head as the flow negotiated the weir;

On the other hand, it was also felt that the inlet Froude = ..

A3

Bl iy
. .

- number, should not be excessively high in order to reduce the

turbulence in the channel upstream of the weir. ‘ .

Based on these considerations, the inlet Froude number

was set in a rénge close to 0.4 (Tables 5a and Sb). :
. - : Fy -

P Sy v A WrenSie s NS, o
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. CHAPTER IV
. ANALYSIS OF RESULTS

¢

4,1 GENERAL REMARKS :

-

L]
In the following section an analysis of the theoreti-

'

cal and the experimental results is presented.

4y

- 7 °
4.2 LATERAL OUTLET STUDY

. .,
;
- :
i
i
3
, i
. 1
\ , ]
N . }
’ f
i
: :
. i

, 4.2.1 Results of Numerical Solutibns .

+

Figures 11 to 16 indicate the‘grapﬂical solutiqn for
the models 1 to 5. The coeffiéient of contraction Cor which
is‘the principal parameter of the lateral outlet flow has
been plotted as a function of the jet velocity ratio n.

» ~ b

The exit velocity factor B is used as the group paramegter.

In these five models, the length of the barrier is

assumed to be infinite. This assumption provides considerable
mathematical simplifications in the development of the solu-
tion. It must be noted that this assumption(does not reduce !

the generality of the results to practicél cases in which

the barkrier length is finite. In a practical case, the con-

traction occurs well within a distance corresponding to four :

or five times the outlet width a(Fig.2a ). Therefore, in a
/ ,

physical model, the length of the barrier in excess of 5a is

redundant in determigﬁng the contraction coefficient. 'Hence,

4 : ’ !
§ .
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i

! the present model is valid for the physical models, which are
'fitted with a barrier which is at least four to five times

{ the width of the outlet.

For fixed barrier angles [n/K], the contraction co-

. efficient decreases with the jet velocity ratio n for all values

of the exit velocity ratio 8. The top-most cuxve in

figures 11 to 16 corresponds to vanishing values of B. This J
denotes the dead end conditions. for the Eonduit (V. = 0).

fhg case for which the value of n vanishes (V; = 0} denotes
the so-célled reservoir conditions. The corresponding contrac;

. .
tion coefficient CCO for rgservoir conditions are plotted in !

Figure 17 for a fange of K values. ‘This parameter attains the
value of O.Gi in the limit, when the barrier is set at right
anéles to the in1e£ pipe (K 2). This vglu agrees favourably
with the known solution for Coo corresponding’ to the flo&

%hrough a very narrow slit-[7]. For t symmetric'outflow .

é

from the slit, the central streamlineAcan be viewed as a :

7

barrier.

- AT

Consider the lower mostf/curves of Figures 11 to 16 -
. for which the vélocity factor B is close to unity. Based on
these curves, Figure 18 is dgveloped to show the functional

|
relationship between K and

o with n as the group parameter.

' When the value of Bf;bproach s unity, the normalized value

i Pt -\&“9*""'3:‘

Iote
- SNE

of the contraction coeffici

¢’ “co
very closely represented by the following equation:

nt Cé denoted by C /C__ can be

-

< .-"E’}')‘ ;}u

N \
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(C/Cox) =1 - 0.93 R (4.1a)

i

For 1.2 < K < 2 and 0 < n < .9, the—4£ove function is plotted
-in Figure 19. Flow past a small aperture can yield B values
‘approaching unity. In this context, small irrigation outlets

taking off f‘pm‘a bigger parent channel can be considered to

provide a practical application of this model. 1In general,
the angle of take-off for such a branch channel is a variable.

Figures 17 and.l9 pro&ide a consolidated version of the

reéults to the most important range of parameters X, n and

(C/Cco) for lateral flow past an outlet fitted with a barrier.

To overcome the difficulties associated with the
51ngular1t1es pertaining to the free streamline model a ten-
p01nt Gaussian quadrature technique was_used for the numerlcal .
solution. The results were checked ' against the closed form solu-ﬁ
tion for the particular case in which an infinite barrier was

at a right-angle to the conduit (XK = 2, Model‘7).

