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A CONSTANT PROPORTIONAL WEIR AND ORIFICE

. : 8
. CONFIGUR%%FON FOR LATERAL FLOWS
r."‘ ‘

_ﬁeil Richard Evans

'
.

The combination of a iateral orifice and weir housed
in the side of a rectangular channel is examined, ana‘a '
' theoréti;al ;xpﬁeseion for the ratio of lateral outflow
’to channel flow is obtained. This.de;iyation is used to
predict a configufation having an approximately Eonstént
ratio. of lateral outflow to channel flow, over a range of

ows and, flow depthsf

1

"/J The configuration'comprised‘bf a lateral weir and

orifice has been termed a "Constant\Propqrtional Lateral

Weir and Orifice Configuration for Lateral Flows". The

<

results of this study are presented in the form of

'design charts.
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Description S

Discharge coefficient for two-
dimensional flow layer. \J

Incrementai helght of flow layer x

IFroude number of flow in channel

-

Gra\rltationa.l acceleratlon.‘

Effective head ‘for weir.
-Effective head for orifice.
Depth from free surface to top
edge of orifice.

Depth from ‘free surfacg to bottom
*of orifice.

i

Height of orificd.

| Depth from free surface to bottom
of weir. ,

Constant of proportlonallty .

Length of lateral.

>
Lengsh ratio.

-

Velocity ratio at top of orifice.
I, -

Velocity ratio at 'joottom of orifice.

Velocity ratio at bottom, of weir,

Lateral outflow,
4
Channel flow.
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CHAPTER I
3 . INTRODUCTION “}

A iatefal: or side'weir has Been defined as "a
free over-flow weir set into the side of a qhannel_
which allows part of the liquid tphspill o?er the side
wheﬁ the surface of the flow in the channel rises above
the Weir crest”, [Subramanya and Awasthy, 1972].
Likéwise, a lateral orifice may be defined;as an orifice
set into the side of a channel allowihg“soﬁe portion of’
%he flow to spill out laterally, the surface of the Tlow

.being at or above the topmost edge ef the orifice. For
any case wherénthe flow surface is below the upper edge
of the orifice, the si%uation becomes one of weir-flow.
The preséﬁt report is restric;ed~to thg discussion of
rectangular léﬁeral'outlets in a rectangular chanﬁel,

(Figure 1). "

-Approximate discharge relationships for lateral

-weirs have existed sincé the turn of the century, and

T

more precisé QOrmuiations have been the object of recent?
investigations [1,2,3]. The purpose ‘of this report is to
attempt fp extend the most recent of thesg approaches fB],
and derive a unique con:iguréti&h of iateral weir and -
‘rectangular orifice which will produce a specific \
.discharge characteristic.

y
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. Orifice Configuration', or a 'Later

W TR T e Y

)

The tbpic of this report stems from obServation

of the characterlstlc discharge relatlonshlps of both

'the rectangular orlflce and the lateral weir. The forms

-

of these relatlonshlps Q~h1 ‘5 for the rectangg}ar welr,
7and vaho 5 for the orifice, suggest that there might

be some configuration-+giving a combined discharge of the

form : . N
QL = kQI ) (1'1)

since,hl'and h2 are functions of Yl, the depth Bf flow
N . ; )

in the main channel. In equation 1.1, - o T
| « 2.
Q = latéral flaw
Q, = channel flow
k = gome constant

over a usable range of depths of flow (Figure 2) An
allowable deviation of *2. 5% from the design flow ratio

QL/Ql' was adopted as the criterion for choosing sultable
conflguratlons. (Figure 2)., f

For the purboses of this fepoft, a lateral weir
and orifice configuration posessfng the above characté;istios
is termed a 'Constant Proportional al Weir and
al/%T; combination

AN \ ) [ 2
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‘ of this type woﬁldihave dpplications' in fhe fields of ‘
flood protection, land drainage, irrigation and urbgn
water works. . s - | ’ ‘ ¢

0y
¢
.

]

¥be used throughout the repdrt.

1 ¢ . ]

Figure 1 indicates the general get-uptwhich will.

‘be considered, as well as the convention of notation fo
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CHAPTER II

THEORETICAL DERIVATION
K4

. . » .
In order to-predict an optimum lateral configuration -

which will produce a relatively constant flow ratio over
some fange of flow deptﬁs, a functional relationship

between depth of flow and lateral outflow is férmulated

~— -

as follows:

/.
I /Ay s B(SyuHy, Sy LA Ery Y )
where -
- Q;/Q; = ratio of lateral outflow to channel flow
S1 = bottdg-sill height |
‘ H0 = orifice height
$. = middle aill height

LM = ratio of lateral length to channel width
Fr, = Froude number of charmel ‘flow

Aot . Y "= initial depth of flow in channel &
* The parameters S,» Hy» -5, and L/ describe the physical
configuration of the lateral (Figure 1), while Fr, %ndin

*

are governed by the channel flow Qi as well as L/W.

- " © 4
» .

