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ABSTRACT

Characteristics Of Some Hydraulic Structures Used
For Low Control And Measurement in Open Channels

leoyaraSunda‘y Tim, Ph.D. . . )
Concordia University, 1986 - - s

" The efficient management of water to meet the growing needs of people, agriculture

' and industry has been attracting speclal interest ln«‘recent years. A knowledge of the

©

o . . ‘\" [ + 2 -
quantity of water available is important in’ the areas such as irrigation, flood control, inland
navigation and water conservation. A wide variety ot hydraulic structures are available for
flow control and measurement in an open channel. 'Lateral weirs, orifices and combinations

of these outlets-located in the side of the open channels can be utilized to divert arid centrol

_the flow. Sharp-crested weirs dnd broad-crested weirs are structures commonly used in

open chagnels to measuré the flow. The present study deals with the charaeteris‘tics of so’me

~

J‘lydraulr structures t% commonly uséd for flow control and measurement The
specific flow control structure Studied Include the trapezoldal lateral weirs,the rectangular
lateral ormces and the rectangular lateral weir-ontrce units, - The spequrc flow

measurement structures studred include tt‘e rectangular sharp- crested weurs and the

e -

rectangular broa&cr‘ested wairs.

For each flow control outlet'studied. an existing hydrodynamic model developed for '

rectangular lateral weirs is adopted to derive theoretical expressions for the mean

v

discharge eoellicient of the outlet. Detailed experiments were conducted 1o provide a
«verification of the theoretica"l predictions. Furthermore, the h)rdraulic design df rectangular
lateral weir-oriﬁc'e units for unitorm flow distribution in an open channel is examined.

" In the study, concernir® the characteristics of the rectangular sharp -crested weir,

experimental reslits related to detalled pressure and velocity distrlbutlons as well as

»

«
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o

surface  profiles are used to deriva semi -emperical equhtions for the discharge coefficient.
The study on the square edgad and round-nosed rectangular broad crested weir deals with
, the hydraulic characteristics for both free-flow and’ submerged ﬂow conditrons The effect

of rounding the upstream comer of: theweir on lhe characterishcs ‘of flow is exammed for

——

broadcrested welrs s
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S CHAPTER |

CFlAHACTERtSTTCSOFSO\AEFNDRAUUCS’TRUCTURESlJSED ‘
FORH.ONWTHOLANDMEASLREMENTNOPE\ICFWIELS :

-

e W . .
- \ »
PA hydrauhc structure may be defi ned as any structure whrch is desrgned lo handleﬂ ’

-

flawing ﬂurq (!or example, water) in any way. This may include retention, conveyance, ’

¥

,‘. control and measurem'er'n Such‘structures are required in many felds of civil engineering.
the,_ pnncrpal ones bemg“ﬁ\ater and wastewaler treatment, water congrvatron '
’ hydroelecmc power irrigation, dramage intand navigation and ﬂooa’conlrol

The need to control and m‘ea5ure the flow in tivers and canals arises lrom the value of,
.water to the community. As Populatibn ’expands and iﬁdhstry daverops, the availability of
water becomes increas‘ingly. i'mportant: Economical desigr of environmental _arid irrigation
projects reouires the size of structures to be optimized. This is posSiblo only ifthe system
is'well regulated‘. ) ' \ )
l Flow control a’ﬁd measurement in open channels can-be realized’wrth the use of weirs N

and oriﬁces‘besides other structures. A weir is a hydraulic structure built across a canal or

channel to raise the lo\rel of watbr and to divert nt An orifice is an opaning with a closed
raerirneter locatedin ian open channel through which water flows. A weir formed in the side
. of an open channel is termed allateral weir, while a weir placed across the cha‘nnellis .
termed a normal weir. Normal weirs are uo’ually classified ‘inlo two distinct grouos ,
'"dependmg on the crest length in the durectron of flow. Other control structures may alsobe

, used for drscharge measmement

»
I

- . . -
» N




S .The- p'i'lmary ob]'ective' of the present study is to inve'stigate the discharge .

Pe

- .characteristrcs of some common weirs and orriioes, generaliy grouped as hydraulic
structures for control and measurement of open channei tiow For each structure ~ . Lo
| oonsrdered the basic,geometnc and hydrodynamic variables Inﬂuencing the characteristrcs
- K of flow are identrtied ‘A natural consequence of the invesugation is the development of
. l equations which cen be used to obtaln the drscharge coefficient of each structure for a wide
renge of geometnc forms and tlow variables. The two part study consrsts of investrgatmg

-/ analytically and experimentalty the hydrauirc characteristics of some flow control -and

; . oy n
o measurement structures. The first-part of the study . deals with the hydraulic .
- ) characteristics of tlow control structures such as trapezordal latersal weirs, rectanguiar

lateral orifices and rectangular lateral weir-oriﬁce units. The second part of the study ’
' deals, with the characteristics of ﬂow measurement structures such gs. rectanguiar

. sharp-crested weirs and rectanguiar-broad-crested weirs.




IR "CHAPTERII o
S o CHARACTERISHCSOFFLDWTHROUGHTRAPEZOIDAL ‘

R | LATERALWERS _ -

2.1 uﬂmrzm

A laterat weir is an overﬂow weir located in the side: of a channel that allows Iateral‘ '

v

flow ot water when the surface of water in the channel rises above the werr crest. The ttow |

through a lateral weir is spatrally varied and the dtSCharge through the weir is affected,

srgnrtrcantly by the depth and velocity of ﬂow in the, mam channel. -

>

-urban drarnage works In urban drarnage works Iateral wetrs are used for decantmg excess.

tlow in sewerage networks Lateral weirs are’ also used in water and wastewatentreatment
V- X

plants to bypass excess wet-weather ﬂow and for side- Irne equalrzatron

W

- The characterrstrcs Qf ttow through a rectangular lateral wetr bas been studied by a\.

.
LN «

’ numb.er of rﬁvestrgators {1, 11, 14]. . The fitst ratronal.approach to study .the |

characteristics of rectangular lateral werrs was ‘made by Dé Marchi (18] in 1934, He

'presen‘ted arr explicit solution to the problem of flow tbrough a r%ctangular lateral weir based
on the assumptron that the energy loss is negtrgrble in the main channel section that spans the L
" lateral werr Various versrons of the De Marchi equation have been proposed by several,
investigators [15, 22, 69] In partrcular. Collinge {15], Frazer [22] and Subramany [69] ,

“studied the effect ot main ¢hanne! velocrty on the weir drscharge coettrcrent A bnet -

i £

summary of previous studies related to Iateral werrs is provrded in Table 2.1.

e " For the outtlow through a trapezoidal lateral weir, limited information is- avarlable tn

" Lateral weirs are used extensrvely in rrrrgatron fand drarnage tlood aIlevratron and “ .

literature. Allen [Wd Uyumaz [72] presented*expenmen}al results for the lateral outﬂow ' .

" throtgh rectangular lateral weirs- located in the side of circular channels. El-Khashab and
’ AR . . A ‘ ’. ) A‘w" (, .




Smith [20] used the mome}ltg{n and energy relationships to predict the nature of flow
through a rectangular lateral weir located in a trapezoidal channel. Recently, a

_hydrodynamic mode! [i 1] was developed for the outhowthro_ugh a rectangular lateral weir

. " ¢ . T 4 - f
* . locatedin the side of a rectangular channél on the basis of the existing twg-dimensional

conduit outlet model proposed by McNown [42}. For the flow through the ;ectangjular lateral
: wéir. the mean discharge coefficient of the weir ‘was expressed in terms of the '

hydrodynamié and geombtric variables. ' \ - ' .
: . o - ‘o
The study presented in this chapter deals with the theoretical.and experimental

e v N
NI L e

investigétidns of the charécteristics of flow through trapezoidal'lateral weirs. The
oo N . 4 v

two-dimensional lateral outlet model (hydfodynamic model) developed for the flow. through a

P

- réctangular lateral weir [11] is adopted in this chapter to derive a general expression for .

' the mean dlscharge ooeff cient Cd of the wexr The results of the expenments conducted are

‘_presented to vahdate the proposed expressibns for the mean discharge coefficient. ——
\ Ay

ZZMEWMQQEL g J..

The characteristics of ﬂow through an outlet located in the smie of a two -dimensional .

" channel have been studled by a numbet of lnvestlgators [27 42 44] For the outflow

- through a lateral outlet of width Ly, located in the side ofa two-dimensional channel of width

. By, (Figure 2.1),he local discharge coefficient C is defined as . A
n Gy jet flow per unit depth i : . (2.1)
3] Ly . o .

* in which Vj is the resultant velocity of the outﬂqw jet given by Equaltion (2.2).

‘ °

” 14

~‘_' \6:.\’\/2"29}, , Co . ‘ bo(22)

v Co -




: l/B .and n as shown in Pigure 2.2. V, is the mean

\ 5 N

L

. In the above expression, h is the pressure head differential across the face of the outlet and
L 5 ’ e . .

Q‘A - *

-~

v, is the velocity of f}ow in the main channel. ”Fur@herx'nonl'e, in Equ'atién:‘(2.1).\ Cq is'a

function of the' geométri¢ parameter Ly /By, and the velocit\; paraﬁleiar 1 dgﬁned as.‘

X
i Yi

Te L = | (2,3)-: . L
Vi . A ‘ . St
Y JVT+29h : - S

The theoretical eipression relating the local discharge coefficient Cd.«the-gedrhe!ri'c»

‘ )

,paramé\er : Lh(Bh and the main channet velocity ratio V,/V, Is known [27, 42). This

¢ ' . -

. relationship together with the continuity condition directly"gives the dependence of 'Cd,'on‘

»
t B -

velocity in the downstream channel. For

)
-

- 0<L/B<1.0 and 6<~ns1..() , the refationshib between Cd ‘and ._n can be approximated by the™ -

" folloging polynominal [11]

. - Cge Co-i;Clnz-r ¢2n3‘+ C3'n6. ) ) c '(‘2‘.4‘)
,im)Nl'ﬁc'h'- |
S Geostt L. , (5] "
"6, - 0538 +0.254 (§) .- (2':‘6)’
c, = 0:958-* o;234(-‘§i). N "(2..,) | ’
_ g

:C3 - -0..129'-0.489 .(1%’) ' :" ’ R . “»-. : (2.8)

v 3 . £
S
. » . . . . . . . . - ,
\ . Lo ¢’
, . . o * . . .t
. ~
f .
+ b . B

e
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In-the Tollowing sections, the two-dimensional lateral outlet model presented above is used to

obtain an expression for the mean discharge coefficient of a trapezoidal lateral weir. -

2
~,
W n

2.3 | | PEZO |
231 Sratical Considerati S ‘

In order to derive a general expresslon' for the mean discharge coefficient of a-

i sharp-edged trapezoidal la{eral weir located in the side of a trapezoidal channel, the

L]

] .

1

1. The flow in the appraoch channel is subcritical.
. ® apprac \
2. The bed of the main channel is horizontal. o S,

‘ 3. The laferal weir and the main channel have the same trapezoidal crass-section.

4. For a specific weir, the width Ly, (Figure 2.3); at a depth ‘h below the free

. surface bears a constant ratio with the channel width By, (Figure 2.3) at

- -~

) e C
the same depth h below the free surface (LB = LB = constant).

5. For the jet issuing from the outlet of any infinitesimal layer of thfcl;hess dh
at a depth h below the free-surface (Figure 2.3a), the velocity companent
normal to the channel axis is§\12gh.

6. The velocity in tfe approach channel is not a function of depth and the paramet—érs

“

L/B and n are within the limits imposed on Equation (2.4).

Q 1
The total weir outflow is obtained by adding the flows through the outlets of a large.number

Tollowing assumptions are made: . R . -

ot infinitesimal layers [Figure 2.3(b)] that constitute the emerging jet, For all the emerg’ing

Jets, the approach velocity V, provides the velocity component parallel to the éhannei

o
3

axis. The velocity components V, and _JZQh can ba added vectorially [74] to obtain the

‘ - e - [y . N
| \ .

i




jet velocit\f Vj.

In’ general, for 1hg weir outflow through an infinitesimal layer of width Ly, and

a . . %

- thickness dif [Figure-2.3(b)], the local weir discharge coefficient Cgq is a funclionof n .

»

énd Ly/By, is constant for all layers. Thus, the local discharge coefflicient Cgy for all the

-

_ layers that contribute to,the weir outlflow varies only with the velocity parameter n.

Neting that thewvertical projection of the cdnt_racted area of the layer is CyLp, dh, an

expresslon for the total theoretical discharge Q through the weir can be written as,

v * h ) . 3 ’
. Q = f© . ' '

A J'o Cd LpV o | . (2.9)
3

in which, : . _ e
. hog=Y,-8 o . o . (2.10)

ad . ,

. Ly =Lg+22Z(hg-h) s (2:11) . )

\ where, S isthe weir sill height and Yy Isthe depth.of flow upstream of the weir (Figure

\1 . \ ]

2.3).. Furthermore, Lg denotes the width of the weir at the sill level and Z is the slope of

—

the projectién of the sides of the wéir on the vertical plane‘(co-tangent of the siope angle).

-

'Replacing Vj and Ly, in Equation (2.9) using Equation (2.3) and (2.11) respectively,

oo

Qq canbe rewnitten as

' 14

- | G - f;'o Cd(X‘l‘__)[Ls+22 t;ogi‘f’h\'j.}go\cd(!})ﬂh dh '(2.12‘)

. -
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E

.‘ " ,: ‘. ) 2 ‘e
N i . * dh vl B 1 d

‘ 0 " "Tg . ) !
.. ) n .

~

' Substitutmg{or Cd ar}d dh in Equation (2. 12) using Equatnon (2. 4) and Equahon (2 14)

respecﬁvely, and rearrangmg the resultlng expression yields Equatlon (2.15)

3 . - ‘ .
+Q ._\.,.L. [Lg '+ 2Zh°]f1(%-+&-+'(.‘2‘;c3"n2)dq’
t o S o n le \
i S Q' 1
D\, _,__g]z__‘ Y4 no(%-’+——+cl+03*\)(;—-1)dn (2.15)"

Q2

in which, no s the value of the velocity ratio n at the sill level of the weir and is defined

\__  byEquation (2.16).

-~ 2 / . vz ) . ) ' 40
1 .\ 12 1 172
v o= {vF————— “m [ — (2.16)
‘ 0 ((\1l + 2ghy) ) « ((1'*?'2") ) - @
. o
'\;'li'lere: T " o N | o "‘m
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Qy=CyAY,

LY

inwhich

Asllg+ Zhglhy

.

) 9 ]
. .
-
. . I\
NILT Rl gvrl B o R (2.17)
A ‘d‘o - | . . el
’ ’ L ) S : ‘
Integrating Equation (2.15) yields an expressio_n for the total theoretical outflow through the 4
weir. Thus, - .
C ! : -L 1 L L -
Qy =3 _[,.L,s + 'z,z‘h?'],'o( Mo —B-) - —gz—' ~’Z[‘.1 ("10' _B') - fo(Mo ‘g) ]
‘ ' o ' (2.18)
in which, ’
A &

NI 9_.) .2.19
(-1'-“‘0)(0‘2,4' no .(‘ )

. ang ’
and - 6 \
G C 1 oo I
o) - e ) (S ()
2 7 (2.20)

expréssion for the total outfiow @, can be written as
v \ > t Y

-

To obtain ée ‘mean dischér'gg coefiicient .'Cd. ‘of the trapezcidal lateral weir, an alternate \
N

T -




5
. ~
‘-\7‘__%“/;\,1“_‘.% jﬁon/v“f+29h Lheh .: (2.25)

Substituting for Ly, in Equation (2.23) usinb Eﬂuation (2.11) one gets,

\

Yud g1 Y} e 20n (L5 2zthom)en (2:24)
Using’Equation (2.13) and Equation ~(2q.14). Equation (2.24) can be expressed in terms’of the

Yelocity ratio n. The resulting expression cah be integrated to y1'eld\Vj. Thus,

e ] S
. i XE_ Z}% [(1 %)szz . '1}_"-[11 :0)3/2_ 1]’)) (2.25) | ,
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The mean discharge coefficient of the trapezoidal lateral weir can be written using Equation

(2.18) and Equation {2.27) as -

!

Gt oy e ]
2

G=3

;(Ls +22ho)[( *0)3/2 z;z h )_3_ 'Ff)m . 1] . [(1 +F2§)3/2_ 11-:-

‘4 . ' — )
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Expenments were performed in a horizontal trapezo:dal mnld steel channel 6.0m long

(Figure 24). The bottom width b, of the main channel was fixed at 101 “6mm apd the sige

€ S~
slope Z; of the main channel was 1.5. The surfaces of the test channel were paiméd to

-
render it smooth. PLexngIass sheets were used to form sharp- edged weirs which were

located in the side of the main channel. Table.2. 2 guves the range of geometric variables

covered in the tests. i

—~

The incorﬁing flow from the supply line enters the inlet section of the test channe! and

-is }hen tranquilized by a systém of baffles and screens (Figure 2.4) before entéring the main

-

” S [ ,
channel. As the water enters the weir lotation, some of it spills over the weir and the

refnainder continues towards the downstream end of the channel. At the downstream end, an
adjustable gate was used to control thé water level in the test channel. Standard V-notches
were used to measure the lateral outflow through the weir, ahd-the downstream dischafge.‘

Point gages capable of reading to the nearest 0.1mm were used to measure the water levels

in the channel and in the V-notches. The v::pstream flow depth in the main charinel, was '

realized at the ce‘rﬁ{ar line of the channel at a location where the effect of curvature was

negligible. In all the test series (T ablgélé). the free-falling nappes were fully ventilated.
» N

o
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233 Analysis of Results for Trapezoidal Lateral Weirs

In the derivation of the expression for the mean Wweir discharqe coefficient of the weir,

. the velocity distribution was assumed to be uniform (assumption #6) in thé main channel.

However in the experiments, the top layers of the approach flow have a higher velocity than

the mean velocity V,. This generally reguces the outflow through the weir especially when
. ,( .

the sill height is large compared to the depth of flow. To partly account for this effect and

for a better presentation of the data, a flow reduction factor equal to 0.95 is proposed for

+ the weir outfllow (54]. Using this factor, the modified expressions for the theoretical

cﬁscf\arge Q, and the mean discharge coefficient Ed can be written as

3 .. ,
: v
. ,Ol = .95 ——é—: (Ls+221b)'o("6- —‘é—) \
v . Lk Ly '
- = z(t | o g tolno ‘é‘)); (2.29)
. \
and - o | -
\‘ >
- , L
R (Ls,mo)lo(aﬂa.%).-ZFahO:l,(ﬂco_B.)-ﬁna_%)g
Gy = 285 :

A

TP TN R R (PO

y ‘ - (2:30)

B

The results of the serias of tests conducted to vew the theoretical predictions for the flow

through the rapezoidal lateral weir located in the side of a trapezoidal channel are shown in

o
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" Figures 2.5 to 2.10. For all these series, Table 2.2 provides the geometric details of the

’ 0

test weirs.

\ . — . . —
Figures 2.5, 2.6 and 2.7 show the variations of the mean discharge coefficient Cgq of

o .
-~

the weir with the weir parameter ng for the three values of L/B considered. Ferom .

Figures 2.5 t0 2.7, the agreement bﬁe:n the experimental data and ;he‘predicted trends of

‘values.

—

Cyq with n, Is reasonable for all’ P

Figures 2.8, 2.9.and 2.10 show the correlation between the actual and predicted
discharge for all the test series condz\zcted. it can be seen that the agreement between the

actual and predicted we_ir discharge appears to be fair.