4.,2,2 Results of Closed Form Solutions

As shown in Table 1, closed form solutions for Models
6 and 7 were obtained by the present method. The results were
ﬁsund to be in agreement w1th the existing solutions to these ’

models [14,17,18].
N

- ‘v\-«h.m;" i

S
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f, Model 6 refers to a finite Barrier whose length is
- adjusted to render the jet angle to be the same as that for
the free outle; (C = 0)./ Figure 20 displays the results for

model 6. \

f - -
t--~"For the free outlet model (C = 0) represented by

case 8, the contraction coefficient Cc is represengé& in

o, o,

terms of the square of the jet velocity ration? for all
possible B values. This linear range increases as B in- -
creases. Hence, it is not surprising to note that enéirical

linear relationship ‘between Cc and n* for small sharp edge

e ORI

outlets were proposed by earlier investigators [21]. A
typical result gquoted by Vigander [27] related to the dis-
charge coefficient of small sharp edged holes in a circular

pipe is given below. It was based on the experiments of

L .

Rawn et al, [21] (see-also Fig. 21).

C, = 0.63 - 0.58n* : (4.1b)

The agreement between the present. two-dimensional
9

so;ution (8~ 1.0) and the empirical relation (Egquation(4.1b))

' . appears to be reasonable, considering the fact that the

outlet had a finite thickness in the experiments of Rawn et

o

al [21]. ' : " g

’ The relationship between,fhe get angle o and thé-jet

velocity factor n is shown in Figure 22. The relationship is -

almost linear for low B values. This linear range shrinks as

)
- v

R R
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the B value increases.

The set of curves in Figui-e 21 for the values of B

above 0.5 can be approximated by the equation

0 <n< .836

)
¢

For the abdve relation, the approximation imprpves as the .
value of B reaches unity (Fig. 23). For the particular case
of the small orifice (8 + 1), one can reduce Equation (4.2)

to the following form: 3

[y

¢, = 0.611 - 0.58n" O (4.3)
The relationship based on the theoretical results
in Equation(4.3) compares very well with Equation (4.1b) which

is empirical.

In the ;;resent‘ analysis, the je£ veloc*‘ity ratio n
is considere;i’ as the main variable. Thié is in conformity with
the tisual metl"xodj of plotting experimental data re:lated tc; the
design of aiffusers [21] used for diluting effluents. However,
{the geometric parameter a/b may also be used to represent the

results‘[l7 1. The solid lines in Figure 24 show the locus of

the points corresponding to fixed values of a/b. The locusffo'r




a

very small values of a/b approaches the curve for which g is

<

close to unity. Hence, the curve in which B tends to unity

can represent the case of multiport diffusers [27] 4in which

the ouﬁlets are very small compared with the main conduit.
l

Since pressures .can be measured more easily than velo- :
e . ) A
cities in an existing conduit system, it is desirable to 3
denote the velocitiy parameters n and 8 in terms of the upstream 5
H\ pressure p;, the Mownstream pressure p; and the atmospheric i
pressure p_, .. Accordingly, one can obtain the following re- ]
lationship using the energy equation: . ;
. 2 . 2 I
(pr ~'patm)/pvx/2) = (/n%) -1 (4.4)
| \ ’ 2 .z
g . (P1 - p2)/(pV1/2) = B° ~ 1 (4.5)
- e‘ . ot
% 4.3 LATE?AL WEIR STUDY

. 4.3.1 The Main Parameters

!

; : - . . .
) In the foregoing discussions, the local weir coefficient

"-
> ' LT O '

Cd is expressed in terms of the inlet Froude number F,, the

»

: ' sill ratio S, and the width ratio L/B, while the, average weir

<

coefficient Ea is expressed in terms of. the jet velocitydratio

n, and the width ratio L/B. The results are valid for sub-
critical flows in the channel upstream of the weir, whose

length can be as large as the width of the parent channel.
q '

n

%

. . )
. " A
: ! . . o s . .. ; . % R
‘ . e : Brmmlern - . o -
L
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(2.47)and(2.53). They indicate the variation of C
dapth

'whgre s

4.3.2 Theoretical Results

Figures 25 and 26 were obtainediwith the help of equations

d

graphs in Figureé 25 and 26 denote the "reservoir conditions”.
For a given inlet %Foude number F;, the theoretical wvalue of
the local wei; coefficient is a maximum for the infinitesimal
1&yer‘which is just above the weir sill and decreases as one
moves towards the upper.layers. For instance, the curve 1-2-3
of Figure 25‘de?otes‘the progressive reduction of'cd as one '
moves from tﬁ; iowest layer to the topmost layer, when the
iniét Froude numbe; is 0.5 and L/B is unity. For the cases

is low (0 < sy < 0.1), the variation of Cd among the.