_Once é'theoreticél relationship between the above

. parameterd and the flow ratio has been derived, each of “:
. : . . ‘{,@f\

¢

- he . e
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/the‘panameters can be varied in order to assess their
individual effect on the flow ratio. Those parameters
, \
describing the physical configuration of the lateral have
been nondimehsionaiized by dividing them by the actual
mhxigum depth of chgnnel flow, Yimax’ as follows - ,
Yl =Y /Ylmax ’
‘4 Sl = 1/Y1max . ' "" ' .
HQ = HO/Ylmax
/ Sp =S¥/ nax

where the primes (') indicate actual values. In effect
"these geometrlc parameters are expressed as a percentage

of the maximum flow depth in the channel. '

2.1 THEORETICAL CONSIDERATIONS ' o

The approach used in deriv1ng a theoretlcal
relationship for the flow ratio necessitates the assumption
of certaﬁg;conditions with regards to the flow, both
through the lateral and in the channel, [(3]. These

' either approximate the actual conditions occuring, or

are easilx imposed by channel geometry modifications.‘




S P———————— T

2.1.1 ASSUMPTIONS
The flow, both through the rectangular. orifice
and over the weir, is assumed fo be two-dimensional in

N

nature, In other words, changes in the channel wvelocity
Vi and in the lateral flow veloc;ty U, occur onl§3

swithin
the plane of the incremental layer dh, (Figure 1). Also,
‘thé pressure distribution at any‘section 6f the lateral
is assumed to be hydrostatic, hence the normal velocity
component U throgh %2y layer dh is equal to JQ%;:,

where h is the depth of the layer below the free surface.
Furthermore, the energy loss in the short reach
corresponding to the weir span is assumed to be negliéible.

\ »

Further conditions assﬁmed are: the free surface of
the channel flow is horizontal over the length of the
lateral (a condltlon easily imposed as described in
section 2.1.2), the flow upstream of the lateral is
subcritical, and the méximum length of the lateral is

. limited to tre channel width.

A

2.1.2 CHANNEL MODIFICATION

v,

' The condition of 4 horizontal free surface in the

channel along the length of the lateral can be impose& by
ﬁ;inel side opposite the lateral

either of two methods. The c

.
o T




o

can be méved inwafd, or the -channel bed can be gradually
raised towards the doﬁnsxream end of the lat‘ral. Both
these modifications serve to gpéduce the are@ of flow

at the downstream end of tne_iateral, €ping the channel
velocity constaqt alongA}heilength of the laterar/:nd
thus imposing a horizontal free surface if the flow is
consistent with the assumptioné stated earlier.

Because the bbftom sill may be of relatively low
height, the side contraction is.proposed as the gore .
practical of the two for the configuration-degcribed.

It should be noted however, that the side contraction may
cause a higher lateral velocity U, than predicted, thus
vfaiating'one of the assumption® made earlier. This
effect should be investigated experimgntally’to ascertain

4

the extent of influence.

The wiidth of the contraction Z, (Figure 1) neeessary

&

to impose a\horizontal free surface can be found as follows:

assuming constaht specific energy over the length of the'

~ ' !
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. @.nd noting that for a horizontal free surface and bed . *

\ { = -
. . s 2_ 4,2 -
e V1 —sz /.
QR ’ : :
Q2 Q.2 L ‘
d 20 0 22 .
; o WY, )% (W.Y,)2 ’
& 171 2%2 1 S
also, since QZ = Ql - QL' | ) - \_
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" where W Ais the chegnel width, 2 is %he width of contractlon,
.and‘subspr}pts 1 and 2 pefer to gpstream and downstream
values respectively.’ ‘ ‘
' ' )
Tt should be noted that the desired lateral
éonfiguratioh will‘haye QL/Q1 constant and thergfofe,f
<Fince the channeijwidth'is fixed, the side contraction width -
will also be constant over the range of proportionality.
oo ] )
' The height of the bottom rise above the channel
bed necessary to maintain a horizontal free surface over

‘ ~ .
thé\length of the lateral can be similArly shown to bé

- 2 o o (2.2)

’ C L . ) . -
" where Z 1s ‘the height required at the downstream end of
a 11near rise along the channel bed, and Y1 is the 1n1t1al
(upstream) depth of flow in the channel. This configuration
as mentloned prg/lously, provides an alternate method of |
imposing the horlzontal free surface condltlon over the

length of“the‘lateral.

*
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«2.2 @w RATIO RELATIONSHIP

The theoretlcal flow ratio relatlonshlp can be
der:wed by first obtalnlng an. eicpress:.on for the lateral.
outflow as a functlon of the relevant. geometrlc and
hydrodynamic parameters 3,5]. The latera.l outflow °
‘divided by the channél flow then yields the required
flow ratio. |

¢ 9 ' ‘
~

. . .
2:2.1 LATERAL OUTFLOW: : -

| An exbression for thé lateral outflow can be
obtained by summing the discharges of the‘:mcrementa’l
layers (height‘dh', length L) over the total depth of the
?lateral we;'Lr and orifice, the elevation of the free surface
is assumed to be constant along the lerfgth of the lateral,

(See Figure 1).

'The discharge coefflclent Cd’ for each layer is assumed

to be dependant upon the veloc:.ty ra'tlo N, (N-= 1/vj’

/ where Vl is the channel velocity, and Vj is the ,]ét‘

veloc:.ty), and the ratio IL/M. The chammel veloclty is -
assumed to be suberitical, and the normal component u, o;f.‘J

the jet velocity of a layer equdal to V2gh , h being the
depth of the 1ayer below the free surface For any 1ayer

then, the jet velocity is

P
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: and~th§ velocity ratio N, for each 1;;Qr is then ’

" layer will be C av
. range of depth A to B, will then be o

Vv, =VVv.% + 2gh

J hi

¥

. 24

t . AN

v' ) . ) \'s ' \ .
L S (2.3)

. N = —————
A ‘ ' b VVIZ + 2gh

is found to be approxiﬁated\by the f?llowing

Ca
expression [3], - /
_ C o2 4 6 %
Cd.-'0.61 + CN® + C,N +«03N o (2.4)
' for 0<L/M=<1
N ' and»0<N‘s1‘
,in.which g .
| C, = -0.538 + 0.2541/W
s Cz = 0 . 058 + 0 » ZBLI’L/W

a
Lo
f

Noting that Cyq will vary from layer to léyer. and
that the area of each layer is Ldh, the discharge of a

deh. The total‘discharge over some .