2.34 Conclusions ' L
in the foregoing sections, expressions fo:r the discharge and mean discharge coefficient
were obtained using the two-din_wensibqal lateral outlet model. Based on the results of the

[}

theoretical and experimental study, the following conclusions can be drawn: -

. ' . - ‘ .
( 1. For subcritical flow in the approach channel, the mean discharge coetlicient

',,of the weir 6d is dependent on the jet vélocity ratio _ng. The geometric
L ]

parameter L/B emerges as a significant parameter and Ed appears to '

. depend alsoon U/B. , .
2. The:sill level of the weir is an important parameter for.the flow through
trapezoidal lateral weirs since it determines the ratid. ot surface flow to the

' V4 ,
bed-flow that is deflected through the weir. In addition, the mean discharge

coefficient Cy is drastically reduced at higher weir sill ratios due to the



increasg in/no. - )

The experimental data appears to validate the proposed rejationships (which
includes a factor of 0.95 gpplied to account for the ;elocity distribution in the
main channel). The results (Sbtained applies to trapezoidal lateral weirs that can

be as wide as the main channel. -
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CHAPTER 1l .
? ly L]

HYDRAULIC CHARACTERISTICS OF RECTANGULAR
LATERAL-ORIFICES IN OPEN CHANNELS

3.1 NTRODUCTION , S
In the design and planning of water and wastewater treatment plants,shydraulic control’
(“Jevices sucrw as lateral orifices are used extensively to distribute incoming flows to parallel
cess units such as flocculation basms aeration tanks and clarification basins. Varrous
types of devices can also be employed in an open channel to ac(hreve the desrred flow
distributions. The mast commonly used control devices are free-duschargmg lateral weirs
and submerged orifices. The control device serves to coun’ierbalance the variation of the
hydraulic energy so that the incoming flow can be evenly distributed 1o the pror:essr units.
' Hydraulic analyses of closed presgure dispersion conduits consisting ot small circular
orifices have been well developed. Interest in this type of devige results from its apﬁlicatic;n
to the design of ocean outfall diffusers..Camp and Garber [10] studied the charactﬂeristicls of °
dispersion conduits used as thermal discharge diffusers. They presented functional hydréwlic
interpretations for a number of flow phenomena Erench [23] has provrded a critical
analysis of the internal hydraulics of diffusers fitted with small circular orifices. ‘/Vrgander
[74] studied the rrl1e€har1|cs of flow through small orifices located in condurts.} For the design
_ ot-open channel flow distribution and control systems involving relatively large (height. o}
orifice compared to the depm g(ﬂow) latéral orifices, very limited information is avqi(able
in literature. In particular, the effect of the ratio of the orifice length to the rnairr channel
width on the discharge charactenstrc of the orifice’ has not been studied in the past.
This chapler therefore, is devoted'to the study olf the characterrstrcs of rectangular )

lateral and treedrschargmg orifices located in open channels. Expressrons are developed for '
the outflow through the orifice and the mean discharge'cor\a{icient using the two-dimgnsior‘ra'} ‘
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lateral outlet model (hydrodynamlc modet) presented in Chaptertl Experrments conducted to
L v provide a vent“catron of the predicted expressions are also presented.. )
, ' . - . . - B ‘
32 EEQBEMQEBAM ' ' S . .
\ - The development of the theoreticat expresslons desc"bing the tlow through a . .

sharp- drested rectangular lateral orifi ice (Figure 3. 1a) is, very snmilar to the developmentot

the expressron lor the flow through rectangular Iateral weirs reported earlrer (54).

Assuming that the main ehannel is horizontal, and that the outflow through tpe.oril‘lcefis / J .
obtalned by adding the flows through a'large number of.infinitesimal layers that constitute, ' . ) ‘
the emergin\g\]et, the two-dimenslonal lateral outlet modal [54] is adopted to :develop: ' '

) ‘ expressions for the outtlow and the mean discharge coefficient df the re’ctangular lateral | Y
orilice in the"following section. - ~- | |
. 321 Theorelial Qutiow Throuch Lateral Orifce - |

-

For the late‘ral orifice shown in Figure 3.1a. noting that the local discharge coetﬁcient ‘

Cy varies from layer to layer and also that the contracted area of any infinitesimal layer

2

contributing to the outflow is CyLdh, the total discharge Q, can be writtenas .~ ° ’ :.

' ' .
[y . [}

h b A ! N\ 2 I ’.
[4 /. . o
, inwnich‘ . ) ' i - < )
R " TN
‘ad. , - e - : ¢ =
Ngp=Y,-S-a L 33
. N * . . ! ’ ° . . '
A . ) '~ .
N '




© channel. . . ' /

Here, Y, - gegth of the flow upsiream of thé-orifice';_ S « Sil heigtjg of the orifice above
. v f N . . N - - -

the..channel bed; and a = height of the .oﬁfiqe‘(Figure' 31a). Furthermore, exbressior;s for
- -~ u . L

. a .
v . - v -

. . . 3 - e - T g R
Cq -and Vj weré given earlier in Chapterli as - . v _ , * %" .
» . ' s ' -
o G v O s Ol 4 G l R tos
‘ Cq=Cp + Cin“ + Cn" + Cym° 1 . (3.4) '
. : ) \ . .
and - .

v F‘T—" S . o
Vi=F=dvison 0 @35 .

~ . 0 . . ‘3

1 [e - .
In Equation, (3.4). the constants o'-: C;, G, and 03 were expressed earlier [Equations (2.5 '

ALY .

s to (2.8)) as a function of L/B Substnunng foriC4 and Vj in Equatlon (3 1) using Equatlons ,

(3.4) and (3 5) respectwely. yletds , PR N

Y

°0-—;—- Sh‘“ (o +C'ﬂ +02M03n )_}1_

Sh°2(co+Cn +czn +c,n) ' !

. N

0 ’ [+]

’ Expreas,lng h in terms of  in Equéﬂlon (3.5), and dnfferentlatmg the resmnng expressuon ‘

yaelds,_ T R '
)
Vv . . °
‘dh = -—‘-( X )dn . . @3.7)
.8\ g3 0

* L]

»\.

in which g is the acceleration due e gravity qgg v, is t?!nean velocity in the main
) * PN . -

/
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¥ Substituting for dh in Equéﬂqg (3.6) using Equation (3.7) yields

1
3 .
N : I'v ’ . - .
- o - ..__l_ 1 N 4 T
o g S feer anteantage) 7
oo 2. ond )1
. ’s“oz(c(’: Cin i+ G la gt )-1?‘ o } o 38
in which
N 2 —
- e, W e (e @9
v . 2 v ¥
- - Vi+2g(hg) 1+
‘ . F
, ' \ 01 .
- - ‘ 3
. . é .9 .o .. . -
) 3 : \’ : ' ; ra
. 2 T /s
| Vi 1 .
S| .( )“? - ( - = V2 (a.10)
: Vi +2g(hgy) \ 1L (1——)
’ For 'h°1,

In Equatian (3.10), Fy, is an orifice parameter defined by~.Equation'(3.1 1).

Vx , V] . . .Fl ’

For = = " aulit

~, > ‘Jgh(" dg(Yl ° S)_ J1 -(-\?_) . .
2, - o 1

in whlg:h<l‘/l is the Froude number of ﬂdw in the upstream channel. ‘Integrating 'Equation

(3.8) yields the following expression for the theoretical outflow Q,. Thus

C@Ea)

4

\




in whtch’

. * C ‘ - ) . . : -
f("01 ' —lé‘) '(1' 31)(%“* 3 g ) + (1’"01)(014 "2 r) 813y ., .+~

322 Mean Discharge Coetiicient of the Orifice

v

can be written for the total otmlow through the orifice as

19 - '

e Y i &t ) d

To obtarh the mean dnscharge coefficient ot the lat‘eral onttce an alternate expressron

Q= oV, L_(hm-hoz) ’ S N N

~

o R -

-~

inwhich G is the mean discharge coefficient of the orifice and Vj is defined by Equatie'n N

(3.16). ;

- ' S 1t (Mo T g
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Replacing V;. in Equation (3.15) using Equation (3.16) gives . .
J ' ' -" . : . .
. | | oo
hoi ' ’
G- Ty, L(Sho v'L ) (3.17)
Lo 2 - ) '

. «
. Y -

. Substituting for \7] and dh In Equation (3.17) using Equations (3.5) and (3.7) respectively

S
'

7 -

. N.
(3.18)

H
-

lrite_grating'Equaﬁon (3.18) yields an expression’ for the oi:tﬂow‘through"the orifice. .
! i ' T e .
‘ . 3 :
.- w V -1 3:19)" -
toe » *q’ - C& —-1- ’ L(—i_ - -13_- l . ( )
<o %8 UAng - ng .

\

o

s Vi

Thus, the expression for the mean discharge obefﬁéient of the orifice Edo' can be obtained
. vt ' i ‘

using Equations (3.12) and @419. . K
L .Cao,;zjas(f(“:l"ﬁ).‘ 'l("oz "ﬁ)) B " (820) 7
N 1 T \ ..

N

In Equaiion (3:20), a.flow reduction factor of 0.95 is also used as in Equation (?.30). ' @

¢
4

' . ’ ~
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A serles of experiments were conducted in a rectangular steel ftume 25.4cm wude

AY

1.2m high and 6.0m long. The orifice models were located on the side of the flume at a’

+

Section T-(Figure 3.2) which was 360 cm from thje entrance to the ghannel. At the entrance,

_a system of baffles and screens were used to quell the turbulence "and to ensure a uniform
flow in the channel. The depth of flow 'ubs‘tream ‘of the orifice was measured at the

center-hne of the flume at Sectlon R (anure 3. 2) '

PIexngIass sheets were used to form sharp- edged or“hces 25 4cm in Iength The sill
‘height S and the height of the orifice a were the main geometnc variables conssdered

. (Table 3.1). - . ' C ' -

.t
4
t

. Standard V-notches were used to measure the discharge from the channel‘and the

L

lateral orifice. The point gages used to measure tha ‘'water levels in the flume and the
- ~n . P ,
respective V-notches could be read to the nearest 0.1mm. -?T he error in the measured

d:scharge was estlmated at 3%. The expenments conducted on'all the models pertam,to* i

<
»

fully ventilated nappes

.
, . . . -
<

3~4 MYS_S_O__BES!LB

Figures 3.3and3.4 show the. results of the expenments conducted to Vénty the

L4

theoretncalexpressuons guven by Equation (3.12) and (3 20) for L/B = 1.0, For these’

f igures, Table 3.1 provudes the detail of the geometry of the Iateral orifice fhodels used m

s
’

the tests. ,

Figure 3.3 shows th variation of the'mean discharge coefficient of the driticg Edo' \
with the vel_ocity parameter mn,,. The velocity parameter no; Wwas chosen as a main .

“ .

parameter since. ﬁot and ny, are-related for a given orifice height a. The sill height S

\ -

C




of the orifice above & channel bed is an important p’arémeter in the design of lateral

orifices used in water and wastewater treatment plants since it determines the quantity ot‘

' ﬂow that is deﬂected through the orifice.

L4

3.5 CONCILSONS | " g

From Figure 3.3 itcan be seen that there is a fair agreement between the theorettcal
and experrmental values of the mean discharge coefficient. - o ' - . ﬂ '
Figure‘S‘A shows the plot of the predicted and actual values of the total outtldw threugh

the orifice for the models tested. The correlation appears to be fairly reasonable.

~—

e ’ . -

]

- Ba.sed"on the theoretical and experimental investigations. the'.fottoyving tonclusions are
LT ‘ )

drawn; - ‘ ;
t B ‘¢
\

1. The meah discharge coefficient of the orifice is a function of the geometty

‘param‘eter uB (which denotes the ratio of the lerigth of the orifice-to the

width of the main channel) and the vetocity pararnéter ny; (Which denotes

the velocity ratio  V4/V; at the sill level of the orifice).

~

2 The sill height S 'and the gsifice  height a are important g'eemetrj'c
\ parameters in the destgn of- lateral orifices sinee they jointly determine the "
ratio of flow 10 be diverted through the orifice. .‘- . .
. 3: The expenmental data’ provides -a fair verification of the proposed
expressions for the discherge and the mean discharge coefficient of the

lateral oriﬁce. Based on the e‘xperimental results.'bne can conclude that the -

proposed expressions tor Cdo and Q, are apptrcable to rectangular lateral

orifices that can be as wtde as the main channel. ¢

'

ot
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; ) CHAPTER W
umcrsansncs OF LATEHAL WEIR-ORIFICE UNITS FOR . .
. ;. UNFORM FLOW DISTRIBUTION N OPEN CHANNELS .

H

~

41\mm" | :

Hydraulnc control deyices and dispersion condults such’ as flumes and manifolds are

wudely used for achieving uniform ﬂow dnstnbutnon among patallel process units in chemical :

water and wastewater treatment plants. In water and waste water lreatment plants open

channel type dev:ces rather than mamfolds are often used to dustnbute mcommg flow o

parallel process umts such as sedumentatlon tanks and aeration basins A rehable flow
d|str|butuon and equahzabon among the process units are essential to the operatlon efﬁcnency
of a process plant. For qxample a relatuvely uniform distribution of mixed liquor flows
among secomdary sedlmentatton basins is critical to the operation of the actwated sludge,
'system and to high eﬂluent qual:ty ‘ '

In open ché}}els to.obtain a uthm dnstnbutnon ofi mcommg ﬂow to process basnns.

snmple geometric modifications ta the side and bed of the main channel have been suggested :

-[53). Madification to the sill levels of rectangular lateral wenrs was suggested by Jain [35}

as a possible means of distributing the flow uniformly amoﬁg parallel basins. Chao [12],

Ben@field [7] and Yoa [79] investigated the characteristic of flow distribution devices or :
’\ .

structures such as submerged orifices and side weirs. In Chapter il of this thesis, a

theoretical and expetimenfel investigation-of the characteristics of rectangular. lateral

orifices was presented. The characteristics of uniformly' discharging réctangular lateral

wei'rs was studied by Carballada [11].

In this chapter, the study related to thé charactenstlcs of uniformly dischargmg

. lateral weimnfce units is presented. A methpd'to anatyse ihe flow through Iateral
‘ \

4



wair-orifice units in a flow distribution channel is also presented. The design procedure for
prp@ortioning the flow througﬁ the weir-orifice unit for a given inflow is discussed. The
pertinent structural and flow parameiers influencing the flow anq operation efficiency of the
unit are also examined. It is shown that the lateral ivgir-ori}iée unit can be p;operly
designed to ensure an outflow which' is a prescribed percentage of the channel inflow over a

. range of upstream ﬂo(y depths. The experimental data obtained in a test flume, are presented

. to brovide a verification of the theoretical ralatiohship between the geometric and
. k ! i ' . ! - N
» _ hydrodynamic parameters of the lateral weir-crifice flow.

a2 nﬁgaammxamm
421\&mmﬁe1mm ]

BN . ¢ " '~ N
~ For purposes of analysis},a singld rectangular lateral weir-orifice unit (Figure 4.1y -
v

located in_the Slde of arectangular channel is cons&dered Let Q, be the discharge in the

— o t—

v
3

o
o

" main channel at a velocity V) anddepth Y,, Also, let c’:wo be the total discharge through

\

the welr-onhce umt In order 16 prednct the characteristacs of the laﬁal weir-orifice unit

wh:ch will give the desired uniform flow distribution, a functional relatnonsh:p between the

totat outflow Qwo and the geometric 'a_nd flow vanables need to be developed.\ For the

\

lateral weir-oriﬁi:e unit (Figure 4.1a), the tdtal discharge Q,,, can be expressed in terms of -

. r hY -
the pertinent geometric and hydrodynamic variables as follows:

Quo = ¢1(L. B, S;a, bihy, Vy, g Y) (4.
] T e R oo .
in which L = length of the lateral weir-orifice unit; B = width of the main‘channels; $ = sil

‘-
e

- . .
. ~ e . 0 + ~




height of the orifice portion above the channel bed (Figure 4.1(b)); a = height of the orifice

(Figure 4.1(b)); b = distance between the top of the orifice and the bottom of the weir; hy

= depth of flow above the bottom of the weir sill; V4 = mean velocity in the main channel; g
° ¢ e

= acceleration due to gravity; and Y = depth of flow upstream of the lateral weir-orifice

unit. :
' 4
Normalising the variables in Equation (4.1) yields

?

S b h :
A ._;..,pl) , (4.2)

4 ¢ .

wi—

'%Q"Qf”z(

Y

inwhich, Fy = V4NgY = Froude number of flow in the fain channel upstream of the

lateral weir-orifice unit when the depth of flow Y = Y. Here, Y,, is the #fiximum depth

of flow upstream of the “');'- '

»

In the analysis of the flow through the unit, three distinct cases of operation can be

considered. In the first case, both the weir and orifice are effeclive in \divening the flow

aid the flow depth Y is ata level h, above the botiom of the weir (Y = Y,). In jhe

second case’the orifice alone is effective and the flow depilv in the channel is at the bottom
sill level of the weir (Y = S + a + 6). (Figure 4.2). In the last case, the flow depth Y

coincides with the top of the orifice (Y- = S + a).

«  Equation (4.2) denotes the functional relationship between the discharge ratio Q, and

the weir-orifice parameters for the first'cdse when the flow depth Y is at a level hy

above the bottom of the weir portion‘él the unit. ) )

“\._ Wheén the depth of flow is at the bottom ot the wei;. forwhich Y = s + a+b, .
\ . y/

’
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Equation (4.2) can be rewritten as
S ook .S . b,
q Qfo 03( ) 1 T Fl ) (4.3) /

o

inwhich Q, -\dissharge through the orifice; ‘01 = discharge in the main channel atadepth -
Y =S +a+b; and Fy = Froude number of flow in the main channel when the depth of

f*;j
fow Y =S+ as+ b’
‘Similarly, when the depth of flow is at the top of the orifice portion of ihe unit, for

which Y = S + a (Figure 4.2), Equation (4.2) beoomgs

—

. . . ,3’
in which, Q, = discharge through the orifice; Qq = discharge in the main channel ata

depth Y » S + @ -andFy = Froude rumber of flow in e main chanel when the depth of_

flow Y =.S + a (Figure 4.2). The functional relationships given in Equations (4.2), (4.3)

and (4.4) are formulated to denote the dependence éitbe discharge ratio the geometric

-

(suwtufal) and flow (hy'drodynamic) parame!ers for flow depth at some level h, &ve the

bonom of lhe weir poruon al the bottomiof the wQar pomon and at the top of the ormce :

portion of tha unit respectweiy

\ 422 mmm:.mmummmmm
The lateral outflow through a free outet located in a two-dimensional channel has been

‘- »

nw
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analysed by a number of investiéators [27, 42]. - The discharge characteristics of
rectanguiar lateral weirs [11] and trapezoidal lateral weirs [Sectiém 2.3] have been studied
using the two-din:\ensional lateral outiet mode! [Section 2.2] as the basis of anélysis. In
Chapter lli , a general expressjon for the total outflow through a rectangular lateral c;ritice
_ was obtained on the basis of the two-dimensioﬁal lateral outlet model.

In the following section, the two-dimensidnal lateral outlet model discussed brietly in
Section 2.2 is again adoptéd to dEvelop a general expression for the total qutflow through a
lateral weir-oriiicé unit located in the siae'of an open channel. For the weir-orifice unit

(Figure 4.1), the discharge through the weir or the orifice is-obtained by adging the ffow

through the infinitesimal flow layers. In so doing, the local coefficient of discharge Cqy for

the layers of both weir or orifice dependé,pnly on the depth h of the layer below the free

1

surface and,the mean velocity Vy in the main channel.

- ln'dévaloping an expression 10Qe ﬂow\hro’ugh a rectangular lateral weir-orifice

1

unit, the followmg assumpbons are made : ‘ L - -

.1. "The bedof the main channel is hon;ontal
2. The ﬂpw in the main channel upstream of the unit is subcritical.

3. The length-L of the ufit in the direction of flow is limited 16 the widih B of

. the main channe| (LB< 1) . - . :.

4. ,For flow through a sharp edged weur ormce unit lhe ﬂow in the approach N

«channel is uniform.

‘JZQh in whnch h is the depth of the layer below the free suﬂace

»

Based on the above assum ns, and notmg %hat 1or each layer the etfectwe flow, area ts

,\, « . oLt . . )
.

[ ] . .
Ty ' N

5. The normal velocny componem of the 1et throdgh any. ﬂow layer is equal (8

S
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Cq4 L dh, the expression for thce total theoretical discharge Qo through the weir-orifice

unit can be written as

<
. s
- ( VoL ) \V L dh (4.5)
Qo h, G Y | +)o\B Y )\, -
in which, )
, h=Y,-8 -(Figdre 41) ’ | (4.6)
( hy = Y, - (S+a) (FiQU{e 4.1) - _ (4.7)
ad & - “~
hy = Y, - (S+a+b) (Figure 4.1) . (4.8)

a

In Equation (4.5), Vj is the velocity of the outﬂo\w jetand Cq is the local discharge

coeflicient of the infinitesimal layers of flow: In section 2.2, Vj and Gy were defined

respeclively as —

. v . ' . ) . e
Ve =Wieogn (4.9
: t ¢ v . < ’

and \

‘ . ' . . . ' ” {) i

Cg = Co + Cn? + Cyn* +-Cyn \ \ (410
in which n is the jgt velocity ratio and Co. C,.' C'z. and C; are constgnts given in
Equations/(2.5) to (2.8). T 5 :

Exptessing h in terms of n using Equation (4.9) and substituting for Cq in Equation, | N
(4.5) using Equation (4.10), the expression for Q,, canbe rewritten as .