Y

infinitesimal factor (Fig. la) is large, particularly at low

[

values of F;, Further, for fixed values of S, and F,,

, Y
Figures 25 and 26 also indicate that Cd decreases when the
width ratio L/B is reduced. Théfhependence of Cy on L/B is

significant only whﬁn the sill height is relatively high

(SY -+ 0) and the Fréude number i&{at least moderate (F; > 0.4).w

f
i

a

The variation of the average discharge coefficient C
with the jet velocity ratio nQ and the weir parameter Fo are

shown in Figures 23 and 28.- The sill height is. an important

parameter in the design of lateral weirs used in irrigation -

and urban sewer systems since S determines the ratio of
7 M .

surface flow to the bedflow that is deflected through the weir.

| |
o - |
NI o /

e s rmm e s 3 P

with the layer

ratio‘Sy for fixed values of L/B'andAFl. The uppermost
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the theoretical value of Ea is reduced by 5% and 10% respe

39

One max,éet the sill height to be sufficiently high so that
the sand in an irrigation channel or the foul flow in a sewer
system will not form a large part of the weir outflow. 1In

so doing, a compromise has to be made while choosing S since,
Ea.is drastically reduced at higher weir sill ratios due’ to
§ﬁe increase of o (Fig.27f. It should be noﬁéd that the

“value of Eé is significantly influenced by L/B at larger values

’ of N, (Fig.27). Figure 28 indicates the variation of q;:in

terms of the weir parameter Fo. It is an alternative repre-

sgntatidn to the variation of Cd and Ny since Fo and n, are
related to each othe; by Equation (2.57). The value of 5&
reaches zero asymptotically for largevyalues Qf F,. For a h
welr whose s;ll height ratio is zero, the upper bound of Fo

is unity in Figure 28 finqe the present analysis is limited to
subcritical flgws (F;, < 1). Similar upper bounds for Fo can

be established in Figure 28 for other sill height ratibs

(Table 6). ‘ ' ‘ N

4.3.3 - Experimental Results

[ \ The results of the series of experiments conducteq, to

verify'the theoretical predictions are shown in Figures 29 to
) )

34. For all these graphs, Table 4 provides the details of

the test weir geometry. In Figures 37 and 28, the theoreti-

)

cal curyes based on equations (2.65) and (2.66) are plotted to indi-

cate the dependence of Cd on no'and Fo. Curves AB %zf/%:\
in Figures 29 to 32 denote the locus of the points £0% whic

1
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ively. The experimental values of n, covered a very wide

range of subcritical flows (0 < n, < 0.9)., The theoretical

B

curves overestimate the aﬁérage discharge coefficient Eé

in all cases. .In the derivation ofxghé theoretical formula,

the ﬁelocity distribution was assumed to be uniform in the

' LY
main channel. However,, in the experiments, the velocity in
the upper layers will be more than the mean velocity V.

This, in tﬁrn, tequito increase the local value of n. Hence,

~
-

under, such circumstances, 'the value of the experimental dis-
charge coefficient T, will Be lower than the theoretically
predicted“ Ed' II'Il; othe® words, fhe net result will be a
slight reduction in the total weir outflow. Ngvef%heless,

the effect of tHe velocity distribution on Ea is not excess-
- v

It

ive. For instance, the enexrgy coefficient was 1.04 for flow ° '

in one of the test flumes used in an earlier investigation

&

[23], which had a geometric cbnfigprafion similar to the pre-

sent flume.

! A
[y

For the curves AB shown in Figures'29 and 30, the wvalue’
of the total weir discharge Q. i 5% lower than the theoretical

value (Eq. 2.63a) and the exper mental data appears to clustexr
around the curves denoted by AB. Eq.(4.6) provides the modified

relationship hetween Ql.n, and L/B. | .

. } ¢
2 ' 3 . -7

1 C - 2 2
s Qp = 95T Th (Vi3® [(1 + 29% - 11} (4.6)

| . : F
. 0

V4
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.Fi es 33 and 34 indlcate the correlation of the actual
dlscharge and the predicted dlscharge for all the 7 series
"(Table 4)/ of tests. The correlatlon appears: to be reaSonablg
when one; adopts the theoretlcal equatlon modlfled to accomodate

3 ’
the correction for velocity distribution.