A

‘. _qu.Scdijdh« o (2.9)
B . S .

[y
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where ‘the 1limit A, in the case now being examined, is the

free surface and B is the depth of the lateral. .

¢ 4

°

For the configuration consisting of a weir and

orifice as shown ip Figure 1,‘eqﬁation 2.5 becomes

o

) - Ha -
) - ~QL = SCdeth + SCdeth | (2.6)
I-I1 0‘ ‘
3 N ' .
from equation 2.3 o , '
| 2 2 ‘
- 1 V’1 - V1 . '
h= —|—> - - (2.7)
221 N
,q. (‘ -
and ! .
. . ” '
i _V . .
d.h. = ""_1_3- dN . o (2 08)
¢ ) .

- Reevaluating the limits of integration for equation

«

2.6 in terms of N, '
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{
| Hyr Ny o= 1 : (2.92)
I \ N .
' ©VVy Tr2ghy .4
. \A;Z e .
1 +2eh,
By Ny=_ "1 = (2.9¢) (
3 . Dot - :
Vi +2gHw
§ . ) . !
{ os N = Y1 1.0 o (2.94) ¢ -
H . surface —mm—————0ro R i '
f ] 1 *2g(0) .
?
£
H " .
y N . .
Substituting equations 2.8 and 2.9 into 2.6,
_ o i N2‘ . ; Nw C 3 ',. -
t : , QL = S CdL -V1 aN + S CdL -V1 dN ‘ i
< , . : L
Replacing C; with equation 2.4, we obtain, : o
3 s o~ . .' J
’ ' . ’ Nl ‘. ~
o ~q = \lo1a . 2{Lv,? aN + ...
L + 1 .
, S —F ""+°2 CBN -
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i o 3 8
: + LV, "~ 1 I
| , vee 1| 20,203 1-— -cll--_. |
; ‘ . & el
% d T ¢ 3
o8 'f Cz 1"Nw +_33. l-Nw , '
i =t
P .
Simplifying,
] l).
., ' v’ 1 -1 1-17-...
}
g Np~ Ny” No Ny
- N |
. ° -
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C l oo #[1-Ny [Cz'f; | : (2.10)
R ///;f? , Li@Nw

,‘ / ’ l ‘ ‘ \/\ -
/ : : | ,
. The 'Tirst part of equation 2.10 represents the flow

’
through the lateral orifice for any Yi Sl+H the

second portion represents the flow over the lateral
weir fgf.any Y= Si+H0+S2 '

2.2.2 FLOW RATIO EQUATION
Equations 2.9 in terms of Y, énd‘Friybecome'

le Fr\/—__

Z
/FT' Y, +Y -Sl-Hq
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St —— s

N, = F’1‘/§1_n

2

) F—
. \/Frl Y1+Y1+Sr .
Ny = Fr, ¥y
/Fr. %Y, +Y,-S,-S.-H
VAT 1TRTR1TR2 ™

4
Id

~J

Ny and N, for Y, = S,+H, .

a

& Ny for Yl.?. S, +S,+H .

An expression for the flow ratio can now be obtained

in terms of LW, Fr, and Y,

‘ 3
_ 2 .. Z :
Q/Q, = 2LFr,? 0:203)\VFr, °Y, +Y, -5, e

w / Frl\/—Y_1

i

;

%’ | - o 3

} boeo = FI'1 Y1+Y1"Sl- o + e

2 Fry

: / [ —= e 1
[ e + C1 \/FI‘l Y1+Y1‘Sl -fFri Y1+Y1-51—H0 ™ s s e

C L oy VY

‘s | A , v v ]

EX’. *se e = 02 Fr1 Yl - ‘ Frl Y1 * - eve

'; 2 _S. VPE.2Y +Y,-S,-H_

5 g VFry SY ety oSy VPR Y Y SyHp |-

I R A2 N IR £/ W

3 ‘ 3 ﬁ;leul-sl \/Pr12Y1+Y1-81-'H0

5",'":}" ;?'"”7}':{’» ‘,T'T ':&:7"?7 o 4 s
P, . - [ S A PRy '\ IR, A
( e SRR '-ﬁ',ﬁﬁfﬁ‘,: u.*‘% oy v

N

+ LN 4
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o ————— g %

U,

~ vvs + 2LFr,? 1-[ P VY }
. — )
T \/Frl Y, +Y, -5, -S,-H,
i ‘ 2
LY _C_J""O.ZOB JFTI Y1+Y1‘31-SZ-HO + » e
3 . Fr, VY,
* 00 + 1"‘ Frl Yl [ )
e VA : o
- /Fr, ¥y *Y-5-Sy-Hy
vool Co+C, VD, %Y, +Y, -S,-S.-H.. | |" (
2¥CyVFry Y+ =54 -5,5-H, 2.11)
: ) F\1‘1 4 Y1 o '
u .