]

Integrating Equation (4.11) yields

{ 29

“

- 9
3 ~ - *
V v
leo'—g‘—'l-gs (Co"' Cl"\ "Cz“ +C3'l ):: dn

—

\-\'(‘3.11) '

- 1
in which -
. Vi 12 1 ..
- "‘( ) - >
Vi 290, -9) ] - 1+—r((1-—$—)) .
' Fi Yu
’ »
‘ .

, . /
-

q ( vi L \172 1

7= 2 \ -

\Vi +2g[Y, - (S +a)] (1 2 (1 _ (S+2a)
* +F7l-

arﬁ ' . L]

" ( Vi . \1n 1 172
- 3 vlz\+29[Y“-(S+a+b)]) (14__.[( ((S+a+b))))

N

3 - Y i

VIL‘

(4 14)

-T' (“.l "%)-:'(“2 ' -%)+ l(n3‘, %): \(4.15_).'-

A}

in which
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e 4) =(ond) (3 ';;T) M) \wprh) @8
) . . . . N - B
3y (S | g 7
f{n ...'.-.)-(. 3\)('——+ )#(1-11)(——4» ) (417 '
( 25702 )\ _3%193— 2]\ <
LT ‘ : . ' ' e
. 'Qﬂ - ,
' v o T .
. L -1 "3) S ) (1- )(ﬁ_ 4.18) -
/f/(ﬁ; "'é') .(1 "3 ( 3 f—a%;“' MUY A +G | (4.18)
// . . J ‘3 .. o . R
. »//‘/) . b ‘ “ h — - . . N . .
o -+ The'discharge i?pe‘ma@n channel upstream of the weir-orifice unit a'tadepth'Yﬁa Yyis
given by Equation\(z*.&as; o . C A "
Q =BYY, o (419) .
In which, V4 is the mean velocity in the approach ché"nnel atadepth Y = Yu
Using Equations (4.25) and (4.19), the di'scharge. ratio Q, for the weir-orifice unit can
i be written as .-
S~ : i
[ . , . P
- % _q. 2L|‘.(-'L_"( Lty L .
L T . —61- = \q: .‘Fl .:-B-, ' T‘l‘ 1 -é-) “ ?‘2 [ _B-‘*- f “‘3 1 .-"B"")’ . . (4.20) \ ,:
. v
in which, . . ‘
v2 ! .
F2la Lo 4.21)
. LA (T .
. i e . |
SN - v
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\\ From Equation {4.20), the desired flow distribution ratio Qr can, be obtained by a proper

choice of the geometric parameters S, a, and b and the hydrodynamic parameter suchas_ --
. - ? -~ .

‘ . . " A : l . _
. 4.23 Simula riatiori of Dischar io_Q. with Depth Y - o

. Figyre 4.3(a) shiows a’re_ctangular lateral weir-orifice unit. For such a-unit, Figure
- 4.3(b) shows the simulated variation of t\he diséhar,ge ratigr Q,- with.the deeth ds the flow

~ ] . - “
' : . * . - )

g depthY increases from a minimum valugof Y ='S + a toa magdmum value of Y =Y,

n‘. 1

S+a+b+- h3 In the reglon AP [anure43(a)] the dnscharge ratio increases as the

depth of"Tow mcreases from Y = S to Y S + a., At thls level of floWdepth Equatlbn .
(4 4) gnves the functional dependence ef the dlscharge ratio wnrnhe@ment parameters '

-

- For values ofY's'S + a, the discharge ratio Q, \ncreases further, reathes apeek value
' . s . . s N e, iR
of Qr = Qp + Adr'at an arbitrary point say .G [Figure 4.3(a)] and thén dep(eases for. . .
o ' ) ) i s ) 1’ . '.‘.._ 5. . -
higher values of ¥ wntil Y = S + a + b. InFigure 4.3(b), AQ, denotes the.maximum : "

.
PN

. N A A TS T
- . s . s N . , B

‘deviation between the discharge ratio at the arbitrary point G ahd;ihe qeeigh -yalue"ofO, - . "

. . y S
° \ . ' . B . N S

Qqo. Attheflowdepth Y = S + a + b, Equation (4.3) denotes the functional relationship-*
“between the discharge ratio and the fn"aih parameters. Wheh the"value of, Q, teaches the .

\ R ) . _ N r ‘. ' . R . '
" design value of Q,, atan arbitrary point D' [Figure 4.3(a)), a weir fay be provided 1o -

~

- ‘augment the outflow from the ‘orifice portion of the unit such that Q, = Qo + 4Q,. As™ "

shown in. Eighres 4.3(a) and 4.3(b), at poiht F, Q = Q, + aQ,when the flow depth is at

~ L, \
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alevel Y = Y, =S Ya+b+ hy. The total discharge through the unit is the summation '

1
.

* of the discharge through the orifice and the weir portions of the unit. For ¥ = S-+ é + b

+ hy, Equation (4.2) givee the tu'nctionel dependence of the diécharge ratio with the releva_nt‘ .

geometric and flow parameters. .

o
Q - ~

43 EXPERIMENTAL SET-UP \

‘Experiments were conducted using three lateral weir-orifice models te verify the

expressions developed for the discharge ratio. The sill height S, the orifice height a ,and'

the distance b (between the orifice and the weir) were the main geometric variables (Table ’

4.1). t’-figufe 4.4 shows the schematic layout of the experimental set-up. The main cttannel
wis 6.0m long and was ;nade of steel plates. The sides of the channel were painted 10 render
itsmooth. Plexiglass sheets were used o form sharp-edged weir- -orifice umts The modet
was located at section T (Figure 4.4) which was 360cm from-the inlet to the channet 4“A

system of screens were used in the stilling basin to reduce the lQrge-scaIe

turbulence at the inlet sqction and to ensure a uniform dlstnbutton of velocuty across the

-notches were used 1o measure the tlow rate from the channel and

N

“the lateral weir-orifice unit. Water surface elevations and flow depths at three Iocatio,ns in

the.flume were measured with a point gage whose least count was 0.1mm. In all the,

, . Lot s .-

. experiments conducted, the nappes were fully ventiated. -

ueuem_eeaesu.ls

Tﬁe results of the series of expenments COnducted fo venfy the expressnons deVeloped

™

for ther dtscharge ratio Q, are shown in thures 4.5 t0 4 8. For all the senes Table 4.1

7
'

- prowdes the detalurs of the geometry of the lateral wetr-enﬁce unit. Figure 4.5 shows the

{

\

A\




33

L 4

\

varfation%f the disch'argé ratio Q, with the ?roude number F, when the flow debth is at

the top of the onrce For thus case. the theorstical discharge ratio can be obtained using

Equation‘(4. 22)

o % 2Ly L
QI'O = Ql = FI—B‘-'f(‘\l '-E-)% (4:2.2)

J

Here, F, and S/a are respectivé1y the main hydrodynamic and geometric parameters.

Figure 4.6 shows the variation of the maximum deviation aQ; in the discharge Tatio

} -
b

with the Froude number F,. Fo_r this situation, the geometric.parameters S/a, and b/a

'

and the flow (hydrodynamic) parameter F, are the important variables. The plots of the

1] .
NN ‘ '

variation of Q, and h'3/a with the Froude number’ F\ are shown in Figures 4.7 and 4.8

N e . \
'

© respectively. The theoretical values of Q, were obtaingd hsing Equation (4.20).,

i all the F‘F}’res preSented the expenmental results obtained (within the practucal
range of Froude numbers) appearS'to valudate the predncted relauonshups within acceptable
devnatlons o ' \ c o

Fmally, for the dnscharg;e through the lateral weir-orifice unit, Figure 4.9 showd the _

correlatuon between the predncted dnscharge and the actual discharge [Equauon (4.15)) for

the three models tested. The correlation appears to be fairly reasonaple.

- 45 S!.MMABY.AND_QQBKZLUS!QN
in the operatnon of water and’ wastewater treatment plants some of the maré

. fundamental éroblems are short term varjations in hydraulic loading caused by the variable '

AY

I3
\
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A

, inﬂdyv rates. Quite often ,\plants designed for a specified design flow are forcedto handle

-

~ “the much greater flow rates at some period of the déy. This practice can be inefficient in

=~ . Coe
many ways. For example, the flow distributed to individual process basins may be more

than the designed ratio at some period and less at other périods. It is therefore desirable to
- -
use aflow distribution device which is able to maintain a good performance within the

antrcnpated range of discharge ratios. To this end, a Iateral weir—onfrce unit can be used

etfectivety to distnbute the ﬂow évenly to the process basins over a range of incoming

duscharges when the ratio-of outflow to inﬂow is expected to Stay within a prescribed range
-of Q; to Qro +.4Q,.

1
<

The ratro Qr between the outﬂow through a tateral ormce-weir unit and the tnﬂow in.

A

the main. channel can be expressed as afunction of the geometnc parameters L/B Sla.'

i

b/a. h3/a and the Froude number F, of the approach flow. Experimental data obtained over. .

a range of Froude numbers appear to validate the proposed relatuonshrps such as Equatron

(4 20) wathm acceptable dewatnons

ey

B
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- DISCHARGE G—lARACTER!ST\CS OF RECT ANG:ULAR
. SHARP-CRESTED WEIRS

5.1 INTRODUCTION
- ’ > '
The rectangular sharp- crested weir is of fundamental Jmportance irt the laboratory and
in the field because it seves as a srmple and accurate device for flow measurement in opeﬁ
channels. Although this Is the primary purpose of the weir; the fact that I serves asa

control section in an open channel cannot be overlooked. Furthermore, the lowe'r surface

T protrle ot the nappe if. adequately ventllated forms’the basrs for desPnrng the sprllways of .

R .

a

For many years the problem of flow over fectangular sharmp- crested weirs has been

subject to several investigations (Table 5.1). A'mong the many problems about the

rectangular sharp-crested weir are those related to the discharge coefficient and the upper

and’lower surfaca profiles of the‘ nappe. Investigations on thase two aspects have been made~

for relatively high weirs, leading to the éstablish nt of the relationship between the

v

" discharge coefficient Cge and HW (T\ able 5'.1), where H is the upstream head causing'

r

flow over a weir of height ‘W. For studies related to the cufvature of the streamlines, the

pressure and velocity distributions within the nappe region of the waeir, limited experimental

~

results ‘are available in literature. i

kandas’wamy and Rouse [Sﬁ investigated the discharge characteristics of rectangular

sharp-crested weirs located at the end of an open channel. On the basis of thair

experimental results, they identified two distinct ranges for the flow gver rectangular

" sharp-crested weirs in terms of HW: The range of HW between 0 and 10 was




A
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arbitrarily designated as the weir range whrle the rangebt HW between 10 and oowas
arbitrarily deslgnated. as the sill range. Kindsvater and Carter [38) presented a
Aoomprehensive solution for the werr drscharge charactenstlcs based on the expenmental
results of other investigators and dimensional analysis For potential flow over rectangular

sharp-crested weirs several theoretical solutions have been proposed [16; 30, 43, 67).
i

N McNown [43] obtained some numerical resultls for the tl;w over a relatively htgh/

. sharp-crested weur throu ) relaxation techniques. Strelkol‘f [67] solved the problem of

two-dimensional irrotational.flow over a sharp-c_rested weir by contormal tranlermatrons.

He presented some numerical results which yielded the discharge coefficient for some values

“‘of H/MW. Han and Chow [30] investigated the characteristics of relativé’ly hign

PR

sharp-crested weirs through hodograph transformation. They presented some results for
the pressure distribution on the upstream face of the weir and within the nappe region.
Ftaiaratnarn and Muralidhar [50] provided detailed pre’ssure and velocity profiles within the

nappe region and atthe weir crest of rectangular sharp -crested werrs For the range of .

"HW covered in therr tests (0. 19<H/W<8 57) their results showed that pressure and

»6elocrty distribution at a location in the nappe regron can be described by a smgle curve

. Sarginson l63) reported the scale effects whrch can be attributed to surface tension and

vlscoslty f‘or ﬂow over a rectangular sharp-crested weir.
For flow over a rectangular tree—overall (HW = oo). several investigations Eyé been
made [28, 49, 61]. Hager [28] theoretically obtained the relation for the brink depth ratio )

using the momentum and energy principles._ Rajaratnam and Muralidhar [49] used the

H

" momentum theory to study the characteristics of flow over a rectangular free-overiall for

three conditions of the channel slopes.
As stated earlieri ‘existing expressions relating the discharge coefficient 'Cyq with

HW for the flow Gver rectangular sharp-crested weirs rely elther“on experimental results

1




]

o

ts

-

only or on the theory of ideal flows. In the present study, the charactenstlcs of rectangulac

AY

sharp- -crested weirs used widely asa hydraullc structure for flow measurement in open

channels is presented. A simple theory based on the experimental data related to the surtace

profile, pre'ssure distribution ‘and velocity distribution in the nap{e region of the ‘weir and :

generalized momentum relationship is proposed to predrct the relatlonshnp between the

dischar rae coefficient Cyq and HNV An alternate analytical method based on the velocny

' J dustnbutlons within the nappe section is alSo presented The predicted results based on the

two approaches are compared \mth the present result and some existing expenmental

results . '
l521 EunctmaLBelatmsh.n

For the tlow overa rectangular sharp crested weir shown i in Flgure 5 1, the tunctional

relatlonshlp between the duscharge Q and the marn parameters can be wntten as °

© ' \ . - .

Q -¢~s(~B, ’V\V;\ H, g, P.#..,O) ' ‘ e 5.1, . ‘ .

N
\

in whuch B - W|dth of the main channel W= wetr helght above channel bed; H -

A

upstream head causung flow; g = acceleratnen due tq gravnty. p = denstty ot~water k=

€

dynamuc viscosity of water. and o - surjace tensian ot waler.

-+ Applying the theory otdumensrons to Equation (5. 1) and re- arrangmg of the parameter

ytelds Equatlon 5. 2) )

‘ w‘ Q ) ' e H K w——q H\[_‘ . . Co ~. ‘. . - . } : .

N -Q i '_—L . -—L . ’
Solg o EEEE) e
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.

The discharge over a rectangular-sharp-crested weir can be writlen as /
‘ ' / ‘ ' /
Q = Cgo HBVGH - L : _ (5.3)

‘where Cde denotes the dlscharqe coeffncuent of the weir. Using Equatnon (5 3) and

recogmsina that the second and third terms in Equation (5.2) represent the Reynolds number .

\

antl Webber number respectively, Equatiop (5.2) can'be rewritten as —
BHJQ_H " m - °7( -W ] Re ’ We) ) . . 15.4)

; Aseuming th%t the'effects of the two relevani fluid p}operties represented by Ry eﬁd W,

are negllgable especially at h»gh flow heads [63], Equatuon (5.4) canbe rewrmen in terms’ o!

s H/W only Thus,

- ! H
; B[.h/aﬁ CCb.- o8( W- ) ¥ \ I (5.5) .
. An 'elterna/expressaon for the d|scharge coefficient can also be written in terfns of the

area ratio H/(H+W) as

Q

»
A
, .

The funcuonal relauonships given imEquanons (5.5) and (5.6) are developed 0 show the

dependenceofthedschargeeoeﬂic:ent cde onpebarameters HNVand H/(H+W)

’ N -

e . Ty
- . N

. te .
. . AR
3 % - ‘ e
N . . ’ '
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5.2.2 Traditional Equation for Weir Discharge Coefficient
v
For the flow over a rectangular sharp-crested weir shown in Figure 5.1, one of the
earliast theoretical approaches to deterh\u@ the dtscharge was put forward by Weisbach
[75] in 1855. Reasonmg that, as the nappe was ventilated above and below, atmospheric

pressure must exist at all points within the nappé, Weisbach [75] suggested | that the velocity

U atapoint y above the weur\tst\‘;gura 5.1) would be given by Equation (5.7) as

-

E] " R .

Vog (R~ .. -{5.7)

*in @vhich, H¢ is the total head Qbo‘ve the weir crest. The discharge per unil width q’ ‘

o
c?’ Al \ } N

passing througﬁ the weir is

1
- .

s (H H o '
q = jo Yy dy-.fo 29(Hy'-y) dy (5.8)

!

o

- Integrating Equation (5.8) yields

g _ : o x :
5 (e ~ e T

o

. implicit in the davelop.ment of Equation (5.9) is a further incorrect assymption that the

W 5 -

velocity vector U;, is hatizontal at all points within trie napye. Once again, if%ne ignor/ei

-

_the drawdow of the water surface as the flow approaches the-weir crest, the assumption

 could be made that ° .:~
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a .Uz . * - ) .
Hoalheg2) 0 Ty : (5.10) |
N . \(\x\ >
”~ ) ‘Q - . . -

/')) where U, is the mean »Jflocity in the approach channel. Using Equation (5.10), the discharge

. / ‘ per unit vﬁdth Niven by Equation (5.9) can be rewritten as
\ "

. 2 o 1. By (el ' .
. . q - - \’20 H __9 )3’2 - —2 )3/2 . . , .11 .
+ 3 i( + 29 , ( 29 ’ . ‘5 2 .
- ™ . - *
- o | ‘ ; §
3 +.To obtain the discharge coefficient C g of the weir, an {lwuate gxpression for q can be
P ’ . - '
.o written as ’ ,
"o . ~
] Vi -
- C o - ?.. ) '312 ' ’ *
S Q 3 vag chH (5.12)

N FRES . A
_h ' [ . .2 g —
F . N ' . . s \ ! !

\' ‘inwhic!?. o ) . ' K . r)
U | o ,“_5_122 3/2__ _qu_ ml C a® N .

‘ S "‘ Lt N w‘ \- , ,
N .
T e . L .
T : Ao '

- - . -

b ’

mal | angyerror solution !or cda Funhermoee. as shoWn in Fagure 5. 1 the flow pattern,

ptessure eribxmon. and veioclty o\,tribuuon witmn themappe and~l‘s approach clearly
shows that |ho assunpﬁons implied in Equation (5. 13) are incorract ’
. PR ‘& . . E
. /l w \ ‘
» ‘ [ Fy _ l

‘ . . . t ¥ . Lt
=4 .
. . . . |
v N .
. .
-
.

. ~‘: . Equahon (5.13). tradmonally used by vanous expenmemars Involves a nme consuming

6’

~
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In the following section, an approach based on the momentum fr‘elation'ship and the

experimental data related to the water surfaoe prolile pressure distiibution, and velocity

distribution’ within the nappe regton is uSed to obtarn an expression tor the discharge

A}

costicient Cde of the weir: Lo a AR

523 Qete___am_aL_Qdmn mm_t_e_Mo.menm__Betam_m '

Figure 5. 2(a) shows a rectangular sharp- crested werr located at the doWnstream end

of a smooth, horrzontal rectangular channel The upper and lower surtaces ot the nappe are . '

4

fully ventilated. As shown in Frgure s, 2(a). as the flow approaches the wetr the

meanvelocrty of flow increases considerably leadmg toa strong vertical curvature ot the

’

tlow profile. Consequently. the pressure dtstrrbutron within the regtons of the nappe will be

non-hydrostatic. inthe interior of the nappe-egion at Section Eg?[F.rgure 5.,?(a)l. denotmg

the maximum location of the lower nappe profile, the»pressure‘is not atmospheric
ponsidering the control Yolume ABEFJ [Frgure 5 2(b)] bounded by the upstrcam

Qntrol sudace AJ and the downstream control surtace EF, the following assumptlons are

! 1 .
made in applyun\tml momentum relationship to the weir flow: S .‘ »

1. The pressure drstnbutton at the upstream control section AJ [Figure 5:'2(b)]
is hyo‘rostatlr‘ : . \ : //'

.2: The momentum and kmetrc energy coetlrcnents at sectlon AJ. haye the value

ol unity. L

.
-\ 4

3. The boundary shear forces along the solid surface AB [Figure 5.2(b)] are

-

-

not srgnshcant ,
For the control volume ABEFJ the momentum relatronsbtps in a dtrectron parallel to the
dtannetbedcanbewmten as ' L \ . o r\-
, S . .
<
p) v




~
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“in whigh Pp = presgure force at the upstream section AJ; Pé = pressure force hg the

downstream section EF; Py = préssure force on the face of the weir of height W; 1 -
Q o speéific weight of water, g = acceleration due_ to gravi'ty; q.= dischdrge per unit width ¢

of"u}eir; B = mdmangum coefficient at section EF (obtained eiperimentally): Vg '=
vélocity at the-downstream section EF; and Vg, = _mean'velocjty at the upstream section™ '

b AJ'. ' The left hand side of Equaiionf.(s.u) can be written as

~ . .
. .

b

o ‘B - Pg. Pf“'(_'g-‘“*w)z)""a“(% (Yo)i)' K (% ('“*W)z)' 515

’ " . . , '. : . M ‘ i . “
‘ in wh?h KB -spressure ooeﬂ"cuent at section EF and Kr - pressure coefﬁcuent at the
. weir tace Both coelficients denote the devnahon of . the pressure lrom the hydrostatac .' T
dmnbutnon Usnng Equatnon (5,15) Equauon (5 14)cahberewrﬂtenas "' R ‘ -
.. YL’ ) : » \ “‘ ) Te T (
o (G eewt) kg (F o) - k(3 (Hew?) = a(qua Volts.16) .
B h M . 1 . \ * ‘\ . ) s s, . h .
LI . ~ " The continuity relationship between‘the two control sections AJ and EF ‘canbe written as . -
S K o ‘ DN e .
i ) . Q= Vo(H+W) = Vg (Y R C A b/ I
18 4 . . . ) " N ~ .
. | \ . ,
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.in which Y Is the depth of flow al sechon EF [Figure 5 2(b)] Usmg Equatnon {5.17), the

A

momentum relabonshaps guven by Equanon (5: 16) can be rewrmen as

/ . :I K ‘.. :‘ + 'o ~. .‘ '., , ‘.
. g . ' 2 . ' .~
(k) (wow?)- *a(03)-F( & mbw ) i

‘Subsmuhng 1or Q m Equahon {5.18) using Equahon (5 12) and snmphfymg the resuumg

expfessnon ynelds , T Ve

() (B (o)L 8 o BH. M) e

H o
" Equation (5.1§) can bp further simplified to yield L
L _ . o K3
' 2, Yol2 (12
- ) ( 1- N) ‘.;‘KB.( -HQ_)
Cda'. 3 , (5.20)
4 B H
{ W
o Y . —
= (1 + 2y o
H W w

»
- “

. ‘ - o’ ‘ g > f :
\,:‘:\h’yp‘:_ . ‘v - .,-.r N ’, .~. |
“in Equaiidn (5.20). the discharge\coeflioiem Cge Of the weiris expressed in terms of the

! \

!

