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Abstract

A method of channels with controlled flow velocity designing is presented and experi-
mentally verified. Proportional weirs at the outlets of the channel are used as velocity
controlling devices. Studies are carried out for one and two-part weirs with discharge
characteristic described by a power function. The conditions for practical shapes of
the channel and weir are determined. This paper also presents particular solutions
for the different discharge characteristic of the weir and velocity characteristic in a

channel.
Notations
a — height of the lower weir section,
B - width of the channel at height y = hnax for one-part channels
and height y = a for two-part channels,
c - proportionality factor,
Cs - coefficient of discharge,
d — height of the location of the lower crest of the weir above the

channel bottom,

f(y) - function determining the shape of the one-part weir,

fi(y) - function determining the shape of the lower part of the two-part
weir,

f2(y) - function determining the shape of the upper part of the two-part
weir,

F(y) - function determining the shape of the one-part channel,

Fi(y) - function determining the shape of the lower part of the two-part
channel,

F(y) function determining the shape of the upper part of the two-part

channel,
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g — acceleration of gravity,

h — head measured from the crest of the weir,
k, ki, ka2, k3o, k31 — proportionality factors,

m, my, hy, ms — exponents,

P — exponent,

0, 01, O; - discharge of the weir,

v,v9g - average flow velocity in the channel,

A - coefficient determining datum level for head.

1. Introduction

The control of flow velocity in a channel depends on satisfying the desired velo-
city — head relation. A proportional weir situated at the outlets of the channel
can be used as a velocity controlling device. This method can be employed in
model hydraulic studies and in technical devices, e.g. in grit chambers for sewage
treatment.

Channels with controlled flow velocity designing requires the solving of two
problems; the first refers to determining weir shapes for a given discharge cha-
racteristic of the weir and the other refers to determining the cross section shapes
of the channel for a given velocity characteristic in a channel and discharge cha-
racteristic of the weir. The method of determining weir shapes was presented by
Ricco (1963), Haszpra (1965), Rao et al. (1966, 1970, 1971), Banks et al. (1968),
Murthy et al. (1968, 1969, 1977), Sreenivasulu and Raghavendran (1970), Grabar-
czyk and Majcherek (1973, 1974), Chandrasekaran and Rao (1976). The problem
of determining channel shapes has not been entirely solved yet. The former study
mainly concerned the control of flow velocity in grit chambers and was presented
by Piotrowski et al. (1955, 1959), Stevens (1956), Rao and Chandrasekaran (1971,
1977), Majcherek (1985, 1990, 1997). The distribution of flow velocity in a cross
section of a grit chamber above the weir controlling the velocity was examined by
Majcherek (1972).

Continuation of this study is the purpose of the paper. The general method of
determining the cross section shapes of the channel in which the average flow velo-
city is a specified function of the head with the use of weirs as velocity controlling
devices is presented. The analytical solutions are compared to experimental res-
ults.

2. Shapes of Weirs with a Given Discharge Characteristic

The discharge characteristic of the free falling weir is discharge — head relation.
The function determining the shape of the weir with a given discharge charac-
teristic can be obtained from the equation describing the compatibility of weir
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discharge and discharge characteristic. Thus:

h
Oh) = Cav/2g f JE=yf o)y 1)
0

where:
Q) - discharge characteristic of the weir,
Ca — cocflicient of discharge,
h — head measured from the crest of the weir,

f(y) - function determining the shape of the weir.

Differentiating Eq. 1 with respect to (k) we obtain the integral equation Abela

type in the form:
h

Q(h)

dh

o “avE

Solving the above equation in the manner presented by Grabarczyk and Majcherek
(1973) gives:

2 1 d 1 d?
i 4 om L omdn!
F0)= = ,_Zg[ ,___y_a[dhm >L=0+0f — a2 l @)