<

4.4 UNIFORMLY DISCHARGING:  LATERAL WEIRS

brief discussion of the results of the experimental

% . - )

data is presented in the.following.section. "Tables 5(a) and

- .
. a

5(b) indicate the range of the main variables covered ‘in the -

‘

tests ’ ‘ M -

4.4.1 Bed Contouring - ’

Figure 35 shows the water surface profiles for the case.
in which bed contourlng was adopted to ensure a borlzontal
water surface in the channei reach that spanned the welr.
For. values of Ry (water 1evel lndlcator) close to unlty which

denotes the design conditions, the water surface was-nearly

°
o

_— e o . '
horizontal in the rea spanning the weir.

n N
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o
v
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Figure 36 ind:.cates the water surface profileg for off
desjgn and design conditions for a typical test|. ‘c},?ch‘frat.:he
values of RH which are much less than unity, thb watet.sur-

‘face‘had a fa;l:.ng profa.le and f_or, values of RB _much'more_ .

than unity, the water surface had a raising profile.

&
[]

Clearly, the water surface profiles shown in Figures °

' 357and 36 validate the theoretical predictions |indicated by
equations . (2.70) and (2.74). o
T | ', N . ,
4.4.2° side Contouring A S

1

hor:.zontal water surface in the channel r2ach
3 - Qo
the welr._ For values of Rb (water level indic tor) close to

q the water surface was nearly horizontal ih the reackh

ing the weir. FJ.gure 38 indicates the water surface

. test. "Thus for values of Rb wvhich are much le s than um.ty

‘profile, and again the experimental results sh

wn in Figures
37 an‘d.‘38 validate the theoruei:;.cal:npredictionp indj.caﬁed by - *.
equations (2.73) and (2.75). - C |

o
Il
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sate for the

theoret1ca1 ‘discharge Q. and the measure@ discharge Q, are shown
in Flgures 39 and 40, respectlve}y. .F\ -

The agreemenﬁ between the theoretical discharge and the

xperlmental dlscharge can be considered to be reasonable for

¢

both the bed contourlng and sidé contouring. It should be

noted that ‘the comparison of the experlmental data with theory

should be viewed gualitatively, since the weir model is relat—
l
ed to a channel which is free from bed contouring or side

contouring. #t may be added that under design conditions, the
velocity Vi i%.constant in'the channel reach spanning the weir.
From‘equation% (2.70) abd (2.73) one can infef that a small

bed contpurlng can be very effectlve in a w1de channel and " a
small side po\lo@Qan can be very effective in a deep channel
to limit Fhe ize of,the structural changes required to provide

a given weir outflow under design conditions.
1

Besides bed contouring and side contouring désigns fofe

' : W -
- ¢ S L
. 43
’.,k
 4.4.3 Other Remarks - \
The hydrodynamic weir model was-used to obtain
the theoretical discharge thrtugh the lateral weir. For the
cases in which the bed contouring and the side contouring
were effective (design conditions), the correlation between —

the weir assembly one may also vary the sill heights to compe e

changes 1n the mean velocities at the we inlets

2

and the wateq surface proflle. Howevér.‘in this design, the

water surface proflle is not horlzont and further, each weir




:f ~ e T~
| é oo . : S
| ? should be designed separately using imdividual values of F,
B : i T
¥ and Cd' — Lo .
H S 4.4.4 Field Applications’® . ’ \

- The main objective of the study was to}determine the

4 necessary geometric changes that are required to be made in

1 " the channel to ensure a horizontal water. surface in the reach

\\ .
Two weirs, six inches (15.24 cm) long and spaced twelve

& . g ) : - . s ’
3 of the channel that spans the lateral weir. In practice,
. %, one-ma. 'get a horizontal water surface across a battery of weirs
B % by providing the—necessary contouring to the side or bed of - ¥
% the channel. Figure 41 shows a-typical weir assembly arrange-
% ment which yields equal dutfl?w tﬁfough the ngifofif weirs.
|
i
5

inches (30.48 cm) apart were set in the test flume to conduct
” ® ' . '

N a few tests to verify the effectiveness of the bed econtourihg.