3 3
.
”

The portion:of the flow ratio equa<tion (2.11) governing -
the orifice flow (the five lines on the preciding page)

is valid for Y;> S,+H,. The latter portion which governs

1

the weir flow is valid for Y;= S;+H,+S,.
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CHAPTER TJI °°

SELECTION OF OBPZTMUM CONFIGURATION

Although it is possible to find the optimum
configuration by aﬁaly%ical methods, the simplest,
approach is to create a cogputer algorithm to solye Fy
equation 2.11 for various configurations and flow

conditions.

3.1 PARAMETERS AND RANGES
'The parameters to be varied in the algorithm \
are identified in Figure 1. A particular configuration
" can be uniquely deécribed by its bottom sill height §,,
its orifice height Hy, its middle sill height S,, and
thel}ateral length to channel widph ratio L/W. Any one

configuration may be subjected to an infinite number

“of flow conditions, described by the debth of flow Y, and

‘

tpe Froude number of the flow in the main channel Fr, .
¢
The range of L/W was limited to 0<L/M <1 a; in [3].
The ranges of.Sl, HO, and S2 were between 0.1 and.a
maximum determined by the condition that some weir flow

must occur. In other words, Sl+Ho+S2 must be less than

* * the maximum depth of flow in the channel.

\
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The range of flow conditions examined are as
follows:
i) The depth of flow'gi, may vary between o

the bottom of the middle sill (Y, =S, +H,)
gnd the maximum depth of flow (Y,=1). . ,
" 1i) ' The Froude number of the flow in the
channel can vary from 0.1 to 0.9.
| ‘ ]
Although these are the ranges of the specific’
~ parameters which were examined,.equation 2.11 is not
. necessarily valid over all of these values. Thig
will be discussed further in Chaptér IV.
\ Ly ' - 1
3.1.1 ALGORITHM

Having identified the parameters and their

oV A

ranges, a flow diagram of the algorithm to be used
was drawn (Figure 3), The program was written using
BASIC-PLUS language on a FDP 11/70 computer.
! .
The program consists of a subroutine which —
: ' calculates the flow ratio by equation 2.11, and
Varéous devices withip the main program to ‘increment

Y

- 4

and Fr, for a particular configuration. The '~ ,
1 1 .

-original program 'Ratios' shown in Figure U4, .
computes the flow ra?io for a given SI’ Ho, S2 over

'{ | . the allowable ranges of Yi énd'Frlf If the flow ratio

)
i
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varies by more.than } 2.5% over any portion.of the
range of Y1 thén the program cyclés té a new flow
oonditiop,,indicaﬁing in the output that the
constant proportionality criterion has beén exceeded.
'Ratios' was modified (Figure 5) to compute -
the variatjon of Fr, for a particular design flow
ratio and configuration. l
Sample partial outputs of the two algorithms
are shown in Figure 6. 'A further modification of
the basic algorithm was undertaken to obtain a

graphical output of the flow ratio vs Y1 for a

_particular configuration and flow céndition,‘shoﬁn

in Figure 7.

3.2 IDENTIFICATION OF SUITABLE;CONFIGURATIQNS

It was felt that there would be one 'class'

of configurations which would exhibit the desired )
characteristics. In order to identify this 'class’,
preliminary sets of flow ratio, Yi. and Fr, were
output, compriging a large number of various
conf@gurations. A portion of this output is éhown
in Tables 1, 2 and 3.. ’ :

. This prelininary output ir}diéa“bed that, 1.;he"

..

A%
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greatest range of Y1 for QL/Q1 varying less than
*2.5% occurred in configurations hdving $,=8,.

This class of configurations was then examined in

~greater detail (the increments of Yl being reduced

A
and a greater number,off;onfigurations examined).

3.2.1. SELECTED CONFIGURATION
The optimum configuration to.be chosen from
the data in Tables 1, 2 and 3, must meet all the

previously mentioned criteria, and should also

+ exhibit the constant proportioning characteristic over

all flow conditions examined. This latter condition
éxcludes from acceptance those configurations having
large ranges of constant proportionalify at some
flow conditions, and small ranges at other flows.
o

It should be noted that those configurations in
Tables 1, 2 and 3 for whidh the range of coﬁ&tant
probortionality is less than the nondimensionél
middle sill height Sz. do not produce any flow over
the weir portion of”the lateral, before exceeding
the allowable flow ratio variation. Configurations
in’ Tables 1, 2 and 3 shown as having a zero range~‘

of proportionality in effect have a flow ratio
greater than unity for orifice flow alone.
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CHARACTERISTICS OF SELECTED CONFIGURATION
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= . . CHARACTERISTICS OF SELECTED CONFIGURATION ce ¥

Ug/p/{g;pectlon of tables, 1, 2, and 3 it is evident
' that the configuration having §=0.1, H,=0. 45, and S,=0.1 ) -

) ' 'exhib;ts the largest range of constant proportionality .

" over the flow conditions examined. This is shown graphically -
by a éomparison computerﬂpiot of QL/Q1 vs Y1 fof two selected
configurations (Figure 7). Thé flow ratios for the selected

! configuration are shown in Figpre B‘for various values . ]

of L/W and Froude numbers, . |

This selected cofifiguration is only the optimum for
an allowable deviation from a design flow ratio of *3, g%,

A larger or smaller allowable deviation would result in a -

S P

different'optimum configuration being chosen:

.