The shape of the weir is shown in Fig. 1.
Assuming the discharge characteristic of the weir in the form of a power
function:
Q = kh™ ©))
one obtains from Eq. 2 the shape of the weir given by:
2k Fm+1) 3

fo)= Cadndaa T m—1/2" 4)
where:
k - proportionality factor,
m - exponent,

rm+1), '(m—1/2) - gamma functions.
From Eq. 4 we see that:
fly)<0 for D<m<1/2
f)=0 for m=1/2
fy)—> o0  for 1/2<m < 3/2
fo)y=0 for m=>3/2
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Fig. 1. One-part shapes of weir and channel

In the case of m > 5/2 the edge of the shape of the weir is at the beginning of
the coordinates. Thus, the practical one-part shape of the weir described by one
function can be obtained only for:

3/2<m<5/2 5)

For values of the exponent beyond the above range it is necessary to use a
two-part weir: the lower one with the width described by the function fi(y) for
y < a, and the upper one with the width described by the function f;(y) fory >a
(Fig. 2). This weir satisfies the discharge characteristic Q1 (h) for A < a and Q2 (h)
for & > a. In this case, the equations describing the compatibility of weir discharge
and discharge characteristic can be written as:
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h
01k = Cav/2 f JE=y i)y (forh<a) (6)
0

a h
Q2(h) = Ca/28 |ifvh—)’f10’)d}’+fvh—J’fz(y)d{l (forh>a) (7)
0 a

y

\ CHANNEL

DATUM LEVEL _ reagizh ay 1,
.l

Fig. 2. Two-part shapes of weir and channel

Solving Eq. 6 one can obtain the function f;(y) which has the same form as
Eq. 2:

2 1 [d P12
)= Cdu‘\/Z? [\/ﬁ [d_EQI(h)]hﬂ+[_y~/;—ﬁ—WQl(h)dh] (8)
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Subtracting both sides of Eq. 7 from Eq. 6, next differentiating both sides of the
equation with respect to (h), and solving for f2(y), one obtains:

(Q1(h) — Qz(h))] +

h=a

L0) = A0) - e \/_L/_[dh

[ L (010 - 0a00) dh] ©)

The equivalence of both functions fi(y) and fa(y) for y = a is obtained when the
following two conditions are satisfied:

[Q1(W)]j=y = [Q2W))1—s (10)
d d
[‘E Ql(h)]h_—.a = [d_h QZ(h)L.::: (11)
Thus, discharge characteristic of the weir is in the form of power functions:
01 =kih™ (forh <a) (12)
07 =ky(h — Aa)™ (forh >a) (13)

where:

ky, k; - proportionality factors,

A — coefficient determining datum level for head,
a — height of the lower weir section,

my, my — exponents.

Coefficients ki, k; and A should be determined from Egs. 10 and 11 and from the
condition that fj(y) = b for y = a. Thus:

Ca/7/2gb T (my — 1/2)

= 1
k=== Tem+ 1) S
L Cay/7y/2gb (mi\™ I'm1 —1/2) (15)
2T Tgma 3z \my T(my +1)
ny — my
A= ———= 16
o (16)

In that case Eqs. 8 and 9 can be expressed as:

roy=b(%)"" (0
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/AT (my +1) my
y
1 m —my \"™7 m —1
X f m (h - m a) dh = (1""1——3/2 X (18)

% j ﬁh’”rzdk“

my—3/2 _ _ my-1
Ly)=0>b |(§) & mI'(m —1/2) [(;?::2_3/12) (ml) y

a

Analysing Eq. 17 in an analogous manner to Eq. 4, it follows that the practical
shape of the lower weir section can be obtained for values of the exponent:

3/2<m <5/2 (19)

3. Shapes of Channels with a Given Velocity Characteristic

The velocity characteristic in a channel describes the relationship between the
average flow velocity and the head in the channel. In order to obtain the assumed
flow velocity characteristic in the form of the function v = v(h) when the flow
changes one should control, the head in the channel. A free falling weir installed
at the channel’s outlet which will adequately swell the head in a channel may
be a controlling device. The purpose of this study is to determine the channel
shape upstream of the weir, when the discharge characteristic of the weir and
the velocity characteristic in the channel are given. It was assumed, that channels
cooperating with one-part weirs should also have a one-part cross section shape
described by a single function within the entire height range. Channels cooperating
with two-part weirs should have a two-part cross section shape described by two
different functions in the lower and the upper parts.

