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Question (1) 15 Marks]

A layer of water flows down an inclined fived surface with the
velocity profile shown in Figure 1. Determine the magnitude of
the shearing stress at wall and at v =0.1m. Also. draw the shear
stress distribution for this profile. Put
u=0001Pasandh=01.

The velocity profile is given by: 1 = 40(v —5v7)

_ Piston
Question (2) (4 Mark«] R
- . .‘\.
Two chambers with the same fluid at their base are __glr |
separated by a piston, as shown in Fig. 2. Calculate the f
gage pressures in chamber B and mass of piston. If the s . ; 50 cm
1 essure in ¢ ber A is 3500 Pa. -
gauge pressurce in chamber A is Pa 10 cm 2 e
Oil (s.g=0.85)
Question (3) |8 Marks] .
, \/ ¥
Draw the pressure distribution on the gate OA. |
Calculate the following: Water
a) the hydrostatic force on the gate (2 m wide) and 10 m /\
the location of their line of action. b) the horizontal L] W
reaction P exerted by the wall at point A.
Question (4) [5 Marks] 7

- . . . O
Consider a wooden cylinder (sg=0.7) 1 m in diameter and 0.8 m long. Would this cylinder be stable

if placed to float with its axis vertical in water?
Question (5) [7 Marks]

~ (a) Drive the following formula to determine the time to lower the liquid level in a tank of a constant

24 ,__
, . ) €= (VH, - \/T'I-z)
cross section by means of an orifice. cda.2g
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ka A Is the ares of tank, a is the arca of small orifice, cd is the dischurge coefficient , Eh isthe
 biquid level at time=0 and H; is the liquid level at time t. ‘

_(b) Leakage in the bottom of a storage tank for oil is found to cause the surface level to dwrum
from 5 m to 4 m in 24 hours. What further drop in level will occur during an adﬂilleml 8 days?

Question (6) (% Marks]

The pipe bend of Fig. 4 has di=10 cm and d:= 3
cem. If V) = 0.6 m/s and losses are neglected,
what is the following:

a) The manometer reading & .

b) The height to which the jet will rise Zmasx.

Question (7) [8 Marks]

A converging clbow (sec Fig. 5) turns water through an
angle of 135° a horizontal plane. The flow cross sectional
diameter is 400 mm at the elbow inlet, section (1), and 200
mm at the elbow outlet, section (2). The volume flow rate
of water is 0.4 m'/s and the clbow inlet pressure is 150
kPa. Calculate the net resultant horizontal force required

to hold the elbow in place.
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Question (8) [8 Marks]
Calculate the pump power for

the water piping system shown
in Figure 6.
Assume pump efficiency is 75%,

30 m
and f=0.02.
Li1=30m
d1=7.5 cm
C= 1.4,
_ C=2
S

Liz= 100m
C= 10 dr=5 cm

T
C= 1.4

Good Lucl‘c” Dr. Ahm‘ed.Abd-Els‘aiané

Scanned by CamScanner



Question (1) (6 Marks)

A layer of water flows down an inclined fixed surface with the velocity profile shown in

- Figure 1. Determine the magnitude of the shearing stress at wall and at y =0.1m. Also,

draw the shear stress distribution for this profile. Put g = 0.001 Pa.s and h = 0.1.
The velocity profile is given by:u = 40(y — 5y?)

Solution:

du
=p— = 1-10
"3y u[40( y]

atwally=0 .~ 7=40u =0.04 Pa
at y=h=0.1m .. T = zero

Two chambers with the same fluid at their base are separated by a piston, as shown in
Fig. 2. Calculate the gage pressures in chamber B and mass of piston. If the gauge pressure
in chamber A is 3500 Pa.

Px=Py = P,
mg
PA =_+Y0il X 02
Solution: A

m = (P, — 0.85 x 9810

= 13.203kg

PB =PA—Y0“><0.5=—669.25Pa
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esti 3) 3

\V -
Given: b=2 m T
Required: F, P Water

. 10m
Solution: /)\

A=3X%X2=6m?

h. =10 - 1.5sin60 = 8.7m

F =vyy,Ah, = 512082 N

_2x33 _ 4 _he

I = - =45m', y = —==10.045m
, =Y. + =10.12

Yp = Ye m m

S w0
(]

P x 3 xsin(60) = F x (1.5 = (3 — ¥c))
=243238.95 N=243.238 kN

Question (4)

Consider a wooden cylinder (sg=0.7) 1 m in diameter and 0.8 m long. Would this cylinder
be stable if placed to float with its axis vertical in water?