2 . _ The test results indicated that the wate evel was nearly

‘horizontal and that the dischafge through the two weirs agreed

‘within five per cent of the theoretical discharge when design

;

condition R. close to unity) were satisfied. It should be
- ! -
noted that the va}ue*of Fo is constant for all weirs of the

b3

, Wweir battery, when désign,conditions are ensured.
. \ e !
Although the proposed designs canibe adopted in the

field, a few remarks are included to indicate the comparative —

mexrits of the proposed designs. For instance,<when the

channel carries a good deal of sediment, the side contouring

'
w

it i R “.&TT,{;‘,JWM«-—-— [




design is preferred to bed éontouring. 'If there is a need to
have pairgé of weirs housed on either side of the channel, the
bed contouring design is to be preferred. However, identical
weirs whose center lines coincide wiil not provide identical.
outflows in practice. More flow will tend to go through one

of them than through the other ,because of self- lnstablllty.

As sucﬁ; the designer should stagger such weirs along the
‘center 11ne and prov1de adequate spacing between them. In a
f1e1d appllcatlon, the design can be easily extended to the
case where the rates of outflow through subassembles of weirs

follow prescribed design requirements.

additional ¢ost of construction diue to changes in

the channel geometry w111 not be excessive for any of the

-

~designs discussed, as the maln costs are related to the construc-

. tion of the parent channel. As a matter of fact, for the side

contouriné design, the design can be modified to act as a
transition structure (if any) which links the upstream and

downstream, channels.

[ 2%
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CHAPTER V

' . SUMMARY AND.CONCLUSIONS

5.1 LATERAL OUTLET IN A TWO-DIMENSIONAL
"CONDULT

o

The problem of flow past a lateral outlet housed in a

two~dimensional conduit has been solved using the well-

lateral outlet which is fitﬁéd with a

B

«,.W.,-:«;-.v O IR R g

at 'arbitrary angles.  The jet contrac-

e problem. These are ed as

primary parameters o
. functions of the velocity ratio parameters n and B. For

partipular cases such as the free outlet or the éutleé fitted

with a normal barrier, closed form solutions are obtained.
~The results for the free outlet agrees very well with the

empirical formula suggested by earlier investigators.

For the general case of flow past a barrier fitted at

-

~arbitrary angléf,tnumerical techniqués were used to solve the
problem. To this end, a ten point Gaussian quadrature tech-

. )
nique was adopted and was found to be satisfactory. Although

/

/

} r .
/I//Ehe/thEEEetical egalysis assumes the barrier to be infinite-
ly long, the results are not j:estrictive, since- the \

jet contraction in a physical model occurs withiﬂ‘a short

distance from the outlet.
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‘used to dilute the effluent of\thermalaplahts'in a stream.

The conclusions that can be drawn from the present

; |

|

. - . |

, L. ¥ [
\ : . . ' k-

. . N |

8 |

analysis are briefly outlined below.

{
(1) For all values of B and K, the contraction ' 2 1
coefficient Cc decreases for increasing values

of the jet velocity ratio n.
N

|

2

(2) The contraction coefficient Ceo for the . 3 4
reservoir condition (n + o) increases from 0

to 0.61, as the barrier inclination varies ' ! J

’ from ® to /2. A L ‘ 1

..

} (3) For a large number of outlet barrier inclina-

- tions, functional relationships between c and

as

|
|
l
n can be obtalnedéarom the graphical solutions i
yhlch are presented. !
‘ ' l
The general case of‘flew through an outlet fitted with
a barrier finds an appllcatlon in the design of branch conduits
set at arbitrary angles to the main condult. The case of

flow through a free outlet also finds extensive applications.

These include.the design of multiport diffusers which are [

Based on curve fitting techniques, several‘approximate rela-

tionships are provided to aid the/gesign of physical models.
3

e
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5.2 LATERAL WEIR OUTLET

9

Based on the theoretical and experimental study, gye

following conclusions 'can be drawn about the characteristics of

1a£e£a1 welirs. //

(1) The variation of the %géal weir discharge coefficient
Cq among the different Anfinitesimal layers (Fig. la)
which constitute the weir outflow is very 1aige when the

values of F; and S S are‘low. Cd appears to decrease

- when the width,;atio /B 18 decreased. The average
discharge coefficient of the weir 5& is highly dependent
on the jet velocity ratio Ngy- The width.ratio L/B

emerges as a significant parameter and Ea appears to

depend on L/B.