The range of constant proportionality of the selected -

configuration for various values of L/W and Fri is shown

. ' in Table 4. Values of the flow ratio for various L/W and

Fr, generated by the 'Ratios' algorithm (Figure 4) are - ' >
presented in Table 5, and shown graphically in the form

41 \ of design charts by Figures 12 and 13. e
The original assumption of a horizontaﬂ.iﬁree surface
wae obtained by maintaining a constant rate of flow per :

N

. s e ; L
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unit width of the main channel. To this end, the erea of
flow in the maiq channei was reduced as the lateral flow
was subtracted from the channel flow. This implies or
requ%res ;hat the channel flow velocity remdins constant
over the-length of the lateral, or that the channel
Y Froude numbe; is constant over the length'of the lateral.
The application of*this condition is shown by the plét of
" the flow ratio ve the channel Froude number_over the
- ‘.entire range of Y, (Figures 9, 10, and 11) for three
values of L/W. These plots show the negllglble varlatlon '
N of Fry for a design value oﬂaDL/Ql ’
- . /
It is apparent that in the. study undertaken 1no[3].

; ‘, ~No effort was made to 1mpose the horlzontal free surface
condltlon along the length of the lateral. Instead, the |
referenhce depth of flow along %he weir was assumed to be'
the depth at its mid-point. It was stated that the
theoretical latenal discharge was’ approxlmately 5% greater
than the actual T;xgﬁdlscrepancy was said to be due to '
the assumption tpat the veloclty distributi on 1@ the
channel. was uniform. (in other worés no acefuné was made

for the non—unlform velocxty dlstribution which actually

occurred). In the present study, ‘the same as umptions and
thegretical approach were used, hence it may therefore be
ant;cibated that equation 2.11 will prédict. flow ratio

slightly higher than will actually be measured.
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accomplished by either uniformly narrowing the channel

In the event that a side contraction is used to impose .

* the horizontal free surface condition, the resulting

increase in the lateral jet velocity may offset the above-

‘mentjoned over-éstimation of the flow ratio. The use of a

bottom contractlon would have llttle effect on the jet

P ve1001§§, but mlght result in an even greater over-estimation

of the flow ratio, due to a more non-uniform velocity

distribution in the channel. )

4.1 CONCLUSIONS

The following conclﬁsions'can be drawn on the basis

¥

of the present study. L

" For subcritical flow in a rectangular'channel of

~ width W, carrying a discharge Ql’ at a depth Y,, a.'lateral’

of length L can be designed to prov1de a lateral discharge
QL' which is a llnear function of the channel discharge Ql’

In orden to achieve this over a range of Y, one must

" properly choose the geometric variables Sl' Ho and S, of

2
the 'latgralll The water surface over the length of the

'lateral' must also be kept horizontal, This may be

.width. or uniformly raising the channel bed over the reach

of channel spanning the '1ateral'

