
D i p l o m a E x a m  3  / 0 7 / 2 0 1 8

Open channel f low ( CVE558)

Time al lowed 3 hrs

Max. Degree :  100

Answer the fol lowing questions . Any missing data can be reasonably assumed . l l lustrates you
answer with neat sketches . answers should be organized , concise and readable.

Quest ion (  1)

Find the best hydraul ic sect ion for each of the circular sect ion . . (  5 marks)
Es t ima ie  the  normal  depth  in  c i rcu la r  channe l  i f  Q=40 m3/s  ,  S=10 cm /km,  n= 0 .025 ,  10  m
diameter .  . . (  5  marks)

c) A sewer running half  ful l  is to be laid of a slope of 1:1000 to serve 2000000 persons at the rate of
2 5 0  l i t / p e r s o n / d a y  C o n s i d e r i n g n = 0 . 0 ' l 6 , f i n d t h e s e w e r d i a m e t e r i f  t h e m a x i m u m r a t e o f f l o w
according to whrch the sewer should be designed can be found by assuming that the total  dai ly
d ischarge f lows un i fo rmly  in  the  sewer  dur ing  6  hours .  . , , . . , (5  marks)

d) l f  the veloci ty distr ibut ion for turbulent f iow over rough channel surface is expressed by:

U / U  = 5 7 5 L n o  = '  
d e d u c e t h e r r. , , -  ,  elat ionship between chezy's O and the relat ive roughness (yolk),

i n  w h i c h  y o  i s  t h e  t o t a l w a t e r d e p t h .  C o m p i l e  t h i s  r e l a t i o n s h i p  g r a p h i c a l l y . . . .  . . . . . . . (  5  m a r k s )

Quest ion (  2)  ,  . . . . . (  18  MARKS)

a) Show that the maxtmum veloci ty in a circular open channel of  certain diameter taken place when
the  water  depth  is  0 .81  t imes the  channe l  d iameter .  A lso  show tha t  the  max imum d ischarqe occurs
when the  water  depth  is  0 .95  the  d iameter  . . . .  . .  . (  

-9  
marks)

b) l f  the veloci ty distr ibut ion for turbulent f low over rough open channel sur iaces is represented by :
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2- Derive an expression for the mean velocity at a vert ical section ( V.) and give the height above
the bed of which it  occurs .

3- Compare the expression you get in (2) with the mean of the velocit ies at 0.2 and 0.8 of the
water  depth.  , ,

4- Show that f = 3L;
! t t l - 1

Quest ion (  3)  .  . . .  (  18 MARI($ )
a) A spectal sewer conststs of a semicircular top and bottom of radius (r) joined by paral lel vefi ioal

sides of length @ so thai the total height is (3r). ( 0 marks)
1- Show that for max discharge the angle subtended by tne water surface at tne centre of

curyature of the upper semicircle is approximately 640.
2- i f  the upper sur face is  ra ised gpr i l  i t  rarnhor{  f  ho inn of  the sewer ,  f ind the pereentage decrease

in f low.
b) For  uni form laminar  f low in wide open channels that : ( 9  m a r k s )

1- The velocity distr ibution at a vert ical section is parabolic,
t  

- r h ^  
a r  i n r n n n  ' a l n ,  

t . J  s
z -  t t t Y  d v v r d v v  v Y r u C l t l i  V  = ; l , l '

. ,  . 4 ,

3-  The uni t  d ischarge:  q  -  
*yu=
J '

and then evaluate the values of the veloci ty coeff ic ient rr  and the momentum coeff ic ient / , .



Quest ion (  4)  .  . . (  18 MARKS)

a) In a r iver of bed width of 600 m and bed slope of 7.50 cm / km. i t  rs found that the bed mater iai just
b e g i n t o m o v e w h e n t h e d i s c h a r g e i s ' l 2 0 m i l l i o n . m 3 i d a y  A s s u m i n g t h e m e a n v e l o c i t y t o v a r y w i t h
the  water  depth  and s lope accord ing  to  the  re la t ion .Y=120 YS2 '3 ,  f ind  the  bed s lope a twh ich  the
same tract ive force on the bed would be produced with a discharge of 365 mil l ion m3 /day.

(  6 marks)
b) Derrve expression for:  cr i i ical  depth cr i t icai  specif ic energy and cr i t ical  veloci ty for:  (  6 marks)

1-  rec tangu lar  channe l ,
2- non rectangular channel

c) A horizontal  rectangular channel is coniracted lateral ly f rom width b'1 to b2 causing the water depth
to change y1 to y2. Show that the discharge through the channel may be expressed as:

|  2g(Y I- 1t21
Q  =  c . , b . ,  l .  |  -

I  .  _ / r ; ) - i  r - { r  
' (  6  marks)

! 
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a) Show that the discharge through a venture-f lume is expressed by:
Q= '1 .705  Co  b t  (E  ; r ' '  m3 /sec  i n  wh ich  :

( 8 marks)

b t = t h r o a t w i d t h ,
F  = r r  c  c n a c i f i n  o-nergy .
Es t imate  the  d ischarge pass ing  th rough a  hor izon ta lventure- f lume i f  ihe  w id th  o f  bo th  channe l  and
throa t  a re  2 .25  m and '1 .5m respec t ive ly .  The water  depth  u .s .  the  f lume is  2  m and co  =  0 .98 .

b)  A  un i fo rm f lowof  depth '1  5m occurs  in  a  long rec tangu larchanne l  o f  20m wid th ,  hav ing  a  mann ing
n o f  0 .0 '12  and la id  on  a  s lope o f  0  0016.  ca lcu la ie  the  fo l lowrng:  (  8  marks)
1-  The min  he igh t  o f  a  hump wh ich  can be  bu i l t  in  the  f loor  o f  th is  channe l  across  the  f low to

produce min specif ic energy ihere. Evaluate Emin.

2- The max contract ion which can produce by i tsel f  min. specif ic force. Evaluate Fmin
3_ enmnare  Ip fy roon tho  t r ,vn .2qaq l1 \  (2 \  hv  s ta t ino  two main  d i f fe fenCes.. , | ! , s r  v  v v ( Y v v  \  
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c) Considering the formation of a hydraul ic jump over a horizontal  f r ict ionless rectangular channel,
derrve the relai ionshrp between the conjugate depths:
1- As funct ion of the cr i t ical  depih,
2- As funct ion of Froude number.
Der ive  s imi la r  re la t ionsh ip  in  case o f  s teep f r i c t ion less  bed s lope.

(  10  marks)
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