’

(é) The present experimental data provides a good verifi-
cation of the theoretical predictions whenﬂthe.minor %
corfection to the theoretical model is made éo accqut for
the velocity distribution of the flow in the channel.
Based on th;‘experihental results, one can conclude that
the proposed model is applicable to lateral weirs which

, can be as wide as the parent channel. o

5.3 . UNIFORMLY DISCHARGING LATERAL WEIRS

Based on a simple theory, it is shown that for spati-

ally varied subcritical flow, the water surface profile in a

rectangular channel weir system can be maintained horizontally

>
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if the geometry of the channel is properly altered by bed

contouring or side contouring. Experimental data has been

-

., obtained to verify the nature of water surface profiles

. Y
predicted by the theory. , Tests on the battery of two weirs

set in the test flume indicate that proper contouring of

the channel‘geometrj does provide a horizontal water surface
,in the channel 'reach spanning the weir. This in turn, ensures

- :
equal discharge through the individual weirs.

®
. ‘ L

Side contouring deéigns are more applicable to field

conditions where the water carries a high sediment load. Bed

©
a

\ . )
contouring is more desirable when the weirs are to be housed

on either side of the channel. 'In Such a case, one adopts a

Staggered arrangement for hbusing the weirs.

The proposed system can be easily adopted to design

o

weirs which are required to provide a predetermined outflow

dist;ibution.

5.4 SCOPE FOR FURTHER STUDIES

It may be interesting to extend the present lateral
wéir studyﬁto the case where the parent channel is trapezoid- -

al since the present study is limited to rectangular channels.
. ) .

t

The general principles of the piesent theory can be

!

épﬁiied to other types of‘ouklet>ass lies (Ex: uniforﬁly

~ + dihcha;ging siphon outlets) and?the re ulting theoretical
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- models can be verif_ied throu

gh experirdental studies.
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. APPENDIX I

». . « DETAILS OF THE PROCEDURAL OUTLINES ASSOCIATED WITH -
_THE TRANSFORMATIONS FQR THE LATERAL OUTLET IN A TWO~
~ . *  DIMENSIONAL CONDUIT -
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DET#;AN OF THE PROCEDURAL OUTLINES.ASSOCEATED WITH
SFORMATIONS FOR THE LATERAL OUTLET IN A TWO-
DIMENSIONAL CONDUIT

PR ey L

‘

-

(1) ' Figure 2a denotes the outlet model ln the physxcal

P

- plane. The barrier is set at an arbitrary angle 5/K.

©(2) \ IThe complex potential w is obtained by success-
iqe transformatxons from the physical plane to the |
W EJ £' and t-planes. The final Jransformatlon adopts

o

\'tﬂe Schwarz-Chrlstoffel technique. )

‘(3)\ The technique of integration along the free stream-

e e b . o s o

- * 1
< , .
. N
B S R i R
[ » .
v

X 11ne for simple flows is described in standard texts ‘7 Il

[(26] and further it may be added that the factors YAE

d XAE are the Cauchy principal values of the inte-

. N

o

grals [3]. One can obtain the vadlue of ds. on the

c ‘

Qree streamline as it is equal to dw. In figures 6a
qnd 6b, AFE defines the, boundary of the free streamline

Qnd it includes.a discontinuity at F (Figs. 6a and 6b). - ‘

A#sﬁmwméﬁvwvwmun;mmﬁj
) »
~

vThé origin is 1ocated at A and as such, lntegratlon of

—

equations (2.11)-and (2 12) prw1.des the oootd:.nates of

¢
\ o any point on the free streamline boundary

(4) | Equations (2.13) and (2;14) 'Yield' the projections
( of the free streamline on the axia of y -and x- A
I

fospoctivoly. Since thn origin is.at A (Pigures 6a and

b) and the cutlet wideh e is defined as a positive

{
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\1 quantity, Yqn carries a negative sign.
2 - ) ) ! . " . .
) (5) The pair of equations (2.20) and (2.21) are derived
. \ N " / < \ , .
; from the equations (2.15) and (2.16). The former,
E together with equation (2.22) provide the solution-to
: . " the problem. | ‘
. - (6) = For'all specific vdlues of the barrier length (C) .
| and the parameter K, closed form solutions could not
] be obtained. Under these circumstances, numerical
solutﬂons were sought. For the specific case of the 1
i - ! o -
Coe . . . . : . Sy
B , o free outlet (K = 1, C = 0), the existing experimental ,
- / results [21] were compared -with the closed form solu- .
N Lo tion. L, ' P + Co )
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: ' APPENDIX II