One-part weirs should be located at the channel bottom, whereas the two-part
can be located both at the channel bottom and above. When the lower crest of
the weir is situated at the channel bottom the desired velocity characteristic is
satisfied within the entire range of the head. When the lower crest of the weir is
situated above the channel bottom it is possible to achieve the desired velocity
characteristic only when the head is bigger than the height of the lower part of
the channel.

3.1. Channels with Weirs Located at Channel Bottom

Functions describing the cross section shape of the channel can be obtained from
equations of the continuity of discharge passing through the weir and the channel.
The velocity characteristic is given by the function:

v = ch? (20)
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where:

¢ - proportionality factor,
P — exponent.

A. One-part channels and weirs (Fig. 1)

If a one-part weir is used, the shape of the channel is described by an unknown
function X = F(y). In this case, the equation of the continuity of discharge can
be written as:

h
o) = vih [ Fo)dy (21)
0
where:
v(h) - velocity characteristic in the channel,
Q(h) - discharge characteristic of the weir.

Differentiating Eq. 21 with respect to (k) and solving for F(y) gives:

1 d d
F )=~———[U )7—0@) — Q) ——v )] 22
0) = s | V0V, 00 "0 (22)
Substituting Egs. 3 and 20, Eq. 22 can be expressed in the form:
k(m —
F@) = LC_.Qym—p—l (23)
From Eq. 23 we see that:
F(y)=0 for p=m
F@0) — o for p>m-—1and p#m
F(y)>0 and F(O)=0 for p<m-1
F(y)= ’E‘ for p=m-1

In the case of p < m — 2 the edge of the shape of the channel is at the bottom
This implies that the practical shape of the channel is for:

m-2<p<m-1 (24)

The practical shape of a one-part weir and channel can be obtained when condi-
tions (5) and (24) are satisfied.

In order to connect the dimensions of the head and the width of the channel
the parameter « from which the proportionality factor k can be calculated, was

introduced. Thus: A
max
o peliK: v
o B (25)
where:
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hmex - maximum head A = hmay for maximum discharge Q = Qmax,
B — width of the channel F(y) = B for y = Amax.

Substituting Egs. 3 and 23 into Eq. 25 and solving for k, yiclds:

. C 712 q;-’
k= [a(m —p)] s 29)

B. Two-part channels and weirs (Fig. 2)

If a two-part weir is used, the shape of the channel is also composed of two-
parts: the lower one with the width described by the function X; = Fi(y)fory <a
and the upper one with the width described by the function X = F2(y) fory >a.
The discharge characteristic of a two-part weir is taken as Qy(h) for h <a and
Q(h) for h > a. Equations of the continuity of discharges are as follows:

h
01 = v [ Fiy)dy (forh <a) (27)
0
a h
0x(h) = v(h) [ [ Py + | Fz()’)dJ’]] (forh za) (28)
0 a
Solving Egs. 27 and 28 in analogy to Eq. 21 gives:
Ry) = —— [v(y)iQ -0 miuw] 29)
W= ol ! My
Bily) = s [v(y)iQ -0 @)iv@)] (30)
= o U ay = T dy
Substituting Eqs. 12, 13 and 20 into Egs. 29 and 30 gives:
Fiy) = ’MIE‘_P)yml—p—l (31)
k
R20) = o [may 0 =30y = p o = 0™ (32)

Analysis of Eq. (31) analogous to Eq. (23) shows that the practical shape of the
lower channel section can be obtained for m; —2 < p <mj — 1. On the basis of
Eq. 32 one can show that the width of the upper channel section has positive
values for p < m,. Thus:

m—2<p<m-1 and p<m (33)
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The practical shape of a two-part weir and channel can be obtained when condi-
tions (19) and (33) are satisfied.
The width of the weir fi(y) = b for y = a can be calculated from the following

condition:
hmu — A.a

=— 34
@ = (34)
where:
hmax — maximum head h = hp,, for maximum discharge O = Qmax,
B — width of the channel Fi(y) = B for y = a.