Pp

h=t1L=5gL=07x0.8=056m
Pr
BG L h—012
=5=5=012m
_ 2z D* D?
BM = — = = 0.
Vs Tp2p, 16 xsglL 0.1116 m

The cylinder is unstable
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uestion (5

(a) Drive the following formula to determine the time to lower the
liquid level in a tank of a constant cross section by means of an orifice.

t= = (VH ~ 1)

Solution: H, | |
(a) S ;
H2 ‘ oil a .
v= 2‘(]’1 v __¥ ‘\\ g"‘
' - —--
(1
-« A »

Assume that dV of liquid flows out in time dt with the liquid level falling
by -dh. Then
dV = Caa+/2ghdt = —dh A
A dh

E;E,/Zgh
t
e

/:) Cda\/——

The time needed for the liquid level to descend from Hi to H; is

= e (- ) b

24=K(V5-v4) , K=101.06

dt = —

”Zdh

5x24 = 101.06(V3.5 — /H;)

= H:= 0.672 m
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neglected, what is the following:

a) The manometer reading / .

b) The height to which the jet will rise Zmax.
Solution:

AV, = A,V

w2 T 2
Zlel =Zd2V2

V, =6.67m/s

Appling Bernoulli's equation:

P, V3 P, V3
—_—t—+Z :—+—+Zz+hL
Yw 29 ' Yu 29

P, Vi £

2+ 140=0+-2+3+40

Yw 29 29

Py =51474.445Pa
Px=Py
Pi+vy X0.6=0+y,sh

h=0.4299 m
Vi
Zmax =5 = 2.26m

* The pipe bend of Fig. 6 has di=10 cm and dz= 3 cm. If V1 = 0.6 m/s and losses are

' to atmospher

dz=3c_r_n_7 - ‘ G )
[\
3m

10cm ( ‘\’,

- Water

0.6 m

i

hi
N— 4

" Mercury
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Question (7) (8 Marks)

A converging elbow (see Fig. 5) turns water through an
angle of 135° a horizontal plane. The flow cross sectional
diameter is 400 mm at the elbow inlet, section (1), and
200 mm at the elbow outlet, section (2). The volume flow
rate of water is 0.4 m?/s and the elbow inlet pressure is

150 kPa. Calculate the net resultant horizontal force
required to hold the elbow in place.

Q=AVy=4,V,=04

Vi=3.18m/s

Vo = 12.74m/s
2 VZ
&+—5‘+Z]:&+—2+Z2+hl,
Yw 29  Yw 29

150000 3.18% P, N 12.74%
9810 + 2x9.81 9810 2x9.81
P, = 73902.4 Pa

Fy+ P1A; + PA; = —mV — m(=V)

Fy + P1A; + P,A;C0S(45) = m'(—V,€0S(45)) —m'(Vy)
Fy = —25368.083N
<«——Fy = 25368.083 N
Fy + P2A;SIN(45) = m(—V,SIN(45)) — m:(0)
Fy = —5245.327N

Fy = 5245.327N

S ’F,% + Ff = 25904.693 N
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Question (8) s Marks]

Assume pump efficiency is 75%, and f=0.02.

Calculate the pump power for the water piping system shown in Figure 8.

20 om ; ”—1 _
Li=20 wm P
d1=7 % ¢n c;; ' —:_;”F ‘
Catap -~ 3 “";— 1 : H;-:u
Z ( ] Pump
C=2
m m
V, =0679—, V,=1528—
s S
2 P, V2
Yw Zg a Yw 2
0+0+0+H,

L, V,* L, V,?

2

2
=0+0+30+f o +f g 2g+(2+14+2)—g—+(10+14

V,2
+1.4+ 1)E

H,=36.717m
_ YQH,
™ = power

Power = 1.957 HP
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