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Abstract

An equation is derived to obtain the discharge over a sharp-edge
rectangular weir in the case of free and submerged conditions. A flow
equation has been developed for discharge over a sharp crested
rectangular weir in such a way that it can be used for both free and
submerged flows. The presence of an upstream doping face increases
the discharge. This increase depends on the ratios between the
downstream head H,, the upstream head H, and the dope of the
upstream sloping face. This increase in discharge depends on the width
of weir in the direction of flow and on theratio H,/H;.

Notations
b weir breath, normal to flow direction
B weir width in the direction of flow
C Coefficient of discharge in the weir equation (9)
C: Coefficient of discharge for the flow over a weir
C, Coefficient of discharge for the flow through dmerged orifice
g acceleration due to gravity
Hy Head on the upstream side of the weir over crest
Hy Head on the downstream side of the weir over crest

K =2c|Cgp

Exponent of H' in the free discharge equation

height for the weir above bed level

Discharge at head;Hor free discharge case

Discharge for the submerged case

Radius around the upstream corner for narrow eteseir.

Vertical distance between the weir crest and lingirsy face upper edge

Correction in the weir equation (9) for the cabthe presence of an upstream sloping face
= Hz/Hl

Angle of the sloping upstream face with verticairection in the weir equation (9) for the case of
arrow crested weir with edge rounding.

Ratio between the discharge in the submerge dondit the discharge in the free condition.
Correction in the weir equation (9) for the casaafrow crested weir with edge rounding.
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1.0 Introduction

Weirs of different shapes are used as control &tres in irrigation system. The flow over the wisr
preferred to be a clear overfall flow where the a&mns relating the discharge passing the weir taed
head over the weir are well established. In pradtienay sometimes be difficult or impossible teyent
downstream water level from rising above the lewklthe weir. In this case, the weir is said to be
submerged or drowned.
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Generally, it is expected that this will reduce flwav, yet the precise relation between the upstréaad
H,, the downstream head, ldver the weir crest and the discharge Q are notvknfor most weir shapes.
Moreover, the

shape of the weir cross section has a great aifette relationships between,HH, and Q. In this study, a
general flow equation was developed to describedikeharge over the vertical sharp-edged rectangula
weir for free case as well as the submerged case.

Previous studies have been concerned with the dleer sharp-crested weirs. The general profile ef th
flow over this type of weir is shown in figure 1-dx
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Fig 1. Weir models used in the study: (a) vertigair, (b) weir with upstream sloping face equaPto(c)
weir with upstream slope less than P where P ishthight of the weir, (d) narrow crested weir.

Swamee[18] summarized the work of [2] and showeat #@il the data presented could be put in a
relationship between #H; and Q/Q; where Q is the discharge at the head H1 comgfubed the equation
for free discharge in the form.

Q=KH; (1.2)
Q is the discharge for submerged conditiokds the coefficient of dischargéd; is the head on the
upstream side of the weir ah} is the head on the downstream side of weir. Mepemt studies such as
those by [1] and [10] found that all the data tehttefall on a single curve relating Q2/Q1 agaligtH1,
except for high values of H1/P, where P is heighthe weir crest above the floor of the channetg 8g.
2)
Swamee[16] carried out experiments on rectangtriangular, parabolic, cusped and proportionaligalt
weirs. He showed that all his results could be gted by the equation.

Q i} |:1_(H2] " Taas 12)
Q H,

Where n is the exponent for the free dischargenasjuation (1.0). This study is different from Svesmn
[16]from the fact that it concerns flow in a freedasubmerged weirs.

Bos [4] conducted test on a rectangular, triangydarabolic, circular, sutro and cusped verticalrsveHe
derived a single equation to express the resultiotest relating Q/Qand H/H,;. The data presented by
[13] were plotted by [12] who found that Q/@ a function of (H/H1)” by all weir shape used in their
studies. This result was also validated by Myef§[1

Other investigators like [9] assumed that flow ovbe submerged sharp crested weir can now be
considered as a summation of two as follows: the fbver the upper part of depth-H, which may be
considered as a free discharge over a weir; andadbear the lower part of depth,Hwhich can be
considered as a flow through a submerged orifice or

Q'=2/3 Cb(2gy* (H; - H)** . (1.3)
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Q“=Cob(2g)* (H1— Hp)* (1.4)

The total Q equals Q+ Q'. C; andC, are the coefficient of discharges for the flow omeweir and flow
through an orifice respectively, b is the breadthmmal to the direction of flow. Values of C withffédirent
values of theH,/H; were given. Markland [5] quotes Redtenbacher wssumedC; = 0.57 andC, = 0.62
and Pestorlozzi who

assumedC; = 0.62 andC,=0.534 — 0.566 depending on the ratigH,. The value ofC, increase abl,/H;
decreases.