LATERAL WEIR DESIGN EXAMPLE

A2.1 LATERAL WEIR DESIGN EXAMPLE

]
vl

Let the following data be‘ielgted to the design of a
lateral‘weirﬁset in a fectaﬁqulan‘channel; \The\Manning's ‘ o
roughness coefficient and the slope are 0.0149 and 0. 0016

respectively. The rest of the data are shown below. ~

Al

7

bata: B =10 £t (3.05m), L= 10 £& (3.05m), S & 2 £t (0.61 m),
and Q1 = 368 cfs (10 42 c.m./sec). : -

v

>
-3

We obtain yi = 5.ft (1.52 m), V) = 7.37 ft/sec (2.25 .
m/seg)! ho‘= (¥, - 8) =3 ft (0.91 m) and L/B = 1.

L
vt
LW ‘e

, . ) o S . .
From Equations (2. 58) and (2.57), F ° = 0. 75 ‘and

\
e

<

g £“@.47" From EquathnS (2 65) aqd (2.66) from Flgures 27,

“or from-Figure 28, Cd = 0.48 for L/B = 1.0. The corresponding

- weir outflow Q; lS 173. 58 cfs (4.92 c.m. /sec) form Equation

of

(2 63a) Herice the expected weir outflow is Q! = 0.95.

Qt = 165 cfs (4.67 m@/sqp), e o g
. , o S . , |
oo g W
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« APPENDIX III
EFFECT OF VARIATIONS IN Q; ON THE UNIFORMITY .
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(2) (a) Design procedure

APPENDIX III

EFFECT OF VARIATIONS IN Q; ON THE UNIFORMITY
OF WEIR DISCHARGES IN CHANNELS HAVING CONTOUR—

ED SIDES

} The effect of the variations in the discharge Q,

through the main channel on the weir outflow Qw can be

qnalyséd approximately using "an order of magnitude

analysis”
restrictive are made. (
&F

(1) (a) Main channel discharge fange >

0.90 Q‘Jdesign < Q< 1.10 ‘Q‘]desigh

3

(Total Variation = 20%) ™

" {b) Weir Assembly Design + Modular [identical weirs,

3

The following assumptions which are nét‘too

(A3.1)

T

fixed value of weir height

(s).1
%

«

" {c) Weir type.. -
Deep Weirs, (Y, - §) + ¥,

*

+ Side contouring

éiitexia o+

(A3.2)

\ . -
Vo .
:_3.-&5%;;5_}%{}' e el

%

-
S
15 Ey

,:‘4‘;_.

E 2y




P )

(b} Water surface , + Hoxizontal; for fixed
Q1 values, ¥; is constant

@ hY

(at the channel center)

~Mean veloc1ty in the channel - V; = constant (when
Qi is fixed. )

Parameters F and Fy -+ Fo and F,*are constant

(when Q is fixed and

4 n
As a fir;§ approximaﬁion, one can use the following

relationships to complete the order of magnttude“analysi;.
‘ ]
2/3

Q1 =V¥;, Vi =Y, (23.4)
i.e,, '
Q = Y15/3 and Y; « Q13/5
o o : ' (a3.5)
Fg Vi/vY9{®,1-8Y, [¥1 - 8] = '
i.e., . ' * ’
Foe 4,18, B g, 1/10 C (a.6)

‘- 3 .
L. e

Hence, it is reasonable to assume that Fg s

essentially constant

(0'99Fo]desi§n <y < l'OlFo]design)'

‘'when. the variations in Q; ‘q limited to :10% of the dési@n
discharge. Further, using the assumed conditions of ahep_i‘

