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CHARACTERISTICS OF FLOW OVER PARABOLIC BROAD-CRESTED WEIR
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Alexandria University, Alexandria, Egypt.

NOMENCLATURE

Area of the flow cross section,
Area of critical flow cross section,
Channel bed width,

Discharge coefficient,

Velocity coefficient,

Head on weir crest,
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Total head on weir, H, = H +

The submergence head of tail water,
Length of weir crest,

The parameter of the parabola,
Discharge passing over weir,

Initial submergence ratio corresponds to
submergence starting effect

Top width of tlow cross section,

Top width of critical flow cross section,
Velocity of the approaching flow,
Velocity of tlow at the brink section
Velocity of flow over weir at the
contracted section,

Depth of flow over weir,

Depth of flow at the brink section,
Depth of critical flow,
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Depth of free flow over weir,
Depth of submerged tlow over weir,
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A discharge measurement device using broad-crested weir with parabolic cross section provides wide
measuring range without any effect on the head-discharge relationship by tail water up to high
submergence ratio. The present work presents theoretical and experimental analyses for the characteristics
of flow over such weir. The depth of flow over weir, the velocity coefficient C,, the discharge coefficient
Cq4, and the brink depth are analysed theoretically via applying the energy equation. Theoretical
relationships were developed. The submergence criterion and the water surface profile are experimentally
investigated using weir model of various dimensions. The developed relationships are verified by the
experimental measurements, and a good agreement was found to exist. Finally, a head-discharge
relationship are presented in terms of mathematical formulas and charts.

oy, Energy correction coefficients,
1 Coefticient of head loss.

1.INTRODUCTION

The determination of stream discharges has a great
importance in the operation etficiency of many projects
in; irrigation developments, water supply, river
engineering hydrologic studies on experimental basins,
and in many other practical situations. It is appropriate
therefore, to re-evaluate the existing methods of flow
measurement to improve their accuracies, and to
develop new methods of better accuracies.
Furthermore, the larger the number of methods
available, the better is the chance for designers to
select the most suitable method to their various
applications.

Broad-crested weir referred to as critical depth
meters, on which critical depth is assumed to be
occurred. The parshall flume, rectangular, trapezoidal
and triangular brood-crested weirs, and rectangular
cutthroat measuring flume, are examples of flow
measuring methods based on this principle
[1,2,3,4,5,6,7,8,9,10,11]. Critical depth meter is
solely valid for ideal flow in which the loss of flow
energy is neglected. The assumption of ideal tlow
causes an error of about 10% in discharge prediction,
[12]. Actually, a part of the approaching tlow energy
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is lost due to the lateral and vertical contractions
through such structures, which makes the depth of flow
to be less than the critical depth. For various
dimensions of rectangular broad-crested weir, its found
that the average values of flow depth over weir are
0.524 H and 0.485 H according to Minneseta, and
Washington tests, respectively [13]. Also, the 0.524 H
value is confirmed experimentally, and theoretically,
while the critical depth was found equal to

0.67 (C,)** H [14], where, H is the head on the weir,
and C, is the velocity coefficient.

? () @ ©)
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T

Figure 1. Flow over parabolic broad crested weir, (a)
free flow condition, (b) submerged flow condition, (c)
cross section.

C 126

Alexandria Engineering Journal, Vol. 33, No. 3, July 1994

Consequently, for accurate discharge measuremei
the discharge equations should be based on the @
depth, and not on the critical depth assumption. T
fact is taken into consideration while studyingt
parabolic broad-crested weir as a discharge meas
device in the present work.

Parabolic broad-crested weir has a cross section
parabolic shape, and a broad-crested in the longituli
section as shown in Figure (1). The advantages of s
weir arise from its simplicity, and accuracy
measuring small and large discharge speciall!
narrow streams while the discharge is unaffected®
submergence up to more than the critical depth.

Parabolic weir can possess greater submergence i
rectangular section before the capacity is affected. T
is refereed to that, the critical depth for parah
section is 0.75 H, while it equals 0.67 Hi
rectangular section. Furthermore the parabolic shap
more sensitive to small heads than rectangular sec
because Q « H? in the former shape, while Q aff
i the later one.

The brink or the end depth, is the depth of flow
the end of the weir crest. The brink depth is conside
one of the important characteristics since it affects
design of stilling basin below the fall. In addition,
may be used as measuring flow method of dropsa
waterfalls.

The end depth has been extensively investigatedi
rectangular channels, and a list of references ont
subject has been reported in [14]. Some investigatio
to a smaller extent, have been applied for trapezi
channels [15]. A little work has been done on the¢
depth for circular channel [16, 17]. In contra
these, a very little work has been carried out ont
brink depth for parabolic, and triangular sections.