' _'results and thew dependence oﬁ H/W will be dascussed ina subsecment secbon
> An- ahemate method ol deterrmmng the discharge coetﬂcnent Cde of the, weir bmed on

' durect uuegratwn of the veloéuty distribution at section EF (ﬁgure 52(a))is presented -

A

parameter H/W. The values of ‘YoM, Kg and K are oblamed 1rom the experimental

¥
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n Figure 5.2(c), let V(Y) represent the horizontal component et the velocrty vecior V
) atapomt y _above polnt E [Figure 5. 2(cE- Also let e represent the angle of
inclmation of the streamlme at elevation’ y at sectuon EF with the honzontal /\/’,
- discharge per unit wldth q-over-the weir can tge written ,as . - ,
. . A ‘ ' ’ . ’ ‘ " PR N A .
. - A/ d i Y vy . R ' x:"““..? .
L q = j Veosedy r?z (v) y od'fV(y)d(To_) (5.‘2.1) RN
in which Y, = dept ot flow at sbetion EF; and ay - thickness of 'an'rnﬁnnesir‘nal fow "
element at section EF [Frguresztc)] Let U be the reference velotity at an upstream Lo \
',{ ) Co v . NPT .
section of the weir andis deﬁned by Equabon (522) ;,, ST S
K . o v v P ' Y
Uy = \2gH R I N
. ‘ . . v N N . b
_ Then; dividing both sides of Equation (5.21) using Equation: (5.22) 6ne gets‘. i oL
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.Equation (5.24) can be fhnhér'sffnblijied 1o yield an expression forthe éischarge coefficient . -

1

e g B ) e
,\n o ' " Co v { | ) . | I
. ‘. '_‘ L ’ o N i
. Defining. . ' N
, L 'f ' | )
w () o(v)) (5.26)

in Vb)hi(;h,' A* -is an integrand denoting the,ar’ea under. the non-dimensional velocity
distributipn curve at section EF and a' is the velocity. distribution coefficient. Thus, -

‘Equation (5.26) can be rewritten as

4

' Gom 24 ((ZS_)A) o N .(5.27).- "

. : ! —
To calculate the discharge coefficient Cgq for a given HW, the values of Yo/H, @' ‘and

"A" have 1o be obtained from experiments. The variation of Y /H with H/W and the

* values of o’ and A for the ranges of H/W considered will be discussed later. B

53 EXPERIMENTAL SET-UP
Experiments were conducted in a rectangular, horizontal mild steel flume 60cm wi&e.
61cm deep and 6.0m lorig whose sides were painted to obtain a smooth finish. The layout of

v

4
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the apparatus. is shown in Figure 5.3. Thejsharp-r_:rested weir models were made- of
plexiglass plates 6.4mrn- tbick with a bevelled edge. Table 5.2 indicates, the range of
variables considered. S

“"The weir models were fixed at the downstream end of the flume. Proper stilling

devices consisting of baffles, perforated screens, and floats were'used at ihe intet section to°

ensure a smooth flow in the channel free fron large-scale turbulence.

A five-hole pitot sphere (pitch probe) of diameter 9.5mm was used to measure the -

total head at section . EF and section KL. The horizontal limb of the pitot sphere [48] was

tilted through a vertical ar’rgle to register equal pressures in the piezometers connected to *

the two holes a the top and bottom o{ the central hole. In this position, the central hole of

the prtot sphere records the maxrmum total head readrng For each location y along the
¥

vertical plane at sectron EF the value of the angle ® correspondlng to the maximum total -
head reading was reoorded It may be added that the maximum total head measured by the

prtotwsphere was found to be rdenhcal fo lhe total head recorded by a 3.0mm diameter

five-hole directional probe (Umted Sensors - DC- 125 12 -CD). The static pressure '

drstnbutron in the curvilinear regron of the nappe was measured using a screw-drivet shaped
static probe of 3mm external drameter |50, 58]. _This probe,\ when oriented along’ the
direction of flow, was found to be' insensitive 1o the curvature of the liow in the uenica!
plane. The difference between the static head and the total head readings yielded the
velocity head. The pressure and velocity distributions were measured at section 'EF, and K?

[Figure 5.2]. Statrc pressure tappings along the centerline of the channel bed and on the

weir face were oonnected toa manometer board to record the pressure vanatrons along the
channel floor and on the weir face The water manometers registered the pressure to the .

. ‘nearest mm. Near the top of the weir, the static holes of diameter 0.8mm were spaced at

3.2mm centers. For the weir heights of 3.2mm and 6.4mm respectively, the spaoing was

+
t

N

)
‘
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- \redur‘:e'd to 1.6mm and the hole size was 0.4mm in diameter. \'Nhere»the preesure differences
were very small, an tnélined manometer withwan i'nclinatiorvt of 1 in 6 was used’ to record the
pressure head. The water surface levels were taken along the centerlnne ‘of the channel with’
a precrsnon pornt gage which could be read t6 the nearest 0.1mm. The dtscha’rge over the ~
weir was measured usmg a Standard V-notch. The head over the Y-notch was atways in
excees -of 50mm and the maximum error in the dtscharge measurerrrent is estlmated (o] be

C 3%, ' )

54 ANALYSIS OF RESULTS
. 541 WalerSutaceDaa
) Figure 5.4 shows the cernpoeite plot of water surface profile of the ubper and lower
nappes of the ‘weir for the arbttrary designation_ ot the weir range (0<H/W<10) A srmnlar
plot ot the water surface brohles for some values of H/W wrthm the sutt range .
(10<H/W<eo) is shown in thure 35. As has long been realized, the head H over the weir
“must be measured at a conStderabIe distance upstream of the weir crest where the
" drawdown effects are neghgtble. For the expenmental results obtained in the present study,
‘. a distance of about 2H is recommended for values of HW within the weir‘range.

Similarly, for the sill range, a value of 3H is recommended. Figures 5.6 and 5.7 show the'

" variation of the depth ratio ho/H and Yo/H with HMW.  Here,- h_is the depth of flow at

f

. the weir crest section KL [Figure 5.2(c)). It can be seen that the maximum values of hegMH .

4

and - Y,/H appear to occur at HW = 10. An earlier study by Kandaswamy and Rouse

[37] indicated also that the elevation of the water surface of the upper and lower .nappes
attain maximum values at HNti close to 10. In Figure 5.7, the end depth ratio -

corresponding to the rectangular free-overfall (H/W = o) is found to be 0.723.

\ S
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54.2 Emssuze_anbunm_Q.ata ' ‘ ‘ C
For analysmg the pressure dlSlﬂbUthﬂ at sechon KL [Figure 5.2(c)],if p is the

pressure level at a normal distance -y above the weéir crest, the variation of plvh, with
T .

. AN

y/hg for the weir and sill ranges of flow aré shown in Figurds 5.8 and 5.9 respectively. It

oan be seen that the pressure distribution increases continuously towards the hyd}oététic
I

hne as HW increases upto 2.0 and then for any 1unher increase in HIW in the weir range,

it decreases towards the freg-overfall curve (H/W = ), For values of H/W withip the »

sill range, Figure 5.9 shows thé variation of the non-dimensional pressure pihg with

y/hg. It can be seen that the pressure distribution at the weir crest for values of H/W

! L

with the sill range ( 1bsH/W<oo). continuously moves towards the distribution c'brresponding

r

- to the free overfall.

Figures 5.10 and 5. 11 show the non- dnmensuonal pressure dnstnb?\ton atsection EF -

[Figure 5.2(c)]. The prassure level p ata point y has been made dimensioniess by the
ras \ ! i’
overall depth-of flow Y, at section EF. Figure 5.10 shows the variation of p/iY,, with

’

y/Y, "at section EF for values of - H/W wi:thin the weir range‘ (0sH/W<8.57). It can be »

' seen that the non-dimensional pressure distribution at section EF is a unique func}ion of

y/Y,. Bastd on the ho'h-,dim'ensiqnal pressure distiibutions at section EF shown in Figures '

5.10 and 5.11, the values of the pressure coefficient Kg for'the weir and sill ranges of

q

* flow are found to be 0.445 and 0.279 respectively.

Figures 5.1210 5.17 show the noﬁ»dirpensional pressure distribution on the face of the
weir for some typical values of H/W within the weir and sill ranges of flow. For some

values of HW within the sill range (10<HMW<eo) the sumof H and W is close to 0.667

x

-q

]
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L}

.- H,. Here, the sum of H and W canbe replaced by the critical depth d.. The values of the

N
. .

pressure coefficient K, on the front face of the sharp-crested weir were obtained with the

help of Figures 5.12 to 5.17. The v’griatior\ of the-computed values »of"' Ky with HW s

shown in Figure 5.18, — . ) .

-
N

5.4.3 Yelocity Distribution Data

Figures 5.19.to 5.22 show the plots of the variation of the non-dimensional velocity

distribution a;t sections KL and EF' “for the weir and sill ranges of flow. Tl‘w velocity
distrigution is 'mgde dimensionless by the reference 'velﬁcgfy _Uo k;42§ﬁ). At section KL
or EF, the depth at any point y lin the verticai pl?né is tendered dimensionless by, the
overall #ep;h of flow at“tha't section. |

At section KL, for the values ef, HW wighiﬁ the weir and sill ranges..Figu‘r’es 5.19

and 5.20 indicate the variation of the non-dimensional horizontal component of the velocity

vector with yh,,. Here, hg is the depth of flow at section KL. It can be seen that the-,

velocity distribution moves towards the free overfall curve as H/W is increased.

Similarly, at section EF, for values of H/W within the; weir and sill ranges of flow,

Figures 5.21 and 5.22 show the variation of the non-dimensional horizontal componeént of.the

velocity vector with y/Yo.' It can be seen from Figure 5.21 that a single curve describes

’ ’

N .

the'.velocity distribution at section EF for all H/W values with-in the weir range. A
siniilér observation can also be made for the values of H/W within the sill range (Figure

5.22). Based on the non-dimensional velocity distributions at section EF shown in Figures

5.21 and 5.22, the values of A® [Equation (5.26)] for the weir and sill ranges of flow were‘

. -
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obtéined as 0.1730 and 0.773 respectively. Furiﬁarmore. the values of ‘the mor'nentum'

_ coemcient ﬁ at §ection EF were obtained as 1.024 and 1.043 for the weir and sill ranges
. ' P
“of ﬂovirespacuvely .Also the values, of a' were obtained as 1.19 and 1.25 for the- weur and o

sill rang S of flow respechvely

J Fmally, if ¢ is the angle of inclination of the velocnty vactor V with the honzontal

plané at section EF,-'. ,Figure 5.23 shows the variation of ¢ with .Y’Yo for values of HW * v

- v

within the weir and sill ranges of flow.

-
hd ]

-544Mmmmmmmmd o Lo S
For any given value of HNV the pressurq dlstnbuhons were compared with the

‘ ’ ~hydrostatic distribution to compute the valuas of K; and. KB.i Using these values together
N { . :‘ t I '

with the values of &, B, A* and V‘OIH in Equations (5.20) and (5.27), the discharge f

coefficient Cgy, of the weir was obtained for the en'tire rangé of H/W. Figures 5.24 and

- 5. 25 show the plot of the variation of Cde with H/W based on Equat»on (5. 20) and Equation- '

\

" (5. 27) fespectwely The experimental data obtamed in the present study, the existlng
experimental study of Kandaswamy and ﬁouse [37] and the theotetical results of Strelkoff

[68] are also plotted in figures §.24 and 5.25 for qualitative comparison. From Figure 5.24

. ' ' * ° -
and Figure 5.25, it can be seer that the maximum value of Cy, occurs at H/W =10.
Y

Furthermore, for the range 8.0<H/W<15, a smooth curve describes the predicted values of

. . . R ”
cde' A comparison of the values of Cde obtained using the two analytical methods show a

-

maximum deviation of about 10%.
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Through the combination of detailed ex_periméntal ,meaeurements‘ and a sirnplilied.- ’

. theoretrcal approach, information is at hand for the coelliclent'ol discharge "of ‘a

sharp—crested weir as the weir parameter HW vanes lrom zero to lnﬁnrty Based on the

' X results obtarned it can be concluded that the dlscharqe coefficient Cqgq lor llow over a

»

- rectangular sharp crested weir in the weir range (0<H/W<10)* and in the sill range

(10<HAN<~) can be related to the weir parameter H/W. The proposed de'pendence of Cde

on H/W based on the two expressrons presented and the expenmentally denved quantities

is in close agreement wrth the present expenmental results and otl}quublrshed results {37,

67].
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CHAE'IERVI

HYDRAULIC CHARACTERICTICS OF THE SQUARE-EDGED _—
AND ROUNDNOSED RECTANGULAR BROAD-CRESTED WER N

6.1 L ’

The necesslty for gaging, structures to measure flows more accurately and

econOmrcally has lncreased signficantly. with -recent developments rn waler resource

planning. The on-site determination of the flow rate is often th'eﬁkey to the operation

elllcrency ol a water resources pro;ect This is particularly true of irrigation and

- hydro power developments whlch require that the flow rate be measured accurately

' However, measurement of llowrng water is also important in other areas such as waler

supply pro;ects fiver engrneenno and hydrologrc studnes on water- sheds

Hydraullc structures suchras rectangular broad crested WGII'S wrth sduare -edged or

. round-nosed upstream corner are wrdely used i ueld angd laboratory channels for open

L channel flow measurement The werr has an ad,vantaqe over other ﬂow metering structures

such es the rectangular sharpcrested welr because ol its good range of drscharge and high

. modular lrmrt Floundmg the upstream comer of the’ square edged rectangular broad- crested .

welr increases the dlscharge ooellicren( and rentns the weir to be less sensitive to snt

deposition at the upslreem face. in addition, rounding the upstream corner prevents or

' eliminates the separation pocket at the upstream corner of a square-edged weir which is a

primary source of energy loss.

\ '

In recent y}ars the charactenstlm ol flow over rectangular broad-crested weirs has
been the 'subject of many investigations [6, 19, 24, 31, 46, 65) aimed at avolving empencal
expressions lorQhe digcharge coefficient of the weir. Woodburn [78] carried out a

comprehensive experimental study of the characteristics of rectangular broad-cresled

vy .
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weirs under free-flow and submerged flow conditions. On the basis of boundary layer

thedry. Hall [29] de‘rived an expression for the Iree-flow characteristics of a square-edged

-~

rectangular broad-crested weir. He ventted his expréssions using the experimental data of

ES

tﬂ Bazrn [6])- For the flow over a rectangular broad-crested weir with an inclined upstream

. sq'uare-edged weir i

face Bos 18], Ctemhsens [1'3] and Replogle [59] provided srmptrhed design procedures based

on ratrng tables covenng a wide range of flow variables. For the flow over a broad-crested

_ weir with a round-nosed upstream corner, Harnson [31] derived an equalion for the

drscharge coetfi crentjbased on critical flow, theory including an altowance for-the boundary

Jayer development on the weir crest. Singer [65) showed conclusrvely that the weir length

) and weir height has a notrceable ettdct/6n the discharge coettrcrent of sguare- edged

' rectangular broad-crested werrs Doerrngstetd and Baker [19] developed a theoretrcat

expressnon 1or the discharge over a square edged rectangular broad-crested weir based on
the mo_mentum relationship. They assumed a hydrostatrc distribution of pressure on the
upstream lace of the weir theréby neglecting the effects of the approach velocity. Based on

»

earlier studies, Tracy {71] presented a comprehensive review of the characteristics‘ot flow

" over rectangular groad-ereste'd weirs with square-edged, round-nosed apd inclined up&tream

-

corners.. B o i

ln the study presented in this chapter. the hydrautrc charactefrstrcs ot the

éobtarned considering.the non-hydrostatrc drstnbutron of pressme on

the tro?t face ot the wetr For the round- nosed rectangutar broad-crested werr the effect .

of rounding the upstream corner ot the werr on the !Iow charactenstrcs is examrned An

expression tor the weir drscharge coeﬁrcrent is obtained based on the momentum pnncrpte

*

Experimental resutts obtarned wrthm the broad crested werr range (0. 25<H/P<t 20; are

presented lo vatrdate the retatronshrps propo‘Sed

- ‘ ~' ) te 0 -
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- - . 6.21. Fubctional Relationshios | A . \,.
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N *For the free-flow dver a smooth btoad-crested weir with a square-edged or
N '\) / -/ N . i : [ ] G

. \ ‘A .
- . . réugd;gosed upstream corner.(Figure 6.1) a functional relationship linkingathe main flow

L : Vdfigb‘éﬁ\:yaybéexpresseddsfouows he : ’
S s r_‘;. q
L \_.°xo('q"*-'-w-”-'€,'°)-° . (6.1) ,
. ‘/..- vt o / L. ' N . < ) .

;’ ' ,d‘p which q - discharge over the weir per unit width; H = upstream measured head; Ly =
K », 3 *1_ K:" 0 . a .

-}(
N AR

N . s . ' )
. . ¢ length of the weir=P_="height '91 the weir;- R = radius of the upstream corner of the weir ’

- Vo 2 - -).' . *
y L Fflire 610 ¢ - ‘acceleralén due to grayity and v = ikinematic viscosity of the liquid.
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. .Dimensional analysis followed by a regrouping of the pertinent parameters leads to the

I “~ e ?‘“fa'viilia} forin c\y Eqbatien (62). . - ) ) i .-/
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“ 4+ & = .In Equations (6.1) and (8.2),46,06?9 0,, are pynknown functions and -Cyq,, is the .

( g T e dimensionless we{r'dischargg coefficient. Noting that thedourth term on the right-hand side '.
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S }’ o ", ol Equation (6.2){e’p>Qents thé Réfynolds number (Rg) avhich incorporates the scale e
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number Rg = (H«Fﬁ)/u anda number of rndependent length ratios involvmg the head and

¢

,lhe physsca\ drm@nsrons of the werr The mam ob;ettrve of lhe lest 1o determrne the

effects of rounding the upstream tod corner on de. Equation (6.3) indicatesthat one can

\ .

. j‘) o . . ‘ \ ~
.’ study the effect of H/P ’ar@RIPf on, Ggy by conducting tests on'weir models for whi$h~

#

- .
P/, is held constant sm&-‘n’;’wrll ha\ve very large values and hence will not affect Caw
; . 5 . ' ‘ Vs :

N . '_ \ -
very muche \\ ¢ B
|  arexorechon orthe sschace costian)

. -0

is presented. o : e ?
- . -

A
§2.2 mm;mmmmmnum\ O

Based on the momemum reratronships qgeneral expresswn lor\qe werr drscharge
coemcren( can be developed For the free-flow ow‘er the broad crested werr the ronong
assumpﬁ@;aﬂiemade. a\‘_ . L :

.The r.hannel bed and the Weir crest are

‘thhouzomal T .