‘ ‘t
'
‘ . . 1\

[ e
<
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_'.w.uw,; | . — ,
- o

» 59
e ' ? ~
‘ A
welirs, ho & Y; and the relationship for Qw(=Qt) as given
by equations (2.28) and (2.30), one gets,
Q. = Q, = CdLho 3 (a3.7)
and
vy = Vi fy(F 1 - (A3.8)'
where, £, denotes a function., . o L
" 4
i.e, ’ ‘ , . ’ ) \ B . . j;
Vj « V1 5 .
Fufther, . '
Y, + h (=Y;-8) . B . (a3.9)
v l - L= S - » h 4 . T »
‘ Qy ='.CdLY1Vj = CdLY1V1f1[FoJ \/ (A3.10)
. ( N ' i “ .
o e (a3.11)
& R o
N .
.'L’_.[e. N \; ) »
: Q '
w. o= R .
I © f 6—; m' Cd ’. . RS (A3'.12)
l'C—d is -a weak function\of L/B a'md as such, approxi- -
mately Cd' F_anqd F varlat:.ons for off des:.gn conditions
are too small for normal operating condJ.tJ.ons. Consequently ’
Qw/Q1 will remaln essentially constant and will be close to i
‘ .- the rdtio b;/B, which is a constant design parameter. SR
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. APPENDIX IV
. COMPUTER PROGRAMS AND SAMPLE COMPUTATION
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Program to verify the closed form solution with

to McNown solution and corresponding output.
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PINRAAG TRS (INBUTIQJTPUT « TAPTS (TAPER] . '

- ) . JTHENSTIAN XK (16) X1 (1M} 422(3%) . -

. ’ DINENSTAN "(ulo.anohu(-:.ﬂlu(znnnnacm.L'rvmlgo) /
N ‘Exreanay, Fet /
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456 CONTINyS
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~
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CONTINDE - . . ¢
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16 CONTINDE
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Program for lateral weir data (L/B =.0.5)

rediction and output.
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- QEAN 124 (Y1 () e[nlsih) 74

PROGEAM | WiINPUTQUTPUTTAPEG(TADET) ,
NIMENSICN Y1{1654)4Y2(154)90M (184} 4R2(154)
NIMFNSICN Z(?vlo.JOO).AA(Z)-nN!G(”cMPTlJMHnLTYﬂUOM
NATA (AX(1)+721421/10447e/ E .
DATA (ORIG(T)oTa142)/0c00e/ . .

-

RFAD 12+(Y2(T)s1ml0b6) ~ S
QEAD 1delNWil)oluledb) ~
READ 134(Q2¢(T1elnlris) B ¢ ’[
NSET=]l |, - - . , o ‘
NS4y < ©o
NRsQ . . ¥

, XL9S/17. ¢

O 1 1Is)sNSFT - v
NRT(1])=AS N . .
LTYP(11)NA L

Hllbo/l:. . r
Sea 0/12, N A )

Hhed2,2 . L]

NN 75 [slek6 . 13
P Y22sv2(11/12.

YllsyliTi/z1i2.
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'2 inches

3 S -
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TABLE 3(a) .
Transformation Plane )
Point 4o -
, 28", ~7m
z e=[vi]e'Y | £'=¢n (%) /«iy t=cos ["(7%?)']
g - -
(1) (2) (3) (4) (5) .
Y= - il , :
B Zly,te%37 | (%,-) -ig cosh in (-1}
V=V, 1, . Vlf
oom -7
A YE-3] 7% 0 - i(} 1
v=1 o ’
Y = o=t | _~i(a—¢ T R
F Kle K 0 - i(g-i cos (Ka)
v=1l
T J
YERT irw Tw N
E val | ¢ O+ gy . -1
= L) i S "
D1 YERT 0BT | e+ i(E-T -
V=0 K KZ
D*
1r ,
Y = u
Dz .2- ~1 - i)
v =0 Qe f « 17 + o
Y = = L -iX 1 i 1 7
c T2 Ve 2 tn (5)-iz cosh fn(=3) -
' V=V, 2 Vl: ~
* p > D denotes the location of D approached from E
: + b, denates the location of D approached from C
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TABIE 6 UPPER RANGE OF@WEIR PARAMETER FOR SOME

/ N SELECTED SILL IGHT RATIOS
/ - ' 4

53
. RAATEYE IV N A it sy vy Bn

Inlet Froude | Sill Height Upper Range of

i Number: F, Ratio: S Weir Parameter
\ Y F

- o

/ AN (1) (2) (3)

P R BT

A% -
1.0 .01 10.0

1.0 . .25 R0

1.0 . W5 ' " 1.41
loo ' -75 l-“ls
1.0 . 1.0 1.0

o~
-
? b
| ‘ .
s ' '
- . , . 8
» . ¢ A
4
‘e
”
»
A4 i
-
2
. Y
.
M “
-
ki
o °
¢
5 ~ . [
- 14
.
“

Vo ‘ . - R . . .\ /
‘ Y

3 < e D e v
LR C N A S T A L R e \ A R T T —"

o