Diskin [16] developed equations for the end depthf
exponential channels with zero pressure assumption
the end section, giving a theoretical value of the b
depth for parabolic section equals 0.731 of the ci
depth. Diskin’s work was improved later
Rajaratnam [18], who derived generalized equationsi
exponential channels for non-zero pressure at thes
section. Rajaratnam and Muralidhar [19] present
theoretical, and experimental studies for the depth
exponential channels. The momentum theoren
applied resulting an end depth equation depends ont
value of the pressure value at the brink secti
Experimentally, the brink depth ratio was found t
0.772 of the critical depth.
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From the above discussion, it is clear that an accurate
gvaluation for the end depth of parabolic section is not
reported. The only given value by Diskin, y, = 0.731
J» is not true because the pressure at the brink section
has a certain value and not zero as assumed. The
¢quation predicted by Rajaratnam does not give a
(efinite value for the brink depth, since it depends on
the value of the pressure coefficient which is not
evaluated as yet either theoretically or experimentally
for parabolic section.

The present study is intended to investigate the
characteristics of the flow over parabolic broad-crested
weir which have not been studied previously. The
analysis aimed at predicting an accurate head-discharge
relationship. The problem is investigated theoretically
by applying the energy equation taking into account the
loss of the flow energy. A comprehensive experimental
study was conducted including free and submerged
weir conditions.

2. THEORETICAL STUDY
2.1 The Depth Of Flow Over The Weir

Experiments showed tat the flow over parabolic weir
is characterized by existing a contracted section for all
values of L/H from 12 to 2.5. Hence, the depth of
flow over the weir is defined as the contracted depth as
shown in Figure (1). The depth of flow, y, can be
obtained by applying the energy equation at section
I-1, where the head H is measured, and section 2-2
where the contraction of flow occurs. To get an
accurate evaluation for the flow depth, the loss of
energy hy between the above two sections should be
taken into account.

Equating the specific energy equations at section 1-1,
and 2-2 considering the apex line as a datum we get;

9
012V"
2g

2
Substituting for hy = 7 ;_, equation (1) becomes;
g

Ho =y * +hL (1)

2
Hy=y + 5o lern) @)
3
where, H_ =H + ‘X;Va ,
g
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7 - is the coefticient of head loss,
v, - is the approaching flow velocity,

_Q
a ‘A1 2
A, - is the flow cross section area at section
1-1.
Assuming «; = o« = 1.0, and introducing the
velocity coefficient C, to account for the loss of

energy, where C, = 1/ {1 +7, in equation (2) yields;

a

v

2
Hy=y+ —2 G)
29
2gA,C”
where, A, is the flow cross section are at section 2-2

which is the area of parabola, A, = %Ty, and T is the

top width of flow. )
The parabola’s equation may be written as, x= = 2 Py,
where P is the parameter of the parabola.

Putting x=; in the parabola’s equation yields;

T?>=8PY. Hence, A, =§.y\/2Py, and

Ac=%yﬂ/2pyc—, where A, and y_ are the cross

section area and the depth of critical tlow, respectively.
The critical depth, y. for parabolic section may
expressed as;
Q> _Al 64, s
e e DY @)
g T, 27

2
Substituting for 2_ from (4) in (3) we get;
g

4
V- Hyy o+ 22 =0 ©
3C

v

Equation (5) is a quartic equation for y. Using
Ferrari’s solution [20,21], Eq. (5) has the following
four roots;

Ho [0.5+M-[(0.5+M)?-4(K+N)]'?], (6.2)

Y1=7
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H

Yo = _2_[0 5+M+[(0.5+M)?-4(K+N)]'2], (6.b)
H

Y3 = - [0.5-M+[0.5-M* +4(K-N)]'"?], (6.0)
H

Ys = 52 [0.5-M-[0.5-M +4K-N)]'?], (6.d)

where;
= 2K +0.25)!2 7
1/2
N = [K2 -1 _yi)‘*] ®)
3¢,2 H,
- _ 2 yC 2
K 3C, (.H_O) cosec 2¢, o)

tan a = (tan 8,/2)!3 , |a| < 45°,  (10)
16 1
9 ¢

v

Ye
H,

[s]

Sing, = -2 —(=2)?%, 8] <90°, (11)

Equation (6.d) gives a negative value for y, while
Eqgs. (6.a,b, and c) give positive values. In Eq. (6.b)
¥2>Y., while in Egs (6.a and ¢) y3 <y,;<Yy,.

Referring to Eq (11), the value of sin 8, ranges from
0 to + 1 with two extreme limits;

Oand + 1.

Substituting in Eq. (11) for the above critical limits

we get;

(i) Forsin@; =0,8, =
Vi=Y¥s=Nu=0

0C, = »,y, =H,, and

16, Ye

(i) Forsing, =+ 1,8, = .;.7 &= _(_)2
1=y, =0.75H,, y; = 025 H_, and
ys = -0.75 H,.

The analysis of the above values of the flow depth, y,
indicates that, in the first case the flow is stagnant. In
the later case, the depth of flow over the weir has two
values; y, represents the flow depth in case of free
flow, and y, is the flow depth in submerged weir
condition. The value y; rationally speaking can not
express the depth of flow over weir, since it ranges
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from 0 to 0.25 H,.