-
t
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TABLE 1 RANGE OF CONSTANT PROPORTIONALITY OF . .
A CONFIGURATIONS WITH §,=0.10 [Expressed as
‘ ‘@ percentage of the maximum flow depth]
s, Hy 'sé L/W= 0.25 0.50 . ‘5§75 |
, Fry= .1 Wb .7 .1 .4 .7 1 b7 |
, .10 .30 .10 26.28 30| 0 27 30 |0 11 30
' : x ".10 .30 .15 11- 12 14 o 11 13 ] 0 10 13 ‘
: .10 .30 .20 11 12 14 {0 11 13}0 10 13| ~
% .10 .30 .25 111 12 w|o 11 13]0 10 13 4
10 .35 .10 | 3135 350 32 35|0 32 3k |
! .10 .35 .15 11 13 15| 0 12 14 |0 11 13
.i .10 .35 .20 1113 150 12 1% | 0 11 13
% .10 .35 .25 11 13 15| 0 12 14 [0 11 13
) _ .| .10 .50 .10 |35 37 40 |0 36 40 |0 35 39
; ..10 .40 .15 12- 14 17 | 0o 13 150 12 14
.10 .40 .20 12 14 16 |0 13 15|0 12 14
L 10 40 .25 | 12 14 16 | 0 13 15| 0 12 14
.10 .45 .10 4o 43 u5' 0 41 4510 40 45
‘ 10 45 o185 13 15 19 |0 14 16 )0 13 15
.10 & qko 113 15 170 15 17 |0 13 15
.10 .u} .25 13 15 17 |0 14 16 [0 13 15
10 .50 .10 | . | 40 40 40 [ 0 40 W0 |0 4o 4o
.10 .50 .15 | 14 16 22 |'0 14 18 |0 13 17.
10 .50 .20 113 15 180 14 17 |0 13 16 |
(10 .50 .25 | . 13 15 18 0, 14 17 [0 13 16
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. A .
) | TABLE 2 RANGE OF CONSTANT FROPORTIONALITY OF
CONFIéURATIONS WITH S,=0.15 [Expressed as
a pérce’ntage of the maximum flow depth]
S, Hy, S,|LMw= 0.25 0.50 0.75
‘ Fry= .1 Wb .70 17 b7
15 .30 .10 21 20 15 {0 21 18 [0 22 20
.12 .30 .15 i 31 30 |0 15 32 |0 1k 33
.15 .30 .20 14 16 19 [0 15 18 |0 14 16 ‘
15 .30 .25 14 16 19 |0 15 18 |0 14 16 . .
15 .35 .10 l26 23 190 25 22 |0 25 24 |
.15 .35 .15 15 35 3510 16 37 |0 15 36
- .151!35 20 15 17 20 |0 16 18 |0 15 17
.15 .35 .25 15 17 20 {0 16 18 |0 15 17
| .15 .40 .10 27 27 23 |0 29, 26 | o 28 28
.15 .40 .15 16 38 41 [0 37 42 |0 15 4o
15 .40 .20 15 18 21 [0 16 29 ;0 15 18
15 .40 .25 15 18 21 [0 16 19 |0 15 18
15 .45 .10 31 32 28 |0 32 30 [0 32 32|’
‘,15 b5 .15 (| 40 40 40 |0 %0 40 |0 .17 40
.15 45 .20 16 18 23 |0 17 20 |0 16 19|
7 15 .45 .25 |16 18 22 |0 17 20 |0 16 19
vl e15 .50 .10 3% 35 32 {0 35 350 35 35
45.50 45| |35 35 35 |0 35 35 |0 35 35
| +«15°.50 .20 | 17 19 25 |0 18 21 [0 19 20
V| .15 .50 25 17 19 23 |0 18 21 [0 17 20
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TABLE 3 RANGE OF CONSTANT PROPORTIONALITY OF
CONFIGURATIONS WITH $,=0.20 [Expressed as
a pefceptagé of "tile maximum flow depth]
S, Hy S, L W= 0.25 0.50 - 0.75 | 'i
Fry= .1 W47 N S ST A
.20 .30 .10 15 4 3 |15 14 3 |0 15 3
.20 fgp 15 26 4 3 |26 25 3 [0 26 3
.20 .30 .20 18 4 3 |18 19 3 |0 18 3
.20 .30 .25 18 4 3 |18 19 3 |0 18 3
.20 .35 .10 18 15 4 |0 17 5 |o 18 13
.20 .35 .15 20 27 4 |0 29 5 |0 30 27
.20 .35 .20 19 38 & |0 20 5 |0 18,23
.20 .35 .25 19 20 4 |0 20 5 |0 18 21
.20 .40 .10 21 18 11 |0 20 15 |0 21 17
.20 40 .15 31 31 25 |0 33 28 |0 32 31
.20 .40 .20 19 40 40 |0 21 40 |0 19 40
.20 .40 .25 19 22 26 |0 20 24 |0 19 22
.20 45 .10 24 21 16 (0. 23 19 |0 24 21
.20 .45 .15 % 35 29 |0 35 33 |0 35 35
.20 .45 .20 20 35 350 "2t 35 |0 19 35
.20 .45 .25 20 22 27 [0 21 24 |0 19 23
.20 .50 .10 27 24 19 {0 26 22 /0 27 ‘2% :
.20 .50 .i5 30 30 30|00 30 30 0 30 30 |
420 .50 .20 21 30 30°|0 23 30 [0 20 30
.20 .50 .25 20 23 29 |0 22 25 |0 20 2
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TABLE 4 RANGE OF PROPORTIONALITY OF SELECTED
CONFIGURATION [EXPRESSED AS A PERCENTAGE
OF MAXIMUM FLOW DEPTH]

. Fr,= 1.2 3 kLS 6 7
1 im
.20 Tu0 4L b2 b3 Bh b5 b5
.30 b0 b1 ML 43 b k5 kS
| ko 0 40 41 42 43 45 45
| .50 0 40 41 41 43 b b5
60 | 0 40 4O L1 42 bb 45 ,
70 0 ‘0 ko W1 k2 44 4s
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1 ' TABLE § FLOW RATIO OF SELECTED CONFIGURATION
f o " FOR VARIOUS CHANNEL FROUDE NO'S AND
| LENGTH RATIOS [EXPRESSED AS A PERCENTAGE]
Fry= .1 .2 .3 4 .5 .6 .7 .8
. ."L/W .
- .20 60 29 19 ik 10 8. 7 6
25 | 75 35 23 17 13 10 9. 8 ]
30 | 90 44 28 21 16 13 11 9 |
.35 5133 25 19 15 13 1f.
' Lo 60.39 28 22 18 15 13 °
i 45 67 W4+ 33 25 21 17 15
.50 75 49 36 28 23 19 17
© .55 87 s+ ko 32 26 22 19
| ‘ .60 90 60 44 35729 24 21
o .65 97 64 48.38 31 27 -23
, .70 70 52 41 3% 29 25
75 | 75 56 45 3 32 .27 E
A ) ‘_ T . ‘
T 4
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| : ( " |INPUT FLOW AND ,
. ' CONFIGURATION
7 . . . DATA

. A 2
3 . __jearc q/q, | /
- o | FOR Y,

h

| o - | DoES qQ/q, o N l
| | o VARY MORE THAN '
b ‘ i 5% FROM Q;/Q,  r— YES———
OR Q;/ Yimin’

' NO
]

OUTPUT QL/Ql ,
FOR Y

! -

1

J Y, =Y, +INC

N — N0 ——— 'Yy > Y, o ? —— YES —p STOP

FIGURE 3 ALGORITHM FLOWCHART '
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[ . ’ ’ \
.

a4

r ;
COPY RATIOS \
pnoL! CDHPU'MUONAL ALGORITHIN USED FOR LATERAL VEIR o
0002! AND ORIFICE CONFIGURATION.

