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(1): A steep flume of triangular section and apex angle of 90° runs from a large
tank in which the water surface level is 6.0m above the flume invert where it
joins the tank. Find the discharge in the flume.

Sol:
Given: Ec= 6.0m , apex angle =90° = 0=45"=z= . 1.0
tand tan45
lake level
T

A
v

A=zy*=y?> , T=2zy=2y

4
E =y, +05%

c

2
6=y, +0.52< =y =0.48m.

2y,
o 4 o ()
g T ’ 981 2y,
2 2§
o _ (0'48 ) = 0=0.35m"/sec.

9.81 2*0.48

(2): Water flow from a lake into a steep rectangular channel 3.0m wide, and the
lake level is 3.0m above the channel bed at the outfall. Find the discharge.

Sol:

Given: b=3.0m, E. = 3.0m.

lake level

Ec:1.5yc:>yc:§Ec:—*3:2.0m
2
=3/
A
q2
—3
20={74 5,

q =8.86m’ /sec/m’ E— O=qg*b=8.86%3=26.58m"/sec.
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(3): A channel of trapezoidal cross section, width of base 0.6m and side slope
459 carries 0.34m?3/sec. Determine the critical depth.
Sol:

Given: b=0.6m, Q =0.34 m*/sec

1
tan@ tandS5

=0=45" =z = 1.0

A =by + zy? =by + y> = 0.6y + y>.
T=b+2zy=b+2y=0.6+2y.

0 _4

g T

c

034> (0.6y, +»2)
981  0.6+2y,

by using trial, we can get the critical depth (yc) = 0.3m.

(4): A rectangular channel 4.0m wide and carries a discharge of 20m?3/sec at a
depth 2.0m. At a certain location, it is proposed to build a hump. Calculate the
water surface elevation at upstream of the hump and over the hump, if the hump
height is:

(@): 0.33m; and (b): 2.0m.  (Assume no loss of energy at hump).

Solution:

Given: b=4.0m , Q=20m’/sec , y1=2.0m
0 20

g===""=5m’/sec/m.
b 4

[z vi o q 5
" \VEN \/gy13 J9.81%2°

Check of chocking br calculating Az, _:

=0.564<1.0 = the flow is sub-critical.

E =E +Az,
E =15y, +Az,
2

v+ 26] 5 =15y, +Az,

147

2
v, =31/‘fé =3[ 5,81 =1-366m.

Take it easy
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(5’

2+ ————=1.5%1.366+Az,
2%9.81*2

solving the equation and get Az, =0.269m.
(a): for Az=0.33m > Az, = chocking will occur.

E'=E +Az

given
2
y1\+ 9 > =15y, +Az
2gy,

given

2
yl\+L2=1.5*1.366+0.33
2*%9.81%y,

2%9.81% " b (i hll i Gash (e danaSi Alilaae ) Asbaall o g3
19.62y," —46.676y," +25=0.0
sl sl Gl ) Alad ke Gl 5 SV o gl Jad) 340 Co g Adlaadl 028 s 22y
y, =2.085m. s msall Jall o8 L 5 sub-critical flow
sat Az=033
Y1, ¥2
A

u.s hump water depth=>y, =2.085m.
y1'=2.085m

\

D.s hump water depth= y, =y, =1.366m.

(b): for Az=2.0m = Az, = chocking will occur.

El\ :Ec +Azgiven i i i
: . i
y1\+ q \2 :l'syc+AZgiven : : : >
28y, Az, 2= Az=
2
o O sx136642.0 0.33m  2m
2%9.81%y,

2%9.81% p" & cpd skl (i (Gasha (e eSS Alilaa ) Aokaall ) a3 oy

19.62y." —79.44y" +25=0.0
5l saaaall Gl ) Alad ke Gl 5 SV o gl Jad) 380 Ca g Adlaall 028 s 22y
¥, =3.968m. s maall Jall o5& L 5 sub-critical flow

Take it easy

y1'=3.968m

y=1.366m
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Soat Az=2.0m

u.s hump water depth=>y, =3.968m.

D.s hump water depth= y, =y, =1.366m.