Consequently, the depth of flow over weir y; il
might be expressed by y; and y, referring to freg
submerged weir conditions in forms;

ye= __[05+M [0.5+M)? -4 (K +N)] 2 | an
y, = %[0,5+M+[(0.5+M)2—4(K+N)l”2],‘

2.2 The Velocity Coefficient

The velocity coefficient, C,, is considere |
important parameter for studying the characteristi
flow over the weir, since it expresses the energy lf
Hence, the value of the coefficient C, strongly affi
the values of flow depth and discharge coefficie|
weir. It is fruitful to derive a theoretical relations
relates the velocity coefficient C,, to the ratio y/i

Referring to Eq. (11), the values of sin $; and G
plotted for different values of y./H, and shown
Figure (2). According to Eq. (11) the extreme vali
for the coefficient C, may obtained from the followi
two conditions;

(i) whensing; =0, C, = o, and

(i) whensin g, = -1, C, = E(li)z

L —
= e | i
-10 .08 _O 6 04
Sin ﬁ1
. . _ 16, Y 2 |
Figure 2. Representation of sin 8, = T(i-)



However, the coefficient C, could not possess
uctical values beyond unity. Hence, the limits of C,

uld be ranged from %6(%:.)2 to 1.0 as depicted in
o

ure (3) Assuming an average value between the

ve two limits, the coefficient C,, approximately may

fained as;

Cupg = 05+ g(.z{_z)z (14)
& i
sin g =1 (Cy
|
C,=10
-sin By ~=- -—+Sin f,

1.0 i
figure 3. Interpolation of sin §; = t (Cy).

Exact expression for C,, may developed by integrating

16, Ye
ERN

(o]

fg. (11) with respect to C, from C,= )7 to

(,= 1.0 for constant values of %’If_ varying from 0 to
o

Dividing Eq (15) by the ditference

MG, =1- %6(%?_)2, and equating the product to the
o

right hand side of equation (11), we get;

Ye
16 dey2 4
_ 9 H, Ve
C, =% . 0< 22 <015 (16
i 16 Yoy H,
1 eesi{me)
9 "H

0.75.
fhen,
c,=1.0
16 Yc21 16 yc2 16 YC
= (= JdC. = () In S (=
J -5 G G =5 ) g (g
C=l6 yc)2 ) v ) o
V_'9"H_o
(15)
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Equation (16) is applicable when 0 < y./H, < 0.75.
Plotting Eq (16) in Figure (4) indicates that for y /H,
= 0.65, a linear relationship between C, and y /H is
exist and can be expressed as;

4 Ye
C, = =(+), 17
v 3(Ho) (17)
from which y. = 0.75 H, C, (18)
T T i 1
oo08¢t b
X
06} .
04 -
02 F 1
L 1 1 i
00 02 04 06 08 10
Cv

Figure 4. Relation CV—_}yI_c..
o

2.3 The Discharge Coefficient

Since the discharge coefficient C is mainly affected
by the energy loss, it may correlate with the coefficient
C, as follows;

As shown in Appendix (1), the discharge equation for
parabolic sharp crested weir takes the form;

Q= Zc,VeP H: (19)
Referring to Eq (4) we get;

4 _ 27 Q? 20
Ye @ El;‘ (20)
Substituting for Q from Eq (19) in Eq (20), yields;
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(-)2 098( )2 @1

3[_1‘0

From Egs. (16) and (21), a general relationship,
correlates C, and Cy may obtained

V3

IS i R
V3

ln_i.arcd

Cq =

3

0<Cy< X2 (22

Equations (22) limits the variation of C, as,

3

0<Cy< However, as shown in Figure (5) a

simple relationship between C, and C; may be
developed for values of C, = 0.85 by correlating Eqs.
(17) and (21) as follows;

Cy = B C,2 = 0.5511C2 23)
w

It is obvious from egs. (21), (22) and (23), that Cy is
independent on the parabola parameter P.

2.4 Depth -Discharge Relationship (rating curve
relation)

It is obvious from the above analysis that, the depth
of flow over free weir is less than the critical depth.
Hence, the discharge equation based on the critical
depth seems to be inaccurate. However, the direct
measurement of the head on weir H, and the depth
over the weir y gives precise evaluation for the
discharge over the weir.

A direct relationship between y; and y, may obtained
for free weir condition by substituting for y/H, with
values ranges from 0.65 to 0.75 in Eqs (12) and (16).
Then the corresponding values of y;/H, are calculated.
The governing relationship between y /H, and y;/H, in
this case may written as;

e _0.92 +O.427ln(.ﬁy_f.

o o

24

Substituting for y, from Eq (4) in Eq (24), yields;
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y 2
)2 Vgp H.

=(1.12 + 053 In —
Q= 0.5 nHo

Equation (25) expresses the depth-disch
relationship for values of 0.56 < y./H, < 0.75.

3
0.6 )
0.5
04}
0.3
0.2
0L

00,535 0% 06 08 10

Cv

-1

A

Figure 5. Relation C, -C;.
2.5 Brink Depth

Diskin and Rajaratnam [16,19] analysed the brik
depth ratio, y/y. using the momentum equation. Th
inaccurate evaluation of the pressure values at the britk
section led to the discrepancy between the theoreticl
(0.731) and experimental (0.772) values of the brink
depth ratio.

Evidently, in the previous studies, the energ
equation was not employed to theoretically evaluate th
brink depth. In this article, the end depth is analyse
theoretically using the energy equation as follows.