Substituting the head (Apax — Aa) according fo Eq. 13 and the width (B) according
to Eq. 31, one obtains the preceding condition in the form:

> m\™ [ O e
- = S

Next substituting Eq. 15 and solving for b, yields:

_ 2I(my + 1) [ e ( mac )mz]1/(1+mz) 6
" a7/ 28T (m1 — 1/2) a0 17D \mya(omy - p)

3.2. Channels with Weirs Located Above the Channel Bottom

When the weir is situated above the channel bottom, the shape of the lower
channel section is described by the given function Fi(y) and the shape of the
upper channel section is described by the unknown function F;(y) which is to be
derived from the flow continuity condition. Function Fj(y) is given in the form:

Fi(y) = (kagy +k31)™ (for —d <y <a) 37)
where:
kso, k31 — proportionality factors,
mj — exponent,
d - height of the location of the lower crest of the weir above

the channel bottom.

Function F;(y) can be derived from the flow continuity condition for the weir and
for the channel for & > a. The flow rate in the channel is given by:

h
01(h) = vo(h) f Fip)dy (for0<h <a) (38)
a
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a h
Qrith) = v(h) |:f Fi(y)dy + f Fz(y)d}':| (for h > a) (39)
—d a
where:
vo(h) - average flow velocity in the channel for 0 < h <a,
v(h) - desired velocity characteristic in the channel for & > a.

Equation of the flow continuity is:

Osh) =Qth) forh>a (40)

where: Q,(h) — discharge characteristic of the weir for 2 > a.
Substituting Eq. 39 into Eq. 40 one obtains:

a h
02(h) = v(h) { [ Fio)dy + f Fz()’)d'y:| (41)

—d a

Differentiating Eq. 41 with respect to A, function F,(y) takes the form of Eq. 30.

The equivalence of both functions Fj(y) and F;(y) at height y = a is obtained
when two conditions defined for the flows in the channel Q;(h) and Q;;(h) for
h = a are satisfied. The first condition can be written in the form:

Qr(h):l _ [Qn(h)]
[ Un(h) h=a B v(h) h=a (42)

To find the second condition one can subtract both sides of Eq. 39 from Eq. 38
and differentiate both sides of the equation with respect to h. Thus:

Qih) Qn(h)]
vo(h) v(h)

Expanding the right hand side of Eq. 43 in a Taylor’s series as:
h h
Qi) Qui ))] £
h=a

A0) - R0)= 2 | )

d
oY= R0y = [ﬁ ( w®) v
X (h—a)y | d™* (Qrth)  Quih)
P D [dh“'!'l ( W) k) )Lﬂ (*4)
one can obtain the second condition in the form:

d (Qih) [d (Qut
LT;: ( vo (k) )]hﬂ B [E ( v(h) )]m )
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Substituting Eq. 37 into Eq. 38 yields:

vo(h)
h) = ————— | (kaoh +k31)™*+' — (ksy — ksod)™*! 46
Qi) = e =5 [soh o™ = b —hsody™ | (46)
and assuming, according to Eqgs. 13 and 40, the relation:
Quh) =ky(h — ray™ (47)

the conditions described by Eqs. 42 and 45 can be expressed as:

k
et R matl - me1] _ K2 L om
kao(m3 + 1) [Geom + k™" — s = otf™*] = @™ @)

mn

m_ K o ym 2 114
(ksoa +k3)™ = = Aa) [a(l e [dhv(h)}hﬂ} (49)

from which the factors k3p and k3; can be calculated.
The desired velocity characteristic v = v(h) is assumed in the form:

v=cth+d)? (50)

and the value of the exponent m3 = 1.
In this case the shape of the channel, according to Eqs. 37 and 30 is described by
the functions:

Fi(y) = kaoy + ka1 (31)
k
Fz(y) = m [mz(y +d)(y &= la)mz—l _P(y — Aa)ml] (52)

Making use of Eqs. 48 and 49, the factors k3g and k3; can be determined. Substi-
tuting according to Eqs. 14, 15 and 16 the following relations:

m;
ky = kya™="m (’ﬂ) (53)
my

my=my(1—=2) (54)

and solving Eqgs. 48 and 49 for k3p and k33, yields:

leam;—l
k3 = W[ml(ﬂ +d)—a(p+1)] (55)
k —M:l—[a @—d)+2a*—m (az—dz)] (56)
= e+ P .

