UNIVERSITY OF RUHUNA

Faculty of Engineering

End-Semester 3 Examination in Engineering: February 2023

Module Number: ME3302 Moduie Name: Fluid Mechanics

[Three Hours]
[Answer all questions, each question carries 12 marks]

Q1 a)

b)

Useful equations with usual notations are given in page number 06

Briefly explain the following terms which are applicable for boundary layer thickness.
i)  Displacement thickness.
ii)  Momentum thickness.
iii)  Energy thickness.
[1.5 Marks]

The velocity profile for a laminar boundary layer is given by % =2 ()é) = (%)2

» where u is the velocity at any point in the boundary layer, U is the free stream velocity
and 0 is the boundary layer thickness. Use the Von Karman momentum integral
equation to prove that the shear stress on a flat plate (Tg) is given by the

. 2 2 06
expres_swn. 15 pU pel

[4.5 Marks]
Figure Q1(c) shows a loop of a municipal water distribution pipe circuit. The incoming
volumetric flow rate at the node B and the outgoing volumetric flow rates at the nodes
A and C are given in the diagram itself. Apply the “Hardy Cross Method” to

determine the water flow rate through each pipe.

Q1 is continuing to page 2...
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Q1 is continuing from page 1...

1 10 m?/s

400 m

T > 40 m3/s
50 m’/s B 300 m C

Figure Q1(c)
[6.0 Marks]

Q2 a) Briefly explain the following terms as applicable for steady, incompressible fluid flow

in pipe networks.
i) Head loss
ii)  Pressure loss
iii)  Major energy losses
iv)  Minor energy losses
v)  Vena contracta

[2.5 Marks]

b) Starting from the first principles, prove that the head loss due to contraction of a pipe

2

V 1
(he) is given by —22? [ C_ -1 ] 2, where V3 is the velocity of the fluid stream after
C

contraction.

[3.5 Marks]
Table Q2(c) includes the Darcy-Weisbach friction factor values obtained ir an
experiment of flow inside water pipes at different Reynolds number values observed

at 20°C. Using the data given, answer the following questions.

Q2 is continuing to page 3...
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Q2 is continuing from page 2...

Table Q2(c)
Reynolds number | Friction factor (x10-2)
2.4 x103 5.2
4.0 x 103 4.5
1.0 x 104 39
2.0x104 3.6
5.0 x 104 34
1.0x10° 3.3
2.0x10° 3.25
1.0 x 106 3.2
1.0 x 107 3.2
1.0x10° 3.2

Data:

Pipe radius = 25 mm

Pipe length = 50 m

Dynamic viscosity of water at 20 °C =1 x 103 Pa s

i)  What are the factors affecting on the change of Reynolds number of the
flow?
ii)  Mark the experimental results on an approximate curve of the given Moody
diagram in page 7 and attach with the answer script.
iii) Predict the pipe material.
iv)  Calculate the head loss of the pipe due to friction when the flow is at the
margin of transition to turbulent flow.

[6.0 Marks]
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Q3 a) State key functions of the following components of a centrifugal pump.

i)  Foot valve.
i)  Volute casing.
iii)  Delivery valve.

[3.0 Marks]

b) Briefly describe reasons for the cavitation occurring in a centrifugal pump and state

Q4 a)

b)

three common corrective precautions.

[2.0 Marks]
A centrifugal pump is delivering 0.25 m3/s of water against a head of 21 m; the speed
of rotation of the impeller being 600 r.p.m. The diameters at the outer and inner
periphery of the impeller are 600 mm and 300 mm, respectively. The area of flow is
constant at 0.085 m? from inlet to outlet of the impeller. If the vanes of the impeller are
bent at an angle of 35° to the tangent at exit, determine the following.

i)  The manometric efficiency.

[3.0 Marks]
ii)  Inlet vane angle.
[2.0 Marks]
iii)  Loss of head at the inlet of the impeller when the discharge is reduced by
35%.
[2.0 Marks]

What is the difference between Impulse and Reaction turbines in terms of type of
energy available at the inlet of the turbine?

