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" LEONARD C.N.JOSEPH

' LINEAR: PROPORTIONAL WEIRS

» .0

o

Existing profile computations for 'comtruc‘ting linear proportional weirs
involve conplox nthmtica); axpnn,ionc roy sase of. con-truction. :

pnctiul qmdnnt’ cdgc weir, co-poud of two quldrnnto of a circuht

profilq;: was rcccn;ly \iwclop‘cd by some investigators. ' ' ¥

The concept of the Quqdiiint o&gc [wcit yas ¢ extended in t;.hn' present ltmly

to liuur proportiml voi.r uu'lbuu composed of two or -ou qudnntl
.of d circlc. A colpunt prognl vas developsd ‘to deteraine the hm-

o dilchnrgc nhtionn)\ipﬁ tor qnndnnt adge vctrl. Numerical ,hngution
‘of the ralevant tquclm vas done. An utmiv. cxpcthcnul progn-

on nina dit!cunc test voir uulbnn was carried out to vcrify thc

..

1
t

¢ linearity of the hnad-duchlrp relationship.
' S : . . .

.'\

L) » . . ’ .
-Preliminary development work on lateral ‘weirs by plain contouring of

‘ '
a N v

thé channel bed vas also carried out. Pield application of proportional =

-~
-

weir nu-bun 1nc1ud¢ lateral niu foning unttonly duchugiu

1tr1ution outlets.,
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NOTATIONS ° R C

v
.
.
[
f .
N b .
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[ 2

N

- ‘A" depth of. ;ectangular portion of proportional. weir ‘\\ -
. B top width of opening of propor:ional weir \ a ‘ .
| C4 coefficient of discharge , : " g
. Y Proude numbep in ihlet Qchannel at start of 1.:#:;1 welr
.g acceleration due to grav;tyr ’ ‘ < '
S | head over woir silll of proportional weir K " R .. s

AH increment of head over weir s{ll of proportiqnal weir’
H maximum head over weir sill of proportional weir

N head over rectangular portion of proportional weir ..
e . N .

A

A}L‘ increment of head over rectangular portion of pfoportional'we:l‘r

.

~%

K, number of openings in propoftional welr assembly , .
L length of lat.eré'l"weir“ " - oo oo
Q f‘lovxr\ in channel at any point’bgtween start and end of Mt:grol' weir , .

v
\

’

'“Ql  actual discharge through. pioportional weir assembly
. Qn ' theoret:ical discharge through proportional m:ir uoembly at head H
v QH' Lt:hem:eticol dieoharse bt\;rqmgh proportiongl welir usombly at hud '

QR theoretical dincharge through propqrtional weir assembly at heod R

‘.Q‘t‘l theotetic&l discharge throush ptoportional weir uoembly ) .

Qi flow 1n mlet channel at' start of lateral weir ‘.
f Q’i c' outflow discharge through lateral weir o& length L . :

R ‘-radius of legmnts& of proportional weir auembly f R : 4' '

éb , height of wey 8ill above botton ‘of ptoportioml wotr chmnol' <
I AR -un velocity in channel at any poim:l between nurt ond end of”
.. lateral weir ‘ N— )

Vl - medn valocity 1n inlet channol at start o! latorol welr .

[y

= '-“Vz " mean veloclty in outlc: ctunuol l!tat ond of lnt:e:ol mm:




. S ' NOTATIONS (Cont'd)

A . o
‘ . & /
'

x . length of element from origin measured along ‘X-sxis of propor- Y.
e » tional weir . .o , ot
\ y distance of centre line of element. trou origin seasured nion; t
Y~axis of proportional weir R . o '

y'! 'dincmec of .centre 1ine of elémnt: measured along Y-axis over
racungulnr portion of ptoportioml weir

) S nomll depth in channel at any pom: between start and end of

weir assesbly

ﬁ:\:
N ‘lateral weir ) .
¢ YI noml dinp:li in inlet ,chcnncl. at nta;;‘ of 1&;0:,.1 weir
. Yzl,' normal depth in oitlet channel after end of lateral weir
. ' Z 4+ hump height at any point between start and end of lateral weir
: ‘ where normal depth is Y '
. zl hunp hnight at end of latcnl weir
/,' Do fv', , uuo of dopth y’ to radius R of ptoportionnl veir assembly -
| ; - ' n' ‘ utio 9£ dept’h y' to rcdiul R af ptoportional vair uu-bly
r L . - a
) ' N rutio of defth of rectsngular portion A to rndiu- R of propor-
AT eiml veir assesbly’. - . 4
"BI . ratiomot ‘top width of opening B to tadi‘uy R of }troportioml .

Ny ‘ratio of head over \nir sill § to ruuuo R of propottiml
‘weir uaubly c, ,

'n',u ratio of head over recunxuhr portion B' to radius R of propov-,
o tioul weix un-b!.y . )

™~ 1 . . ‘ -
. A : ; : ‘ : ; !




‘ " LINEAR PROPORTIONAL WEIRS.. o

INTRODUCTION L

: . . . ) - .
Proportional nin and :hnir diuhu:go characteristics have been undcr '
4 ’. o :hwut:lzation cvor sinco the conccpt of such veirs was tiru 'propoud
i . ) bylstout (14) ‘These wcin have a profile which ensures a certain
relationship between bhl head on th. weir nn;l the dilcblgge. Linear
L | ‘ . propor:i.oml weire are used as flow --uuur:l.ng devicas, and as outiets
' ‘ o for settling buinl, grit chambers and dosing .ypbonl. ‘l‘h-ro are varicus |
',"" . L types of linear proportioul mir- dmndiug on cho chcg; of the base
proﬂln, vhich may be .ponbouc, tr_ignguhr » trupnzqml or rcccaqguh:. ,
‘ '~ The "Sutro-Welr" is the -oot‘ comnuot the linear. propo Ml weirs vith
' rocuuguh: bottom uct:lonc. ‘rhc Suéro profile is umr.otic at the botto. '.
I - (!13.1) leading to an 1ntin1tely wide bnu. To overcome thin. sut:o '
‘ cumd 2 known buc in’'the form of a ncunguhr woir of depth A, abovo
' . vhich thc veir profile is !1::«! (9. uecntly, Keshava Murthy and
L .' ) Suhagiri (2) pronntcd s gcnculiud llthn-.tiggl thoory of prpportiml
mitl.} and -uppotccd their theory with’ rhuul vetification.
" Theoretical culcuhuonl wvere subsequen ud- by um-n Reo et al .
(5 to °8) nu_i Srnn:lvn‘ulu and. ughaer-n (13)- togather with axperi~ .
’J '. -.on-tgl‘;tpdiu.'."' | L ., , ( SR

-

= -"rm :hc potut of viw a! con:truecml tlu uuut mst mtﬂ.n. tbo m-
< ile conpuutlonl -uu«trd by uruor i.nvhsu’.nton mvoln co-plu
‘ T uth-uical nprnum In u;murm}!uu mnmum. it 1e

! * .
K g - . .
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nscessary to seek.a solution whic ensures ease of construction of the '
S weir and prov:ldel the required accurxey in r.he linur head-discharge,
: . o ulntionnhip. 'I‘hu was the motivatfon for Venlmtarmn and Subra!unya

e , ¢
» e ~(16) to propose the practical quadnnt edge plate weir, Preliminary

| L', A study made by -then'on quai!rant plate not’che- '(F13.3) indicated that -
| they Vere juu: as effsctiva as the thmatical proﬁlu wheti the

aocuracy oought 1n°the head-ditchnrga rnhtiomhip vas not excessively

high (Table 1). S L S
: \' A \ )
In the present otudy. the conccp: of tha quadrant- cdgc weir has Yeen
™~

‘¢

extended based on ¢ N ) ‘
'(1) A theoretical basis to justﬂ!y the_assumption of lidu;icy of the
quadrant edge weir with A/R and h/n as the principal variables.

(2). A:lapubﬂ:lty of pto;l,ort'ional weirs as weir an'emblin éo enhance

&

; their field applicntionl.

Y

. (3) An cxtenawc expcrmntai progru to ~erify the chancurioctcl

[ h
.
of the. propor;ionnl vhiu,.and ‘veir assemblies, '
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. o
Special Case A = 0,

Cow, e \

’

o S ) H3/2 :"‘1 '

2 ¢4 55&7?. 3 32 R5/2
Sut"l! cnd "'zto get .

. |

L. b LN
a ‘o - _2. P 3/2 - N7 » v - '

2 Cy YigR? 3™ - fo ﬁ-nz_(nu + 2)42nnudn
Qe = ‘ Qa . "" A L o
‘ N %vcd ﬁ-‘ns z .t / . "_r

’ [y “ )

- ' Ty . N -~ ‘-J—a»n'-’l;.: -~ - -~
Y
h . 9
N
< \ -
LY . . ‘ P
b THEORETICAL CONSIDERATIONS.

T . . : ‘ . ' s
R | n
For obtaining the theoretical head—dischatge rehtionship, flow 1- assumed -
through a single quadrant edge welr. (ﬂ;. . s " '

BuO ' P

-

B - .
Considering one hglf of the weir profile in Fig. 4, the gxpuu/lgn for

the weir dicchatga..,bau(f on elementary considerations, can be itateﬁ °

. r

as follows: ~ - - "n.‘\ P

]

, as constant

Assuning .coefficient of discharge,

vt
\
5

d-
[}

gg.f“cdﬁ'gfi-?(n-/zyn-y’}d

-

i.e,

Q ] fﬂ R /-y dy - J'l'l ,
l s ' »
Bquation (1) can be reducdd to the following forw

(H-y) (2yR-y<)dy -

e
oov.in.".'tl"
.

1

'rhcgcforc, Qc'_.: _:_ nu;fz R f Ny f ’(n) an

mm-n‘f (n) z/'-nz (“n +2) +2nnn |
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ﬂu- 0, 0.02, 0.04, 0.06, 0,08, 0.10....1.0 \

) A computer program (Table 5) vas developed ‘to determine the head-discharge

".For each value of Ny, vulu‘ﬁu of Q¢ = £ (ng) were obtained, !

10

o

rql'uionnhip‘bucd.on Equation (3). 1In this program, the foliowins
Lo .h\ : . ’

" increments were used: 1 SN S

N -

v - B v

’

. . 4 ‘ . . . . . , ‘\ i
Tl\e‘ computer output information for a few radii is shown.in Table 6." .

7
1

General Case A>0, B>0 ' N . ;

& .

Fig. 5 illustrates the general case applii:able to single quadrant edge

L3

weiuc? In this case, one half of the ;otnl‘aru,of actual flow is gqul .

to area of rectangular 'portio:n P plus area of. curved portion-\t\).