Equating the specific energy equations at sections
2-2, and 3-3, and neglecting the loss of energy, yield

4
y
Yo - Yo Yo + Tc =0 26)

Solving Eq (28) using the same procedure appligd
before for Eq. (5), we get;

e women RS o A R
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16 %ep Q7

o

Substituting for y, = 0.75 \/cv H, in Eq. (29) gives;

. 1 y
Sin g8, = - (F‘S)2 ci(H—°)2;

o

from which, for the Case of Sin 8, =-1,

9/
Yo 1_6 Cy HO (28)

Dividing Eq (28) by Eq. (18), we obtain the brink
depth ratio in the form

Yo _o7s | L (29)

yC cV
3. EXPERIMENTAL STUDY

In the present paper, the experimental study is
intended to check the predicted equations for; depth of
flow over the weir, y; and y,, the coefficients, C, and
Cy4, the depth-discharge relationship, and the brink
depth, y,. Experiments were performed also, to
investigate the water surface profile and the
submergence criterion.

3.1 Experimental Arrangements

Experimental work was carried out in the laboratory

of Irrigation and Hydraulics research, Faculty of
© Engineering, Alexandria University.
Experiments were conducted in two horizontal
~ rectangular channels. The first has a 4.0 m length, 0.4
m height, and 0.185 m width. The second has 9.0 m
length, 0.5 m height, and 0.395 m width. The channels
are fabricated from, 8 mm perespex sheets supported
by a steel frame.

Four wooden and coated models for the parabolic
broad-crested weir were used in the experiments. The
first has crest length, L = 70 cm and parameter, p =
2.5 cm. The other three models having equal length, L
= 60 cm, and different parameters; p = 5.0, 7.5, and
10 ¢cm. The first model was inserted in the first channel

Alexandria Engineering Journal, Vol. 33, No. 3, July 1994

with apex height, d = 10.4 cm above the channel
bottom. The other models were installed in the second
channel with height, d = 15.5 cm for each one.
Different discharges were allowed to pass over each
weir model covering a range of L/H from 2.5 to 12.
For each discharge, the weir head, H, the depth of
flow over the weir y, and the brink depth y, were
measured by point gauge. The discharges were
measured by a v-notch weir. Submergence by tail
water was controlled by adjusting a sliding gate at the
end of each channel. All depths were measured with
respect to the center line (apex line) of the weir.

3.2 Experimental Results
3.2.1 Flow Surface Profile

The flow depths were measured longitudinally along
the center line of the weir at distances every 2.5 cm.
The flow surface profile is plotted with respect to the
ratio L/H as shown in Figure (6). In addition to the
vertical contraction of flow caused by the weir hump,
a lateral contraction accrued due to transition from
channel rectangular section to the weir parabolic
section. The vertical contraction affects the tflow by
creating a contracted section located at distance from
the entrance increases as the discharge increases. Due
to the lateral contraction, cross waves developed with
symmetrical formation with respect to the weir center
line. For values of L/H = 8, the intensity of waves
increases and the tflow behaves similar to the flow in
long open channel. As the values of L/H decrease the
waves intensity decreases to one wave when L/H <
5.0. Further increase in the discharge causes gradual
withdrawal for the wave towards the weir end, creating
parallel flow when L/H < 2.5. For small values of the
parabola parameter, P, parallel flow is expected to
occur when L/H < 2,0. It can conclude that the best
condition for weir operation exists when L/H < 5.0.

3.2.2. Submergence flow condition

Submergence of flow occurs when the head-discharge
relationship is affected by the downstream water level.
It is important, in practice, to determine the
downstream submerged head, h,, at which the
discharge starts to be affected. Hence, to determine
whether the weir is free or submerged. The criterion
which governs this problem can be expressed by using
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*
8

H b4
in which h,” and H are the head downstream and
upstream of the weir, with both related to the crest
level.

starting ratio, $*, which is defined as, S* = 100

L
H

(¢) p =10cm.

Figure 7. Flow surface profile.

The submergence ratio S* was investigated
experimentally. The downstream water level was
gradually raised by adjusting the end gate. The heads
h, and H were measured and recorded at the same
time. The head h, at which the head H begins to
increase is considered the depth, h,*. The head h, was
measured at section located at point far enough to
avoid turbulence downstream the weir, and the effect
of backwater created by the end gate. The experimental
data are reported in Table (1). In Figure (7), the
submergence ratio S* is plotted versus the ratio H/L.
From Figure (7) it can conclude that the average values
of S* is approximately 80% for values of H/L < 0.4.
For values of H/L > 0.4 the ratio S™ rapidly falls.
Referring to Table (1), its is found that the ratio h,*/y,
has an average values equals to 1.15. Consequently
submergence criterion is governed by the following
relationship;

C 132

h, < > 115y,

If h, < 1.15 y, the weir is free, and if hy > 1.15y,
the weir is considered submerged

° i ] 1 i
E o p=5 c<m.
*- = p=75cm
% p =1 cm
100 7
Mk 7
80 F —‘—””".—""7’0‘-*6-—0—'0.0\) -
70 7
60 -
50 | .
1 1 1 1
0.0 01 .2 03 04 05
H/L *

Figure 8. Relation S* - H/L.