- )
, 2. 'The ettec&s of boundary shear. among the control surfaces AB and'CD [Frgure

. ".61(c)lareneglrgrble S Y S »

?

. 3. For the oontrol volume ABCDEF [Figure 6.1(c)] the pressure distribution is

the lLow is parallel for 0. 083 SH/ L, <040 for 0. 25 < H/P < 1.20). * p

~ N v

' N F R "The vetocaty coemcrent at the control sectrons (AF and DE) is umty

For the control voiume applymg the momentum equatrdn ina dlrectron parallel to the

- R PR U

' channelbedyrelds Lo o : S
- . ', Y . ‘ . ) "" , ‘, ) ] N
\ o . ' ; ; ' L N
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@ PieM =FoiPye My « . ©4)
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+ In the.topow‘rng-,section. an-expressh n forthe discharge coefficient de'°' the weir.
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. . ,

. hxdrostatr“c at the upstream section (AF) and the downstream section (DE? where

.
.
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in which, P, = external pressure force acting at the upstream section AF; M, = -0

momentum rate al the upstream section; Fp, = external pressure force acting on the

‘downstream section DE: and My = momentyg rate at the down stream section (DE). At

L/

sectioh ,DE, the flow .lin.es are nearly parallet for the range ot H/P considered. At the

upstteam and downstream sections AF and DE respectively.. .
f . 1
i p)2 .
R« L(H+P) 8 (89
: (
l . .
. w « ]
v \
j<"l. : B 4 :
. )
"pel(d)2B ‘ 6.6
: P:"z,(d:) B : ( ), .' .
‘ L .

in which, B = _width of the main channel: ,d3. = depth-of flow at section DEand v =

[P - . :

C v o (I 2 *
+ gpecific weight of fluid. The external force on the weir face Fp can be written as
' , ’ - . |1 Yo ’ ' ‘ l ’ .
N K,,E( _ff(zH,P))e - (6.7)
v : . " ' ) . ' + o .
v . ] ' ) . l
For the weir face, Kp is a coéfficient which accounts for‘the deviation of pressure ;rom
..hyd%s!atic distribution. ’ . . <. ]
The momentum rates,at me\@gmrol sections AF and DE are respectiv‘e‘y. o ‘
: . . Y > ' ] . ' o "N
. ‘ ) . .
v \ - N .
/ .
. . iy
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-in which, V and \/3 are the mean velocities atl the control sections ’AF and DE

P

. respectrvély and ()W is the drscharge ov the weir. Usmg Equations (6 5) to (6. 9)
Equatron (6 4) can be rewritlen as ; N ) T : -
y /0 3 l e . : ' |
Z(Hep)} B (q,, v)\. Kp{( (2H+P»Bt (4, B+5(Qy %) (6.10)

2
- ) h : v

The eqdation of continuity for the two control sgttions considered can be written as

e-

_F' ‘ . (N < I
I i
V,(H+P)B=V,d,B=0Q, R (6.11) |
. “ : DR ’

!

. C . LA
Usinngquation (6.11) in Equation (6:10), and further simplification yields

’

3 A
< 7 :

Fora rectangular broad- crested weir, assuming critical flow on the weir crest with no.

~

.
&

N

boundary layer development the' expression for the discharge can be written as

’

. \ ’
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= in which Q,y is the discharge over the weir and Cg,, is the toefficient of discha:ge. Using

Equation (6.13) in Equation-(6.12), and further manipulation of the rqsulting ekpres‘si‘én

)
yields Equation (6.14) as

A . , ' ' ’ N )
The values of Kp and dy/H can be determined experimentally for a given weir geometry

(P/L,,, = constant) to obtain the discharge coefficient Caw-

6.3 EXPERIMENTALSET-UP

in order to chack the validity of the proposéd relationships, experiments were carried
outid a horizontal glass-walled tilting ﬂumq (Figure 6:2) 6.0m long, 25.4cm wide and 51 cm ¢
high. The floor of the flume consisted of polished stainless stleel p]ates. The b‘road-cres'ted
weir models (Table 6.2) weré made of plexiglass. The welr models were fixed at a distance
gt 300cm from the inlet section. At this section, stilli;lg arrangements were provided to
ensure ;mikl’rm ‘ﬂow in the channel with very low turﬁulence. Pressure:taps 0.8mm in
diameter were fixed normal to the weir 7urface along the center-line of t_hg model at
intervals of %.S«:m. These pressure taps were more cl;osely spaced near the corners of the.
model. Surface'pressures were recorded on a bank of water manometers. The surface r
pressures were meassured to.the nearest mm. The waler surface levels were recorded

along the cenier-}ine of the flume *

R CEC
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for each test run and the discharge over the weir was measured with a standard. V-notch.

'The water surface’levels and the head over the V-notch were measured with precision point
gages whose least count was 0.3mm. The upstream flow head was measured at a location 4H
from the upst}eam face of the weir. Here, H is the ,q\aximum upslream head for each
series of tests. In all the tests conducted under free-flow coeditions. the'nappes at the down
stream end of the weir were.fully ventilated.

S , . . \
For submerged flow tests, the tailwater level was adjusted to obtain the 7£essary

_submergence ratio Sy,. Furthermore, for each weir and test run, the submefrgence limit

) was also noted.

\/
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6.4.1 Water Surtace Profiles
'Figures‘ €3 t0 6.9 show the non-dgnensional water surface profiles for the

broad-crested weir ﬁ'to'dels tested. The upstream head H (Figure 6.1) caueing flow is used
' N

~ -
to render the depth of flow Y' reckoned above the weir crest and the distance X,

measured-from the upstream end of the weir (inset Figure 6.3) dimensionless. From these

profiles, it can be seenthat the approximate limit where the surface profile is horizontal is

at a location 3H from the upstream face of the weir. This is the nearest location where a

\

gage well should be located to measure the upstream head correctly. For the range of HAL,,

covered in the test (0.083<H/Lw50.400 Table 6.2), the water surface profile for each weir

model (represented by R/P) decreases from the upstream face of the weir and reaches a
oonstanl value at the downstream end. Furthermore, in the range 0.25sH/P<1.20 tesled a

regton of nearly parallel flow existed over the weir crest. The depth
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correspdndir\g to parallel flow and the depth at the brink are denoted as d, and d,

respectively. Similarly, the depth corresponding to the critical flow at a point on the weir

crest is denoted as dc (compdted based on the assumption of paralle! flow on the {n(eir). '

L

o :
Figures 6.10(a), 6.10(b) and 6.10(c) show the plots of the variation of dy/H, do/H and

dJH respectively with R/P. These ratios increase with an increase in R/P. These trends K

are consistent with the decrease in the energy losses associated with increased rounding of

tﬁe upstream corner of the models. Additional details on the effects of rounding the

upstream corner of a square-edged broad-crested weir are discussed in a subsequent

section.

[
a

.

64.2 Pressure Profiles - ‘ ’

Figures 6.1116.15 shdw the distribution of uthe static pressure heads along the front .

and top surfaces of the weir models. For models with round-nosed upstream corner, the

radial, static pressure heads registered normal to the curved surface are resolved into its

.

" two components (inset Figure 6.12) and plotted. In all the pressure héad profiles presented

(Figures 6.11 10 6.15), it can be seen that the pressuré head deviates from a hydrostatic
distribution towards the upstream top corner of the weir. Furthermére, it can also be seen
that on the top upstream e‘dge of thedweir crest the pressure h‘ead levels decrease sharply.
This may be attributed to the downward acceleration of the flow in the proxlimity of the
upstream crest region.

For all the models tested, the horizontal force on the front vertical portion of 'the model

was added to the horizontal component of the radial force on the curved surface to determine

Y

the total horizontal force Fp in Equétion (6.7). This in turn yielded the pressure‘ coefficient

’

%
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Kp .given in Equation (6.14).

6.4.3 Weir Discharge Coefficient: Fr
For free-flow conditions over the broad-crested weir [Figures 6.1(a) and 6‘.1(6)].

o>

tests made to determine the coefficient of discharge Cy,, involved the measurement of the

~

upstream head H and the discharge Q,,. The experimental and predicted values of the
discharge coefficient Gy, for a given head were obtained using Equations (6.13) and (6.14)

respectively. Figures 6.16 to 6.21 show the variation of Cgw' With H/P for the models -

tested. In general, it'can be observed that the agreement between the predicted value of the

discharge coefficient [Equation (6.14)] and the actual value. (based on the measured

discharge) is fairly reasonable. ‘ .

6.4.4 Rischarge Reduclion with Submergence
For the flow over a rectang\ular broad-crested weir, the discharge Q, wnder
‘ submerged flow conditions can be obtained by the introduction of the drowned flow reduction

factor f (= Qp,/Qq,) which is the ratio of the diséharge Qpy, under submerged conditions to

the dischrage Q,, thatwould have passed over the weir under a head equal to the upstream .

head H. Accordingly,

Q Qn ‘ \
’*q:‘ e . (6.26)
3 N3 oH Giw o ,
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weir is 1o increase the coefficient of discharge by eliminating or reducing flow separation at

Figures 6.22 to 6.25 show the variation of f with the submergence ratio H,/H for some

' i
<of the weir gnodel's tested. . '*\ ‘

' 6.45  Effects of Rounding the Upstream Corner

The radius R of the upstream comer of a round-nosed reciangular broad-crested weir

4

influences the flow characteristics in two ways as outlined b'y Harrison [31]: first, if it i§.

too sharp (R/P—0), separation of flow can occur at upstream corner of the crest; second,
the depth of fiow at the upstream end of the weir is influenced by the radius.

The.effect of rounding the upstream corner of the square-edged broad-cres‘te&
the crest which is. a primary source of energy {oss. For the flow over a broad-crested weir

with rounded upstream corner, it has been suggested [31, 78] that the discharge coefficient

Cqgw increases due to the reduction of flow separation as R/H,, isincreased up to 0.11.

Here, Hp,a, Is the maximum value of the upstream total head H, for which the flow over

the weir crest s parallel. It was also stated that Cgw did notincrease significantly when

R/Hpax Was increased beyond 0.[/1. To further analyse the results of the present '

investiénation and to show the eﬁeéts'of' rounding the upstream corner of the weir on the |
. . 5
flow characteristics, the following classifications baigd on the degree of rounding of the /\

upstream corner are considered: ‘ ’
1. The weir is 'slightly rounded’ (0 < R/P < 0.094), if the rounding of the upstream
 comeris very small ‘and it does not atfect the flow characteristics such as water

+ surface profile, pressure profile and weir discharge coefficient. .
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2. T.ht; weir is ‘moderately rouﬁdéd' (0.094 S RP < 9.250). if the_rounding of the
upstream corner is consid'erable and it reduced flow separation and Is als-o
effgctive in increasing the discharge coefficient.

3. The weiris ‘well-rounded (0.250 < R/P's 1.0), if flow separalion is essentially

iy eliminated and the discharge éoefﬁcient has attainea the highest value. Fimher
roundmg beyond RP = 0. 250 does not alter the flow characteristics.

Onthe basns of the above classuﬁcauons of the weir in terms of R/P, the data obtained

' un the present study are ,reploned and shown in Figures 6.26 10 6.29. Figure 6.26 shows the
" non-dimensional water surfate profiles for the three groups of R/P mentioned above.

Figure 6.27 shows the static pressure profiles along the pefiphery of the model for a typical -

value of H/P. The static pressures is non-dimensionalised\by the variable (H,+P), while the

distance X' measured from A’ to Gf(inset, Figure 6.27} is non-dimensionalised by the total -

peripheral length of the model from A" to G . The variation of the discharge coefficient

édw with H/P fof the tﬁree groups of R/P Is shown in Fidurq‘szs. .Furthermore, Figure -

6.29 shows the variation of the flow reduction factor { with the submergence ratio, HEH.‘ In

general, it can be seen that the three classifications of the weir in terms of the parameler
R/P which represents the degree of rounding of the upstream corner of the weir holds good

for both free-flow and submerged flow conditions.

6.5 SUMMARY AND CONCLUSIONS _
The E:haracteristics of flow over a square-edged and round-nosed rectangular
broad-crested weir is shown 1o depend on the parameters H/P and R/P. An expression for

the discharge coefficient is obtained based on the momentum principle. Based on the relative

"'effacts of R/P on the flow characteristics, three ciassiﬁcatio'ns arg identified to denote the

/

N

*
*
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, degree of rounding the upstream corner of the weir. The following.conclusions can be drawny,
on the basis of results obtained :

1.

-~ 4

a

* Rounding the upstream corner with 0.000 < R/P s 0.094 seems to have no -

coefficient Caw iricreases gradually as R/P -ncreases from 0.094 to 0.250.. -

o The.upst}eam gaging position for

~

The waltcr surface and static pressure profiles arg determined principally by

- the radius R of the upstream corner, the crest length L, and the weir

-~

height P. The discharge coefficient Cyy,, depends on HP and R/P.

,effect on the nature of weir flow.’ Rounding in this range of R/P tends 1o

. behave.as a minpr perturbation to the weir oeorrietry. The weir discharge

[

"broad-crested weif should be located at a dist’anca‘ 2H upsiream from the

front face of the weir.
Submerged flow over the weir can be obtained bythg introduction of the
drowned flow reduction factor - f in the broad-crested weir range (0.25 <

H/P < 1.20) as shown in Figure 6.29.

¥ . '
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both s’quar-e-hedge and round-nose
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71 NBOUCTON .

The ﬂo& of an incompressible ﬂuid pasta rectangular ;'Srismatic body ach‘ed toa -’
plane boundary is of great ﬁ'?portance for such dlverse apphcatnon as wind loads on
man-made structures‘ the est\matlon of head loss due to obstructnons in"air ducts, the
resnstance ol isolated. roughness eléments, and the hydraulic resrstance of rectangular
weirs. In most of these apphcatnons roundmg of the upstream comer of the‘body improves
the flow characteristics srgmhcantly For example in Chapter VI of this thesis, it was
lobserved that rounding the upstream corner of a square edged rectangular broad-crested
weir increases the drscharge coefficient signmcantly ,

Several researchers have conducted expenments usmg a two- d mensional rectangular
bodylocated in midstream ol-hmte or mtnmte extent. As aresult, a consrderable amount of
use!ul intormatien has been gathered with regards o the form drag. coefficient of the body.
The flaw characteristics past surtace-mounted rectangular bociies cannot be directly
inferred from existing data retated to centratly-mounted bddies as the oscillations: ot the
flow in the near wake of surface-mounted bodies are not present.

Delany [17), Lindsey [4t] and Rhosko [60) have studied the form drag characteristics
of various centrally-rnounted rectangular bodies. Vickery (73] investigated the fluctuating
lift and drag forces acting on surface-mounted rectangular prisms in turbulent flow.:

Bergelles [8], Good {25] and Laneville {39) performed detailed experimental studies of the

flow past various two-dimensional surface-mounted objects. Lee [40).and Ramamurthy [52]

v




provided expérimental data on mﬁrég cofficient of rec{angular and triangular prisms at
various blockage ratios The etfects of rounqu the edges of several centrgly mounted
- rectangular bodies on the form drag ooefﬁcnent has been reported ty Hoemer [33). -

ln the present study, an experimental investnqatlon of the aerodynamic dra_g'
'céemcienl ;:l surface-mounted . reétang‘ular' broad.crested weirs was carried out.

Experimental data was collectcd to study the eﬁect of rounding the ubstream corner of fa

square- adged reclangular broad-crested weir on the form drag coetficient. ~

The phenomenon of flow-over a.rectangular broad-cresled‘weif‘is greatly influenced by

bothi the non-linear conditions at the free suﬁépe and by gravity. Thesa gani;ions' include
the presence of surface waves and a bnditudinal ;;ressure gradient. Undér ﬁe_la'condition;;, ‘
the associated Reynokds number is relatively high and does not signiﬁéhntiy influence the
~ flow characteristics. Consequently, in the simdlaﬁon of free surface flow models only the,
Ft\oude criterion s considerpd. ‘However. dfmepsional ;nai'ysis of the flow ove;‘ a
" broad-crested wair shows that the discharge over the weir' is’a function of nat only the |
geometric parameters and Froude number bu( also the Reynolds number (section .6.2).
Nevertheless, in laboratory or model studies of ine flow over rectangular broa‘d-c?ested
waeirs the role of Reynolds number is often under estimated or omitted in the analysié.‘ For
flow over a r/ectangular broad-crested with a free-surface, the improvement of the
discharge coefficient may be due 1 the significant requction in the form drag }xpeﬁenced by
the weir as a result of rounding the upstream comar. Thus, one may conclude that the form
drag and hence the.Reynolds number are also‘ impon‘ant parameters in the analy'sis of flow
over the weir. 1t can be deduced from flow modelling criteria that either the scale ratio of

the model has 10 be unity or the kinematic viscosity of tha modalling fluid has to be changed
. .
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-suitably if both Froude number and Reyriolds number are 1o be satisfied simultaneously.

;-

However it is difficult to adopt either of these condilior\s in the laboratory. A possib&e
anernatrve ts 1o-design and oondud thé expenments deliberately ehmmatmg the enects of
& ‘ " one of the parameters (e.g. Froude number). In the w:nd tunnel the free- sudace eflects are

. —_—

neglecled and the flow is ‘govemed enurely by the Reynolds cntenon ThLS the wind tunnel

!est may prowde the necessary dataon the role played by the vrscous 1orces L o

. The expenments were camed oulin a \ow soeed Lopen gircuit wmd tunnel{Figure 7 1)

) wuh atest secuon 25 aem \mde énd 50.8¢cm long The hergm Hy ofthe test section was

¢ 4

35 gcm. The air. speed in the 1est declion could be varned from 6 m/sec 1o 36 -misec.
' Turbulence raducing screens wera mstailed upstream of a conUachon cone which praceeded .
the test sechon The. baSit.'models chosen for the study were rectangular broed crestedﬂ
“weirs whose henght P was 10. 16cm The sudace mounted models spahn:d the width of the |
. . “lest secbon and were 30. Scm lono (Figure 7.2). 'Ihe models were made ol plexiglass sheels.
Teh mode{s wrth upstream comaer radii ranging from 0. 00 to 10 §| scm were lesled (T able
‘7.1).. Pressure taps 0. amm m drameler ware provided 1o measme lhe drsmb(mon o\i
suriace pressure along the centeriine of the model. The taps were gengrally space&sat"
, 12 7mm centers along lhe upstream face and me spacmq was reduced 10 3.2mm near the
. comers: . The models crea!ed a blockage of 28.6%. The pressure level along the madel was
recorded with the help of an inclined airflow manometer which read pressures 10 the neares!
0.1mm of water. The velocity at the entrance to tha lest section was obtained with th ’he!p

i .
of a pitot tube-micm-maﬁpmoler combination. This in turn was correlatled to the meen 1

undisturbed velocity U_, at the test section. The free stream turbulence level in the test
o, 1 .

' '
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section was close to 1% and the boundary layer thickness & in the test section was very
{1

thin (5/P20.03): The maximum value of & in the test section was es imated'as 3mm. -
During each test run, the air temperature and barometric pressure were \rec‘orded. The air
temperature recorded was accurate to the nearest 0.25°C. Graf)hicai integration of the

pressure distributions on the front and rear faces of the models yielded the value of the form

drag coefficient Gp.

74 ANALYSIS OF RESULTS o | . -
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Figures 7.3, 7.4 and 7.5 show the effect of the radrus of the upstream corner of tr}e

)

¥

weir model on.the surface pressure distribution. The pressure distribution coefficient C, is

p.

deﬁnedQ@uaﬁon]?J). ~ . L S e .

» . ) -
, .

. ? . - R i .
C.= ._E_B_“_ ) - (7.1)
P. -%-(p Ui) . P

o

b

LN
-

in which p = surface pressure at any point on the model; pwl-‘stagnalion pressure recorded

. ' . - .. ’ ] ) . ) \ }
at an upstream section from the model; p= density of air; and Um = velocity of main
A p

o stream. In Fi ngures 73,74 and 7.5, the dostance Xis measured from the lower edge of the

i

front face of the model and is rendered dimensionless by the overall peripheral Iength Lm of -

- the model. Fhure 7.3 represenls a composite plot of the surface pressure distributions for
the models with* R7P < 0.008. . The degree of roundmg for these models is oonsrdered to be

slight. A perusal of Figuré 7. 3 shows that the pressure drstnbutuon on the surface of the’

t »
. & ot
. .