- . l ' oy \
If Q, represents the theoretical flow and Q, is the actual flow, %
- ' |
9{“ = f Cd ﬂé m.- dxdy "‘ Ich di ’g dXdy ‘ .co.»"OO_ODOC:O"‘:Oo... (‘)
7 Equation (4) can be simplit:led to B g,' ‘. )
3/2 Lo
———/z';rsr (103 <x>} @
I : -2(R-0A -a}; {AZ+2AR+2HR42AH) -AZH -~2AH d \ - (5)
/g R ),_% __n.s...‘.z._‘l ’& () 0
Set My A, Ny s By Ny =By y s Rnor dy = dn .
S n‘ ¥ Y T g
o get Q- 3/2 ¥ A
m G VIR Mﬂs’ﬂu e
“ﬂ )

A n3+n2{-2 (lom)-nn}m{n‘ozn‘omnirzn‘nn}-n A"n‘z" A“ud“ oo (&)




u-o uccmg nzn'+ mendn’y = LN L ’
| o ’

Equation (6) g‘ajduces'afcer- simplifying to’

L}

t »
‘ ' , / /
v L .

Qt | ] Q . ¢
2 Ca 7!33572 ' P ] .,

. ' . ¢

¢

'Qf- "'% '{24n3}nu1‘/~341;“3%'.3—n'2(+2+.né~)+2n7n",‘&n (7) :

cri : ‘. ‘- .
Baaed on equation (7), a computer ptogru (Tablc 5) was devclopad to

det:emine the head-discharge relationahip. Aa in .the special case, the

following increments were used: A- .

ne = 0, 0.02, 0.04, 0.06, 0.08, 0,10.....1.0

]

For each value of n;l, values of Q, were obtdined from equation (7). v \
e H ‘ , o . : K

4

, TabI'u 9 m;d 10 1ist the computer_out;pu:t' ,énfomtion'for %- 0.1,

| : L
%“é 0.4 and

= 0.1 0 5 for a few ra’dii. i ’ g

nl»
wlu

General Remarks ' B T

r N .

, Table 3 und !’1:. 2 qbw a cotparioon of thcoutical and pnctical weir .

protnu of a typical proportioml \uir ulubly. 'mu relative error

of the two profun appcau to have the same valus as thc stoudard daviation

ot discharge raus head e :uxd:lcatcd in Table 2.°

ve, ! , . . .

) . -

" N -
. . . .

_ In H;. 2, the ahon: rccnngular llupc BFGB can be -igner uu to non=

, unur:l.ty. l'ron G l:o J. :hc two m:ofuu are ahooc m-ncical; 's te
iomuon -urn hnyond poine J.\ \ S S e ' -,"("
- . * . 2 s L ) e g ’

[ . 8 . .
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LINEAR PROPORTIONAL WEIR ASSEMBLIES
The principnl parmtcrc that inﬂu}oncn the diocha:gc cocuicicn: for .

\nir nunbliu (!‘13. .6(:) to 6(1) ) can, bo grouped a8 £onmm

Ieo '

. Q‘ v ) . ¢ '

c=c‘}1_\,,§_,x.n']‘, T
R L SR o

" whete A = , rat:fo of depth ‘of'rlétmguhr weir to radius of qudunt”

R . " . ' . ‘0 "
edge plate weir ‘ ’

. .
N

ratio of top 'of“ quadrant edge |;hot¢ weir to its radius '

., \ '
! . » - *
N

. ©N\ \ " S W
number of openings of ;képorcianal veir sssemblies

-

»
1]

' . . . ' B
~.m = blockage ratio, which u the rntio of the nffcctivc uir area
) through which flov occursy’ and' the area o! ‘the -nppronch
channel N
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EXPERIMENTAL BET~-UP

‘ o N T oo . -~ 2

5 .o,

_'Thc objccc:lvc of t:hc prasent expariunul invutiution was to vcr:l.!y ths

4

11ncar proportionuuty of pructical proportional wdi*r aunbliu co-poud
" of pairs of qugdunts of a ctrch. buidu the linglo qmdunc cdga woir.

' for..a range of A/R and B/R values. . o N

). S —_—

M e PR

Nine plexi&hu weir plate assemblies were comstfucted. The \definition -

“to 6(1) %llultuu the vur plate nunbuu used for ‘the expcriunul

‘.v,rification. All the odgu of thc vcir through which flow occuu luve

an upstream lhirp cdgn vith '} 45, bcvcl. 'l‘bc weir plates were fixad at
‘the cnd of a hotizontal rcctanguhr tluu 68 1nchu wide and 10 inches '

'dccp, as shown in Fig. 7. 'rnblo 4. givu the range of vcthblu ltudied.

\5:&
’

cpo:lnt nugc. The. dilchlngc vas collocud :ln s measuring channel of known

: \
' dtncnnion-. A stop vntch was ‘used to detcnm thc ‘rate of ﬂ.ow :I.nto tho

. sketch of the p:oport‘ioiul’ wpir assembly is shown in Fig. 3. Figures 6(a) .

LN

'rhc‘ depth of flow in ‘the rocunguhr flume vas measured by a-p:q;::liio‘d o

muuring channnl. Excess flow was directed into an udjnctnt £loor clunncl.

upnratcd bg a-dividing steel phua.— mvcrsiqn of oxcou flow was uumd

by mesns of a troucy -ountad on vhuh' the trolley vas unipuhtod along

~

the top of the measuring chcnml such.that the flow thro gh a propott:loul L

pd
veir aisembly vas discharged mto thc ;:h_angull fqt & specified time.

o

L
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RESULTS AND DISCUSSION

Binp?g 'Nu'noricnl Models

v

Figures 18, 15 and 21 and Tables 13 t0.20 and 22 to 25 4indicate numatical
.‘ models of linear head-discharge tehtionohip of thru typical l:lngbn \)
lernnt edge weirs with A/R = 0, 0. 1 and 0.2 and B/R = 0, 0.2, 0.4, 0.5
. ’nd 0.8. In tho‘ computer program, ‘the value 74 the discharge co,auicicnt.
Cys "5. chosen’ to be 1.0. On the basis of the coaputcnrl vn;l;xqo of theore-
.cical discharge 1n Tables 6 to 10 and 12.‘ depth ratios B/R and flow as- « .
charge ratios Qn/ QR vers calculated and plotted. The princ:lpll variables
;/;/and B/R of . tho test weirs, in particuhr A/R = 0, 1 and B/R = 0.4 as .
also A/R = 0 1 and B/R = 0. 5, were ulectnd from these nunarical models -

LY

. for cxporiuntnlv ltndy‘.,

Columns (6) and (8) of Tables 13 to 20 and 22 to 25 provide a measure of

_thc 11nur1ty of the head-discharge ‘relationship. The pcrtomncu of the

n

quadrant’ edge weir hprovu lizniﬂcnntly vhen the value of A/n is held
constint and B/R is varied (l‘nblu 17 and 18). It 1s also m:nu:m to «.
note_that th, 1nfomtion in Tables 18 and 19 can be recast 1n a slightly
. d1fferent manner. For instance, choosing the dn'tn- at the top of the
’ roctluuhr gortion of the weir in ngutc 5 ‘ptov:ld\u an chlolt exact
“1inear tihtionlhipl batveen the nev cootdinntu H'YR and t‘a o Q‘('rlblu
26 and 27).

N ]

" -To shov that a quarmt edge wo:lr of suitable A/n and n/n can be ﬁcnd
tor a given thcorhttul proti.h. ‘a guphiul. trisl and error colut.ion
"was sought, Accoi‘dingly. a vd.uo of All = 0.18 and B/R = 1.0 fite. tha

o .-p.cuic thopntiul profile (Fig. 2) for vhich chc cootdinatu nto

-~

;. .
b b e 5 e - Moa e 4 aaad T2 N e o o—————
' ' ‘.
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" . readily available (Tabla 3). The characteristics of thé head-discharge

-

" curve for this particular quadrant edge weir is shown in Fig. 20 and

tabulated in Tsble 21 ba'n'ad on computer output in Table 11.

E;:petimenul Data . . . ’ ) i

'rha cxpcrimnnl results of vuruti.bn of nctual dilc\urgn Q th

 'the ,proport:lonnl weir uuabliu with head H over th. weir .111 are ,
\ sivcn in l":lguru‘B to 411. Pigur"p- 12 to 15 alag indicbata th. urutioq a 4
| . of the coetficien't of diichurgc. c D with hu;! H. ?ﬁosog'tapb- of fl.oi
profiles through typical propoi:tioiul veir assembliss aro»"ohown in Pig.22.

4 o A : . a . '
' An e:':c'nllant"nnur ulationsh'ip between Q, and B existed for.thc‘égfc

of the practical proﬁortional weir for all values of gi_' (Table 1) This

.J.inola'ir felntio’n;hip holds good for propéttiohalwei: assenblies (Tadle 4)
o3 .‘.omed of two or more pairs of quadrante o}' ciri:lc;o' ( {.e. ! = 1,2,3,4).

l'or A £0, tﬁ. um of Q ngninu 1 puud thtough the ori;in For sll

other psoportlml wtir assenblies ( 1.e. A >0). the lm :l.ndiutin; the
. variation of Q \r.tt:h H did not pass througb the or:l.gin. This -ny"tn ugq to

L ' non-linearity of flow through-the rectangular portion of the weir profile

lelhuua Rao and Abdul Bhukari '(8) carried-out an upcriunul .tndy oq .

a linur proportional veir with s tra'puo:ldnl botton, - vhich W ‘that, .

the eoc!!ichnt of discharge, C q ° decranses vich\\nd H. Fnrthur. for B !
the Sutro-weir, :I.c vas obumd by Doebler and Rnyticld tlul: cho 0o - ‘

o!t:l.c:lcnt of dischayge, C, , cxhib:u:ed a tondoncy to ducmn at lov

budu. ruchi.n; l ltntm ‘valus, ;nd then antusm Such pm
'twu nluo oburvnd 1n the prount invutiption. The dtuuiu mcrnn 111
e cosff1cient of 41 mm vas not obuimd 1n all m' cases. This m\-
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due to the effect ¢ blockage, Which is defined at the bottom of this page. .

3

A _ i
s . Ty
Table 29 indicates the varistion of average C, with differing values of .

" A. B, K A:Td R. For the .nu valuc'of K; A and R, the increue in tﬁl

A

" value of B reaulted in an innign:lficant increnc*i.n the value of avcngc

€4+ Similarly, for the .sama values of A, B and R. but \d.th differing

. valueu of K, t:he increau in valuc of avarase c 4 is a‘lko 1nc13n1£1c¢nt.
-l . & .

-

Before these results are generalized, ':lt is necessary ,i:hlt additional

< experimental studies be carried out with rangés of R ax and Q. higher

i gt

than those obtiina;d in the present investigation. Aico, in practice,

k]

‘ éhe vn'htion of c- ruh.th head H mt* be unblilﬁod cxpcrinpntally for

proportioml weir assemblies after the varnble- A/R and BIR and the

I4

number of openingl K are id}ntiﬁcd for thc range of Q -nxim to bo

L

dulb with.

Blockage T ) o ) cT ;
Blockage may be defired as‘the rihtio. of the effective weir area through

which ‘£low occurs And the srea of the approach chamnel. '
. ' Y
/\ . ) DR

.