2.0 Objective of Study

The problems of flow with a sloping face and floweo narrow crested weirs have not been widely stlidi
and the developed models also have not receivegrglescceptance. It is felt that a general equatiombe
developed to describe the discharge over a shayp ettangular weirs for the free over fall case also
for the submerge case.

The Generalized Flow Equation

With reference to fig 1a, it may be seen that tisetthrge over the weir in the submerged conditsotiné
sum of the two discharged;* @' which represent the free flow over a sharp edgethngular weir under
a headH,/H; and @* which represent a discharge through an orificéegth B and under a head,/H;. In
this case, the discharge passing over a weir cawriben as

Q=ag+Q" (2.1)
Or

Q = 2/3 Gb(2g)* (Hy — H)** +CabH; (20)¥2(H-Hy)™ (2.2)
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Fig. 2: Effect of Sloping facof height less thar® on C

In equation (2.2) the effect of the velocity of apgch is neglected. If it is assumed that=CC, =C, after
rearranging the terms equation (2.2) can be ptltarform

Q = 2/3 Gb(2g)* (HY** [(1-B"* (1+42)] (2.3)

H,
Wherep= —= or in general
1

Q = 2/3ycb(2g)* H, *? (2.4)
Where: w =1-pY? (1+812) (2.5)

For the free condition $H; = 0 andy = 1. Equating (2.4) for the free condition is
Q =2/3cb(2g¥ H; ** (2.6)

Y represent the ratio between Q for the submergeditton and Q for the free flow condition under same

head H.

It is believed that equation (2.7) represents a&egdrequation describing the flow over rectangsilzarp-

edge weirs. In equation (2.4) and (2.6), the vatf&s can be calculated using Rehbock’s formular:
C=0.611 + 0.08}P (2.7)
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It has been shown that the presence of an upstskrnimg face of height P increases the discharggellr
shows the mode of the weir in this case. The miahip between the value of C, calculated from ggua
(2.8) and H/P for the free condition and for different slopeshown in figure 2. The slope 1:1 gives the
maximum value of C and consequently the maximuresaf Q.

For submerged flow, it is expected that equatioB)(®ill be applicable after introducing a coeféinta to
account for the modified flow field caused by thegence of the slope; equation (2.3) is then puhén
form:

Q=24 cpab(2g)* H* (28)

If the height of the slope is less than full heighthe weir, as in Fig 1c, Equation (2.8) can pplied with
a different value ofi. The coefficientr is expected to be a function of/H; and the angle of the slofe
This function can be obtained experimentally.
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Fig. 3: Effect of Sloping Face of Height P on C

The value of C in Equation (2.8) may be taken fifeimm 2 depending on #P and the angle of slojie For
the case of a slope whose height is less thangP1Ej the value of C is taken from Fig. 3.

Narrow Crested Weir with Edge Rounding

Sharp crested weirs used for irrigation projecsdneontinuous maintenance. The crests become rasted
may be damaged by sand particles moving with watdry floating debris. The use of a weir of a derta
width in the direction of flow may provide the stin of such problems. Previous studies for fremvfl
condition proved that when rounding the upstreageeaf the weir, the discharge is increased. Fig 1(d
shows the shape of this weir with the variable®ived in its study. Fig 4 shows the relationshipaen
H,%/Pr and C for different values of r/B. It can bemsdhat the maximum value of C is obtained when
r/B>0.75, where r is the radius of the curve and Bhis weir breadth in the direction of flow. The
submerged case where the downstream depth is higharthe height P of the weir was studied for
r/B>0.75. It was expected that Equation (2.3) couldviigen in form

Q = 2/3 Wab(2g)'H,*"? (2.9)

Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 337 — 346
A Flow Formula For Submerged Rectangular Weirs C. S. Okoli J of NAMP



r/B=0.75-1.0(

e
R/B=0.30 r/B=0.25

e

| 1 | |11 111 1 1 | I 1
2 a 6 10 20

1.0
H/PYH 1)
Head of weir/Height of weir (H/P)

Fig 4: Variation of C with H,%Pr for narrow crested weir
Where L is a coefficient expected to be a function of,Hd and B. This function was obtained

experimentally

3.0 Materials and Method

Experiments were performed in a horizontal, readangflume, 9.10m long, 30.48cm wide and 30.48cm
deep. The depth was controlled by a sluice gateeatiownstream end. The flume had a smooth bed and
flexi-glass side walls. The weir models were mafldrass for the vertical weirs with upstream slgpin
face. Water is pumped from the main laboratory suhmpugh a 15cm diameter pipe to the channel
entrance. A value in the delivery pipe is useddguiate the flow of water. The head over the weir i
measure by a point gauge fitted to a travelingd®idlrhe downstream depth is measured by a piezomete
connected to the channel bed. The discharge lealvenghannel is measured by weight in a weighing.ta
The upstream depth was measured at a distancdities the weir height P from weir location. The
downstream distance chosen was just beyond thelé&nte caused by the nappe.

Three groups of test were carried out to test #dality of Equation (2.3) and to find the valuesyofin
Equation (2.2). The first group dealt with the saged flow over a sharp-edged rectangular weir. Two
weir heights were used: 15.27cm and 11.37cm. Thensegroup of tests dealt with model weirs with an
upstream sloping face.

In the first case, three heights and three slopese viested. The heights were 15.27cm, 11.70cm and
18.0cm and the slope 3045° and 6(° to the vertical. One experiment was carried outlie submerged
condition in the case of a broad crested weir fonjgarison.

4.0 Results and Discussions

Table 1 present the results of measurements oretitangular notch. The first 3 columns show reasling
obtained in the laboratory. The head H shown inftheth column is obtained by subtracting the aiiti
gauge in the second line of the table, for example

H= 62.1-3.93 =58.68mm.

QTY t(s) Gauge HeadH | 10°Q 10°HY, | cd

(kg) Reading(mm) | (m%s) (m¥s) | (m¥s)

- 3.93 0.0 - - -

30 39.4 | 62.61 58.58 7.61 1.442 0.605
30 447 | 57.12 53.19 6.71 1.227 0.618
30 55.3 | 49.92 45.99 5.42 0.986 0.6211
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30 70.1 43.07 39.41 4.28 0.774 0.624 Table 1:
30 81.6 39.98 35.14 3.68 0.666 0.623
Results 30 116 | 31.98 28.05 2.59 0.470 0.621 with
15 72.6 28.01 24.08 2.07 0.374 0.624
rectangu|ar 7.5 519 22.38 18.45 1.45 0.251 0.651 notch.
7.5 95.5 17.06 13.13 0.79 0.150 0.589

The discharge rate Q is obtained from time t resglito collect quantity Qty. for example,
Q= % =0.76kg/s=0.761= 761x10“m*/s

So that, 160 =7.61n¥s

Since, we expect that Q will vary asHsalues of H?are also tabulated. For example, in the secondline
the table,

H =58.68mm = 0.05868m

Hence, #, = 0.01422n?

Sothat,  10H¥?=1.422n1?

Verification of the General Flow Equation

The testing of the validity of the general flow atjon is shown in Fig. 4. The experimental poiritamed
from the tests using sharp-edged vertical weirssamvn together with the values obtained from Equat
(2.5). The curve shows the relationship betweend/td/H;. It can be seen that there is a god agreement
between the experiment and the derived equations The hypothesis used to derive Equation (2.4) us
fairly well established.

Scale Weir model * 6.00m " Screen
i ' Piezometer “ Baffles\
O || o iy H i @)

Measuring tank
O —

Pump 15cm pipe Valve

Fig. 5. Experimental Flume

Effect of Upstream Slope Whose Height Is less thd?
Three different slopes were used for different galof y/P. It was found that the presence of tiségges
does not have any effect on the flow over shargddgeir in submerged case, Fig. 5 as shown inJFig.

Effects of Sloping Face of Height P
The effect of the three slopes used, namef}; 86° and 60 to the vertical can be seen in Fig. 4. Th& 30
slope has slight or no effect on the discharged thedexperimental points lie on the curve for ezt
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weirs. For 45° and 60° slopes, an increase in the discharge was obsefslincrease depends on the
ratio Hy/H1.

To obtain the value ofi in Equation (2.8) experimentally, and enlargedrcheas drawn to find the
difference between the experimental points for4B8 and 60 slopes.a is the ratio betweery where
there is a slope anfl for the vertical case. The changeooivith H,/H;for difference slopes used is shown
in Fig. 6. It can be concluded that using Equati®/d) together with Equation (2.8) and Fig 6 gities

discharge for the case of the submerged flow cmmditor a vertical weir an upstream sloping face of
height P.