4. RESULTS AND DISCUSSION

Results of more than 100 experimental runs were used
to evaluate the accuracy of the developed equations for;
the flow depth over the weir y; or y,, the velocity
coefficient C,, the discharge coefficient Cy, the depth-
discharge relationship, and the brink depth y,,.

4.1. The Flow Depth Over The Weir

The total head on the weir, H,, is calculated using
the properties of the approaching flow in rectangular
channel section at section 1-1, Figure (1). The values
of the critical depth, y, were calculated according to
Eq (4). The values of the velocity coefficient were
calculated using Eq (16). Hence, the ratio y./H, and
the value of ¢, were used to calculated the depth of
flow over the weir y; or y, corresponds to free or
submerged flow conditions, respectively.

Alexandria Engineering Journal, Vol. 33, No. 3, July 1994
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Table 1. Experimental data for the submergence ratio S, for b = 39.5 and L = 60 cm.

P. Q Ye H, H* . hs* o
Cm. I/sec. Cm. Cm Cm 8§ = ¢
H

50 5.0 6.81 10.13 8.1 0.80 1.19
10.0 9.63 14.22 11.3 0.795 1.17

15.0 11.79 17.30 13.55 0.783 1.15

20.0 13.62 19.90 15.8 0.7%4 1.16

25.0 15.23 22.15 175 0.79 1.15

30.0 16.68 242 19.1 0.789 1.15

350 18.02 26.04 194 0.745 1.08

15 50 6.15 9.15 7.10 0.775 1.15
10.0 8.70 12.70 9.9 0.78 1.14

150 10.66 15.57 122 0.784 1.14

20.0 12.31 17.94 14.05 0.783 1.14

250 13.76 19.90 15.8 0.7%4 1.15

30.0 15.07 21.66 174 0.803 i.16

35.0 16.28 23.50 185 0.787 1.14

10.0 3.74 4.95 7.37 6.0 0.814 121
6.88 6.72 9.92 79 0.796 1.17

9.85 8.04 11.8 954 0.808 1.19

13.37 9.36 13.65 11.05 0.81 1.18

16.0 10.24 14.9 12.0 0.805 1.17

19.25 11.24 16.35 13.0 0.795 1.15

22.44 12.13 17.50 14.10 0.806 1.16

For the free condition, the depth y; was evaluated
according to Eq (12) using the system of Equations,
| Eq. (7) to Eq (11). The calculated values of y; were
compared to the measuring ones as shown in Table (2).
The comparison indicates good agreement with
maximum deviation of 5%. However, in most of the
cases, the calculated values are higher than the

measured ones. This may be referred to the effect of

lateral contraction caused by the transition from
channel rectangular section to the weir parabolic
section. The effect of lateral contraction mainly
depends on the flow top width T with respect to the
constant width of channel b. Consequently, the
calculated and the measured values are getting closer
when T increases either by increasing dlscharges or the
parabola parameter P.

As to submerged flow condmon, veritication of Eq
(13) showed good agreement between measured and
calculated values of the submerged flow depth, y,, with
deviation does not exceed 6% as shown in Table (3).

4.2. The Velocity Coefficient, C,

The experimental values of the velocity coefficient
were obtained by substituting for the measured values

Alexandria Engineering Journal, Vol. 33, No. 3, July 1994

of H,, and y; in Eq (5) in the form;

2

Ye
\/3_)/?/2 vHo—yf

The theoretical values of C, were calculated via
applying Eq (16). As shown in Table (2), the
experimental, and theoretical values of C, are in good
agreement with maximum relative difference in the
range of 3.4%.

The experimental data for free flow condmon showed
that the ratio y /H is always higher than 0.65. Hence,
eq (17) is preferable to be used instead of Eq (16)
because of its simplicity.

Cv=

4.3. The Discharge Coeffient, Cy

The measured values of Q, and H, were used in Eq
(19) to obtain the experimental values of the coefficient
C4. As reported in Table (2), the theoretical values of
C4 obtained by Eq (23) are very close to the
experimental ones with maximum deviation of 0.5%.

The experimental values of Cy are plotted against the
ratio H/L as shown in Figure (8). It is clear that for

C 133
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the same values of the parabola parameter, P, C,
increases as H/L increases. However some negligible
variation of C; values was found for various values of
p for the same value of H/L, e.g., for H/L = 0.238
the maximum difference in C; values was found equals
to, C4 = 0.446, and 0.45 for p = 5.0, and 10 cm,
respectively. This difference gives a deviation of 1%
with respect to their average values. This result ensures
that the coefficient of discharge C; is independent on
the parabola parameter p. The higher values of C
corresponds to p = 10 cm may be related to the effect
of the lateral contraction, where the top width T
becomes closer to the channel width, b, especially in
the models having the same apex height, d. For values
of H/L > 0.2, the average experimental value of the
coefficient Cy was found equal to 0.459, while the
theoretical value equals 0.5511 for ideal flow condition
C, = 1.0).