. nlockage ‘tests verc curricd out .on two typicnl wveir nuduu to \

dctemins the affect on the valus of cd of rahing thc hefight of the < .

veir sillk fron thn botton of the vtlnue The ruulu are &mud ‘
:l.n Figures 16 and 17. It was noted that the coctficunt of dinchnrp, .

d » decreases vi.th ucmu in the yalue of 8b initially; thcruttor.

:hcra was littléx or no nfhct. )

M . . v . S w




Lo CONCLUSIONS

(i) ﬁn varhbln A/R and B/R of the quadrant edgé -w\e:l.r c'an brvari«l to _
. p:ov:lde a clou apprbxint:lon to the thcoretical p:;ofilea of propor— .
\ tional wveirs generated by complex mthmtical expreu:lonu. ‘Graphi~
cally, it is pou‘i&lo\to provide a matching quadrart edge wcir for
. some proportional weirl derived fron intr:lcate nthmtical equ:j.ons '
(2) For the class of quadrant adgc veirs tented with l&/R =208 Bli = 0,
A/R= 01& BIR= 0.4 and A/R-O 1&BIR=0 S, :tn- experimnlly
found that the standard deviation of discharge vetnua head vas nnlht :
2%. . (:onqequently.. t}xif class gf weirs can find ﬁ'.eld applications.
(3) Linear pr&poftio@l veir ‘u.ablica.’coqpoud of pairs of quadrahﬁ
of circles are easy to conlttuct:, Qi):hou‘t resortihi to co-‘plan-th.-,,
s utical expren:lonl to obtain the:lr prof:ue. Field npplicntion ot
‘1linear ptoport:lonl weirs is anhauced. Conputation of. flov duchutp
- for any given head over weir sill, knowing t:he cocffi#cnt of die-
charge, C g for a particular veir assembly beforehand, bcco-u :
ltnphr. Calibution of such weir aneubllu becomes possible, cbcuby
- making flow measurements eu:l.at. § roo
(4) Promrtiml weir ucnbliu arc ouitabh for adoption 1n :mduotty.
. Lctumnt phntu. i:rigat:lon channch. etc. pnrticuhrly where t
constant nean v.locity is tequired. 1rrup¢ctivn of vathticu i
head. Such weir assemblies may nIso be usad as latenl \nin !ot
side ovortlow disclutzn by contouring of the weir sill :ln coujmctio-

: vith contourinz oﬂ the chnnnul bcd. Prelmtnry study of chanul bed
' contourinz by muo of a 1" husp was r.arrhd out md thc dcul.op-ut.

*

vorku‘i.vcninmmub., o o A T~
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Ligitations on;qhé sice of the ;eceivin.g tank and the mn‘xring channel

N

A :
on proportioml weir nuenbl:lu. From an: ensiueexin,g point of vicv. ic .

’ .

would be 1nterut:1ng to conduct further cxperiuenul studiu to the fuld -

he:lght n nnd to utnbliah the ttue linurity ot pucticnl proportioml

¢

weirs with multtp:lc pairs ot qucdunn of a circh. ‘rh. tendency of. thl

coefticient of di-churgc. c d' to dcctun, ruchm a nnh\n valuo and

. \C ¢ . ! .
placed a restraint on the total vdlune of flow co‘llacted for all thc tutc’
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)
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© " TABLE 1 . " ’ ’
;. " STANDARD DEVIATION OF Pu:}vrckr. PROPORTIONAL -

Pa—

WEIR BY VENKATARAMAN (16) .

.
~——
~

. /:// . Standard Deviation ' ~
A ' Discharge vs Head - ' Remarks e

A~

-0 ca. . + 3.22 4 - Reference: Fig. 2 (16)
1 ca. +3.20 o 3B =45 om : ‘

2 ca. . =328 o R=17.5 cm.

:303. ' - - 2-18 ) ! " . ’ .
4 cm. T 22,26 '

\ ) . ’. ) ( ) , —
B . TABLE 2 o
STANUAED DEVIATION OF PROPORTIONAL WEIR. :
" 'ASSDMBLIES OF PRESENT STUDY ~
- s ' L3
. " MNo.of Badlusof A B A B - Standard |
| . Openings ‘Quadrant  (ins.) (ins.) R R Deviation Remarks
1 . K R (:Imr.L , C Discharge >
- . .  ve Head -
\ N VA ¢ o0 ¢ 0 4040
) T , ’ : 4 ,
\ 1 16 0.6 2.4 0.1 0.4  +0.15
2 10 . L0 40 0.1 0.4 -0.24,
B 2 §. 08 . 40 01 0.5 ~0.35 -
T b 8 - o8 2 01 04 -o038 7 T
. \\' 3 6 06 3.0 01 05 Douss. . i
.37 s . 06 2.4 01 04 <036 . .
\ 1 0° .. 1.0 40 0.1 04  -0.35 .ol
e T . . ' ‘ . ’ . yo -‘fA'r.- “ 1
.\-, 1 .1 Lo 5.0 0 0.8 v038 L
, . g ‘-‘)H - ,‘ i < ¢ ‘ &l ‘f{ ‘,' .
= 5 - - o R w
- SR S R L rvL i T




- f ” '
® - NS ,
. . ‘ COMPARISON OF WEIR PROFILES OF TYPICAL - ,
PROPORTIONAL WEIR ASSEMBLY (Fig. 2)
eoreticdl® Practical** Relative|’
* Profile Profile Exror
s ¥ X . X AX :
. .(ins.) . (ins.) (ins.) (ins.) . Remarks
"1 o.2s, 5.93  ° 5.99  40.06 | Assumed A = 0.8"; W = 9.6"
0.30 5.69. ~ . 5.70 +0.01 '
- . 9
0.35 5.47 '5.48 40.01 | * Based on Table 2 (13)
0.40 . 5.28. , 5.30 +0.02 Note: A is same as a
. . | y . R b
0.45 5.1 5.15 40.04 | assumed by Sreenivasulu, - Dt
0.50 4.97 5,01 40.04 |
0.75 ° 4,36 4,47 +0.11 | #* Equation '
S B 1.00 3.98° < 4.07 40,09 | (x-6.58)2 + (¥~4.6)2 = 4.392
' [\ | - J1.50 ° 3.42 v © 3,47 . +0.05 | where radius R =.4.39", .
. 2.00 3:05 " 3.04  -0.01 | centre (6.58, 4.6),
' o . . i} ) v :
e 2.50 . 2.78 2.73 ~0.05
3.00 2.57 2.49  -0.08 | Relative error of
3.50 2.40 - 2.33. -0.07 ‘praciical prqfile from ,
4,00 " 2.28 /f.23 -=0.05 | theoretical profile = + 0.35%.
4.50 2,15 219 40.04 | See Fig.20 and Tables 11, 21
\ . . s | and 28. ?
b \
: ) \ -
T # ' ‘ : 3
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TABLE &4 L

RANCES OF VARIABLES STUDIED IN LI

, . : ,:7 PROPORTIONAL WEIR ASSEMBLIES
S S |

No. of Radius of & ~ B

' Openings  Quadrant (ins.) (ins.)
K R (ins.) ' .

>

i
. l

nge of
(ins.)

.Range of
" Q, (CFS)

[ / e e 0. 0o -, 0 - 5,60
A 6 0.6 2.4 0.1 04 o\q 5.45

2 8 0.8 4.0 0.1 0.5 0 - 3.69
| S| . -8 0.8 3.2 0.1 04, 0- 7.53
| 3- 6" 0.6 3.0° 0.1 0.5 0 -'3.54
3 6 0.6 2.4° 0.0 0.4 0-3.63

1 o 10 ° 1.0 4.0, 0.1 0.4 0-5.44
1 10 1.0 5.0 0.1 0.5:.0~-5.12

2 10 1.0 4.0 0.1 0.4 0'~ 2,36 |

0

0

0

0 -

0 -
00

0 -

(3 J

0

1.35
0.57
1,03
1.38-
1.41
1.35
1.28
1.29
1.36
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g{! ] SIR. GEORGE WILLIAMS UNIVERSITY COMPUTER CENTER

TABLE 5 - COMPUTER PROGRA}; FOR 'mzonn'ncAL DIsanRcB'

15 UMR(L) =10BA/R = o

5. DO 100 II=1,3’

PROGRAM LUIS 73/73 OPT= 1 FIN 4.24P380 75/08/22. 15.30.17,

PROGRAM LUIS (INPUT,OUTPUT,TAPES=INPUT,TAPE 6=0UTPUT,TAPE 10)
DIMENSION XR(12) . . ' :
DIMENSION EPH(101) , - .
, DIMENSION MX(12) '
S DIMENSION Q(101) x
DIMENSION MK(12) ©
DIMENSION B(101,2),BI(202) '
DIMENSION QS(30),M1 (40), M2(40), M3 (40),M4(40)
DIMENSION ETAA(G),ETAB(G) EPJ(101) ,AUX(4000) - o
10 ' % COMMON A,XU . :
EXTERNAL FCT
DATA (XR (1),I =1,3)/.5,.6666,.833/ -
DATA(ETAA (1),I =1,6)/0.,0.1,0.2,0.3,0.4,0.5/ ( o
DATA (ETAB(I), I"L,6)/0 0,0.1,0.2,0. 3 0. 6 0.5/, _—

MK(2) =10HB/R =
MX(1) =10HO.1 :
. MX(3) =10HO.3 ‘ A P
20 MX(4)" =10HO. 4 o ‘ SN
. MX(5) =10HO.5 £ ‘ L
\ MX(6) =10HO.6. ' . .
MX(7) =10HO.7 Lo
. MX(8) =10HO.8
25 MX(9) “=10HO.9
' MX (10)=10H1.
M1(l) =10HQ DISCHARG o ‘
M1(2) =10RE . o e ‘.
,M2(1) =10HH-WATER H - B L o
30 M2(2) S10HEIGHT . - ° o ‘
- po 101 1=1,6 . e
A=ETAA(I) | N
DO 102 K=1,6-- . M. v LT
R =ETAB(K) . . = . ° e R

Do - 103 J=1, 51
. EPH(J) =(1./50. )*FLOAT(J-).) T
- "EHSEPH(J) '+A e o e

T | E1¢ A N )*(2.+R)tmasqu(m) R TR PR SR
. . 40 . nn=00 B ) C ‘:.' ":_,~ oo A-‘ ".‘. . :’,‘,‘ :'S“; K R ".

