
The energy loss, ∆E, is given by

∆E =
(y2 − y1)3

4y1y2
=

(5.52− 0.9)3

4(5.52)(0.9)
= 4.96 m

and the initial energy, E1, is given by

E1 = y1 +
V 2

1

2g
= 0.9 +

(12.5/0.9)2

2(9.81)
= 10.73 m

Therefore, the fraction of initial energy lost is

∆E

E1
=

4.96
10.73

= 0.462

3.41. The head loss, hL, is defined by

y1 +
V 2

1

2g
= y2 +

V 2
2

2g
+ hL

Dividing by y1 gives

1 +
V 2

1

2gy1
=

y2

y1
+

V 2
2

2gy1
+

hL

y1

which can be put in the form

hL

y1
= 1− y2

y1
+

V 2
1

2gy1
− V 2

2

2gy1
(1)

Define
Fr21 =

V 2
1

gy1
(2)

Combining Equations 1 and 2 gives

hL

y1
= 1− y2

y1
+

Fr21
2

[

1− V 2
2

gy1Fr21

]

= 1− y2

y1
+

Fr21
2



1− V 2
2

gy1

(
V 2
1

gy1

)





= 1− y2

y1
+

Fr21
2

[

1− V 2
2

V 2
1

]

Since V1 = q/y1 and V2 = q/y2, then

hL

y1
= 1− y2

y1
+

Fr21
2

[

1− (q/y2)2

(q/y1)2

]

which simplifies to
hL

y1
= 1− y2

y1
+

Fr21
2

[

1−
(

y1

y2

)2
]
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3.42. The general hydraulic jump equation is given by

Q2

gA
+ Aȳ = constant (1)

For a trapezoidal channel,

ȳ =

(
by2

2

)
+

(
my3

3

)

by + my2
(2)

Combining Equations 1 and 2 yields

Q2

g(by + my2)
+ (by + my2)

(
by2

2

)
+

(
my3

3

)

by + my2
= constant

which simplifies to
Q2

gy(b + my)
+

(
by2

2

)

+
(

my3

3

)

= constant

which demonstrates that

Q2

gy1(b + my1)
+

(
by2

1

2

)

+
(

my3
1

3

)

=
Q2

gy2(b + my2)
+

(
by2

2

2

)

+
(

my3
2

3

)

3.43. From the given data: Q = 21 m3/s, b = 2 m, m = 1, and y1 = 1 m. The momentum equations
requires that

Q2

gA1
+ A1ȳ1 =

Q2

gA2
+ A2ȳ2 (1)

where

A1 = by1 + y2
1 = 2(1) + 12 = 3 m2

V1 =
Q

A1
=

21
3

= 7 m/s

A2 = by2 + y2
2 = 2y2 + y2

2

V2 =
Q

A2
=

21
2y2 + y2

2

and

ȳ1 =
∑

Aȳ
∑

A
=

1(2)(0.5) + (1)1
2

1
3 + (1)1

2
1
3

3
= 0.44 m

ȳ2 =
2y2

(y2
2

)
+ 2

[
1
2y2

2
y2
3

]

2y2 + y2
2

=
y2 + y2

2/3
2 + y2

Substituting into Equation 1 gives

212

9.81(3)
+ 3(0.44) =

212

9.81(2y2 + y2
2)

+ y2
2 +

y3
2

3

69

© 2006 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. This material is 
protected under all copyright laws as they currently exist. No portion of this material may be 
reproduced, in any form or by any means, without permission in writing from the publisher. 

For the exclusive use of adopters of the book Water-Resources Engineering, Second Edition, 
by David A. Chin. 

ISBN 0-13-148192-4.
________________________________________________________________________________________________



which yields
y2 = 2.59 m

The energy equation gives the energy loss, ∆E, as

∆E = y1 +
V 2

1

2g
− y2 −

V 2
2

2g
= 1 +

72

2(9.81)
− 2.59−

(
21

2×2.59+2.592

)2

2(9.81)
= 0.748 m

3.44. From the given data: m = 2, Q = 0.30 m3/s, y = 15 cm, and

A = my2 = 2(0.15)2 = 0.045 m2

T = 2my = 2(2)(0.15) = 0.6 m

D =
A

T
=

0.045
0.6

= 0.075 m

V =
Q

A
=

0.30
0.045

= 6.67 m/s

Fr =
V√
gD

=
6.67

√
(9.81)(0.075)

= 7.78

Since Fr = 7.78 > 1, the flow is supercritical.

The hydraulic jump equation is the same as for a trapezoidal channel with b = 0, hence

my3
1

3
+

Q2

gmy2
1

=
my3

2

3
+

Q2

gmy2
2

m(0.15)3

3
+

(0.30)2

(9.81)(2)(0.15)2
=

2y3
2

3
+

(0.30)2

(9.81)(2)y2
2

0.219 = 0.667y3
2 +

0.00459
y2
2

which yields
y2 = 0.679 m or 0.145 m

Since the downstream flow is subcritical, y2 = 0.679 m .

3.45. From given data: Q = 10 m3/s, b = 5.5 m, So = 0.0015, n = 0.038, y2 = 2.2 m.

(a) Using the direct-integration method,

y1 = y2 −
So −

(
nQP̄ 2/3

Ā5/3

)2

1− V̄ 2

gȳ

(x2 − x1)

= y2 −
So −

(
nQ(b+2ȳ)2/3

(bȳ)5/3

)2

1− Q2

gb2ȳ3

(x2 − x1)

= 2.2−
0.0015−

(
(0.038)(10)(5.5+2ȳ)2/3

(5.5ȳ)5/3

)2

1− 102

(9.81)(5.5)2ȳ3

(100− 0) (1)
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