T T T T
8 e p =5 cm
a p =75 cm
048+ + p =10 cm i
sfbapa
0.46 | R A
0*3‘ Ajst ¢
A®
. o"Aﬁ ®
0.44 or g .
o0
042 .
040 1 1 d i
0.0 041 02 03 04 05
H/L

Figure 9. Relation C4-H/L for various values of p.
4.4. The depth-Discharge Relationship

The measured values of H, and y; were used to
calculate the discharge according to Eq (25). The
calculated discharges are compared to the measured
ones as shown in Figure (9). The comparison shows
good agreement with deviation not to exceed 5%.

On the other hand, the average value of the ratio
y./H was found equals to 0.69 for a range of L/H <
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5.0. Making use of this value, an empirical equatin
for the discharge may be written in the form:

Q = 0.7335 y/gp H2, 00

or Q = 2.30 yp H?, 0

where, in eq (31), Q is in m3/sec. p and H areit
meters

40
o p =25cm.
e p =5 com. °
32 F . p =175cm.
& a p =10 cm
wn
= 24 |
o 16 |
@
£
a
8 k-
O 1 1 1 1
0 8 16 24 32 40

Qcal. L/ sec.
Figure 10. Verification of Eq. (25).

4.5. The Brink Depth

As for the brink depth y,, Eq (29) was checked. Th
coefficient C, was computed using Eq. (16). Tk
calculated values of y, were compared to the measur
values. As shown in Table (2), a good agreement exis
with a maximum deviation of 6%. On the other han
the average measured value of the brink depth ratio
found to be 0.773, which is in complete agreement i
the value given by Rajaratnam [19].

5. CONCLUSION

An extensive theoretical and experimental studies &
presented for the characteristics of the tlow owf
parabolic broad-crested weir. On the basis of the
studies it can be concluded that a broad-crested weird
parabolic cross section may be use as a new accurit
device to measure stream discharges.
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Table 2. Experimental measurements and verification of theoretical

Equations of; y;, C,, C4 and y, in case of free flow.