XUTEPR(J) T DO R S

t?S"o 0001 ‘ . ~' Lt :_ ‘.?l\‘ 2.,. : ST ‘2 .
oL - NDW el ‘r"‘" “,‘4':.f';j,_j\\\ - Y
,-, ." CALL “m(u‘m’ ﬂs,mm.Pﬂ.Y,m,Am ot e :.' “ R
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'TABLE 5 - COMPUTER pnocw FOR mnoxnncm. mscmcn (Cont:'d)
\
45 103 Q(J)=(W1~Y)*16,05*(XR(II)**2,5) y
a - WRITE -(6,109) IER i
"+ 109 FORMAT (2X,// ,*IER=*,12 //) -
205 'FORMAT (2X,*A/R=* ,F5:3,6X,*B/R=*,¥5.3,//)
: WRITE (6,205). A,R. S ,
. 50 . WRITE. (6,306) " . , , T
. DO 999 M=1,51 O : . :
< WRITE (6,456) EPH (M),Q(M) y | .
’ 999 CONTINUE : p : . : ,
~ 100 CONTINUE A . ,
S5 306 FORMAT (/,1(4X,* ETAH*,4X,* Q@ ®M,H -
; ¥ 456 FORMAT (E10.3,4X,E10.3) , e
> . 307 FORMAT (10(4x.;-'s.3)./), - S - .
, 102 CONTINUE o ‘ , oy
| 101 CONTINUE ‘ ' S
60 STOP . . s ' R
. . . : 1 . !
. FUNCTION  FCT(XX) ,
COMMON A,XD. :
.. - FCT=SQRT (xx*xx*xxa(z +xu>*xx*xx+z *n*m)
. RETURN ) L
S& EO , <
N X e e .
.l' M Vd Al » ’_ .-
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TABLE 6 - COMPUTER VALUES OF THEORETICAL DISCHARGE

A{R = 0; B/R = 0; Cq = 1.0 (asaumed)

N ¥ 3

N B Qt
H A) K=l
- ®*@® " R) R = 6" R= 8" R = 10" REMARKS -
0. 0. : 0. ' 0. Por K > 1,
.200E-01' .472E-02 .970E-02 .169e-01 multiply Qg
.400E-01 .126E-01 .259E-01 .453E-01 by value
.600E-01 .222E-01 .456E-01 .795E-01 of K.
.800E-01 .329E-01 ° ° .675E-O1 .118E+00 Qt = Q.
. 100E+00 <443E-01 .910E-01 .159E+00 (Lintt O to
.120E+00 .564E~01 .116E400 .202E400 * %
.140E400 . 688E-01 .141E+00 . 246E+00
~160E400 .816E-01  .167E400 . 292E+00
+180E+400 .947E-01 .194E400 ° .339E+00
.200E400 . . 108E400 .221E400 . 386E200
.220E+00 .121E400 <249E400 .434E+4
. 240E400 .134E400 - .276E400 .482E+00
+260E+00 " 148E400 +303E400 .530E+00
.280E400 | . .161E400 . 331E+400 .578E400
. 300E400 ' J17SE400 .35B8E400 |, 625E400
. 320E400 .188E+00 .385E+00 7673E400
. 340E400 . 201E4Q0 .A12E4+00_, . ' .720E+00
. 360E400 .214E+00 - . ..439E+00 ; 766E400
.380E400 .227E+00 -466E4+00 . 813E+00
4. 400E+00 . «239E400 .492E400 .858E+00 . ’
.420E+00 .252E400 .517E400 .903E+00 .
.440E+00 - " .264E400 .543E+00 .94 7E400 :
<460E+00 . .277E+00 - .568E+00 .99]1E+00 ,
- 4BDE400 .289E+00 .593E400 . 103E+01 o, :
.SO00E400 +301E+00 .617E400 .108E+401 | T
-520E400 .312E+00 .641LE400 " .112E+01 '
. 540E4+00 «324E4+00 - .664E+00 . -.116E401
- .560E+00 . 335E+00 .687E+00. .120E+01 o~
. +580E$00 - - 346E+00 .710E+00 124E401
. .600E+Q0 . 357E+00 .732E400 .128E401
.620E+00 .367E+00 °  .754E+00° .132E401 «
.640E400 .378BE+00° . .775E400 .135E401 i
. 660E+00 .388E400 .T96E+00 .139E401 o
.680E+00 .398E400 . .816E+00 '+ 143E401,
. 700E400 .408E+00 - .836B+00 .146E401 _ o
«720E400 - <417E+00 .856E+00 ~149E401 - T
« 7408400 .426E+00 .-  .875E+00 .153E401 C
J760E400 +436E+00 .894E+00 .156E401 - S
. 780E+00 . ~445E400 +912E+00 «159E401 .
.800E+00 . «453E+00 «930E+00 .162E401 S
+ 820E400 +462E+00 .948E+00 .165E401
.840E+00 - 4708400 +965E+00 * .168E401 -
.860E+00 +A79E+00 +982E+00 «171E401
. +880E400 <487R400 .999E+00 JA74B40L 0
. 900E+00 K\ 94E+00 .101R+01 J177E40Y . N Y
" - <9208400 5028400 . +103R401 JAB0B#OY i ooat
+940E+00 .510E400 . 105E+01 18384010 o LA
«96QR400 -  .S17B400 . .106Es01. , ¥ .a85EdOL oo
W9B80B400 . - .525B400 - .108E+01 Jl88B40L - - oo
- »31008401 - ' .532E400 . L109EHQL JA91E40L i
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TABLE 7= COM!‘UTER VALUES OF THEORETICAL DISCBARGB

A/R=-0; B/R=0.2, 04,08 R=6" | ~
N , '
ng . o Qt
= ®W_A : »
(R Ry Y B/R=0.2. B/R=0.4 'B/R = 0.8 * REMARKS
0. . © 0. ' 0.; 0. - Cy * 1.0
. 200E-01 .« 526E-02 .579E=Q " .686E-02 .
.4Q0E-01 ' .142E-01 157@62 . .187E-01 i::‘;"fdi
 .600E-OFy °  ‘.250E-01 .278E-01, .333E-01 For Kow 1.
. .800E-0 .3728-01 .614E-01 . 500E=01 adtioly
100£400 .503E-01 '.563E-01 .683E-01 0 by value
<, 120E+400 . 643E-01 .721E-01 .879E-01 &
. 140E+00 . 787E-01 .886E-01 "~  .108E+00 OF Re
\ . 160E400 .937E-01 .106E400° -. .130E+00 351;1?0 v
.180E+00 .109E+00 . 124E400 .152E+00
- 200E400 -125E400 .142E400 L176E400 @)
) . 220E400 .141E+400° .160E+00 .199E400 !
» . 240E+00 «157E400 .179E+400 . 223E+00
. 260E400 -173E400 .198E+400 248E+00 -
. 280E+400 .189E400 .217E+00. 273E400
. 300E400 . 206E400 +237E+00 .299E+00
- 320E400 .222E400 - .256E+00 ' 325E+00
.340E400 - .238E+00 .276E+00 . 351E+00
.360E400 . 255B400 .296E400 .377E+00 ro
. 380E+00 .271E400 .315E400 . 404E+00
.400E400 .287E4Q0 . .33SE+400 ©  .431E400 -
.420E+00~ . 304E+00 .355E400 © ' .458E400 . : )
.440E400 . 320E400 .375E400 .485E+400 S
* 460E+00 . .336E400 .395E400 .513E+00 \
.480E+00 . 352E400 .415E400 . S40E+00 L
" \S500E400 . .367E+00 .434E+00 .S68E+00. '
.520E+00 . (383E400 . .454E+00 . 596E+00
. .540E+00 - 399E+00 " 4T4E+00 .624E+00
- . 560E+00 .414E400 .493E400 ,652E+400
.580E400 .429E400 .513E400 .680E+00
.600E+00 -445E+00’ .533E400 . 708400
" .620E+00 460E400 - . .552E400 . .737E+00
. 6408400 .475E+00 * .S7T1E+00 .765E+00
.660E+00 <489E+400 .591E+00 ' 794E400
.680E+00 .504E400 .6108400 .822E+00 |
. TOOE+00 .S18E400 .  .629E400 .851E+00 .
. 720E400 -533E+00. .648E+00 879E408
. 740E400 .547E+00 .567E400 J908E+00 = 7
. 760E+400 ' .561E+00 .686E+00 ",937E+00 .
. T80E+00 .575E400 . 7052400 .966E+00
¢+ ..BOOE+00° .589E400 . 724E400 ' .995E+00 . .
.B20E+00" . 602E+00 © \743B400 ++102E401° ‘
© ' J860E400 °  .629E400 - .780B400 - .108E+01 Ce
+880E+00. 6438400 . 799E+00 J111R+01 : ;
© .900E+00 .656E+00 .817E+00 "1143491 ALY
+920E+00 .oﬂgmov JB3BB400 . L ALFBeOL el 0D
+940E+00 B 8558400 . - ,120R+01 ,'g T
. " J960E+00 . 6958400  .873E400- . .123E+01 ' U
A 09%00 07063"00 .89231’00 . ¢126g‘01 ,:',* o
' .1002401 ‘-:910&&00 .uémm
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' TABLE 8 - COMPUTER VALUES OF THEORETICAL DISCHARGE

A/R=0.1; B/R =0, 0.2, 0.8; R = 6" ' C /
L . .
Ny - , ' Q, ' 7
=3 _4 =0 =0.2  B/R=0.8
"RTR B/R = ‘ B/R = 0.2 B/R = 0. Rmmxxs
0. .598E-01 . .658E-01 _ .837E-01 =1.0
. 200E~01 . 780E~0L .8595-01 .109E+00
.400E-01 .966E~0L . .106E+00 . 136E+00 (°:°;“:di.'
. 600E~01 © ,115E+00 .128E+00 - % 164E+00 Por K ol ;
2800E-01 .135E400 .149E+00 .192E400 tioty | A |
. 100E+400 " .154E+00 .171E400 ' .221E400 0. by val -
.120E400- .173E400. .192E+00 .251E400 Q¢ by value
* . 140E+00 .192E400 °  .214E+00 . 281E+00 ‘of K. :
- -160E400 =~ .211E+00 .236E400 - .312E400 . Qr = Q4 . 2
o . .1B0E+00  .230E400 - ° .258E+00 . 343E400 (limit O to i
. +200E400 - .249E+00 . 281E+400 . 374E+00 o .
. 220E+00 . 268E+00 .303E+00 ' 405E+00 t
.260E+00 .  .287E+400 . 325E400 .43TE+00 - : :
.260E400  ° .306E+00 .347E400 .469E+00
E+00 . +324E+00 ° . 368E400 .501E+00
00E+00 .342E400 . .390E+00 _  .534E+00
J320E400 . .360E+00 .412E400 . .566E400.
.340B4+00 . ,378E+00 *,433E400 .599E+00
. 360E+00 ~ .396E+00 .455E+00 .632E400
. . 380E+00 413E400  .476E+00 .664E+00
. .400E+00 ° .430E+00 L49TE400 .697E+00" .
. J420E+00°  .446E+00 .517E+00 .730E400 - 5.
.440E+00 .463E+00 .538E400 . 763E400 ‘
. .460E+00 4798400 +559E+00 .796E400 -
s - - J4B0E+00 - L495E+00 LST9E+00 . .829E+00 ' .
C e L 508E+00, .S11E+00° .599E+00 .863E+00 '
. 520E+00 .526E+00 , ' .619E+00 - .896E+00
. 540E+00 .54284+00f  _638E+00  .929E+00
S60E+00 556E400 ' .658E400 - .962E+00
.580E+00 .571E+00 L677E+00 - ,995E+00
. 600E+00 .S85E+00 .696E+00 °  .103E+01
' . 620E+00 . 600E+00 .J15E400 ~  .106E401
v .640E+00 .613E+00 .734E+00 .110E+01 .
.660E+00 -  .627E+00 - .752E+00 JAL13E«01 0 0
. 680E+00 .640E+00 . TT0E+00 .116E401
.700E+00 . .653E+00, . .789E400 = . .119E+01 ‘ '
B JJ20E+00 . .666E+00  .806E+00 .123E+01
R « T4OE+00 .679E+00 .824E+00 268401 .
S .T60E400 .691E+00 ¢, 842E400 1298401 . o )
» . 780!4'00 ! . 70334‘00 - 08592"‘00 .133BW1 ) oo ",
... «800E+00 «715E400 B76B+00  .136E+01
.820E+00 . .727E+00 .8938+00 JA39B40L 0 0 - -
.B40R+00 ' . . 738BE+00 910E+00 ©  .143E+01 L e
.860E400 T.749B400 . L927B400 . JI46B€0L L . .
. 880E+00 « T6PR+00 .944E+00 J49BH0L T T o,
.900E+00 ' JJ71E400. - .960%400 JAS3Bs01 - - T T
. 920E400 | LI82E400 . .977B+Q0.. . .1S6E+01 ... " :
J940E400 ' .792B800 - .993E+00 . .(159Be01 | .. T
LU J960E400 . J802E400. - L101E40L - . (163B+01 ¢ . -
T h .9803#00 : ¢313B‘l'm 01023“01 ’ '166B+01 . ’ Y
- / +JO0E+01 f.sz:moo " JJOAB40L . - 170B+01 i '
Lo b R ‘ ' A
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TABLE 9 - COMPUTER VALUES OF THEORETICAL DISCHARGE
U,uc 0.1; B/R = 0.4; Cq = 1.0 (assumed)