The function Fi(y) should be rising (k3 > 0) and at the height of y = —d
should have positive values or should equal zero. Substituting Eqs. 55 and 56 into
Eq. 51 shows that:

k30 >0 for - > —— — (57)
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p+2
m

Fi(-d)=0 for — <

~1 (58)

R

and also the ratio d/a > 0.
The function F>(y) should be positive at the whole range of height. The ana-
lysis of the equation (52) shows that:

Fy)>0 for p<m (59)

Taking into account the above conditions it can be written:

d 2

bcEcBIe gy (60)
a m

m1—2<p<m2 (61)

where the value of the exponent m; should be taken according to condition 19.

The height of the lower part of the weir (a) should be calculated from the
condition Apyin > a for Q1 = QOmin Which according to the equation (12) is written
as:

Qmm > k;a"'l (62)
where, after taking into account Eq. 14, one can obtain:
20mi Fm +1) e
a< min 1 63
[Cdﬁﬁ}b L — 1/2)] (63)

Conditions 60, 61 and 63 guarantee the obtaining of practical solutions.

4. Examples

Examples of solutions are presented to illustrate the applicability of the method
of channels with controlled flow velocity designing.

4.1. One-part Channels and Weirs

The velocity characteristic in a channel is described by Eq. 20:
v = ch?

and the discharge characteristic of the weir is described by Eq. 3:
Q = kh"

where proportionality factor k is given by Eq. 26.
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The practical shape of a one-part channel and weir can be obtained for values
of the exponent satisfying conditions 5 and 24. Thus:

3/2<m<5/2 and -1/2<p<1/2 for m=3/2
0<p<l for m=2
1/2<p<3/2 for m=5/2
The shape of the weir is described by Eq. 4 and the shape of the channel by Eq.
23,
The results of the calculation of the shapes of the weir and channel for m =
3/2; 2; 5/2 are presented in Table 1 and Fig. 3.

Table 1. Functions describing one-part shapes of weirs and channels

Discharge Velocity Proportionality Shape Shape
characteristic | characteristic factor of the of the
of the weir | in a channel weir channel
m| Q) p v(h) k x=f@) X=F@)
b [o—cw2| k= (&) o Xt
3 - 2 _ (2c)\3/4 H1/4 _ 3k _ 3k 1/2
| @=kn¥2| 0 c k=(5£) y | T X =3V
-3 | ch™1/2 k=L X=2%y
1| b | k=(2)" 0k X=%
2 \4/5 H1/5 8k _ 3k
2| Q=kh? | 1| cn? | k= () 1 3= myuz X = %y12
0 c k=% X=2%y
| | k-7 o i
5 — L1,5/2 _ (2c\3/6 A1/6 _ 15k _ 3k.1/2
L ch? k=£ =%y

4.2. Two-part Channels and Weirs

The velocity characteristic is given by Eq. 20 for d = 0 or Eq. 50 ford > 0:

v =ch?P for d=0
v=cth+d)? for d>0

The discharge characteristic of the weir is given by Egs. 12 and 13:

Q1 = k™ for h<a
Qr=ky(h —Ara)™ for h>a
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m= 3/2 p=1/2 m=3/2 p=0 m=3/2 p=-1/2
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E 084 E h 1 v h
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Fig. 3. One-part shapes of weirs and channels for Qs = 0.1 m’/s; Oumin = 0.04 m*fs; & = 1;
¢c=0.30; C4 =0.60
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where coefficients k;, k; and A are determined by Eqgs. 14, 15 and 16.