0003! NEIL EVANS 1980

0004¢ ’ ®

34

0010 EXTEND

015! SET PARAMETERS
0T ’Fﬁl SILL FBOT.SILL

0040 INPUT ‘S|

iSLOT .
0050 INPUT ‘HID SILL FNID,SILL
0051 FOR L.N=.2 TO ,76 STEP ,05 o
0052 PRINT nnnooounonl./"- !L "
0033 VAR.N=0,03
0054 IHC=,05

. |00ss RINT , N\

A

TUS8 FRINT "L/W BOT  SLOT WID”

0057 PRINT USING ‘#.4% ¢, H $.H 0 L UvBOT.SILLrSLOT'HID SILL
0040 Y1MAX=1.0

0052! CHECK INPU

0065 IF (BOT.SILL+SLOT+HID.SILL))= YIMAX THEN GOTO 3500
0090! CALCILATE CONSTANTS :
0100 C1=-0.538%0,2542L.¥

0110 C2=0,05810,2342L. ¥

4

<

==0,129-0,4894C.V
0130 FOR FR1=.1 TQ .9 STEP .1
0133 PRINT
0134 PRINT * Y1 OL/01 FR’
0135¢ INITIALIZE HEIG
0136 Y1=BOT.SILL4SLOT
0137 SMALL=10 *

! ATTU
0150 GOSUB 0500
0210t CHECK VARIATION OF FLOM RATIO

10220 IF ABSC(LARGE-SMALL)/LARGE)>=VAR.N THEN GOTO 4000

0223 PRINT USING ‘#.4¢ #1448 3.4 yY1,0LG1,FRI
0224 IF QLA1)={ THEN GOTO 5000

02301 INCREHENT HEIGHT OF FLOV

0231 Y1=Y1}INC

0138 LARGE=0 : .
*

5]

U7 [ TIaYIARX lHtN Uit S0

0250 GOTO 150

0260! SUBROUTINE TO CONPUTE FLOW RATIO

0500 IF Y1<=(BOT.SILL+SLOTINID,SILL) THEN GOTO 0520

0510 M=FR12SQR(Y1)/SOR(Y{3FR1"24Y1-BOT,SILL-SLOT-HID,SILL) -
0520 IF Y1<=(BOT,SILL4SLOT4MID.SILL) THEH NN=1.0

0530 N1=FR13SOR(Y1)/SOR(Y1sFR1"24¥1-BOT.SILL~-SLOT)

8?40 N2—FR1XSDR(Y1)/SOR(Y!!FRI"?#YI BOT,SILL)
FURZT=31)=(INL7(=311) . b

0540 62=C1R(1/N2-1/N1) , -
0570 63=C2%(K2-N1) : ‘

0580 G4=(C3/3,0)¢((N2"3)-(N1"3))

0390 J1=(1-M"3)8(C3/3.010,2037/(W")) - L

0800 J2=(1-NU12(C24C1/NW) ~

0410 6J=61462-G3-64+J14J2

10620 QLO1=(2,0%L,WXFR172)36)
830 TF UCOTRSHACT THEN SHRACC=ICUT

0631 IF OLAIXLARGE THEN LARGE=0LOY ~ .
0440 RETURN .

0650! 1_TERMINM’INE STATEMENTS

6078 5000 ’ '
330 PRINTs'gg HEM) FOR VEIR’ "

' ' .
4050 PRINT ‘EXCESSIVE VARIATION’ . :
5000 NEXT FRI - o
3001 NEXT Loy
5050 PRINT
5100 PRINT TINE(1T)
4000 END

e ——f =

" ‘ FIGURE L RATIOS ALGORITHM
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SOOI' CUHPUTATIONAL ALGORITH
800§: -, WEIR hND ORIFICE CONF ]

0004!
0010 EXTEND
0023! SET PARANETERS

%ﬂ USED FOR LATERAL
NEIL EVANS 1980

- DEHTAFRE=7001—
0027 DELTA.OLO1=.01
0030 INPUT “BOT’iBAT.SILL
0035 INPUT ‘SLOT'iSLOT
0040 INPUT ‘MIDJiNID.SILL
0042 INPUT ‘FR1’}FR]
0043 FOR L.W=,2 TD ,9 STEP ,2

| 0044 FOR DESIGN=.2 T0 .9 STEP .2

rootS-hit=t

0040 Y1HAX=1.0

0045 If (BOT.SILLSLOTHHID.SILL)
0080 VAR.N=,035

0090¢ CALCULATE CONSTANTS
0100 C1=-0,53840,2544L W

0110 C2=0,03840.,2344L ¥

>= YINAX THEN GOTO 3500 ~

t

0120 3=-0.129-0.4898L.4
0133-PRi

WA=t
0134 PRINT *_ Y1 QL/G1 FR’

0136 Y1=BOT.SILL4SLOT

0137 Y1.INITIAL=YI

01400 CUHPUTE FLOW RATIO
0150 GOSUB

0231 YI=Y{INC

0232 Tr YI)YIHAX THEN GOTO 5050
0249 6OTQ 150

05000 - SUBROUTINE FOR FLON RA
0505 IF Y{<=(BOT.SILLtSLOT+KED.§

0520 IF Y1<=(B0T. SILLfSLQHHID §

033

0540 N2=FRIXSQR(YI)ISDR(Y1XFR1 "2
0550 61=0,20378((N2"(-3))-(N1~(~
0360 G2=C1x{1/N2-1/N1)

0570 63=L28(N2-N1) B

0580 64=(C3/3,0)8((N2"3)-(N1"3))
0590 J3=(1-N"3)8(03/3.040.2037/
0400 J2=(1-NW) 3(C24C1/MN)