- Ny . A Qe ,
(!l_ - é) Kwm ] N ‘ . '
=@® R R= 6" . Ru= 8" "R = 10" REMARKS
0. .718E~01 - 167B+00 ' ,257E¢00 .. Por K> 1, .
'.200E-01 - .937E-01 . «1928+00 .336E+00 . - muledply Q.
-400E-01 .116E+00 . +239B+00 +417E400; by valus
« 600E-01 " . 140E+00 .287E+00 .S00R+00 - of K.
.800E-0L - ,163E+00 JJISE+00  LSB5E400 Q = O
: +100E¢00 . -188E+00 «385E+00 -  .672E+00 (limit O to
t -120E400 ¥ .212B+00 © .435E+00 JS9E400 . Qp)
-140E400 .237E+00 - .4B6E+00 .848E+00 L
_+160E400° - . .261E+00 °  .537E+00 .937E+400 foo
, -180E400 ~  287E+00 — - .SBBE+00 J103E40L ' }
<200E400 .312E+00 .640B+00 . . JIZEWOL — - -
.220E+00 L337E400 - .691E+00 - .121E+01 -
«240E+00 .362E+00 . 743E400 (130E401 |
*«260E400 ' .3BTE+00  © .795E400  ’ ,139B401 - - )
| +280E400 J413E400 . .BATE+00 . 148E+01
. +300E+400 .438E+00 -899E+00 .157E401
© W320B400 . .463E+00 ©  .951E+00 .166E+01
v «340B400 ' ,4B8E+00 .100E+01 .175E+01
) «360E400 - 514400 _ .105E+01 .184E+01.
.380E400 - «S39E+00 JA1IE401 .. 193E401
-400E+00 .563E400 .116E+01 «202E+01
.420E+00 / .S8BE+0Q .  .121E+01 .211E401
A40E400 ' .613E+00 . .126B+01 , .220E+01
4608400 +63BE+00 .131E+01 .228E401
480E400  ° 662E+00 J136B¢01  © .237E+01
. -500E+00 .687E+00 - .141E401 - . 246E401
: ./ J520E400 J711E400 . .146E401 °  .255B+01
; '  <540E+00  L735E400  .151Es01 - .263E+01 =
. | +560E400 JIS9E+00  .156E¢01 2728401, '
; _ +580E+00 '\783E400 - .161E+01 & .281E+01 , S
3 +600E+00 - .807E+00 .166E+01 289801 . . S
4 ~ +620B400 - ,831E+00 . .170E+01 .298E+01 . - P
4 , " . +6AOE+00 .854E+00 JA7SE401 «306E4+01; , - g
i : +660E+00 .878E+00 .180E+01 ~ ' .314Ee01 ) :
% -680E+00 .901Ee00  -.1858+01 ) .323E401
3 . - +700E400 924B+00 .190E+01 .331Ee01
ks 2 .J20E400°  .947B+00 - - .194E401’ .339E+01 - -
g8 - oJ40B400. . | ,970E+00 . .199E+01- 347801 \ .
T~ .760B400 . «993K+00 . .20%Es01 3562401 | :
‘ Yoo VI80B400 - ,102E+01 . 2082401 3648401
. i .800E+00 J04Ee0L 2138401 . 3728401 i
. - +B20Be00 - _106E+01 - - .218E401 . .380BeQL . !
q .8‘0!-009 . . lml_ : .. zum]- o . ml C
. «B6OEH00 - »1102401  :,2278.01 3968401 -
¢ <880B+00 - (113K401  .231R401 - - JAGAB4OL | ,
.. +S00E+00 . «1153»01 W236RA0L° . LALZE4QY . o
#9208400 JATRAOL - L240m401 0 A20Re0L . T el

Co ,.;jaa,tox*oo e JRI9RN0L. L 24SHA01 oot 4584010 :gwn S
‘ . ” 4‘.‘“ lum ‘:. x" " 9. m , '” ’!’x';'4:
"‘_" L L.M?QP R glmml m ’-“Ml ‘, B ::"\: _‘, T
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TABLE10 - COMPUTER VALUES .OF THEORETICAL DISCHARGE

'A/% = 0.1; B/R = 0.5; Cq = 1.0 (assumed)
, , .
U Q ,
#H_A . E=l ,' ro
"(® R ‘R = 6" "R = 8" "R = 10" . REMARKS
0. : . 748E-01 - .153E+00 +268E+00 Por K> 1,
.200E-01 .977E-01 . 200E+00 . 350E+00 multiply Qg .
- 400B-01 .121E+00 . . 249E+00 .435E+00 by value
.600E-01 . } «146E+00 +299E+400 .522E+00 of K.
.800E-01- .171E+00 - . 350E+00 .611E+00 Q = Qy .
+100E+00 .196E+00 .402E+00 . 702E+00 (1imit O :o
.120E+00 .222E+00 +455E+00 /Agt.x&oo Q)
«140E+400 ".248E+00 . .508E+00 .887E+00
.160E+00 . 274E400 " .562E+00 . +982E+00 -
+180E+00 +301E+00 ) = .617E+00 .108E+01
.200E+400 327E+00 L672E400 . II7E+01 KO —
. 220E400 " .354E400 . 727E+00 JA27E40L - -
. 240E+00 .381E+00 . 782E+400 .136E+01
© J260E400 - .408E+00 .837E+400 .146E+01 -
.280E+00 435E400 . .892E+00 .156E401
.300E+00 462E400 .948E+00 .165E+01
.320E+00 .489E+00 .100E+401 .175E+01
+340E+00 ' .S16E+00 . .106E+01 .185E+01
+360E+00 .543E+00 " .111E+01 " J195E401 .
.380E+00 S370E+00 .117E401 . «204E+01 W
© J400E+00 - .597E+00 <123E+01 . <214E+01
.420E+00 +624E+00 .128E+01 .223E401 -
+A40E+00 .651E4+00 -  .134E+01 .233E+01
.460E+00 .677E400 .139E+01- +243E+01
.480E+00Q «704E+00. +145E+01 © +252E+01
. +500B+00 . 731E+00 .150E+01 " .262E+01
7 .520E+00 . T1S7E+00 .155E+01 . +271E+01
. «54QE+00 . +184E+00 .161E401 .281E+01
;5soz~gq .810E+00 .166E401 - .290E+01
+580E+b0 .836E+00 .172E401 . 300E401
.600R+00 .862E+00 .177E4+01 .309E+01
. +620E+00 .888E+00 .182E+01 .318E+01
. 640E+00 .914E+00 .188E401 .  .328E+01
«660E+00 » «940E+00 -+ 193E+01 «337E+01
.680E400 . .966E+00 .198E+01 +346E+01
+700E+00 . +992E+00 . 204E+01 .355E+01 -
.720B+00 .102E+01 . 209E+01 . +364B¢01
+TA0E+00 " -104E+01 .214E+01 «374E+01
. 760E+00 .107E+01 - «219E+01 .383E+01
. 780E400 1098401 .224E401 - .392Ee01
. +800E+00 .112E+01 «230E+01 " .401B40)
" J820E+Q0 * 114B+01 n+235E+01 4102401
. mm - ‘. nm01 - 2‘03401 ’ e ‘19!"‘01 .
.860E+00 " J119R¢01 . +245E401 .+428B+01 .
.880E+00 <122B+01 . + 2508401 . hITEHOL /
+900E+00 1248401 «255E+01 . -«b46E+01 '
«920R+00 «127E+01 ©  .260E401 ° . ' .A55Ee01 :
O40B400 . 129EeQ1 .. L265B40L - . .463B+01
.960E+00 . J132B401 .zmmn L k72201

] .,4903*01 ‘
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TABLE 11 - COMPUTER VALUES OF THEORETICAL DISMGE :