Examples are presented for two cases: the first for m; = 1/2 and the second
for m; = 1. The practical shape of a two-part weir and channel can be obtained
for values of the exponents satisfying conditions 19 and 33 for d = 0 or conditions
19 and 61 for 4 > 0. According to Eq. 19 is:

3/2<my <5/2

In the first case (my = 1/2), according to Eqs. 33 and 61, there are the following
limitations:

-1/2<p<1/2 for m=3/2 and d=0
-12<p<1/2 for m=3/2 and d>0
0<p<1/2 for m=2 and d=0
0<p<1/2 for m=2 and d>0

For m; = 5/2 there are no practical solutions.
In the second case my = 1, according to Egs. 33 and 61, there are the following
limitations:

-1/2<p<1/2 for m=3/2 and d=0
-12<p<1 for m=3/2 and d>0
0<p<1l for m=2 and d=0
D<p<l for m=2 and d>0
1/2<p<1 for m=5/2 and d=0
1/2<p<1 for m=5/2 and d>0

The shape of the weir is described by Eqs. 17 and 18. The width b should
be calculated according to Eq. 36 for d = 0. The height a should be calculated
according to Eq. 63 and the height d according to Eq. 60 for d > 0. The shape
of the channel is described by Egs. 31 and 32 for d = 0 or by Eqs. 51 and 52 for
d>0.

The calculation results of two-part channels and weirs are shown in Table 2
and Fig. 4 for m; = 1/2 and in Tables 3 and 4 and Fig. 5 for m; = 1.

5. Experiments

Experiments were conducted in a 0.60 m wide, 1.00 m deep and 23.8 m long
rectangular channel in which a weir to control flow velocity was installed. The
incoming water from the 18.0 m® volume upper tank entered the initial part of
the channel. The discharge was controlled by a 90° triangular weir and was then
experimentally tranquilized by perforated plates. Water levels in the channel were
measured by point gages with the precision of +0.1 mm. The purpose of these
experiments was to verify the theoretical solutions for two cases.
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Table 2. Functions describing two-part shapes of weirs and channels for my = 1/2

Discharge Shape Velocity Shape
characteristic of the weir characteristic | of the channel
of the weir in the channel
m O1(h) = fiy) pld]| vk = F(y)
0O(h) x2= fay) Xz = F(y)
% Q1=k1h3/2 x1=>b 0 0 c 1=%1ﬁ
Q2=k2(h—)m)1/2 x2=b[1—%arctanx X2=2C3;7%
; - 6 Jay—a)
where: X2 -2 ]
= 2C4/2b >0| ¢ | Xi=gkfiox
ky = %CJ,JZgab X [ﬂ +3d%+
=2/3 +2y(a + 3d)]
=0 3kja
A = 2% /3y-2a
—% 0 |ch—1/? X = -2—,'__‘1)'
X2 = kia(3y—a
c4/y(By—2a)
2 Ql = k1h2 = b‘/y ;a 0 0 c Xl = gk‘_:ly
Q2 =ky(h — Aa)'/? x2 =bfyjax X, = —Zgall_
cy/4y—3a
; —a _(4y—
where: [1 - /&2 éﬁ%]
k _ Cdrrzf?gb
= —Cdrr,/ gab
A=3/4
CASE 1
Assume:
— Velocity characteristic in the channel:
V=¢ (64)

- Discharge characteristic of the weir to control the velocity in the channel:

01 = kih*?

Q2 = ka(h — 2a)!/?

forh<a

forh>a

(65)
(66)

— Values of the parameters: 2 = 0.15 m; b = 0.40 m; ¢ = 0.30 m/s; C; = 0.60
In this case the shapes of the weir and the channel are described by the
functions given in Table 2 for m; = 3/2 and m, = 1/2. The weir is described by
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Table 3. Functions describing two-part shapes of weirs and channels for m; = 1 and m; =3/2