0500
0224 PRINT USING '$4.¢ .83 &,
T6HT-0F—FLON-

=FRITSORTYTT7SORCYIAFRT 24 Y1

J

01351 INITIALIZE HEIGHT OF FLOW

$4%° ,Y1,00L01,FRY

.
110
ILL) THEN GOTO 0520

0510 NU=FRLXSAR(Y1)/SQRCY1ZFR1™24Y1-RBOT, SILL SLOT HIB.SILL)

[LLY THEN N

Bﬂ‘f“S‘ftt‘Sﬁ‘r?r
+Y1-B0T,SILL)

m)

(WN"3))

H0618-04-61462-63

0420 QLO13(2, ORL,WSFRI™2)15
0624 1F ABSC(QLOL- DE‘»ISN)/DESIGII
0825 IF OLOICDESIGN THEN FRI=FR
0626 IF GLOIXDESIGN THEN FR1=FR1
0429 GOT0 0505

0640 RETURN

J(=DELTA.QLAI THEN GOTO 0640
HELTALFR]L
tDELTA(FRL -

0450! TERHINATING STATENENTS
-3500-PRINF—NO-HEAD-FOR-VEIR—
3400 GOTO 5100
4000 PRINT 'EXCESSIVE UARIATIBN'
3030 FRIN

3200 NEXT DESIGN

15300 NEXT L.V
4000 END -

3100 PRINT TIMEQLXL)- -- - == e

READY -

o et mmmn

FIGURE 5 'RATIO ALGORITHM
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X / .
RUN RATIO * RUN RATIOS
ROT? .1 BOT.SILL? .1
; & SLOT? .45 SLOT? .45
’ MID? .1 MIDLSILL? .1
' L/W? .4 L/w? .2
: o " DESIGN FLOW RATIO? .5 vesesersesessessL/U= L2
. b . /W= .4
Y1 QL/Q1 FR L/W  BOT  SLOT MID
0.6 0.50 0.237 | 0.20 0.10 0.45 0.10
0.7 0,50 0,231 ‘
0.8 0.50 0,231 YL  0L/Ql FR
0.9 0.50 0,232 0.35 0.598 0.1
- . 1.0 0.50 0,237 0,60  0.596 0.4
. 0.65 0.581 .0.1
. a0 0,70 0,577 - 0.1 p
0,75 0,580 i
READY 0.80 0.586 0.1
i ‘ . . 009 0.1
¥ N e Y ce o1
! \ﬁLOT? VA5
8] 107 1
! L/WT? 6 ' QL/Q1 FR.
! DESIGN FLOW RATIO? .2 0.55 C.190 0.3
! / L/W= 6 ° ' 0,60 0,190 0.3
IR ( . Y1 QL/Q1 FR . 0.65 0.186 0.3
i 0.6 0,20 0.812 0.70 0,184 0.3
i 0.7 0.20 0.812 ~0.75  0.185 0.3
1 0.8 0.20 0.812 0.80 0.187 0.3
' 0.9 0.20 0.814 0.85 0,189 0.3
] 1,0 .20 0.828 0.90 0,191 0.3
: ) i . 0.95 0,193 0.3
f , 67
g ! ' »
B . READY Y1 aL/Q1  FR -
' 0.55 0.106 0.5
i - 0.60 0.107 0.5
g . 0.65 0,105 0.5
¥ . 0070 00104 : 005
§ C 0,75 0,105 0.5
4 0+80 0,105 0.5
! . 0.85 0,106 0,5
L . 0,90 0.108 0.5
é-' P 0.95 0.109 0.5
; : X '
}
- ’ .
* PIGURE 6 ~SAMPLE PARTIAL OUTPUT .
’ . . ¢
- . N . . . )
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~ - 'APPENDIX C | IR
. . EXPERIMENTAL SET-UP

The theoretical Tlow ratio relationship derived

in-Chépter IT may.easily be verified through the use of
~‘\“\ / 'the<following equipment: "

S ,--hgff o i) a main‘chénnel capable of carrying
varying Tlows of O.§-to 2.5 efs.
g ' ' - ii) Two V-notch weifs‘to bé.used to -
§ | ' ‘accurately measure Qi‘andei. For . ‘ “‘/‘
§" " ' " ' small flows, a scale and conkainkf. |
% ' may be useq.
%" - ' © 11iii) A lateral construdﬁed in su¢h a o - .
manner as to. facilitate the varying
of the previously disqussed geometric | N
o I | parameters. Fmgure 14 illustrates a '  ‘,
possible design. L/W may, be varied
‘” K < . °b§ constucting 3 or 4 of tpqse T 2 Ik
C " o -lateral, each of different'leﬁgth. “,~; ‘;
e | ' ~ }%)4A cﬁannel insert to impose the .

contraction necessary for the - . I

B héfizontal free gsurface eondition. ‘ . o y

; ; S .This insert might be constructed of '

1 .+ plexiglas and fashioned to allow. _
| | o " adjustment for various flow conditions.

- . (See chaptor II) " ' . ;""
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