'j*.*f.1063+ax

SR

A/R = 0.18; 'B/R = 1.0; Cq = 1.0, (assumed)
T\' ) Qc ’ )
. _&) 4 AR K=1 :
"® R RE 4.39" R= 6" Rz 8" REMARKS
Q. © . . .993E-01 .217E400 . 445E+00 For K > 1,
_.200E-01 .116E+00 .253E400 .520E+00 ' multiply Qg
. 400E-01 © ..133E+80 .290E+00 .596E+00 by value
.600E-01 - .150E+00 - +328E400 .673E+00 of X.
.800E~01 .168E+00 . 366E+400 .752E+00 Q¢ = QH.
_.100E+00 .186E800 +405E400 .831E+00 (limit O to
.X20E+00 . 204E+00 -444E400 .911E+00 Qr) '
.140E+400 «222E400 .483E400 .992E+00 '
.160E400 .240B¢00- - .523E400 .107E+01
" .180E400 .258E+00 © -.563E400 . .116E+01
" .200E+00 "\2778400 . .603E400 - .124E+01
. 220E+00 .295E+00 +644E400 .132E+01
.240E400 .314E400 .684E400 .140E40L -
. 260E+00 .332E+00 .725E400 .149E+01
- *.280E+00 .351E+00 . 766E+00 " .157E+01
".300E400 -, .370E400 - .BO7E+00, .166E+01 | -
.320E+00 +389E+00 . .849E400 174E+01 AN
s «340E+00 .408E+00 .890E+00 .183E+01
. .360E+00 ,A27E+00 . +931E400 J91E#01
.380E+00 ,  A46E+00 - +973E+00 +200E+01
.400E+00 L 46SE4D0 . .101E+01 . .208E+01
.420E+00 . J484E00 .106E+01 © | 1,217BE+01 . ,
.440E+Q0 .503E400 .110E+01 2258401 -
.460E+00 . 5228400 J114E401 — - ,234E+01
.4B0E+00 .541E+00 .118E+01 - “242E401 - _
.500E+00 .561E+00 .122E+01 .251E+01 - \
. .S20E+00 . S80E+00 .126E+01 .260E401
|- 5402400 .599E+00 .131E+01 .268E+01
.« 560E+00 .618E400 © .135E401 " L277E+01°
.580E+00 ' .637E400 .139E401s ~285E+01
.600E+00 <657E+00 143E401 - .294E+01-
.620E+00 - .676E+00 .147E401 .303E401
. .+640OE+00 J69SE+00 .. .152E401 © J311E401
.660E4+00 . 7148400 .156E+01 /3208401 Yo
.680E+00 «733E+400. .160E+01 . JJ28E+0L )
© .700E+00 ~T53E+400 ..164E+01 1 +337E401
. «720E+00 . 772E400 . +168E401 .346E401 -
. 740E400 . +791E400 _«173E¥01 JI54E¢01
. +760E+00 +B11E400, «177E401 " +363E401
© . 780E+00 .830E+00 .181E+01 3728401 ‘ -
_ <800E+00 " > ,8B49E400 . .185E+01 .380E+01 ‘
» 8208400 - .869E+00.. . .189E+01 J89E401 o
. «B40E4+00 ~888E400 - +194E+01 J398E+01 N
.B60E400 - 907E400  .198E+01 .  .AO6E+OL . :
.880R+00 9272400 .202E+01 4152401 A
. .9001£+00 “946E400 " «2068+01 4248401 3
" v9AOE400 - 9858400 153901 .441: :
3 .'.9601'.'000 , 1008401, @ .ol,
';\.102&01’,” . -.2 : 5593001
L 104R401. L 2281»01 asmol

",\\?‘m, " \ -,x Loty
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9 TABLE 12 - COMPUTER VALUES OF THEORETICAL DISCHARGE .
iy c : ‘. o ‘ ' .
F‘L o A/R= 0.2;. B/R = 0.2, 0.4, 0.8; R = 6" : H
t . ’ s ' °
n, Q. ) \
-(H HA) t .
T(R™R) B/R = 0.2 B/R = 0.4 B/R = 0.8 _REMARKS
0. .186E+00 .203E+00 +237E+00 €, & 1.0
. 200E-01 . 214E400 .234E400 - .273E+00 (assumed)
5 +400E-01 .242E+00 . .264E+00 . .3Q9E+00 and K = 1
. 600E-01 . 270E400 . 295E4Q0 .345E+00 “For K> 1.
. 800E-01 ..298E+00 . 326E+00 .382E+00 witioly
. 100E+400 . 326E400 . 357E400 - 420E+400 Qb P o Lue
* .120E400 . 354E400 . 389E400 . 457E+00 ' ¢ Y.
, < 140E400 .382E400 -  .420E400 . 495E+00 of K.
. 160E400 . 410E+00 . 451E400 .533E+00 Q= ,
. . 180E+00 - . 438E+00 .482E400 .57]E+00 (limic 0 to.
. _.200E400 . .465E400 . 513E400 . 609E+00 Q)
. J220E400._. . <492E4+00 . 544E400 .64 7E+00 '
. . 240E+00 . 519E+00 + 575E400 . 685E+00
. 260E+00 . 546E+00 . 605E400 . 723E400
. 280E+00 .573E400 © . 636E+00 . 7628+ ‘
. 300E400 <599E+00 ' . 666E+00 .800E+00° -
."320E+00 . +626E+00 " «697E+00 "« 838E+00
+ 340E400 . «652E+00 L727E400 " T877E+00
" ..360E+00 <677E400 J75TE400° | - .915E+00 /- .
+ 380E+00 . 703E+00 . 786E+00 9538400 .
R " .400E400 . 728E400 .816E+00 .992E+00 .
i .420E+00 . 753E40 .845E400 - ' .103E+0L
. 440E+00 . 778E+0 . 875E400 <107E+01
.460E+00 .802E400 . 904E+00 .111B+01 .
. 480E+00 .826E+00 .9¥2E400 . .114E+01 ;
. «SO00E+00 .850E+00 . 9p1E+400 _.118E+01 5
* .520E+0Q .874E400 . 990E+00 %, 122E+01
% 540E400 .898E+00 Jfl02E401 . .126E+01 ’
. 560E+00 .921E+00 .Y05E401 . .130E+01
.. S80E400 -*. 944E+00 . 107E+01 +133E401
7600E+00 < 966E+00 .110E401 - .137E+01
. 620E+00 -9B9E+00 - .113E40L «141E401
. 640E+00 <101E+01 * +116E401 .145E+401
. 660E+00 +103E+01 .118E+01 .149E+01
. 680E+00 .105E+01 ~121E+01 1528401
" . 700E+00 .108E401 «124E+01 .156E+01°
. 720E+00 <110B+01 - «126E401 - .160E+01
. 740E+00 J112B401 . .129E401 .164E+01 ,
. 760B+00 <114E+01 :132B401 “167E401 -
. 780E+00 L116B401 .. . J134E401 +171E+01
- 800E+00 J118E401 . .137E+01 .1758+01 .
. 8208400 1208401 2140B401. | .179E401 .
.840B4+00 L122E+01. - . .142E401 .+ 1828401 .
. +860E+00 1248401 <1458+01 «186EH01 -
" . 880E+00. V126E401 . .147B401 - - 190R401 . .
.900E+00 .128E+01 -.1508401 . .193E:0L - :
‘ «920E+00 © +130B+01 - «152E+0) . <197E401 - ,
1, <OMOE400.  ° ,132K401 LLSSE401 .. .201E+01 -
. i ’," . : .96031'00 " "‘ . 0134!"01 0157M1 ' QZOSMI-
v . 5980R¢00 - - 01 ,.uosm:: ,.zoan-rol
T . :,m oi .mmx- o .zmwx
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: TABLE 13
» t NUMERICAL MODEL A/R = 0; B/R = 0
, e | & 8
. H/R H'/R M/R Q/Q M /Q ' Q,/Q . MQ,/Q, DEVIATION  REMARKS
R . ' WE R COL)
1) (@) D () (5) (6) A7 . @) (9 - © -y
| - 0. 0. - 0. ' - : - - - See Figrs.
1. o o . 4 & 18 and
‘ 01 ‘01 ol -08- 008 .80 .‘80 020 Table 6
.2; .2 .1 .20 .12 1.00 1.20 .NIL (R=6"). "
3.3 .1 .33 13 L1100 130 4d0 oot Aelre
S S BT .12 1,12 1,20 - 412 R "R "R
5 .51 .S 12 1.1 1.20 ~  +.14
6 .6 .1 .67 .10 1.12  1.00 jaz o
07 07 01 077 010 1-10 1.00 "’-10
. .8 /8 ..1 .8° .08  1.06 .80 +.06
_— 9 .9 .1 .93  ,.08-\ .1.03 .80 oop :
! 1.0 1.0 .1 1.00 .07 1.00 .70 NIL|
TABLE 14
NUMERIGAL MODEL A/R = 0; B/R = 0.2 '
S wrw o, o,/ /o, M,/q, DEVIATION
H'/R B/R Qy/Q M,/Q Q/Qq  4Q,/Qy DEVIATION  REMARKS
: ‘ ’ , " #H/R +AH/R COL. (6)
@ @ @ @ ©) ® o (8) 9)
OI S 0- . - 0. - et - - - ' Sée Fistl. .
. « - - . _ag. 4 &18 and
101 .10 07 .70 .70 30 toble 7.
° 02 .2 .01' '17." ' 010 , 085 1-00 h v-.15 £'= _H__ - -A. :A
0.3 a1 .29 12 .97 1.20. -.03 ® B R
N R L. a1 1,00 1.0 | NIL
. 5 .5 . o.]‘- QSJQ' , ‘nu 1-02 l 1.10 +o°2
6 .6 .1 .62 a1 .0 1,03 10 - +.03
7.7 172 - .10 103 (1,00 - +.03 '
- o0 8 .8, .1 .38 .10 102 .1,00 402
) (‘ / " .9 -9“" '01 . '91 \ ~ vqg . 1’-01 "_090 , "00:1 -
o ‘«1,’(3 1.0 .1 1"°°ﬁ, ',‘,qu . 1,00 ‘1_.90 BRI SR
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_ JTABLE 15~ '
' »/: { + : N o L)
NUMERICAL MODEL A/R = 0; B/R = 0.4
L ' g . .
H/R H'/R AH/R ‘QH/QR AQH/QR QH/QR AQH/QR‘ DEVIATION = REMARKS
o . : /R *AH/R COL.(6) -
m @ G @ (3 ® (D’ ® (9
KO. . 0. - b. ) - - - - See Figrs.
d a1 .1 .06 .06 .60 .60 & 40 4 &18
. _ , and | :
.2 .2 A0 .16 .10 .80 , 1.00 -.20  Table 7.
3.3 .17 .26 .10 87  1.00 -3 - B LH_A
. . . . ] . _ . . R ‘ R R ,
& T4 A0 .37 110 .93 1.10 -.07 : S
5 5 .1 .48 11 .96 1,10 -.06 * R
16" -6 'ol 059 lll l98 1-[10 "’002
Y S | 1 .69 .10 W99  1.00 -.01 4
od 8 1 .80, .11 1,00 1.10. NIL o
9 . .9 .1 .90 .10 . 1.00 {.1.00 NIL )
1.0 1.0 .1 1,00 . .10 1.00 1.00 _ NIL
N ) 'S . ‘ ‘ . - \
TABLE 16°
' NUMERICAL MODEL A/R = 0; B/R = 0.8 | ’
B/R - H'/R M/R Q. /Q mu"{n Qy/Q;  AQ,/Q; DEVIATION REMARKS
o . 4 #H/R  +AH/R COL.(6) c
(1) (2) 3) (&~ () (6) €)) (8) ) . .
. '. N i . g . ., . ” - ‘/’\' N
. 0. 0, - 0. &- w) - - See Figrs.
.ol 1 1.5 05 50 g0 150 4818
w2 2 A0 14 09 70 190 -.30 ° ‘Table 7.
v ~ ! . ¢
3 3 23 w0 a7 w0 23 B2l
Lo 1733 10 83 100 -.17 3 '
T R TS (R Y S ) R I B -K
6 0 6V .1 0 .55 110 .92 10V <08
SEY S ST TR R § | 94 1.0 -.06. ,
.8 .8 .1 77 a1l o, 96 110 .04 IR
9. 9. .1 .88 %11 98 110 -.02 -
1.0 1.0 .1 ‘1,00 .12 . 1.00 1.20 ) NIL >
i T R A R
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B ' S . TABLE 17
' 'NUMERICAL MODEL A/R = 0.1; B/R=0¢ ~ ~ . '