¥

0.4 = Experimental points
0,xB =636

0.2 *09:450,68

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
H/H,
Fig. 6: Testing the Validity of the Weir Equation
v

[
Ek Equation (9y—"
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Fig. 7: Change of with H,/H; for all values of@, y and P
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Fig. 8: Change ofa with H,/H; weirs of sloping face

Narrow Crested Weir with Edge Rounding

Previous studies showed that the edge ifngnof the narrow crested weir increases the diggha
The maximum value of discharge was obtained wherrdkio between the radius of rounding to the weir
breadth in the direction of flow was equal to oeaer than 0.75. The model used in this study with
r/B=0.75 showed an increase of the discharge aighinnicrease of the breadth B in the direction oivfl
The increase depends on the ratigH4. Fig. 9 shows a plot of Q/against H/H; for the vertical sharp
crested weir represented by Equation (2.5) togetlhidrthe results obtained from the four modelsdufee
narrow crested weirs. The curve from the testtiefiroad crested weir is also shown for comparison.

Broad crestec

1.0 4
0.8 "
¥ Sharp edge
0.6
*B = 2.54cm
0.4 < oB =5.08cm
=B =7.62cm
xB = 10.16cm
0.2
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
HiJ/H,
Fig. 9. Q/Q" against H,/H, for narrow crested weirs
1.0 H
0.8 -
3 .
Equation (9=
0.6
OB =4in (10.16cm)
0.4 AB =3in (7.62cm)
¢B =2in (5.08cm)
%*B = 1in (2.54cm)
0.2 1

0 01 02 03 04 05 06 07 08 09 1.0

H/H,
Fig. 10.2 against Hy/H 4 for narrow crested weirs

Fig 10 showsyp against H/H; for different values of B. The increase of B irases thap value and
consequently the discharge. The valua @f a function of value of in Equation (2.9) as shown in Fig 11.
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The value ofA is a function of H/H; and B/b. It is believed that Equation (2.5) togethéh fig 6 and 11
gives the discharge in submerge condition for aowacrested weir with the ratio r/B=0.75.

These results for the rectangular weir are plottedhe graph of Fig 12. The discharge Q is showth he
a function of H and of B. This later graph is seen to be a straight limeubh the origin, so providing
experimental confirmation of the theoretical préidic of Equation (2.8).

B/b=0.25-0.33
1.8

1.7 =
1.6
1.5

1.4 —

-
P
e = =]

1 1 1 ! 1 I
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.00
Ha/H,

1 1 !

Fig. 11. A against H/H; for narrow crested weirs
Example Problems with the developed equation
(a) To find Q for sharp crested weir with P=15.14cm~®#124cm and bE3.71cm one may
proceed as follows. For H1/P from Equation (2.7 @.6598
Q unit width = 2/3(0.6598)(2§)(g.24¥"% = 0.5473 l/s/cm
H2/Hl =0.401
And from equation (2.5)p = 0.929
Then using equation (2.4) Q =0.5473 20.8 0.5081/s/cm
(b) In the presence of a sloping face of4fhe discharge can be calculated as
H; =8.45cm
P = 15.39cm
H2 = 4.4cm
H./P = 0.55
So using fog 2 for the #%lope C = 0.712
Q1/unit width = 2/3(0.712)1/2 (8.45)3/2 = 0.5165per cm
For H/H; = 0.529, from fig 5)p = 0.87 and from fid 6a = 1.044.
Q =0.87 x44.04 x 0.5165 = 0.4671 I/s per cm
Q measured = 0.46 I/s per cm.

5.0 Conclusion

A flow equation has been developed for the disaharger a sharp rectangular weir in such a wayithat
can be used for both free and submerged flows efjnation been verified experimentally. The presaice
an upstream shaping face whose height is lessttieafull height of the weir do not have any effacthe
discharge case. The presence of a slope of heigtur@ases the discharge and the increase deparitis 0
ratio H/H; and on the angle of slofiebut increase as the angle increases. For a sfd@@ ¢o the vertical,
there is no change in the value for the sargléltand the experimental points followed the curve ioleiz
for vertical weir. This increase is caused by tbe/component of the velocity in the direction of flow
resulting from the presence of the slope. This aomept gives rise to additional discharge.

For narrow crested weirs with rounded upstreamemwrtine discharge is greater than that resultingfr
sharp edged weirs. The increase of the width ofatbie in the direction of flow increases the vahfethe
discharge until the broad crested weir conditioremched. The value of the discharge in the fresfalv
condition and in submerged condition can be obthasshown in the example below:
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