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P=b+2W=b+2( +ad)"? (10.23)
Eliminating b between (10.22) and (10.23) gives

—ay+ (1 + o' (10.24)

To minimize P evaluate dP/dy for constant A and e and set equal to zero. The result is
A=V20+ )" —a]  P=41+a)'"?-2ay R,=3v (1025

The last result is very interesting: For any angle 6, the most efficient cross section for
uniform flow occurs when the hydraulic radius is half the depth.

Since a rectangle is a trapezoid with a = 0, the most efficient rectangular section
is such that

A=2%> P=4 R,=% b= (10.26)

To find the correct depth y. these relations must be solved in conjunction with Man-
ning’s flow-rate formula (10.19) for the given discharge Q.
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Equations (10.25) are valid for any value of . What s the best value of a for a given
depth and area? To answer this question, evaluate dP/de from Eq. (10.24) with A and
 held constant. The result s

2a=(1+a)'"®  a=cotf

or 0=60° 1027)
Thus the very best trapezoid section is half a hexagon.
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Part (a)

Part (b)

EXAMPLE 107

Water flows in a wide channel at g = 10 /(s - m) and y, = 1.25 m. If the flow undergoes a
hydraulic jump, compute (@) y», (b) Va, (€) Frs, (d) . (e) the percentage dissipation. (1) the power
dissipated per unit width, and (g) the temperature rise due to dissipation if ¢, = 4200 J/(kg - K).

Solution

‘The upstream velocity is

10 ms - m) _
W ism homs

‘The upstream Froude number is therefore

Vi 80
(@™ 981125

From Fig. 10.12 this is a weak jump. The depth y» is obtained from Eq. (10.43):

Fry =285

221 1+ 8285717 - 554
or ¥ = (559 = H1.25)5.59) = 346 m Ans. (@)

From Eq. (10.44) the downstream velocity is
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Part (c)

Part (d)

Part (¢)

The downstream Froude number is

V, _ 289

Frs

~ sicaerz ~ 4%

As expected, Fry is suberitical. From Eq. (10.45) the dissipation loss is
46— 125

&)

Iy 0625 m

4(346)125)

‘The percentage dissipation relates fyto upstream energy

v 07
;
£=y 3125 e R0 < asim
Hence Percentage loss = (100) 42 = 1000629 _ 1y oo

E 451
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Part () The power dissipated per unit widih is
Power = pgqh; = (9800 Nim)[ 10 m/(s - m)1(0.625 m)
=613 kWim Ans. (f)

Part (z) Finally the mass flow rate is m = pg = (1000 ke/m*)[10 m*(s - m)] = 10.000 ke/(s - m), and
the temperature rise from the steady-flow energy equation is

Power dissipated = rnc, AT
or 61,300 Wim = [10.000 ke/(s - m)1[4200 Jcke - K)] AT
from which

AT=00015K Ans. (2)
‘The dissipation s large, but the temperature rise is negligible.
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Consider the partially full pipe of Fig. 10.6a in uniform flow. The maximum velocity
and flow rate actually oceur before the pipe is completely full. In terms of the pipe ra-
dius R and the angle 6 up o the free surface. the geomelric properties are

_R
m’zo
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Fig. 106 Uniform flow in a partly
full circular channel: (a) geometry:
(b) velocity and flow rate verss

depth. ®
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"The Manning formulas (10.19) predict a uniform flow as follows:
o ;
Vo~[R () _ 2 o=vero— 3020\ (1020
nl2 2

For a given n and slope S, we may plot these twa relations versus @ in Fig. 10.6b.
There are two different maxima, as follows:

Vous =0TI8 S RS2 at 9= 12873 and y

0813D
ao2n
Omax = 2.120 % RSE? at §=15121° and v =0.938D
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P. There is no general solution for arbitrary cross sections, but an analysis of the trape-
z0id section will show the basic resulis.

Consider the generalized trapezoid of angle 6 in Fig. 10.7. For a given side angle
0. the flow are:

A=by+ay  a=cotf (1022)
The wetted perimeter is
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