H/R H'/R bH/R QB/QR Aq u/ % QH/QR AqﬂéqR DEVIATION REMARKS

/R :A/R  COL.(6)
W @ 3 @ ) 6 - (D - (8) (9)
0. oO. - o - - - - See Figrs.
- . .1 o. .1 .08 .08 -* .80 .80 ~.20 3851:98‘.‘““’-
.2, .l .1 .20 .12 1.00 1.20 NIL H _H_A
3 .2 1 .32 .12 :.07  1.20 +07 & R R
N NS R TS ) 1.0 1.20 £
5 Y4, X 56 .12 1.12  1.20 +.12. ' SR
4.6 .5 . .1 .66 .10 1.10 1.00 +.10 '
7 .65 .1 .76 .10 . 1.09  1.00 +.09 R
. 8 .7 -.1° .8 .09 , 1.06 .90 +.06
- .9 .8 1 .93 .08 Fl0s .0, +.03

1.0 .9, .1 I1.00 .07 1.00 .70 . NIL

- . AP S . TABLE 18

“ © NUMERICAL MODEL A/R = 0.1; B/R = 0.4

. H/R H'/R M/R dﬁ/QR' M,/Q, Q./Q; 4q,/qQ, DEVIATION REMARKS

' /R tAH/R COL.(6) ,
1 @) 3 @ (5) 6 , 8 (9
0. ©O0. - 0, - - - -
A4 0. . L .06 .06 .60 .60 ; -.40 see Pigrs.
. ) 02 ! 01 ' 01 c16‘ , 010 ey : ?80 :1.00 ' . .-.20" 5 & 12 a“d .
. -3 .2 a1 .27 .1 .90 1.10 -.10" 'f;";f‘ﬁ)
* 403 A 0038 a1 .95 1.10  -.05. Test Weir.
o, Co ‘ | = Befer Table '
15' -a‘ ' u1' 049 011 -98 1.10 N -, 2 26‘fot nOdi-
06 ‘ os . 0'1 ‘160' ,.11 1.00 ) 1\10 ' NIL ' giad mdel g
: , , . ' with datum
1. slw70 7.0 1.00 ‘1 .00 NIL shifted.
8 .2 '3 .80 .10 " 1.00 170 NIL R _H_ A
u9 I08 ol 090 ' 010" ‘1.90 1.0‘0" . uill ’k . x’ n ‘:‘
1.0 .9 Wl 1.00 ‘w30 1.00 1.00 FIL o T y
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TABLE 19

NUMERICAL MODEL' A/R = 0. 1; B/R = 0.5 %h\

~a%

l' o
HR H'/R M/R 'QH/QR AQH/QR QR/QR AQH/QR ngm'non REMARKS ;
R ' $H/R . +6H/R . COL.(6) , '
w @ e @ G ® M@ T
0. | 0. - - 0. - - - - See Figra.
. 5& 19 and
31 00 -1 006 -06 060 -60 ".“9 Tabl’e 10 ,
l2. » A% “' ll '16 ’10 080 1.00 020 (R = 6.').
‘ - ) ' : , Test Welr,
3.2 1 .26 .10 .87 1.00 -.13 Refer Table
04 ) ?3 |1 u37 .11 093 1010 .-507 27*f°t ﬂodi"‘
Ly - 'fied model
R R SR .96 . 1.10 N .‘(’)1_. with daten
6 .5 1 .59 .11 ) .98 L1000 THQR shifted.
. B A
T .6 1 .70 .11 1.00  1:10 NIL R TR
8 .7 1 . .80 .10 1.00 1.00 NIL
\ 09 .8 ‘01 . § . 010. 1'00 1.00 NIL
1.0 .9 1 100 .10 1,00 - 1.00 NIL .
) TABLE 20 '
NUMERICAL MODEL A/R = 0.1; B/R = 0.8
® « ' -
, . . - ;D -. ! o
n/_nﬁ H /R  M/R QHIQR ML/Q  Q,/Q, .AQHIQR DEVIATION REMARKS
, AR fH/R . iMH/R  COL.(6)
1) @). @ (@ (5) . (6) R (N (8) {9) -
. ’ 00 ,0 . __ - 0. ot , "7' - -\ Seefﬁéta.
. ’ E ' 5 & 19 and
i 11 0- ol 105 005 050 0?0 . , "-5'0 Table 8
C p2‘ 01 01 "14 '09 |7O 090 --30 __ = g /'5‘(
7 3.2 a .2 a0 .80 _ 100 -2 * R R
.0‘ ) 03' -l 035 011 ) ‘88 ‘ 1.10 - ‘012 o’
. Y SRS AR 7 1,92 110 . -.08 ‘
6 .3 .1 .56 4 .10 .93  "1.00 .07
7 .67 -1 .67 .11 .96 | 1.10 -.04  y
8 7 .. .1 .18 1. .98 ° 1.10. ~02 .
9 48. .1 .89 1. .99 110 -0
. lo’o, '9. -1' . .1.‘00 011 ' '1-00:] 1010 NIL ‘ ‘\"k
S R ‘ .




" - 59
I s .
. - CTABLE 21
NUMERICAL MODEL A/R = 0.18; B/R = 1.0 °
o { Q ' )
B/R H'/R AH/R Qy /% AQH/QR, QH/QR AQH/QR DEVIATION REMABKS
' S TH/R %Aﬂlrl coL.(6)
' B @ 3 (@) (5) (6 - (D) ¢8) 9
.00 o- - 0. - - : - - s’e‘e Figl’.‘avj
o , . \ - S5 & 20 and
1 o A .06f .06 . .60 60 -.40 Table 11
2 02 X .13 .07 . .65 65  -.35 (R = 6.39").
3 a2 1 .23 .10 77 0 1,00 -.23 Refer Table
28 for
o 40 .22 1 .36 .11 . L85 1.10 =15 . modified
’ . : o g . - model with
5 .32 3 -{‘5 -1 .90 1.10 10 datun shifted.
» .6 20 A .56 .11 .93 1.10  -.07 H'-H-_A.
72 a1 .67 .1 96, 110 -.04 R R R
8 .62 .1 .18 .11 - .98 1.10  -.02 .
- . L e e . I
.09 _o72 "01 '89 . 011 c’ 099 1010 ".ot 5, . 7
- 1.0 .82 .1 1.00, -.11  1.00 1,10  NL ‘
o . ' . " i .
T | / .. . . TABME 22"
- 4 ;7 NMERICAL MODEL A/R = 0.2; B/RF O
) v /// [Jf . . .
¢ , 7 , t Y y
o R B'Y SR QH/QR. AQu/Q, Q0 4Q,/Q  DEVIATION REMARKS
PR : /R /R COL.(6)
S @ 3 ) () (OO ® \ O
0. Y 0. . - 0. . - B - - ‘ ) - \ See ?igts.
.1 o, 4 .8 .8 .80 .80 -.20 > &I
2. 0. 1017 09 85 .90 ~15 g g A
, 03 01 oJ. .30 '.13. 1.00 1.30 N% 'R 'R' R
4 T2 a1 42 M 1.05° 1.20  +.05
g S T D . S ¢ 1.08  1.20 . +.08 -’
‘ S Y S R . SRS 1.8 1.10 - 4.08
' oW s 50 0 1,07 100 +.07
48 .6 - .1 .8 09 105 .90 ~ 4.05
9.7 1 L9 d% L0280 . +.02
10 .8 I 100 © .08 1.00 .80 NIL
, . - ’ 5 t , —ﬁ
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. TABLE 23
NUMERICAL MODEL A/R = 0.2; B/R = 0.2 )
/R H'/R .AH/R _\J’QH/QR AQ“/qR QH(QR AQH/QR DEVIATION REMARL(S
. S , +H/R +AH/R  COL. (6)
w: @ . @ & ® M ® (9 ‘ .
0, - .0. - 0. - - : - - See Figra'.
‘ - _ .5 & 21 and
.1 0. 108 .08 :80 .80 -.20 O T o"
.2 0. 1 X6 .08 , .80 .80 -.20 H'_H _A
3 .1 a1 28 R .93 120 -07 * R R
& .2 A0 .39 a1 . .98 1.10 .02
.5 .3 1 } A2\ 71,02 1.20  +.02 ,
6 b / 62- .11 1.03 1.10  +.03 .
7 5 —"1s 72 .10 1.03 1.00° '+.03 ’
.8 .6 .1 .82, .10 103 1.00 +03 .
9 .77 .1 .92 .10 102z 1,00 402 ¢
1.0, ;8 .1 100 .08 Z 1.00 .80 NIL
TABLE 24 £
" 4. NUMERICAL MQDEL A/R = 0.2; B/R = 0.4
' N ‘ y )
H/R B'/R AQH/R Qu/Q, 2,/Q, /e, A\ Qq/Qp DEVIATION REMARKS
l . #H/R  C+AH/R__COL.(6) «
m @ )W G 6. D (8 ) NI
0. 0. = 0., - - . - - *" See Pigrs. ‘
Dt o .5 & 21 and
.1 0. A .07 e .70, .70 30 rapie 12,
.2 0. 10 L5 08 .75 .80 ~.25 . H'_H_A
3 A A1 .26 Al .87 ‘110 -a3° R R R
4 .2 1 T a1t .93 1.10. -.07
5 .3 1 49 J2 00980 - 1,20 ¢ -.02
' 56 04.,4; . 01 . o 460 . 011 1.00 : 1.10 NIL
7 57 .1 .70 0 .10 (1.00 - 1,00 NL .
8 6 19,807 .10 X000  1.00 NIL.
9. 7 _ auer L1 1. 110 el |
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: TABLE 25
. ; NUMERICAL YODEL A/R = 0.2; B/R = 0.8 a
: o H/R H'/R MI/R -Q /! k\a /Q' Q/. /Q, 2Q_./Q. DEVIATION REMARKS
" Ny n'*r 'SR ECR H R .
’ “ ' HH/R +AH/R COL, (6) « . .
‘ " L @) " 3 &) (5) (6) €) B C)) (9
E, “: ¢ ey . 0-- /Q- - < 0- ’ T ' - ‘ - - See Figtﬁ.
o ' ' » _ S & 21 and
) . , L3 .' N -l 0. . ﬂlL . 007 -07 ’.70 ’ -?o 030 Tab]_e 12 i
@ L .2, ‘1t 4 .07 .70 .70 -.30 H _H_A
{ O WS RS TP AN 1 .80, 1.00 ---20 * R R
" K1 N . . N .
1§ o0t 2 1, 35 a1 . .88 110 -.12 :
C .3 ~ .1 .46 a1 .92 1.0 = -.08
L‘"h - .57 M .95 1.10  -.05 ‘ o
S .1 67,10 .9 1.0 -0 o
6. Y1 .78 .11 .98 ,1.10 - -.02
l.'7 " I ‘.? i 089 * -11 .99 1‘10 -I"'.ol.
.8 .1- 1,00 .11 1.000 1.10 NIL
“ ' . ) ’) -
A _/\4 TABLE 26

“MOD"IFIED NUMERICKI} TKODEL"‘KIRT?:};“BfR——L&A

NOTE: DATUM: SHIFTED TO TOP QF RECTANGULAR wnm ot
v (FIG.5) . ‘

’H'IR AH /R Qu'/Qn AQH‘VQR QH,IQR AQB./QR mzvmmu REMARKS
. 4 /R»' $M"/R COL. (6) .
:“(2) (3) @ TG . gs) ¢ B (8)_ (9)

Y.