Discharge Shape Velocity Shape
characteristic of the weir characteristic of the channel
of the weir in the channel
m O1(h) x1=f@) |p|d v(h) X1 = F()
Qa(h) x2= f2(y) X: = F(y)
2| Q1=kn? x=>b 11o]| ch'? X =4
Qg:kz(h—la) JC2=b(1—%X Xzzh%;?ﬂﬂl
where: x arctan /==
ky = 2C4./28b > 0|clh+d)'/2| Xy = il
k2=Cd\/2E\/Eb X (2a2—ad+
A=1/3 +3d? + 6dy)
Ky /a3y +6d+a)
X2 = Gy
0 0 c Xl = %l-?'\/f
X, = 3t
>0 C X = ;’gi‘%zx
x [a? +3d%+
+ 2y(a + 3d)]
X, = 3l
-1 0| chl2 X, =2y
_ ki /a@®y—a)
Xy = "vp >
the following functions:
h)=»b (67)
2 y.— a 64aly—a)
_ i st 68
£:) b[l 2 arctan 222 - S20 22 (©8)

Substituting the factors ky, k; and A for m; = 3/2 and m; = 1/2 (Table 2) into
Egs. 65 and 66 gives:

2
01 = 3Cay/28bH*" (69)

2 3
0: = - Ca/Tgab (h _ §a) (70)
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Table 4. Functions describing two-part shapes of weirs and channels for m; = 1 and my = 2 and
my=5/2
Discharge Shape Velocity Shape
characteristic of the weir characteristic of the channel
of the weir in the channel
2 Q1 =k1h2 X1 =b ‘E % 0 C.f‘lll2 = %ﬁ
Q2 =ka(h — Aa) |x2=b 5(1—- ya X, = lslto
where:
i e C,f?f:fng
- -Cdrr,/ 2g/ab >0lch+d)'/?| X = 2c(ak+fi) 7 X
=172 x [a® — ad + 4d*+
+2y(a +4d)]
X; = k‘l—("L—“;C%,I;;ff“l
0{ 0 c X, =2y
X 208
3 Ci=ki X =2ty o car Xy = By
3/2
0, = ky(h — Aa) X;=2x X, = 10yt30) (1)
where: ( - Z')i;
4Ca+/2gb / - 2
kl = dlSa 5 e
= 2Cy./a,/2gb % arctan,/% )
A=3/5
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Fig. 4. Two-part shapes of weirs and channels for my = 1/2 and Qmax = 0.1 m>/s; Omin = 0.04
m/s; ¢ = 0.30; C4 = 0.60

Using Eq. 70, the coefficient of discharge for assumed values of a and b can be
determined:

_ &)
Ca = 0.3069(% — 0.10)1/2 (70

The average flow velocity in the channel for A > a can be calculated from the
following equations:

V= 2z ; ford =0 (72)

[ Fi(y)dy + [ Fa(y)dy
0 a
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Fig. 5. Two-part shapes of weirs and channels for m; =1 and Qpax = 0.1 m?/s; Omin = 0.04 m3/s;
¢ =0.30;, C; =0.60
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1))

V= - ford >0 (73)
del()’)dy + [ F2(y)dy
where the functions Fi(y) and F;(y) arc given in Table 2:
Fi(y)= Cd—{—zgkﬁ ford =0 (74)
_ Cay2gJ/ab 2, 242
Ry)= 5 [2y(a +3d)+a?+3d?] ford >0 (75)
Fy)= @— ford >0 (76)

c/3y —2a

Substituting Egs. 74 or 75 and 76 into Eqs. 72 and 73 the following equation is

obtained:
3c

U=
2CsJopab =2 >

which for assumed values of parameters a, b and Cy can be expressed in the form:

2.8220
TS mQZ ford >0 (78)

The coefficient of discharge of the weir can be calculated from Eq. 71 and
the average velocity in the channel can be calculated from Eq. 78 for measured
values of Q, and h. The shape of the weir and functions Q3(h), C;(h) and v(h)
are given in Fig. 6.