No Q, H, values of C, values of yg, cm values of Cy values of y, , cm
tee 1 am =T Theo | % dov. | mes. | Cal, | % dev. | Exp. | Theo, | % dev. | meas. [ cal Eq | % dev.
Eq. (16) Eq (12) Eq (23) (29
m (03} 3) @) 5) ©) ) ® © (10) an (12) (13) (14) (15
p= 2.5 cm, d=10.4 cm, L=70 cm, and b=18.5 cm
1 046 | 367 | 0898 | 0889 | -10 | 211 | 214 | 14 [ 0434 [ 043 [ 05 | 191 | 1% | 16
2 113 | 575 | oo1 | oss | <18 | 330 | 337 | 20 | 044 | 044 | 00 | 295 | 305 | 34
3 218 | 79 | o916 | 090 | <17 | 460 | 47 20 | 0446 | 0446 | 00 | 415 | 422 | 17
4 43¢ | 1105 | 0913 | 0907 | 06 | 660 | 665 | 08 | 0453 | 0453 | 00 59 | ssa | o7
5 635 | 1335 | o2 | 0907 | -14 | s25 | 80 | 30 | 0451 | 0453 | 04 70 | 731 | 44
6 871 | 1538 | 0903 | 0917 | +16 | 970 | 947 | 240 | 0463 | 0463 | 00 | 804 | 837 | 41
7 1098 | 172 | 0895 | 0919 | +26 | 1105 | 1064 | 37 | 0464 | 0465 | 01 94 | 939 | 00
8 1312 | 1875 | 02 | o2 | 00 | 120 | 1162 | 32 | 0465 | 0466 | 02 | 102 | 1026 | 06
9 1506 | 200 | 0924 | 0921 | 03 | 1288 | 1248 | 31 | 0466 | 0467 | 02 | 110 | 1098 | 00
10 1695 | 2117 | 096 | 0921 | 05 | 1360 | 1323 | 34 | 0467 | 0467 | 00 | 1135 | 1165 | 26
p= 5.0 em, d=15.5 cm, L=60 cm, and b=39.5 cm
1 200 | 660 | 0922 | 0891 | 34 | 370 | 38 | 43 | 0436 | 0438 | 05 | 345 | 35 | 14
2 410 | 922 | 0914 | 0893 | 23 | 524 | sa1 | 32 | 0437 | 0439 | 05 | 467 | 48 | 47
3 606 | 1106 | 0937 | 0904 | 33 | 630 | 658 | 44 | 0448 | 045 | 05 57 | so1 | 37
4 809 | 1278 | 0933 | 0903 | 32 | 732 | 761 | 40 | 0448 | 0449 | 02 | 662 | 68 | 32
5 1003 | 1425 | 0935 | 0902 | 35 | 812 | 849 | 46 | 0446 | 0448 | 05 | 728 | 762 | 47
6 1203 | 1550 | 09 | 0907 | 35 | 8% | 931 | 46 | 0452 | 0453 | 02 | 795 | 832 | 47
7 1402 | 1668 | 0942 | 0909 | 35 | 962 | 1009 | 49 | 0455 | 0455 | 00 | 854 | 897 | 50
8 160 | 178 | 094 | 0909 | 33 | 1032 | 1077 | 44 | 0455 | 0455 | 00 91 | 958 | 53
9 1806 | 1895 | 0935 | 0908 | 28 | 110 | 1141 | 37 | 0453 | 0454 | 02 97 | 1019 | 51
10 2018 | 1995 | os4 | oot | 31 | 1160 | 1207 | 40 | 0456 | 0457 | 02 | 1025 | 1075 | 49
1 2186 | 2072 | 0935 | 0912 | 24 | 122 | 1257 | 30 | 0457 | 04ss | o2 108 | 1118 | 350
12 2423 | 2176 | 0942 | 0913 | 30 | 1275 | 1326 | 40 | 0459 | 0459 [ 00 | 114 | 1177 | 32
13 2626 | 2263 | 0944 | 0914 | 32 | 1325 | 1383 | 44 | 0459 | 046 [ 02 | 119 [ 1224 | 29
14 2822 | 2350 | 0933 | o912 | 23 | 139 | 1428 | 27 | 0458 | 0458 [ 00 | 1262 | 127 | 06
15 302 | 243 | 0935 | 0912 | 240 | 1435 | 1478 | 30 | 0458 | 0458 | 00 | 1350 | 13.14 | 27
16 3205 | 2496 | 0931 | 0914 | -18 | 149 | 1527 | 25 | 046 | 046 | 00 | 138 [ 1325 [ 20
17 3425 | 2573 | 0938 | o917 | 23 | 153 | 158 | 33 | 0462 | 0463 | 02 « - -
18 3655 | 2652 | 0938 | 0919 | 20 | 1585 | 1633 | 30 | 0463 | 0465 | 04 : - -
p=17.5 cm, d=15.5 cm, L=60 cm, and b=39.5 cm
1 206 | 595 | 0895 | 088 | -10 | 341 | 346 | 15 | 0431 | 0433 [ o5 [ 310 | 314 | 13
2 410 | 835 | 0915 | 080 | 27 | 472 | 48 | 36 | 0435 | 0437 | o5 | 435 | 443 | 18
3 606 | 1010 | 0924 | 084 | 14 | 571 | s | 37 | 0439 | 044 | 02 | 535 | 537 | o4
4 814 | 116 | 0927 | o092 | 27 | 667 | 691 | 36 | 0446 | 0448 | 02 | 58 | 620 | 54
5 1012 | 1204 | 0925 | 090 | 27 | 745 | 770 | 34 | 0446 | 0446 | 00 | 654 | 692 | 58
6 1213 | 1404 | 0934 | 0908 | 28 | 815 | 845 | 37 | 0453 | 0454 | 02 | 704 | 754 | 56
7 1413 | 1520 | 0927 | 006 | 23 | 88 | 913 | 33 | 0450 | 0452 [ 04 | 769 [ 815 | 60
8 1608 | 1611 | 0929 | 0909 | 22 | 949 | 976 | 28 | 0455 | 0455 | 00 | 825 | 868 | 52
9 1819 | 1712 | oo25 | oo | -15 | 1015 | 1036 | 20 | 04ss | 0457 | 04 | 920 | 922 | 02
10 2004 | 1790 | 0923 | 0913 | 20 | 1060 | 1091 | 29 | 0458 [ 04aso | 02 | 985 | 967 | -18
1 200 | 1876 | 0928 | 0912 | 17 | 1115 | 140 | 22 | 0457 | 0458 | 02 | 107 | 1014 | 52
12 2474 | 1964 | 091 | 0907 | 03 | i1s5 | 1192 | 06 | 0453 | 0453 | 00 | 1115 | 1063 | 47
13 2610 | 2034 | 0912 | 0911 | 00 | 1240 | 1241 | 00 | 0456 | 0457 [ 02 | 1155 [ 1105 | 43
14 2806 | 2100 | 0915 | 0917 | 02 | 1295 | 1290 | 04 | 0464 | 0463 | 02 | 1184 | 1140 | -37
15 3017 | 2175 | 0914 | 0919 | 06 | 1350 | 1340 | 075 | 0464 | 0465 | 02 | 1230 | 118 | -39
16 3205 | 2245 | 0917 [ 0917 | 00 | 138 | 1381 | 00 | o462 | 0463 | 02 | 1260 | 122 | 39
17 3369 | 2293 | 0917 | 092 | 03 | 1423 | 1414 | 060 | 0465 | 0466 | 02 | 1313 | 1249 | 49
18 3616 | 2375 | 0916 | 092 | 04 | 1475 | 1466 | 06 | 0465 | 0466 | 02 | 136 | 124 | 49
19 3814 | 2450 | 0908 | 0914 | 07 | 152 | 1505 | -10 | 0460 | 046 | 00 | 1409 | 1333 | -54
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Table 2. Continue