69

model is unaffected by the rounding of the top corner wﬁen R/P < 0.008. The Reynolds

» Pumber Ry (based on the diameter of the upstream corner) does not seem to have any
~

. effect on the surface pressure distribution in the range 750 < ReD < 3400. Clearly, fot

" eath model, flow separates at the upstream top edge and the correspondmg ve1ocuty of the ,

ey

'separating streamline Ug = 1.41 U,'o'- Fhe pressure distributions 6n the top §urface of these

models (Figure 7.3) does not clearly indicate the existence of a reattachment point as there

) is no distinct location where a significant pressure tise occurs, Figure 7.4 shows the

i o .
non-dimensional surface pressure distributions around models with medium degree of

iounqi'nb of the upstream corner. These models (0.047 < R/P < 0.250) register a lower

4 , lormdrag coefficient C compared to the rectangular model (R/P = 0) and the models with

vt warr%all upstream corner radii (Figure 7.3). This ds due to the severe increase in the

4 v

e - . . JAegative pressures on porgions of.tr’w front fa{:e ,agd.pnl;: aglaght_gecregs_g in thg pressures .
on the rear face. Hence, rounding the upstream cerner of the model is effective for R/P 2
0.047.

Figure 7.5%8hows the non-dimensional surface pressure distributions for models with
] . >

‘large R/P values. For these models, the flow accelerates as it moves towards the junction

of the upstream face and the top surface and gives rise to negative pressures on the front

face. When the rounding of the upstream corner is Ia!g{ (R/P > 0.25), the negative
> \ A

pressures on portions of the front face decrease while the corresponding pressures on the

rear face increase slightly resulting in a constant value of the form drag coefficient Cp.- -«
: 3 R ’ {
' . Figure 7.6 shows a co'm'posite plot of the non-dimensional pressure coefflcients on the

. 1rontand rear faces of the models. The vertical di stance y along the front and rear faces

the model is normahsed by the overall he»ght P of the model For some of the models

®
!

“

U

——
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tested, Figures 7.7 to 7.11 show the individual pldt of the pressure distribution of the front

face and rear face of the model based on the data given in Table 7.2. In general, on the front

face of the model, a maximum value of the pressure coefficient *(Cpu) is atfained atarheight

between 0.4P and,O.BOF’ from the tunnel wall. This location is close to the point of

k¢

reattachment of the streamline separating from the tunnel wall upstream of the model. A

value between 0.45P and 0.65P is reported by Good'[25] for the height of reattachment of

the separating streamline for surface-mounted ndrmal plates. In Figure 7.6, it can be seen

t’h(ﬁthe‘ rear pressure coefficient C

pb is uniform along’the height of the models tested. The
[l “ )

value of Cpb increases from -1.80 to -1.00 as R/P increases from 0.00 to 1.00. The

. variaiion of Cpu (+ve and -ve) with ‘ReD a}nd the corresponding variation of ’Cpb‘ wjtr'\' ReD '

. are shown in Figures 7.12a, 7.12b and Figure 7.13 respectivély.

’

¢
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The pressure distributions on the front and rear faces of the models tested were

_ graphically integrated to obtain the form drag coefficient Cp. The value of Cpy for each

test

iven in Table 7.2. For the médels tested (Table 7.1), Figure 7.14 shows the

variation of the average form drag coefficient Cp with R/P. In Figure.7.14, the variation

k|

<

of Cpcwith R/P for centrgllyfmounted r‘actan%lar bedies with rou;\dé‘d upstream corners

- L] -~

reported by Delany [17] are also shown. However, a comparison with the data obtained in

the present study should be ‘made on a qualitative basis as the effects of blockage ‘and

surface-mounting were absent in his tests. Figure 7.15 shows the variation of® Cp with

Reynolds number Rgp: The diameter D of tﬁeupstream corner of the model.was considered

o
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to be the sppropriate dimension to form the Reynolds number for studying the variation of
- .‘ Cp with Rgp. |

n - An attempt was made to apply a correction for blockege for the present testdata. For
the sllghtly rounded modaels (R/P <0. 008) the drag ooeff cient Cpg corrected for blockage

canbe obtamed usrng the method suggested by Awbi [4]. According to Awbr [4] .

-

‘ P 7.2
/

_ in which P = height of the model; and Hy = height of the wind tunnel test section. For the

present case,
Cpc = 0.503 CD . W73y e ~

Fos round-nosed rectangular models for which the upstream corner radii wereolarge (0.344

SR/P<1.0)one should expect the flow velocny{m the gap betwen the model and the tunnel

“wall to be {HT/(HT P U, =1 4U which corresponds to a value of about Cp = -1 0

(Frgure 7.5) in the top rear pomon of the. models. Usmi\the gap velocrty Ug as the.

characteristic velocrty for blockage correction, one gets -

N U\ . [(H.~ P) S .
o ) g

”n



The procedure outlined above was used earlier [40, 52] to provude blockage correctnons }or
centrally- mounled cyhnders

For models with intermediate radii, a linear interpolation was used to estimate

Cpc. Thus for 0.047 < RIP < 0.250,
Cpc =0:507 Cp "(7.5)

Figure 7.16 shows the variation of' Cpc with Rgp along with the curves related to centrally

mounted circular and rectangylar cylmders reported by Delany [1 7] It can be seen from

Flgu f 7. 16§t the ch_aractenstnc dlp in CDC- gear Rep = 1.5x 105, is quahtanvely O~ '

f(i

similar to the dips in the form drag coefficient near Rpop = 1'x 105 and.3 x 10°

2

respectively for the centrally-mounted circular cylinders:‘and rectangular cylinders [17).

@ Finally, Figure 7&1@% the plot.of the va)iatien of the-discharge coefficient Cg,,
of a rectangular broad-crested weir (investigated in Chapter V1) with the parameter R/P.

A comparison of the variation of Cqw With R/P to the variation of Cpc with R/P

-

supports an earlier classification of the broad-crested weir based on R/P.

[

S

1
°

7.5 SUMMARY AND CONCLUSIONS

The study presented in this chapter dealt with the aerodynamic form drag coefficient of -
two-dimensional surface-mounted rgctan'gular (square-edged, and round-nosed rectangular -
broad-crested weirs). Measurement of the surface pressures were carried out in order to -

clarify the efféct of rounding the upstrean;’ corner of the broad-crested weir on the form

%

Al
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drag coefficient. Based on the experimental results obtained over a practical range of

Reyn’oids numbers, the following conclusions can be drawn:

1. The dffect of rounding the upstream corner of a rectangular broa_d-crested )

weir was not found to be effective in reducing the form drag coefficient’ Cpc
) { | L
for R/P < 0.008.- For 0.047 < R/P < 0.250, a significant reduction in ' Cp¢

' is achieved. Furthermore, for the range 0.344 < R/P < 1.000, no significant
| decrease in Cpc was registered. A
2. A .noticeable difference e);ists between the variation of the form drag
coe'.fficient Cpc with R/P for sur;ace-mouq‘t‘ed and centrally-mounted

rectangular bodies. Hence, the flow characteristics of ‘'surface-mounted

rectangular bodies (such as weirs) cannot be dlrectly inferred from existing
- . - ’ ‘ ’
data related to similar centrally-mounted bodies.

3. The éépendence of Cpg on the Reynolds number Rgp for surface-mounted
S . ' ' . : ' oE

rectangular bodies is qualitatively similar to the dependence of CDC\ on ReD' |
“or cemr;algy-mdunqu, rectangular bodes, B |
4. Th'e*'lncrease in thé_discharge{ coefﬁcie:nt Cgw of rec;angular .br_abd:crestled‘ '
- \;(eiré ‘as"; rggt;lt‘ of ro_up&in’g -tﬁe uﬁstréém corner is Qtrikingly similéf 1 ihe.
. -&e;:reasé in the form drag‘c.zb.efﬁ'cient Cpc : |

. L]
b

-t N -
/‘/\ - : ot
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existing two-dnmen;uonat Iateral outlet mode! (hydrodynamic mod

important parameter and the qischarge

. cwerRW
‘SUM\MRYN\JDOONCLUSDNS ‘<

1

~

commonly used tor the oontrol and measu nt of flows in ouer'\ channets. Hy'dr ulic-control
structures investigated include the trapezordal Iateral weir, the rectangular [Ateral o'nﬁces
and the rectangular lateral wer{-orifrce unit. Flow measurement structures consrdered
include tﬁe rectangular sharp-cr'ested weirs and the rectangular broad-cre ted weirs. .
a'l Chapter 1l, the hydrauhq charactenstlcs of trapezoudal lateral/ eirs is 'eresented

For the werr. an expression for the mean drscharge coeﬂlcrent is d ' eloped based on an

t

and experimental results obtained, it is shown that:tt;,e,. mean di arge coefficient is highly

of flow in the main channel. It was alsof und that the width ratao L/B emerges as an .

. From the»-theoretrcaly

i

e

>

~



_ InChapter IV, the characteri'ti‘cs,ef‘ flow throdgh a rectangular lateral weir-orifice unit
is studied. The fermulation'of the basic equation for the discharge through the outlet is
essentially similar to that of Chapter [l but with a Iateral weir located above the onftce
: bemg the addrttonal outlet The effects of the geometrrc and flow variables on the total
outflow tt?rough the unit (weir-drufree) ara investigated. It'is shown that by an optimal
_choice of the structural and flow parameters, the lateral weir-orifice unit can be properly
. designed to ensure an outﬂow whichis a prescnbed percentage of the mtrow The practical
phcatlon of the weir- onfce unit as an effrcuent devnce for flow equahzatton and control

in an open channelis also examtned '
. Chapter V is devoted to the study of the flow over a rectangular sharp-erested weir.
A generalized expression for tﬁe discharge coefficient of the weir is developed based on the

experimerital data related to the water surface profiles, the pressure distributions, and the

-velocrty distributions at a section wuthm the nappe regton Itis found that the drscharge

coefhcrent of the weir depends pnmanly upon the parameter 'HMW. It has also been found ~

that the curve describing the variation of the discharge coefﬁcient Cge With the parameter
H/W; attains a peak value when H/W®10. The curves describing the variation of the ratios
hg/H artd YoH with H/W are also presented. These curves attain peak vatues at HW =

- 10 as doee the curve for coeﬂiclet\rrt' of diseharge.
Chapter VI deals with the pttaracterisﬁcs of a rectangular broad-crested weir as a
simple and efficient device for the measurenrter;t of open channel flow. Itis fourta that the
' disct\arge coeficient of the weir depends on the ratio parameters H/P and R/P. The

parameter R/P denotes the ratio between the radius R of the upstream corner and the

‘weir height P. Based on the ratio .R/P. it is found that founding the upstream cafner with -

. 0.00 s R/P <£0.094 seems to have no effect on the flow characteristics. Hence, rounding in

this range tends to behave as a minor perturbation to the weir geometry. The weir

ey
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discharge coefficient Cd;” in-creases gradually as the parameter R/P is increased beyond.

0.094.
Itis found that the water surface and static pressure profiles for the free-flow over

the weir are determined by the radius R of the upstream corner. Itis elso observed that

- for accurate meaisu'rement of the upstream head, the stilling or gage well should be located

at a distance 3H to 4H form the upstream face of the werr

A study on the submergence limit ‘of the broad- crested weir reveals some important '
ﬁndungs The submergence limit is found to depend on the degree of roundmg of the upstream -
corner. The dlscharge over the weit under submerged conditions can be obtalned by the
mtroduct:on of the. drowned flow reduction factor f. into 1he equatrons developed for the
free -flowing weir. . e y

¢

In .Chapter VIl the study on the characteristics of reciangular broad-crested wair is

extended.to include the effect of rounding the upstream corner of the wair on the form d,ag
- coefficient Cp. Based on the experimentalresults obtained, itis found that rounding the

_upstream corner of the square-edged rect.angular brogd-crested weir for R/P <0.008 does’

not srgmﬁcantly reduce the drag coefficient. It has also bee‘n found that for the range 0.047

< R/F < 0.250,"a srgnrhcant reduction in thé form drag coéﬂrcrent was realized. The

| | 2
variation of the form drag coﬁicient Cp onthe Reynolds nnmber ReD i qualitatively

. . |
similar-to the variation of Cpy with Rgp for rectangular Cylinders.

A comparison of the results obt_a;ined in the two closely related but independent

investigations presented in Chapters V®and VI reveals some interésting findings. The

. increase in the discharge coefficient Cgw . ©f the rectangular broad-crested welr with

"increased rounding of the upstream corner is qualitatively similar (and may be attributed) to

v

' ‘ . v
the decrease in the form drag coefficient Cpy of a similar weir. - Thepressure 8istribution

{
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data obtal;ned from the wind tunnel test provides an indication of the range of negative

j

. pressures that might develop in a broad-crested weir under submerged flow conditions.

o | . ' . ---
- j
|
8.2 W
Re:search on an optimal design of hydraulic structures togontrol and measure the ﬂo'w

in an open channel is at present a growlr}g field of activity. lmproved understandmg of the

relanonshnp between the channel regime and the control and measurement structure is vital

e

and requires additional research. However, as a direct extension to the work of this thesns. *

the following additional studies could be performed:
\}\lork on the flow ‘through rectangular lateral orifices can be expanded to
_~axamine-the per_fermance of multiple lateral orifices located ir},gpe side of

N rectangular channel with varying bottom widths.

2. An in-depth sty&y on the nature and effects of boundary layer on the.

b o : .
char\acterlsticg of rectangular broad-crested weirs may supplement the present

¥
) - .

study. o
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y APPENDIX A .
ceen © . Al ACCURACY.OF MEASUREMENTS
‘\ ’ i . . . ’ ’

1" Head Measurement . T o

- At

Head measurements were taken using a precision pomt gage whose least count was

0. 30mm Flow conditions for all the tests performed were steady enough to obtain

-

oonsrstent readmgs over a certain time domain. ] - .

N - N 2 ’ -,
. J )
» 2 lenghMeasuwements ~ ~ 7 . S §oe
o - - -

)

ol - , -
The crest length and'width were meesured in several_ positions above the crest of the

I .
N

weir and also along the width of the channel to an accuracy of + 0.3mm.

«
p )

- . s o 4
- . ’

- +

Ftows were measured using standard (ASME) V-notch Measurements of head qver the

%

r)

V-notcheswere made when the flow was steady. The accuracy of the measured tlow was t

3.0%& . ‘ . ' &

.

X

, .
~ o M .

"O‘U

The overall aecuracy in. the measurement of tlow is dependent\upon the constrtuent
errors (T able A1) and the form.of the discharge equation this latter factor affectmg the -

relative lmportance of the separate errors. The method of assessing the overalt error

-

&
PO BN

€

&
[

PU—
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in discharge”is best illustrated by an example and for this purpose a rectangular

’ s 3 0 - +
broad-crested weir is considered. For the weir, a general equation fér the ‘discharge

-t

equation is . ) . " |
, 1
QN='§‘~/%9 Caw B H'?~ h o (AN :
" The érror i'n'Q;N canbewritenas - ' ‘
o o8 ‘ . .
w2 LA, (3G \3 2 2) |
'Qgﬁ\(""%) '((acdw GCPW)Z +’(aB aB) + %(aH aH) (A2)
. ‘Thg,bverall‘éccur'acxcanb’ere;;resentedas CL e
_-,;: 2 o ;'_'T (‘2 5 . | .
_":..?: - )E,Q dé-{-\r(xcdw) + (XB)‘ + . 1'5(XH)‘2 | . J_ . . M. (A:i)
,‘\',F"-*n". » . "a"' ) p i .

. .
N

" in which Xar ch;w.' X\‘B “énd'-XH: Hgnqté the percentage emys in discharge, discharge
» il . - ) . . R . . , . .
. .

" ! coefficient, width of ‘the weir and head measurémient respectively. To illustrate the

yei P . ) s -

“applicatidn of Equgtion (A3) to the brggd-crested weir, a typical example based on’t,he

A ., - -] r\

. - present study is presented below. Wair Details: >
4 . .

q Discharge, Q = 0.056 m3/sec
g *‘_GagedHead.H.oJém
" Wair Haight P = 0.10:m Y e
~ ‘W‘eir. Length P =0.30m S
7 WeirRaqiu§B;0.1oﬁ\ e B e ' L.
- ' Char{r;el.\;rnqm é-o.zsgm«

] . 3

a w . . %

N -
! <,
AY
? .
B

o



Error Details (Table A1)

. Error in discharge coefficient (related to error in discha%ge ) =3%

' ' Errqr in gaged head = 10.25%
' ,, " Error in weir width =.0,12% =~ ° C
9 ' ' <

- " From Equation (A3).

" Xg= 2V (3?+(0.12)2+ (15 x0.25) = +3.03%

. . The true value of the discharge .Q,,, = 0.058 m3/sﬂec '

p 4 - . i . o 1
* “ , . N .
o S L TABLE Al
S ‘ o “——————
e TABLE AT . ACCURACY OF MEASUREMENTS
e , . , . ’ 5 e !
I ' Variables - . . Accuracy of Measurements
P . . . ’ « . . - .
[ ' N - N N
Coal e Length R / 10.30 mm
Tyt Depthgage * - | ' . 10.30 mm
) - ‘. . . K h -
) ‘Discharge - R ’ © . 13.0% .
B , i Lo : M :
: Pressure gage ) +0.50 mm
a‘ i ‘ ‘ : & -
w g PO : T -
- ) //
4 . . J .
» —— , /
N /
. /
-~ * A s
[ - fle A ”,) r
. i
. ) - - N /' | ¢
S \
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SAMPLE  COMPUTATIONS

.
/ 1
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/ R |
- ‘
4 -
- A
'
-
e
.
.
+
. .
\
N
' L
i ) )
-
L '
’ f
.
v
1
.
’
.
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L4
' . B
.
]
L3
Ll
s
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AND. COMPUTER" PROGRAMS
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M;

. 'Weir parameter - . :% -

v

Sill distan{ce =S = 0.0

Abtual mean discharge coefficient Ed quuaﬁdn 2.27);

" Forng = 0.370,

mputanons for Hun Number 5 Table 2 3).

by = 10.2cm; z,-1sz = 0.83, Ls-1020m L/B=1.0,S= oo

, Depth of flow\--Yl - 5.2 cm'= 0.052 m.

v

Discharge in Channel = Q, = 3.76 1/sec = é.00376 m¥/sec

Weir discharge (actual or experimental) = Q;,, = 2.83 I/sec = 0:00283 m%/sec

* Sill height (vertical) = 0.0/1.803 = 0.00 o

Avarage Velodity = V, = Q/A = 0.402 m/sec

“a 1

t ’ vl .. . » N ‘
1 0= W— = 0.370
1 + 2g (Y, -8 ) , -

~

¢

o

; ‘ad% g'(L;;'.szj;;) ((1?2._)51” o
Zh Fog((h—%—.)ﬂ- 1) . (( ?2_)15 1)%

hy =Y, -§ = 0.052 m, Q,, = 0.00283 m>/sec

Solving Equation (2.27) gives Gy = 0.491 (See Table 2column 7).

&

(2.27)
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| ations for lar rifice {Chapt

v

* (Computations for Run Number 5.vTab:j.2)
B=254cm,L=254cm, LB =10,

Depth of flow = Y, = 18.6 cm ='0.186 m

) . v
Discharge in-Channel = Q, = 26.20 1/sec = 0.0262 m¥/sec

\

Actual Orifice_discharge = Q, = 4.40 I/sec ='0.0044 m3/sec

. A-ve_rage Velocity = V, = Q/A = 0.5546 m/sec

Flowdepths  hg, = Y, -S = 8.4 cm £ 0.084 m
hp=Y,-S-a=59cm=0.059m

Orifice-parameters: ..
. - v,

N0l = === 0.397
AV 2gh,,

s v,

. SR PO e = 0.458
" N ”r. - ’ Y12+ 2gh02 . 3

’

&
Actual discharge coefficient of orifice: S
3
- \' 1
= 1 1

Q = C— L -

0 do 3 3 7
' 3; Tor Moz

(9.806 x 3 x 0.0044) = Ty, [0.254 x (0.5546)° x 5.634]

' ' %

" The actual coefficiZht of dischirge of orifice Is Cdo: 0.530

(Table 3.2, column 7)

= |0.16cm, a = 2.54 cm, S/a = 4.0

|
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‘B= 254.mm L =254 mm, S 101 Gmm a-1270mm b= 1270mm .
(Oomputatlons for Run number 5, Table 4. g)

Flow depth in channel = Y, = KY; = 452.6 mm = 0.4526 m-

o ! // Voo ' ’

Discharge in Channel = Q; = 98.1 1/seC = 0.0981 m3/sec

Actual weir-orifice Aischarge = 6Y.6 I/sec -;,0.0.616\m3/s§c

Flow_d/e/pth abov "Vveir portion = hg = 97.0 mn{ = 0.097m

Paramaters S/& 0.80, b/g = 1.00,and ha/a = 0.764

o j |

- 0 ’ V!
Frqude number Fl - ——

=-0.405
. gy, " AYg Yo
- , ' i

N .Y ,

Parameters n =. — = 0.309

' - 1o 21 3 .