The experiments show that the values of the coefficient of discharge of the
weir were in the range Cy = 0.5791 =+ 0.5574 for tested range of height 4. These
values were lower than the assumed value C; = 0.60. The velocity in the channel
was in the range v = 0.2896 = 0.2787 m/s so it changed only slightly and was close
the assumed value v = 0.30 m/s.

ford >0 (77)

CASE 2

Assume:
— Velocity characteristic in the channel:

v=c (79)

— Discharge characteristic of the weir to control the velocity in the channel:
Q1 = kih*/? forh <a (80)
0> =ky(h — Aa) forh>a (81)
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A I
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0.50 “ -o.sqg
EO&O 50‘3 XX X g xx x &
— V.5 - . ‘0%5

F =
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Fig. 6. The shape of weir and functions: Q;(h), C4(h), v(h) for my = 1/2 and my = 3/2

— Values of the parameters: @ = 0.15 m; b = 0.40 m; ¢ = 0.30 m/s; C; = 0.60
The shapes of the weir (type Sutro) and the channel are given by the func-
tions in Table 3 for m; = 3/2 and m; = 1. The weir is described by the following

functions:
i) =b fory <a (82)

fﬂy):b(l—%arctau‘/ya_a) fory >a (83)

The discharge characteristic after substituting the factors ki, k> and A given in
Table 3 can be expressed in the form:

g:%QJEMW (84)
02 = Cu/2g ab (1 - 30 ) (55)

The coefficient of discharge according to Eq. 85 for assumed values of a and b is:

_ 02
Q“a&&m-QM) (36)

The average flow velocity in the channel for 2 > a can be calculated from Egs.
72 or 73 in which Fi(y) is according to Eq. 74 for d = 0 or Eq. 75 for d > 0 and
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DISCHARGE Q, [dm%/s]

o300 020 030 040 050 060 070 080 =
" | o measured valuks of Q; and h + C4 acc. Eq. 86 w
0.604 049 x v acc. Eq.B89 —0.60%
0% . 59 2
= Q,(h) 243 _ e
— > — xx .
" 0.0 . 3 ’0%0
i —
:03)- WEIR z 0 . Losv;
[ -
& 02- S 3 L0565
I.:.IL:‘} u>JO1- *e w
0.1 = -0.55S
0 T L T L] L L) T 0 T L T
040 0.30 020 0.10 b() 0.0 020 030 040 0 0.%0 0.20 0.30
HEIGHT h [m]
WIDTH x [m])
Fig. 7. The shape of weirs and functions: Q3(h), C4(h), v(h) for my = 1 and my = 3/2
F,(y) is given by the function:
Ci+/2g/ab
F() = —C‘/_— (87)
In this case the following relation can be obtained:
= 0, ford>0 (88)
V= ; ford >
Ci+/2g/ab(3h —a)
or after substituting the assumed values of a, b and Cy in the form:
2.1859
V= — ford =0 89
(3h — 0.15) 0 = )

The experimental values of the discharge coefficient of the weir and the ve-
locity in the channel can be calculated in an analogous manner to case 1 for
measured values of @, and h. The results of the experiments are presented
in Fig. 7. The value of the discharge coefficient of the weir was in the range
C; = 0.5673 = 0.5514 and the velocity was in the range v = 0.2836 + 0.2757 m/s

for the tested range of height A.

6. Conclusions

The presented method of channels with controlled average flow velocity designing
showed the possibility of using weirs as regulation devices. The application of weirs
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with various discharge characteristics enables the obtaining of variant solutions of
the channel shape with the given velocity characteristic. The velocity characteristic
can be satisfied in the whole range of the head only in the channels with weirs
situated at the channel’s bottom. In the case of two-part weirs situated above the
channel’s bottom the given velocity characteristic can be satisfied only in the range
of the head bigger than the height of the lower part of the channel.

The practical channel and weir shapes, can be obtain only in a restricted range.
The conditions which enable to obtain practical solutions were formulated in the
paper.

From the point of view of practical applications making weirs of complex
shapes does not present any difficulty. On the other hand making channels of a
cross-section curvilinear shape may be difficult. Variant solutions of weirs’ and
channels’ shapes for a given velocity characteristic in a channel which enable to
choose the best shapes in given technical conditions were presented in the paper.

The experimental research confirms the correctness of theoretical solutions.
The cocfficient of discharge of the weir is a falling function of the head and its
value depends on the weir shape.

In an engineering practice the assumption of a constant value of a discharge
coefficient of a weir does not have a significant influence on the solutions correct-
ness.
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