- .' - = Tt f - e ‘ - See Fig.5
‘0. - e %o o 2. 0 .. and Table
LT | SR T T X
) .1. ) -1“ .10 °010 b 1‘00 , o 1-00 . s NII’_ Lt n' ~'n A
2.2 .1 .20 ° 10 .00, 100 ' ¥m - R R R
37 a1 . 11 1,03 1.100 403 oo
. A - o v )

I.'4 01 .:'0I41" '10 .1-03 ) '1-0‘0 . +003
So.aa 57 Ay 1.04 1.10  +.04°

.6, .1 .62-.°10 .1.03°.71.00  +.03 e
e . .1 w72 .10 103 1000 4038 . . v

8l 81 .09 101 s SR
0-°.9  .I- 81+ .10 1,00 100 w0l v
1.0 .1.1.00 097 1.00 ' .90 ML o




TABLE 27 o
MODIFIED NUMERICAL MODEL A/R = 0.1; B/R = 0.5’

©1.00

Co T . _NOTE: ‘DATUM SHIFTED TO TOP OF RECTANGULAR WEIR
. (FIG.5) - ' ,
H/R H'/R M'/R QH./QRTAQH./QR Qqi/Qy AQy,/Q; DEVIATION REMARKS
v . *H'/R  *OH'/R COL.(6)
W . 3@ W 6 ® @ ® (9
0. - - — - - - - See Fig.5
1 | q. - _ - I _ - ::guil Table
Qz 1. .1 .09 .09 .90 .90 -0 H' _H_A
M .2 0 .1 a9 .10 L9s 1.00 =-05 * R R
4 .3 .17 .30 .11 1.00 1.10 ' NIL
5 - b 1 40 L |10 1.00 1.00  NIL
.6 1 .51 11 1,02 ' U110 +.02
0. 17 .1 .10 1.02 1.00 . +.02
8.7 7 10N 10 1.01 1.00 +.01
.9 .8 1 .81 10 1.01 1.00  +.01
1.0 .9 .1 .90 .09 1.00 .90 ° NIL
1.1 1.0 1 1.00. - .10 1.00 1.00  NIL
, , TABLE 28 | - o
MODIFIED NUMERICAL MODEL A/R = 0.18; B/R = 1.0
! NOTE: DATUM SHIFTED TO°TOP OF RECTANGULAR WELR . ,
. %5) ' — 7 <
JBIRCH'UR. MU/R.Qu/Q 1, /Qp QuilQ  AQy./Qp DEVIATION REMARKS
. ©aY/R O W'/R COL.(E)
T @) 3 @ (5) (6) ) ®) ()
0. - - - - - - - See Fig.5"
18 0. - - - - - - T Ra 43
.28 - .1 .1 .09 .09 .90 90 . -.10 and 21. .
.38 12 .1 19 - .10 .95 1.00  -.05 %”= 2 -2
48 .3 .1 .29 .10 .97 1.00  -.03 \ "
.58 .4 . .1 .39 - .10 . .98 '1.00  -.02
© .68 .5 L1l .49 .10 .98 1.00  -.02,
.78 .6 .1 ..59 .10 .98 1,00 | -.02
.88 7 .1 .69 .10 .99 100 -.0L

8 8- .1 .80 .11 100 1107 GNIL -
1.08—$9 3 90 .. .10 1.00 1.00 NIL
1 .10 1.00 1.00 © NIL

Ch
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_— e TABLE 29 '
" COEFFICIENT OF DI_scfiARcz OF TEST . L

LINEAR PROPORTIONAL WEIR ASSEMBLIES. * .« ' -,
. . & .

. ‘,' .g; % ) \ , '
. . , ol ' '
.No.of Radius of . A -~ B Depth Head C d(avgrgge)
Openings Quadrant (ins.) ° (ins.) of flow over Cw
K . R (ins.) ; 1(_?ﬁ£1t)me . ;e‘:lr Trial Trial
* * © Tmax '
5 (ins.) 1 2.
R - i
4 6 : 0 0 9.03 °  5.60 .677 .679
1 - 6 0.6. 2.4 9.12 5.45 © .603  .605
a . » - : ‘ )
2 10 ) 1.0 4.0  3.05 - t2.36.-..631 .637
. ‘2 8 008 - 6.0 7o19 ‘ . ) 3.0‘69 0628 0630
* 8 - 0.8 3.2 8.80 7.53 ..629 .633
’ 3 "6 0.6 o 7.14  3:56 .638 .53{
3 6 0.6 - 2.4 7.30 3.63  .627 .b29
v ! 10 . 3.0\ . 4.0 6.8 5.44  .625 ©.629
X '} 10 1.0 5.0 6.73 5.12° .648  .647
- ' w ‘ N .
& ' a , . ’ ' "
“ v ’ @
‘, 3
% ' ‘
"4 o o
‘ : ¥k : '- : L
] ) ! :l 5 : 1 ¥ "::i’ "\ ‘\ \l
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! DEVELOPMENT WORK ON LATERAL WEIRS - ;
- ) . :
)

. 4

VCon;l:lderable work has been done. in the design of lateral weirs to meet -
spécifié’needs, some of which serve to separate a certain quah;ity or ,!‘
. eicesa flow fromiopen cﬁannels. , Such weirs are cé.nonly set into the
side of a c;hlanneI in irrigation, sanitary engineering and flood controll
d4systems. These ‘are knc;quaa lateral or' side-spillgay weirs or simply |
side-weirs. '1 v ‘ ‘ . | L
In sl;atially \‘raried flow through this :ype of‘ weirs, th‘e pattern of '
flow with decreasing dischar"ge‘has been treated as a flow diverlic;n
uh?re the diverted water does not affect the energy head. Theorericaliy,
o ‘ De Marchi proved that the energy head ‘along th;a spillway crest is
essentially constant and that the flow profile is cﬁrved,'ricing in lﬁbf.f
critical flow and drb'ppiug‘ in supercrftica} flow in tbc.ruc}t conta’i.nins

. the lateral weirs. This is true when the ;:hannel’bed clopé and the

'friction slope are very mn. This theoret%cal :I.nveotigation vas furthct
P

verified expet:lnentally by Gentilini.

~

¥

. Recently -tudieo ude on spatnlly varied flow over wcir. by Subnnnya o .

ey

and Avnthy Q5).. dult with continuously mcrening (nub-crit:ical tlov)

and continuously decteuing (supcrcriticql flow) water surface profﬂ.u

¢
!

" 'qf- lateral veirs. -t fon , <

. \ ’ . . : % o 7 ' ’ ’ -t
: . [ } ’ o . . o .
. Baua-urthy et al (10) have indicated aethotln “‘of obtaining uniform dis- o
. charge dstribution .1ong the length of the 1-:.:-1 weir by altering

¢ T
- o . the goo-etric parameters of the weir syuu. ‘rhe nfo],lwlns -athod- ot_




- plqin cdntouring which “.hey sufguted a.re simple and easy to construct, -

even in existing channels: !

i . o e 1) . plain cont:outing of the channel bed
. : , .

e 2) plain contouring of the channel side

3) {,pla'in cbn:ouring of the weir sill

v ' : ' . . , “ . S

2 B Channel bed con*outing* involves raising the bed of a rectangular channel

’ locally‘to a height 21. in the vicinity of‘thc lateral weir of length L.

w? . . The total :'iae in the channel *bed‘ hump, 21. required to keep the water
;' ° \ surface elevation horizontal for a given velocity, _vl. entry channel
' ' s N . . . *
3 .~ flow depth, Yl, entry channel flow, Ql’ and weir outflow discharge, Q , .
' wvas given by - - - v '
. . " T . : o
N 9,z : : :
q ' Ql RS : o " C o 3

" A prel:luinaty experinental study of plxin contouring of the channel bcd

using a hnnp L 1n height and a rectangulnr lateral weir 18" long was '

. carried op:. 'l'he ‘objective of the study was to ve:ify the uniformity

. of discharge along the length ofb the lateral weir; the results are given )
. ' , ' : — ' ’ | 1
’ ‘on'page 66. - R ‘ . |

RS

. .
' .

.

G

’

oy =

" A 11nur proportioﬂal ‘weir asae-bly uay be used as a hteral wcir in ' e

' ficld applications in conbination with. plain contour:ln; of the chm.l .

Lot en
g Pt

- .
bed. The advantage of this conbination 1is linear head-discharge tohtm- CoLt

vnhip of the propottiml veir auqbly and a unifon wvater mtfm

s profi.h dun to the pruence of the hu-p llonvcr, 9. dcuud upc- / .
‘rhantal u:udy 1is nqu:lrod. I T S P

e 3

A LR
. ¢ -
[ - [




‘Tests wére conducted in a rectangular steel ﬁl_ate flume 18" wide and

other points in between. ' .

, PRELIMINARY RESULTS OF 1 INCH HUMP

'

1,5" deep (Fig 23a), in which a sharp edged lateral we:l.r 18" Iong udé. : -
of plexiglasa was placed at 3.86" above the bottom of the cbannel.

Sufficient entry and ex:l.t lengths were provided to reduce tutbulencc

effects in the vicinity of the weir.

A plexiglass sheet hump 18" long, 178" wide and 1" higb was constructed
and set in the weir section as shown in Fig. 23b. ts were made with
and without ‘the. hump in position. Depth measurements were made along
the centre line of the chanmel at both ends of the weir and at three

Pqi\gures 2,4; and 25 show centre line a'ov profiles with or without the
*

7.

—huEp . : of 21/¥;, the expe-

rimental results indica putly horizontal vat!t lnrfnca profile

' wi.th a 1" hump. With the hunJ }n position and 9-— = ?1- considered as

:l.dul decign conditim. ourface profiles were further examined for

: off-design\conditio’ns by varying Q; (and conuqumtly Yl) but keep:l.ng

: Froude number Fy constu?t throughout. ‘I'he tuultn are inditsted 1n

t
Fig. 25. 1In such off-du:lgn cases vhere 21/Y1 is either grutur.or-
less than Q‘/Ql', ;he.volc;city eli:hnr increases or de_c:gu&g in the '
s 3 i i
flume as it flows over the hump, causing s falling (Yy > ¥ + 21') or a

rising (Y; <Y + 24) vater surface profile respectively. This is . _,

indicative of a non-uniform flow pattern. o .
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