‘ RS
A My - s = 0.377
- ‘ {1 + 22 1- M)i
Y
0 & b I u
oo and N, & AN = 0.526 -
| . T 1 2 (S+a+hb) l :
N *’ . +=5(1- v '
L . ' ' % F] ' u )s
e .o —
g Using Equation (420) the discha arge ratio Q (-Owo/Ql)is obt\amed asQ = 0632
o .
The actual discharge ratig Is SN N
‘ I ‘ Qu  61.6 '
. ; , - - — = 0.628
™ , e @ Q" eal
, Tﬁp percentage qe\iié'tion InQ, s
L e L 0.632 - 0.628 e

AR , ; 832 - 0. X 100 = +0.6%
P - . &628 -
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(Computations for Run number 04, Table 5.3%%#‘6 the momentum apyféa’ch) :

" Measured Head over weir = H = 5.0 cm = 0.05 ra. '
~-Pischarge = Q ;= 15,71/sec=0.0157 m%/sec "

Depth of flow at section EF = Y= 3.10cm

channel width = B = 60.3 cm = 0.603 m : N
Height of weir = W = 250 cm : .

.Parameter H/W = 5/2.5 = 2,00 ' )
Parameter Yo/H = 3.1/5. 0= 0.62 .

“Pressure coeficient on weir face = = Ky = 0.446 .
Pressure coefficient at section EF = Kg = 0.445
Momentum coefficient at section EF = p = 1.024

-

(a) Predicted Coefﬁcieng of Discharge:

. , Y 'Fz
| o [T

o= Y HW | N
(Yol H/ . \1+HW/, =

= 0.780

1/2

(b) - Actual Coefficient of Discharge: - ' s .

2 \2q . 1.5 1.5 - S
= — +v2g Cq4, BH = 1.78 . .
C‘}' 3 o deB~ Cdeo Q | .
Coe = 0.0157 - 0.790

1.78(-050) !-5

A

*-Bgsed on the momentum theory, the preducted coefficient of duscharge is 0.780 (T able 5 3,
Column 11) and the actual coefficient of dlscharge is 0.790.
% deviataon in Cde is -1.3%. :



b

-~

93

(Computatbns for Run number 2'lwle63,uslng the momentum theory)

B=- 254cmm 305cm.P-1o1scm.n 00cm.R/P 0.0

]

Measured Head over welr= H = 3.10 cm = 0.031 m
Discharge over Weir = Q = 2.00 1/s6¢ = 0.002 m3/sec
Depth of flow at point of parallel streamlines = d3 = 1.35cm = 0.0135 m

Pressure coeficient on weir upstream face = Kp = 0.996
Parameters: :

~

-~

H/P =030

ad  dyMs0435 L a

(8)  Predicted Dischaige cosficient Gy

Solving the above equation for Cy,,, gives

i:dw-o.aua\ (Table 63, Column 7) | ‘

a" \‘\/

(b)  Actualdischarge coefficientCy,,: -

~

- Qe B2 g By HS n0433CyMH S

 Mence, © . 0.002 - s
2y dw*® 5 a33x(0.031)5

’

% deviation in C g, Is +0.2%.

9 . 2 -- . o,
IR 4 2Hsp)e g8 g2 (H )
\ ~H v R G~ g aw {'d; ~ TP

Q

Tif-e)predlcted and actual discharge c'oe}‘.'dgnts are respectively 0.848 and 0.846.
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COMPUTER PROGRAM 1a

Computér Program for Trapezoidél Lateral Weir with L/B=1-00

' : >
This program predicts the discharge and discharge coefficient
of the Lateral weir using the 2-d Lateral channel outlet
model.

PROGRAM TWS( INPUT ,OUTPUT , FAPE B8)

DIMENSION Y 1(60),QW(60), 02(§0) Q1(60)
B=0. 102

G 9 BO6

Z1=1 S

22=0.83 »

READ(8,*)(YI16I).01(1).OW(1).I=1.60)

DO 70 I=1,60 .

IF(1 LE.20)THEN

$=0.0 ] ‘ .

XL=0 102

BL=0. 1020

.
3 1

e

XL=0 186 ,

BL=0 186 .

ELSE ‘ (

- §=0". 056

. XL=0.271
8L=0.271 =~
ENDIF

-ENDIF ‘
Yii1=vt(1)/10
n2(1)=Q1(1)/ 4000 , .
VI=Q2(I1)/((BX1 S5*v11)*v11)
C1=0.254%*1..0-0.538

€2-0.058+0.234 = ) .
C3=+0.129-0. 489 , 0
RS=2°G*(Y1J-9S) C
ETS=V1/SQRT((VI*V1)+RS)
FR=V1/SQRT(G*Y11)

FO=V1/SQRT(O.5°*RS) -
AH=(1-(ETS**3))*((C3/3)4+(0 203/(515**3)))‘(1 ETS)*
1(C2+4(C1/ETS))

BH=z(1-ETS)*(C3+(C2/ETS))+(C1/3)°* (t/(ETS"B)—l)‘(
20.122)*(1/(ETS**5)-1) :
PO=((1+(2/(FO*FD)))**1.5-1)
PD2=((1+4(2/(FO*FO)))**2.5-1) )
PD3=22°FO°FO*(Y11-S)*(0.6°PD2-PD) . .

J . . . S
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" 4 ~ COMPUTER PROGRAM 1a (CONTINUED)
,Computer Program for Trapezoidal Lareral Weir with L/B 1-00

[
. This program predlcts the discharge and discharge cqefflment
of the Lateral weir usmg the 2- d Lateral channel outlet
model.

VMJ=V1*FO*FO*(PD/3)
QI=(((XL+2°0.83*(Y11-5))° (Vt‘Vl‘Vl)‘AH)ﬂB) (((v1-'5)
3*0.83°(BH-AH))/(G*G))
COT=2 .85*(((XL+2°0.83*(Y11-S))*AH-0. 83 Fo'ro-(vq1-5)°
! 4(BH-AH))/((XL*+1.66°(YI11-S))*PD-(PD3))) .
’ cow=(29. 418'ow(1))/((vso-a»-(h(xLes 66'(Y1| S))*PD
t ) -PB3I)*100Q)
S1=$°*1.803°100 ° : -
PRINT 40.Y1(1). V4. 01(1) ow(r).aort Ets, cor cow,
551.1 y
o 70 CONTINUE
' 40 FORMAT(4(2X.F5 2),2x F6 3,2X.4(2X,F5 2) X, 13/)

¢ 4

i S10P ~ . *
. . ] END > e “ % .
.
IR ) [ U 2} * "
A ] - ‘
. i)
e .
‘;‘ \_/
o
v Ve
b ™
» ! '
- <
'\
»
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COMPUTER PROGRAM 1b

Computer Program for Trapezoidal Lateral Weir wi{h LUB=0.75
This program predigis the discharge and discharge coefficient
of the Lateral weir #Sing the 2-d Lateral channel outlet

. mogdel.

£

PROGRAM TWS(INFPUT OUTPUT PE 9)

DIMENSION Y1(60),0wW(60), 6&{60).01(60)‘

B=0 102 .

G=9 BO6

21=1 S

Z2=0 62 , :
READ(O.*)(YI(1).01{1). 0ow(1), 1=1,60) '
DO 70 1=1,60
. IF(1.LE 20)THEN
$=0.0 ‘
XL=0.076""
BL=0.1010

ELSE ‘ /j
IF(I.LE. do)THEN S

S=0 028, ‘

XL=0.142

BL=0O. 186

ELSE ' c .

$=0.096 . o _ ‘
XL=0.203 .- - , ~
— BL=0.271. . : ”

ENDIF s ' , . :

ENDIF Cooe

Y1t=Y1(1)/100 : -
02(1)=0Q1(1)/1000 : |
V1=Q2(1)/({B+1.5*Y11)*v11)

C1=0.254°0.75-0.538

C2=0.058+0.234°0.75

C3=-0.129-0.489°+0.75

RS=2¢G*(Y¥1-S)

ETSévﬁgSORT((V1‘Vi)‘RS)

FR=V1/SQRT(G*Y11)

.FO=*¥1/SQRT(0.S°*RS) 7

AHx(1-(ETS**3))* ((ca/a)*(o 203/(515'-3)))4(1 ETS)*
1(C2+(C1/ETS))

BH=(1-ETS)*(C3+(C2/ET5))+(C1/3)° (1/(5150'3)-1)*(
20.122)°*(1/(E¥S**5)-1)

PD=((1+(2/(FO*FO)))**1.5-1) _

PD2=(( 44 (2/(FO*FO)))**2.5-4) _ )
PD3=22°FO*FO*(Y11-S)*(0.6°PD2-PD) \

s
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COMPUTERPROGRAM b (conrmwenl -

. .
A S~
L3
. .

1
. N o
. - 1

I, - Cpmputer Progr’érh for Trapezoidal Lateral Weir v'vith‘L/“B=O-75. —~
This program predlcts the discharge and discharge coefficient

obthe Lateral weir using thg 2-d Lateral channel outlet
¢ . model.

-~

VMU=V 1*FO*FO*(PD/3) N

OT={((XL+2°0.63*(Y11-5))* (V1'V1‘V1)'AH)/G) (((v1-'5)
3¢0.62+(BH-AH))/(G*G))

.CDT=2.85*(((XL+220.62%(V 14~ S))‘AH 0. 62‘F0'F0‘(Y11 S)e .
4(BH- AH))/((XL0123X'(Y11 S))*PD-(PD39 )) ’
COW=(29 418*QW(1)}/((V1¢*3)v(((XL+1.24*(Y11-S))*PD.

oo )-PD3) * 1000) Lo . .
. “§1=5+1.803° {00 ' , ‘
- <" PRINT 40,Y1(1), V1.Q1(1).0W(1).07 ETS, cOT,COW, 1f>>//
. 551, 1 ' . (
. 70 - CONT INUE’ ‘
40 ronMAT(a(zx F5.2),2X,F6.3.2X, 4(2x FS.2),3x, 13/)
. STOP . , .
END )
P N

3
tt an0 ey . *

2 6 ~
‘o ,
. |}
. f\ v ) ¢
! - 3
» , ‘
N ' -
r ~ ~
'
A
L4
' 4 -*
'
\ ‘o
e +
4
’
- \]
- \
\
. P
& - - - n
.
. a
. . -
R, )
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COMPUTER PROGRAM1C

. Computer Program for Trapezoidal Lateral Weir with L/B=0S0"

This program predicts the disct’iarge and diécharge coefficient
.~ 'of the Lateral weir/u,s\ing the 2-d Lateral channel outjgt

model. -
»
PROGRAM TWS(INPUT OUTPUT TAFE 7)
DIMENSION Y 1(8b),Qu(60),02(60),01(60)
B=0.102 -
G-9 BO6
21=1.5 : '
22=0.43 ~ , .
READ(7,*)(Y1(1).01(1).0w(1). 1=1,60) _
DO 70 1=1,60 ) T,
IF(1.LE.20)THEN
5:=0.0 . N
XL=0 051 | , , 4
BL=O 1010 - .
‘. ELSE -
IF(1.LE.40) THEN
$=0.028.
XL=0,093
BL=0"186
ELSE . : _
$=0.056 . ~ B
XL=0.135 . ~
BL=0.271 S \ . -
ENDIF - o T ‘ ,
ENDIF . .
Yit=y1(]l)/100 N
02(1)=01(1)/1000 :
V1=Q2(I)/((B+1.5°v11)*vi1) |
"C1=0.254+*0.5-0.538
"C2=0.058+0.234°0:5
C32-0.129-0.489°0.5 .
RS=2°G*(Y11-5) ' L L
' ETS=VI/SQRT((V1*V1)4RS)
FR=V1/SQRT(G*Y11) ¢
FO=V1/SORT(O.5°RS) ’
AH=(1-(ETS**3))*((C3/3)+(0. 203/(515°-3)))*(1 ETS)*.
"1(C2+(C1/ETS))
BM=(-1-ETS)* (c3+(c2/515))o(c1/3) (1/(5150-3)31)¢(
20.122)%(1/(ETS**5)-1) . )
Po=(¢1+(2/(ro-ro)))°'1 5 1) ‘ -
'PD2=((1+(2/(FOCFO) )N\ 2. 5-1) . - .

PD3:Z22*FO*FO*(Y11-S)°* (0 G‘PD2 PD) : //~\\)

w

L
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: COMPUTER PROGRAMIC  {coNtiivep) . \

-~

Computer Prograni for Trapezoidal Léte‘ra’l Weir with L/B=050. . .

This program predlcts the dlscharge and dlscharge coefficient
of the Lateral weir usmg the 2-d Lateral channel outlet
model

YN vsoro*roo(po/a) .

OT=(((XL+42°0.43%(Y11-5))* (VI*VIsV1)*AH)/G) - (((V1+25)
3¢0.43*(BH-AH))/(G*G) ) . |

CDT=2:85°(((XL4240.434(V 1i-$))*AH-0. 43*FQ’F0‘(Y11 §)e
A(BH-AH))/((XL+0.86*(Y11-S))*PD-(PD3))) -
© CDW=(29.418°QW(1))/({Vir*3)* (((XL*O 86 (V11- s))'po
1 )-PD3)* 1000) :

S1=5*1,803* 100" o
PRINT 40,Y1(1).v1, 01(1) OW(I) QT ,ETS,CDT,COW, 5

. 5%14,1 , . N

70.. CONTINUE ' -

40 FORMAT(4(2X.FS5. 2) 2x F6.-3,2X, 4(2x F5 2) ax,13/)"
STOP. .
END

i

Stiann doim | : . L .ol N
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R}

5

- -RNO2(1)= ((Vi(l)'°? o)/(v1(x)°'2 0‘2 0°*G*HO2(1)))**0.5 .

© .GO TO 14, . R L
13 RNO2{(1)=1. o I A

14-  P1(1)=1. O/RNOI(I)"3 O~ ; : | S

. p2(1)=1.0/RNO2(1)**3.0 | b T
PI(1)=PI(I)-P2(1) O a
S - 9 °. ) . . ’ . . L
- . o ‘: R \ v
" g » -

r}:‘f
s 100 . ! .
PR COMPUTEREROGRAMZ S L

Computér program for. Rectangular Lateral Orifice Wlth UB-1OO

FROGRAM, GB1F Crerut); nuurun TAPE 10)

lHlS PROGRAM COMPUTE@ THE” DlSCHARGE hND DISCHARGE LOEFFICIENi‘

CFOR THE FLOW THROUGH A LATERAI. ORIFICE FOR L/B‘ 1.00
DIMENSION Y(56).01(5/) ., AO(56) . VI(SE), ANOI1(56)) . DNO?(QG)

- ®@201(56 ). 202(56 ) COO(5R), AFD(WG) Pl(ﬁﬁ) P2(5R ), DILSE), g(%ﬁi A(GG)

®H02(56) . ACD 1(5RY,. 01 (56 ) . . s
1 .P3(56) T ' g
=35 4" e e ) : " . '
READ(IO ')(vtl) QI(T)4AQ(IY) . 1=1,56)
‘G=9B0O .6 .- . Y - n . .. ‘
83?5:’4 . * - . “ ® e " . . .
€1=-0 284 , ' oL .
_€2=0,292 ‘ . . - - : .
C3:-0.620 -t ‘ ' X e Ta g
. DO S I=y.R - S - - ‘
S(11=10.2 : ' I T
A(1)-2°5 <L DT ) :
- CONTINWE. . o e v

PO

T s(i)=5.0 L co
<-A(1)=2°5 . L oo ., C
. CONT INUE. ) - o 2
QO 7 1=12.28 O N Ja
SE)=10 2 ‘ < Ty LY oo
A(.l) =7° 6.. v . . * ot N ! N I .
CONTINUE - , . e o

2 } L.
+) . DO 8;1%29.ﬂ3. ) L. . §‘b‘ e
. S(1)=10.2 o ‘ o

A(T1)=12.7 , N oL L. e
CONT'LNUE . . ‘ _ .
DO 9 1:44.56 . Co LN .
.$(1)=5.0 | i - . T
.A(l)‘127, ’ . " . . ’ : ‘n"s
CONT INUE : oL IR
"'DO 50 1=1,56 -
. Vi(1)501(1)210C0O - Of(B‘V(l)) . ot o
~ & RRN=V1(1)°*2 042.0°G*(Y(1)-5(1))~ . ‘ ST
" L RNQI(1)=(Vi(l)e02. ‘0/RRN)**0. 5 I -
HO2(T)=v(1)-S(1)-ACI) " o :
1F (HO2(1) . LE. 09O 10 13

\

Do & 1=9,18 -~ - ¢ N
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COMPUTER PROGRAM 2 (commu:—:o)
Computer program for Rectangular Late;al Ormce wuth UB—1OO o
; . . ) & ) N . a\ ‘.a . ‘n
- .D3(1)+1.0/RNOT(1) ' o
201(I1)=( 1-RNO1(1)**3. '0)*(C3%0.33340. 203*?1(1))+
0(1 RNO1(1))*(C24C1°03(1))
. *Z02(1)=(1-RNG2(1)**3 0)*(C3+0.333+0. 203092(1))+
S(1-RND2(1))*(C2+C1/RNO2(1)) . . . :
\coo(l;-a.ﬁ'o 95+ (201(.1) 202( 1))/ (PYCI)-P2(1)) T
ACD(I)=(AQ(113000 0*GY/((RL*VI(1)°°3.0)(P3(1)))
o QT(1)=0 95° ((nuv'(n“’a 0)+(201(1)-202(1)))/(1000 0°*G),
50 CONTINUE _ < X
! . PRINT 30 i o E h
30 _FORMAT(5X, "RESULTS OF LATERAL ORIFICE TESIS®) -
PRINT 40 , 3 . - T
‘40 Fonmar(//7x."v1".7x."o|".5x."QO".sx.*or";sx."s".Sx."A".sx.ﬂN01".
* - ®5X,"CDO",5X,"ACD".5X,"1"./) °° L _ AN
. 00. 70 I=1, 56 : T
PRINT '60,V1(1),201(1).202(1), PIC1), 5(1) A{1).RNO1(1),
®CDO(1),ACO(1).1I: -
60 FORMAT(SX . 4E10.4,5X ,5F7. 3.6x.13, /)
.70 CONT INUE -
. STOP ‘ :
END , T
14 . . i ,
' Ve
! . EEE el
. | ) - o4
"” & 'Y
' \
.‘ Ny N ’ ",\



* COMPUTER PROGRAM3

e

Computer program for.Rectangular Sharp: -crested Weir based on the k
Momentum principle. . ,

] . . v - i

Thi'spfog'rgm predicts the discharge coefficient of tryé'v;le‘ir; -

) . ]

2

AN\

PROGRAM TIM.1 (INPUT,QUIPUT ,TAPE 15)

. REAL’ AUUJBAU?)&_U?) 0(17) HOU72),wW(17) \7) voun L_t:)(n)_le KB
17 JE(17).COE(1T)], COT(17). HW(H) YOH( 17) . .

PRINT 100 ‘ .

PRINT 150 ’ '

‘.‘_neuo (15, -)(xr(u vo(n. Q(1), n(n Wil r=1.17)

10 1=1%, .- . _”'

A1) (v+H(1)/w(m/mct)/w(m

IF (I.LE.10)THEN . e
KB=0.445 ' A .
B51.024 .. S e
ELSE; . . . . . - '.;

' KB=0.279 oo ' T —

B8=1.046 T .
ENDIF S
BA(1)=KB* ((YO(X)/H(l’)"z)

. C(1)=B/¢YO(I)/H(T)) - y

200

" YOH(I)=YO(I)/H(1)

0(1)=1/A(1)"

E(I)=(A(I)**2)*(1- KF(I)) . : ] o ;
CDE(1)=0.75*(((E(T1)-BA(1))/(C(1)=D(1)))**0.5) C .
COT(1)=0(1)/(1.78*H(1)**1.5) Lo : , s
HW(I)=H(1)/W(I) -« - R ‘

PRINT 200,1,H(1),w(I), Q(I).HW(I), YOH(!) CD'F(I) CDE(i) AN

FORMAT (2X,12,5X. Fa.2, 5X.F5.2,5X%, 5.2, 5X, rs 2, sx F5.2,5X, rs 2
S.1,5%,F5.2/) Co . . .
10 CONTINUE ' , N
100 FORMAT(2X,'I°.6X, H(I)’ LW(I),ex, ’o(l)* 6X. tHW(!)'
. 25X, 'YOH(1)’ ,3x,'COT(1)" 5x.'coe(l) ) .