(5): A uniform flow of 12m?/sec occurs in a long rectangular channel of 5.0m
width and 1.5m water depth. A flat hump is to be build at a certain section.
Assuming head loss equal to the upstream velocity head, compute the minimum
height at hump provide critical flow. What will happen: (a): if the height of hump
1s higher than that causing critical flow. (b): if the energy loss is less than the
assumed value.

1.5=1.5*%0.837+ Az, = Az =0.244m.

Sol:
V2 2
Given:b=5.0m , Q=12m’sec , yi=15m, h =-1= 4 -
2g 2gy
q= 9_12_ 2.4m’ /sec/m.
b 5
from figure, E, =E +Az,+h,
Do JTELGdeal) !
E =15y . +Az, +h, * I |
2/ 2 2gy;] | !
WA =15y A+ — |
4 ‘ ! i i
» =15y +Az, y| i |
i i
2 : :
319/ _;2.47 _ i I
yc é _3 9.81_0.837’” v I I AZC I
| |
i i

(a): if Az Az, = chocking will occur.

(b): hy =, g, = Az, will increased.

(6): A uniform flow of 20m>/sec occurs in a rectangular channel of 5.0 m width
and 2.5m water depth. A smooth hump of height 0.5m is placed in the bottom of
the channel. Determine:

(a): The difference in water levels before and at the hump;

(b): The height of hump to produce critical depth on it, and the drop in water
level;

Take it easy
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(c): Draw a relationship between y; (u.s. the hump), y2 (at the hump) versus Az
(the hump size);

(d): What the effect of increasing the height of hump to 1.0m on the water levels;
and

Sol:

Given: by =5.0 m, Q =20 m¥/sec, y1 = 2.5 m,

Az=0.5m.
2
Fr, = 4 ,v1=2= *0 =1.6m/sec.
Fri=—% _ _032<1
9.81%2.5

.. The flow is sub-critical.

. according to both specific energy and specific discharge diagrams y»

decreases.
(a):E, =E, +Az
2 TEL
\Z \%
LA ‘ I — —--—--—--*—--—--Ai
L !
v q’ B J o - +— |
y1+]—=y2+—2+AZ >\>| |
2g 2gy; ‘ | i l
[ !
(1.6)° o) | S |
254 =y L2 105
2%9.81 2%9.81% y?

19.62y; —41.8y2 +16=0.0
by trial and error, y, =1.9m.
SV =AY+ Y, Az
~25=Ay+19+0.5

LAy = O.Im.l

= (b): For critical flow occurs, E, =E_+ Az,

E =15y +Az,

Take it easy
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yc==#5i%;::v(29g5j@<;1=4.17&n.

(1.6)

2.5+ =1.5*1.178+ Az,

2*%9.81
S Az, =0.865m
oy =Ay+y, + Az,

2.5=Ay+1.178+0.865

. Ay =0.458n.|
= (c): The relationship between y;&y: versus Az:
VERE
A
For Fr<1 |:> ‘F/
Y=Y
] ¥
‘ ;AZ
= (d): For Az, =1.0m> Az, chod¥ing phenomenon occurs.
El\ = Ec + Azgiven

\2
yl\ +v1—=1.5yc +Az
2g

given

2

y1\+ 1 =15y, +Az

2

2gy,

@i)zz:lj*l.lﬁﬂl.o

2%9.81%y,

given

\
ot

19.62y,” —54.26y." +16=10.0

by trial and error, |y, =2.65m.

(7): A uniform flow of 20m>/sec occurs in a rectangular channel of 5.0m width
and 2.5m water depth. The channel bed is gradually contracted to a width of
3.0m. Find:

Take it easy
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(a): The difference in water levels just before and after the contraction;
(b): The width of contraction to produce critical depth on it, and the drop in water
levels;

254——— =y 4L
2%981%2.5% 77 2%981%,2

sol:
Given: Q=20m’/sec , bi=5.0m, b>=3.0m , y;=2.5m.
q, = Q_20_4 om’ /sec/m.
b5
q, = 9 _20_ ¢ 67m® /secim.
b, 3
Vi q 4 . . ..
fo = = = =0.32<1.0=.. the flow is sub-critical.
Jen  Jgn® V9.81%2.5°
. A . ! 4
(a): E, =E, 2 A T
v :
y1+;:y2+_2 | — Ay AL
28 28 E, | S — | E,
2 2 »| ! y, |
a9 q, i 2
T =Y, + ! !
C2gf T 2 i i
4 ; | v
@’ (6.67) ; ;
| |
i i

19.62y; —51.61y3 +44.44=0.0

by trial and error, y, =2.13m.