) | @ | S | @ [ ©) | ©) [ M [ ®) ] ©) | (10) ] a1 ] 12) | 13) [ (14) ] (15)
p= 10.0 cm, d=15.5 cm, L=60 cm, and b=39.5 cm
1 2.02 5.48 0.884 0.888 0.5 3.2 3.19 0.3 0.432 0.434 0.5 2.83 2.90 2.5
2 4.04 7.70 0.919 0.893 2.8 4.36 4.52 3.7 0.437 0.439 0.5 3.95 4.09 35
3 6.06 9.35 0.925 0.893 2.8 5.34 5.54 3.75 0.443 0.445 0.5 4.85 4.98 2.7
4 8.09 10.76 0.926 0.902 -2.6 6.2 6.41 3.4 0.446 0.448 0.5 5.45 5.75 5.5
5 10.12 11.96 0.933 0.907 -2.8 6.92 7.19 39 0.452 0.453 0.2 6.07 6.42 58
6 12.03 13.0 0.93 0.908 2.4 7.60 7.83 3.0 0.453 0.454 0.2 6.61 6.99 5.7
7 14.13 14.04 0.928 0.911 -1.8 8.30 8.51 2.50 0.456 0.457 0.2 7.13 7.56 6.0
8 16.08 14.94 0.927 0.912 -1.6 8.90 9.07 1.9 0.457 0.458 0.2 7.65 8.07 55
9 18.06 15.80 0.924 0.913 -1.2 9.48 9.63 1.6 0.458 0.459 0.2 8.33 8.54 2.5
10 20.04 16.57 0.93 0.917 -1.4 9.96 10.16 2.0 0.462 0.463 0.2 8.84 8.98 1.6
11 22.0 17.44 0.916 0.912 -0.4 10.55 10.61 0.6 0.457 0.458 0.2 9.55 9.43 -1.3
12 23.98 18.12 0.916 0.916 0.0 11.10 11.11 0.0 0.461 0.462 0.2 10.03 9.83 2.0
13 26.03 18.8 0.919 0.918 -0.1 11.57 11.58 0.0 0.464 0.464 0.0 10.5 10.22 2.7
14 28.06 19.50 0914 0.919 0.50 12.12 12.02 0.8 0.464 0.465 0.2 10.81 10.61 -1.9
15 30.27 20.2 0.916 0.92 0.40 12.60 12.51 0.7 0.460 0.466 0.0 11.05 11.02 0.3

As a result of the above theoretical study a group of

simple experimentally verified relationships were
developed, and could be employed in the following:

1-

2.
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Estimation of the flow depth over the weir in free,
and submerged flow condition: Egs. (12), and (13).
Determination of the velocity coefficient in terms of
the critical depth related to the total head on weir;
Egs (16), and (17).

. Determination of the discharge coefficient with

respect to the velocity coefficient; Eqs (22) and
(23).

. Prediction of the weir discharge as function of the

head on the weir H, and the depth of free flow over
weir yg; Eq. (25)

. Evaluation of the brink depth with respect to the

critical depth; Eq (29).

According to the experimental study, we can
conclude the following:

1. The best condition for the weir operation exists
when L/H < 5.0.

The weir can be operated without any effect by
tail water on the discharge up to submergence
ratio equals 80%, while H/L. < 0.4. The weir is
considered free if h,/y, < 1.15.

. The discharge coefficient is independent on the
parabola parameter, and has an average value of
0.459 for L/H < 5.0.

The measured brink depth ratio has an average
value of 0.773 of the critical depth.

Finally, Equation (31) is recommended to be
practically applied for measuring discharges over

2.

broad-crested weir since, one only measuring
parameter is needed, which is the head on the
weir H.
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Appendix 1

Discharge Coefficient for sharp crested parabolic
wei -

- 2\
-

H

Figure 10. Parabolic sharp crested weir.

Considering a strip of flow with width T, and
thickness dh lies at a depth h from the flow surface &
shown in Figure (10).

The elementary area of strip dA = T.dh, and the

theoretical velocity, v = 2gh . Hence,

H

Q= ICdT\/2gh dh. ()

(o]

From the equation of parabolu, T?> = 8 py, where
y = H-h, then

T=2y2p(H-h) . V)]
Substituting for T in Equation (1), yields;

H

Q =4C, @I vh(H -h) dh. &)

o

! Derivation steps are explicitly given to prove the inaccurate equation (11.9) listed in Reference [22], p. 173.

C 138

Alexandria Engineering Journal, Vol. 33, No. 3, July 1994




ABOUREHIM: Characteristics of Flow Over Parabolic Broad-Crested Weir

Equation (3) can be written in the form:

H
2
Q=4CyVep HT—(h—%)2 dh. @

In Equation (4) put h - _I;_ = .Izi sin # and
differentiate yields,
dh = %COSG do,
forh = H, Esin()=£and0=£,
2 2 2
forh = 0,

inf =-1and 6 =- X,
Sin an 2

Substituting for the above values in (4), we get;
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+

Q=4C, Vep I

0

2 2
H™ _H" e, Heoseds, 5)
7 3 3

(ST

from which

+

2
Q=4C, ,/5‘1*4_ ] Cos26d6, (6

(ST

(ST

2‘;r/2
and Q = 8 Cy ygp .54_ L % (1 + Cos 2 6) d6, (7)

2 %2
thenQ = 8 C4 vgp %_ % [0+_;_sin20:| . 8

]

and finally Q= %Cd\/gp H2. O
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