’50 FORMAT("00000.‘0.0ott..’.o‘to00'000..0"00..000...00000..O......Ot
‘t.t.tt.ot‘.tttt"t' //) -, . . "~ .‘ S ¢ "
sTop: ! B ORI T e
_END ) N S ’.“’ ' a

N W N 5\— y ‘., N
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o .., COMPUTER PROGRAM4 - o
L : , . . . " L R

, .Computer 'Bgaﬁnram for Rectangular Broad crested Weir based on the
3 -Momentum p#nciple. - . .ot . A

~
¢

This program predicts-the'discharge coefficiént of the weir. .

- N
PROGRAM TIM2(XNPUT OWTPUT,TAPE 11) . .
"REAL H(48),KP(48),0(48),CDE(48),C0W(48),A(48), a(aa) c(aal*png) i .

SR RHS(48),CD(48),D03(48),42(48) ;
- READ (11, ')(H(I) 03(1), KP(I) (1).1=1,48) . 1 .-
' P=10.2 . .- B o ' ,-
OO0 10 Lr1,48 : i ‘ .
CA(1)=1 (B/H(1)) - . L
- A2(I)=2+(P/H(1)) . . . . -
) CB(I1)=(D3(I)/HE{T) ) "2 : -
C(1)=KP(1)*A2(1)*(P/H(])) - o4
. D(1)=(H(I)Y/D3(I))-(HLI)/(H(I)+P))
" RHS(I)=(A&(1)**2)-8(I)-C(1)
CO(I)=((27/16)*RHS(.1))/D(1) _ : . - .
v : COW(1)#SORT(CD(1)) - o I i
. © CDE(1)=20(1)/(0.433°H(1)**1.5) . CT
PRINT 20.1,H(1).D3(1),KP(1), on)cow(l)coe(x) ' ) -
. 20 ' FORMAT(2X,12,5X.F6-3.5X,F6.3.5X.F6.3,5X.F6.3,5X,F6.3,5X, FG 3)
10  CONTINUE . A .
sTop . - s
N END

I .
. 2. .
. P )
+ . - . .
. Y . .
. , . . . L. .
» . L. .
. ' o ; f * z . ' . . .
. - . .
. N . , .
N . . » N
g0 . . . » . X * i k) - A
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TABLE 22
RANGE OF GEOMETRIC VARIABLES: Trapezoidal Lateral Wek

Bottom width of main channel, b,=10.16cm; side slope of main channel Zy=1.5 _

N

| ’ .
Sill heightff  Len{th of Weir Side Slope of
Series inmm ° at sill level Weir Projection B
F Lg, inmm - 4
1 00 10T 0.83 T 10
2 50.8 186.2 - 0,83 10
3 101.6 271.0 0.83 . 1.0
4 0.0 . 762 : 062 0.75
5 50.8- 1420 . 0.62 0.75
6 1016 203.2 . - 062 0.75
. | , v

7 0.0 50.8 : 0.43 / * 0.50
8, 508 . - ‘932 [ " 043 0.50
9 101.6 . .135.4 : . 0.43 0.50

o - ”

* inclined distance ‘

b \
[ ,
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FANGE OF GEOMETRIC VARIABLES: Lateral Orifice Tegts

J

e

"Model  Sill Height S,
No. * inmm -

Orifice Height
* av in mn:]

'S/a . ' UB

_ 1016 " 254

—_——

4.00 . , 1.00

1
.2 50.8 .. © 254

2.00 1.00

1016 . 1270

v

3 1016 . . 762
4

1.33 " 4.00

—— e o N o e .

. 0.80 ‘ 1.00

"5 508 " 127.0

. 0.40 , 1.00
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TABLE 431
. 'GEOMETRIC VARIABLES: Lateral Weir-Orifice Wnits

TR

-

4

Length of unit, L = 254 cm; Width of main channel B = 25.4 cm; LB =~1.0

[4

Silheight S,  Oriice Height . Blocked height

Series inmm . a, inmm \ b, inmm . S/a b/a"'
. . » .
1 101.6 1270 /. 1270 . . 080  1.00
2 101.6 762 ' 782 133 ,1.00
3, 101.6 i 25.4 1016 - - 40 - 400
rd
. A )
5 - 7 .
— -— ' [4
Pl
I \ 1 !
\ ’ )
2\
\‘ » -
- v \
< , o -
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TABLE 5.2

.MAIN VARIABLES: Sharmp-Crested Weir Tests

Test Weif, Height ° Measured Head HW Arbitrary Weir
Series, "W, mm H, mm Designation
1 1016, 63.5 " 0625
2 " ote 143 e
3 50.8 101.6 200 '
4 25.4 86.4 344
.5 25.4 . 101.6 - 400 ) ———WERRANGE
6 \ 27 .. 60.1 473
7 v 12.7 - 762 6.00
8 12,7 101. 8.00
9 To12.7 108.8 8.57
10 - 64 63.5 10.00 §
11 6.4 . 76.2 Ny2.00
12 6.4 ‘%3 . 15.00 SILLRANGE
13 g O 65 2000
14~ 3.2 ' 79.4 25.00
15 _p 32 105.7 3330
”—,—1—6—5“‘_,"~ 00 76.2. o —— FREEOVERFALL
.
. l Y
- .

-
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. TABLE G 2
[\
RANGE QF VARIABLES:: BroadCrested Wear Tests. '
Weur length Lw 30 0‘cm ' Wair Height P 1016 -Cm; Cha.?nel Width B = 25 4 ‘cm

Radnusof SR ' - T
: Upstream - . ' o _Rangeot ngeof g Rangeo!
Series Comer R RP O HA, WP HR.
‘ Jincm s ‘ '
"1 " 000 ' 0600 . 0.083-0400,  0250-1.20. - -
v 2 095 . 0094 -  0.083-0400  0.250-1.20 - 2:67-12.80 -
3 127 . 0126 - .0.Q83-0400 '0250-120 $200- '9.60
4 . 254 . . 0250 '  0083-0400. 0.250-120 1.00- 4.80
5 ' 349 | 0344 0.083-0400  0.250-1.20  0.73- 850 °
6 635 ' 0625 . 0.083-0.400 ° 0.250-1.20 040 1.92°
7' 00 . - %000 ° 0.083-0400 - 02501120 . 025- 120 |
) ¥
f -~
\ 3
H N
.
\
3 A
i
. . o
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Table’

6.4

Results
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_ Submergence Studies on Rectangular Broag-crested

B=254;.L, =305cm; P =10.16 cm; L /P = 3.00

Weir; Measurements and

Run Submerged Downstream  Drowned

- Sibmergence ' ‘Other pertinent .

Number Flow Dis- Measured Flow Re-  Rato, details-
charge: Head. duction, &, ;
Gn ‘H2 S ‘
(1/sec) (cm) (=Q/Q)"  (=HyH)
m . @ (3) ©(4) (5) (6) .
1. 200 224 100 0723 .
2 - 1.92 . 2.49 096 -0803 - H=3.10cm
'3 1.78 ' 259 0.89 0.835 Q= 2.00 I/sec
4 1.54 2.80 0.77 0903 - HP=030
5 1.34 2.91 0.67 0.938 R = 0.00 cm
6. 1.22 2.93 0.61° 0.945 R/P = 0.00
‘7 090 2.99 0.45 0.965 . . S
8 7.88 517 1.00 /0.680 H=7.60cm
9 7.88 557 . . 1.00 0.733 Q= 7.881 /sec
10 ¢ 757 5.93 0.96 0780, - HP=0.75
11 7.41 6.23 094 - 0.820 R = 0.00 cm
12 6:46 6.75 0.82 0.888 . R/P =0.00.
13° 5.20 7.02 0.66 0.923 ‘
14 3.15 7.45 0.40 0.980 '
15 10.44 6.40 1.00 0703 *  H=910cm
16 8.87 7.83 0.85 0.860 Q= 10:44 1 /sec.
17 9.19 796 .. 0.8 0.875 H/P = 0.90
18 1 7.62 . 833 ° 0.73 0915 "“R=0.00cm
19 7.83 45 0.75 0.928 R/P = 0.00
20 5.64 72 0.54 0.958 -
21 3.34 8.97' 0.32 0.986
22 .2.40 9.04 023 ' 0993
23 13.46 7.49 1.00 0.708 H =,10.70 cm
24 ° 13.06 8.16 0.97 0.763 Q= 13.46 | /sec
25 12.38 9.07 0.92 0.848 H/P = 1.05
26 1147 9.61 [—0.88 0.898 R/P=000




Table 6.4 (Continued)
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> -

gubmergence Studies on Rectangular Broaderested Wair: Measurements and
esuits

B = 25.4; L, =30.5cm; P = 1016 cm; L/P = 3.00 -

52

Run | Downstream Drowned Submergence Other pertinent
Number Flow Dis-  Measured Flow Re- Ratio.. details '
: charge, - Head. duction, Sy, '
Qp H2 t

"~ (l/sec) (cm) (=Qpy/Q)  (=HyH)
R : Y B :
A (@) ) R 4) . (5)., €
27 9.83 + 9.68 - 073 - - 0905 " R/P = 0.00
28 9.29 -10.14 , -0.69 , - 0.948.
29 6.60 10.22 0.49 0.955
30 3.63°- -.1052 - 'Q.27 0983 -
31 7 16.471 ' 844_ . .. 1.00 T0.692 H=1220cm
32 15(69 . ©.0.793 Q = 16.41 I/sec
33 11149 0829 .  HP =120
34 . 14.28 - 0.850 R = 0.00cm
35 13.13 0.879 ~R/P =0.00
36 8.70 0.950 o ;
37 . 739 0:975
38 ' 574 35 . . -0.980. _

39 «2.13 : 00, - 0685 . H=-3.10cm
40 2.13 0.763 Q=2131/sec
41 - 202 .0.818. " H/P = 0.304
42 - 173 .- Q875 ° R& 127cm
43 1.64 0.910 R/P = 0.125
44 1.24 . 0.946 -

45 0.92 . 0.972

46 0.83 . 0.990

47 8.43 . . 0.718 H=760cm

48 8.43 . " 1.Q0 0.750 Q=8431/sec

49 8.35 . 0.99 0.800 HP <075

50 8.01 . 0.95 0.833 R=127cm.

51 747 6.65 0.85 0.875 R/P = 0.125
7.25 0.86 0.898




Table-6.4 {Continued)
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Submergence Studies on Rectangular Broad-crested Wesr Measurements and

Results.

"B=254; L, =305cmy; P=10.16cm; 'Lw/P- 3.00

o

Run Submerged Downstream ' Dtowned Schmrggme Other pemnent
Number .Flow Dis- - Measured - Flow Re- Ratio. details !
-charge. Head. duction, Sh
G H2 f .
~(lsec) (cm) («Qm/Q). (=HyH)
- S
(1) 2) . (3) ) {S) . (6).
83 - 5.99 7.07 © 0.7 0.930 .
- 54~ 1.4.38 . 7.28. - 0.52 " 0.958 R/P =0.125
55 - 12.70. 755 . - 032 0.993 AR ,
56 11207 671 :-1.00° .0.737 . “H=9.10cm -
.57 . 10.19. ~. 7.0 0891 0846 + ° 'Q=11.201/seC
. 58 10.08 .. 90> .. 090 ° 0.868. .. HP=~090
59 ~ " 8.06 83 - . 0.72 0.915 Re127em .
80 - 717" _861. - 064 : ‘0946 “R/P =0.125
61 - 6.83 B.74 . .-" 0.61° - . 0.960 AN
62- 036 -’  .B92 0.36 . 0.980 - . <
63 1431 7.49 1.00 + 0.700 _H=10.70cm"
64 14.31 829 - 1.00 . 0775 Q=14.31 I/sec’
65 ~ 13.31 9.14 " 0.93 0.855 HP = 1.05
66 11.30 9.58 0.79 0.895 "R=127cm
67 10.73 9.90° 0.75 0.9 R/P = 0.125
68 736 10.49 0.50 . 0.9 :
69 17.70 8.66 1. . R
70 17.70 8.66 1.00 0.710 H=12.20 cm
71 17.70 9.39 1.00 0.770 Q=17.70 l/sec
72 17.17 10.13 0.97 0.830 HP=1.20
73 15.75 10.74 0.89 0.880 R=127cm
74 14.51 11.05 0.82 0.906 RP = 0.125
75 12.21 11.52 0.69 = 0.944 :
76 9.56 11.83 0.54 d.e70
N
j
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)

Submergence StUd!G.S on Rectangular Broad-crested Weir: Measurements and

Results

picbe

B=254;'L,=305cm; P=10.16cm; L, /P = 3.00
9 » ‘

F ol

<

Run  .Submerged Downstream

Drowned Submemgence Other pertinent

Number Flow Dis-  Measured Flow Re- Ratio details’
charge Heed duction. S,
Om H2 . ' .
(l/sec) . (cm) (=QpyQ) - (=HyH)
— <
M @ @) @ GRS
77 2.4 2.24 "1.00 0.721 H=3.10cm
- 78 2.14 2.43 1,00 0.785 Q = 2.14 I/sec
79 2.03 '2.59 095 0835 . _ HP=030
80 1.91 273 0.89 0.880 R=254cm
81 1.58 2.85° 0.74 .0.920 R/P = 0.250
82 1.37 - 2.95 . 0.64 .0.952 , -
83 1.33 299 - 062 0.96%
84 084 302 044 0973
85 851 5.62 .1.60 0740 H = 7.60 cm
‘86 * 8.51 5.84 1.00 . 0.768 Q = 8.51 I/sec
87 8.34 . 6.18 ., 0:98 0813 . HP =075
88 8.25 %45 - 097 ./ 0848 R =254 cm
89 = 7.49 6.61 0.88 ©  0.870 R/P = 0.250
90 6.81 6.98 0.80 . 0.918° .
91 5.45 714 [ 064 0940 .-
£92 - < 434 741 051 - 0975 PR
93 .31 . 745 037 ‘L0980 . |
94 11.31 6.64 T 100 . 0730 H=9.10cm
95 11.31 7.05 1 00. 0775 . Q= 1131 l/sec
96 . 1120 755 0.99 0.830. HP « 0.90 '
97 10.18. 7.78 0.90 0.855 R=254cm
98 . 9.05 8.17, . 0:80.. " 0.898 R/P « 0.250
99 8.82: 8.40 0.78 -+ 0923
100 8.14 8.65 0.72 0.950 "
101 . 588 8.76 '0:52 0.963 '
102 /3,51 9.01 0.31 0.990 - ‘
b
el
. .
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Y < < AN swwged Downsjream Drowned Submergence Other pertinent
- & I Numbér Flow Dis-.  Measured . Flow Re- Ratio detalls

vy \ SN ;) . =~ (Chage Head - duction. &,

’n' ‘1<| ' ‘ - qn 'Nz - ' .

IR ; L4 (Usec) ., (o) (=Qmy/Q)  (=HyH)

’ 4y > Q - ¢ . . - -
. B N Te . \ .
e e 0 @ & @
1N g T 103 214400 4 808 1.00 y755 H = 10.70 cm
P . !04 13.68 9.15 0.95 855 Q = 14.40 1/sec

e }1224 9.47 0.85 0.885 H/P « 1.05 -

. o 10.37 10.04 0.72 0938  Re-254cm,

T o 1Q7 ¢ 8A - 1014 0.57 0.948 R/P= 0.250

v f, 108 605 . twse , o4t 085 _

. . ® . 109 1780 ¢+ 927 = 71.00 70760 0 Haw220 -
Lo . 110, 16.83* . 106. 094 0870 Q= 17.901/sec -

:- , 111 4957 . 1096 . 087 0898 HP = 1.20

e 'S 11014 175 -+ 0.66 0963. ., R=254cm

) 0. - : 43 @, 1177 ’ - .0.56 0.965 RP«0250 °

- . T A L I X} 1597 ¥ "o047 0981 B L

R 115° 220 4 70233 .. T400 0750 - Ha=3.10 cm
’ ©ow 116 - 220 247 -~ 1.00 -7 0.795 Q = 2.20 I/sec -
oo L 117 . *198° 270 (rg 0879 . HP.030 . -
X 0,0 18 e 187 - 284 0 0.915 - 10.16 cm
( ) e, 119 156 290. 0.7 '0935 ' RP31.00
| R BTN Y. 1.30 298. . "' 059 - 0:960 - iR 3
S 3 101 ¥ 306 0.46 0.988 \
CoU L 119 07 L 4084 0990
S 123 48.60 562 Ty . 0740 “iis 7.60 cm
S ‘ 12¢° 8580 588 100 . 0773 . Q=860lsec
oot V0 1280 7 843 . 637 . 085 10,838 HP «0.75"
. ‘* 126 7.;p 657 ' 087 0.865 R« 10.16 cm
, 127 . 174 6.79. .'0.90 0893 °, RPa1.00
o , 128 - 634 (\ 708 . 076 0933 5 .. )
[ ' N N N . ‘) . . ..,‘; * — :
i . ' ' e LT
5 ) \ ‘ ¥ . '
r oy R i ‘ - '
_ , ¢ .o - 4
. M (Y . . ', :
. ! <y ' .
. » vt ': » ¥ .
‘ v - ™ . Ot

RN | /'-} )

L

~

~-——
‘Q \ . ‘ 5
AP . 248
O
r o I
“: ' .
&* e ﬁmu (Commuod)
. /0 ) Stbmergefmsudes mBectanwlar Broac-crested Weir: Measurements and
o ) ROSURS
. “ . - / ) )
o . .. 'B=254:L,-305cm P - 10.16 cm: L,,/P-a.oo |
‘ - Al . .

_F

!

“
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‘ Ta@@nﬁnued) o .

. Submergence Studies on Rettangular Broad- crested Weir: Measurements and

Results -~ '
- -25.4; Lw-30.5 cm; P=10.16cm; Lw/P-a 300 - -~
L o a
§ ' » B .
Run Swmerged Dgwnstream Drowned - Submergence her pertinent
Number Flow Dis- Measured - ~ Flow Re-  Ratio .7 dbtalls
" charge Hed & duction. * S, -
O . H2 ot - »
. (sec)  (cm) (-O/Q) feHyH) |
- { - .
(1) (2) « (3) ~ (4) {5) (6) *
] 3 N
129 7.05, 737 0.82 0943 - \
130 542 .* ' 726 - ' 063 0.955 ‘
- 131 5.76 737 . 067~  0.970
o132 . . 3.87 7.45 045 0980 =
~ . 133 7 1142 696 - 1.00 0.765 Ha9.10cm
134 11d 7.46 . 0.98 82 Q=11.421/ec *
135 10.85 7.85 0.95 0.863 H/P = 0.90
136 9.25 8.40 ., 081 0.923 R~ 10.16cm
137 720 86 “ 063 0.955 R/P =1.00 -
138 6.05 8.35 .. '0.53 0.973 r
139 331 904 . _ 029 0993 o
140 14.79 800 - 1.00 0.748 \H.1o7o<:m )
141 74.79 8.61 .00 . 0.805 Qw 14.79 1/sec”
. 142° 1346 942 "0.91 0.880 HP =105
143 1272 '9.63 0:86- . 0.900. R«10.16cm
144 <. 1006 © 10.11- 0.68 0.945 AP = 1.00°
145 8.43 1043 . D57 0975
146 887 , 1052 0.60 0.983
147 5.77 10.54 . 039 1 0.906 S
148 18.12. 8.9 L 1.00 0.730 H«1220cm
‘149 182 9.58 1.00 0.785 Q= 18.12 I/sec
150 1758 . 1037 097 =085 - HP«1.20
151 17.40 joes - . 096 0,875 - Ra10.16cm?
152 15.76 11.29 ©0.87 ..0.925 RP = 1.00
153 1323 n-.sg/\_g%:; - 0.945
154 1123 1181 ;062 0.968
155 8.88 1187 - 049 0.973 T
156 . 7.61 11212 042 - 0993 _ ’
- / N = ) i ‘ ! B
»- . N a [ 3
-~ < r
. Y
, [ , . ‘ [ ',
R ‘ L oow y
A | g 7
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