LY =AM+,
5 25=Ay+2.13

LAy =0.37m.

(b): For critical flow occurs, E, =E,

E =15y,

2
PR
2*981*2.5

’ :3/qf/
‘ g

2
1.753=3 ch& = ¢, =7.27m" /sec/m.

=15y, = y.=1.753m.

Take it easy
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h=2 -2 _275m

“Tq. 7127

Ty =AY+,
25=Ay+1.753= Ay =0.747m.

(8): A trapezoidal canal 10.0m bed width, 1:1 side slope, 3.0m water depth and
carries a discharge of 25m?¥/sec. The canal is constricted by raising the sides to
vertical positions. Calculate:

(a): The depth of water in the constriction; and

(b): The minimum height of hump which may be installed in the constriction to
produce critical depth there.

Sol:

Given: Q =25m%/sec , yi=3.0m.

U.S. D.S.
v v
o 1
1
bi1=10.0m b, =10.0m

A =by, +zy,” =10%3+1*3% =39m’
T, =b, +2zy, =10+ 2*1*3=16m.

Fr=—Y p =4 _39 54375

Jep, 7T s
2
ey

Fr, = =0.13<1= the flow is sub-critical.
v9.81%2.4375
(a): E, =E,

2

1 2g 2 2g

Take it easy
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Q—zzy _|_ q22
2¢47 77 2gy?

0 25

== =""=025m’/sec/m
ST

Tt

Lo ey (2s)
2#%9.81%39° 2%9.81% y;

2

19.62y3 —59.27y2 +6.25=0.0

by trial and error, y, =2.985m.

(b): E, =E. +Az,

2
" +2Q7=1.5yc + Az,

1

’ 2
yc =3 qZé =3'\ 252981=0.86m

25°

34— =1.5%0.86+Az,
2%9.81%39

Az, =1.73m.

(9): A 50 wide rectangular channel is carrying a flow of 250m?¥/sec at a flow
depth of 5m. To produce a critical flow in this channel, determine:

(a): The height of step in the channel bottom if the width remains constant;

(b): The reduction in the channel width if the channel bottom level remain
unchanged;

(c): A combination of the width reduction and the bottom step; and

(d): what is the minimum channel width without affecting the upstream water
level.

Sol:
Given: Q =250m%/sec , yi=5m , b;=50m.
1 :g:@:5m3 /sec/m
b, 50

(a): For critical flow occurs, E, =E, + Az,

E =15y, +Az,

Take it easy
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a’/ _[5°
_ —3 —_
y, =3 é = 9'81—1.366m.
q 2
+———— =15y +Az
yl 2 * 98 1 * ylz yc c
52

5+ =1.5%1.366+Az,
2%9.81%5

Az, =3.0m
(b): For critical flow occurs, E, = E,

E =15y,

2
5+L
2%981%52

y :3 q6‘7
c N /g

2
3.367=3 chsl = ¢, =19.35m> /sec/m.

=15y, = y.=3.367m.

b :2—ﬂ212.92m.

‘g, 1935
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(c): assume Az =1.50mthen we can calculate the value of (bcnew) which produce

critical flow with the assumed hump:

E =E +Az,

E =15y, +15 g’
2,:.{1','\

(5’

S5+—— =15y +15

2*9.81*5 £

=y, =2.367m. b
2

V. =3 q% v

J
Az=1.50m

2
_3/9.
2.367=3] 081

=g, =11.408m° /sec/m.

I bz=b:new

b.new= Q_ 250 _ 21.91m.
q. 11.408

c

Take it easy
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.. to produce critical flow, we use bo =21.91m and Az =1.50m.

(d): the minimum width required for no change in upstream = b, = 12.92m

Al (82 285 Cogllaall (e s grunal) L 4

Take it easy