[2.0 Marks]
Briefly describe the process of selection of a suitable turbine for a varying load

application using the operating characteristic curve of hydraulic turbines.

[2.0 Marks]
A Francis turbine works at 450 r.p.m. under a head of 140 m. Its diameter at the inlet

is 1.2 m and the flow area is 0.4 m2. The angles made with the tangential velocity by
absolute and relative velocities at inlet are 20° and 60°, respectively. Determine the
following.

Q4 is continuing to page 5...
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Q5 a)

b)

Q4 is continuing from page 4...

i)  The volume flow rate.

[4.0 Marks]
ii)  The power developed by the turbine.
' [2.0 Marks]
iii)  The hydraulic efficiency of the turbine.
[2.0 Marks]

State four applications of dimensional and model analysis in solving engineering
problems.
[2.0 Marks]
A model of Francis turbine that is one-fourth of the full size develops 2.5 kW at 300
rpm, working under a head of 1.6 m. If the prototype turbine operates under a head
of 5.5 m, and the efficiency of the model and the prototype turbine are same, calculate
the following parameters associated with the prototype.
i)  Working speed.
[2.0 Marks]
i)  Power developed.
[2.0 Marks]
The pressure difference Ap in a pipe of diameter D and length I under a turbulent flow
condition depends on the velocity V, viscosity u, density p and roughness k. Use the
Buckingham’s n-theorem to show that the Ap is given by the following equation.

Note: Pipe roughness is given in mm

u k
= pV2¢[E DVp E]

[6.0 Marks]
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Useful equations with usual notations

The relevant equations and the meaning of the notations of the given equations are listed

below. For any notation is not mentioned here, assume their standard meaning,

To 69
1) Von Karmann momentum integral equation = —

where 0 = f:% [1 — %] dy

L ;
2) hy=rQ?, where r = Tog » L =pipe length

2
- Xr
B A= 2
22rQ
Ac . .
4) Cc = il where Ac = Fluid flow area at Vena-contracta, A, = Fluid flow area at the
2
exit of the pipe after contraction
_ _ fLV?
5) Darcy-Weisbach equation hf = 2dg

Notations

e p = Fluid density

e A= Momentum thickness

hy= Head loss due to friction

Q = Volumetric flow rate

J= Darcy-Weisbach friction factor

V = Fluid flow velocity at a particular measurement

d = pipe diameter/characteristic length for a circular pipe flow

g = acceleration due to gravity

Page 6 of 7



a

L 3O L 93eq

uroa puizgimed bz |onu ez oy . X n ==
‘su| ‘puej B 1eBzeyy (S/ LUl A LU U T S ULA) an = H Jsquinu sploufdey weibeiq Apoow
Ptazos v 8 = OMesog v B 2 Pltazas v & 2 Pltecrog v 8 2 Llasos + & oz L
soo-31 F T T T T T o TTTTT _ 5 1 &8 T Bl M 3 W 1 B SR EN
il i1 u, i . 1”1 ....LIWOOI&—I._ 1 WA, _. : 0 S —ﬁﬂ— ~“*. I SSEPE S _ﬂ**ﬂd i —_.4_ g um ”
el B i ey e e e S 1# -y ” TTITTTTT k@ENOP= A 'm@u=v T sizeee weeeimes L0os |1 | °
b - . W Boic = B e B S s 2m b i e _ : e Ay = O 'uogenba fnuguod {1 O S i noad i Ay * ok
i 7 , , rTrrT €S08L'6  PMBIEES .00 ] 2
G0o-ag - ! - B E !
i g hady J ctipamegr LerBoigs = gt {
| w T e ' “b0EZ 2 4 ‘UoKENDS HODKFHOD | | Lem) € (yesoan aprien
10000 . ey I 0 i L T
il " il SO0SLLSE (BN SZS L0L) NIy
i = M/f 8 R | H” i Sive=y 'ooEEF € 1 L | gppeson’tL EN |
SR ! s i i P uopenba ANEEslod—UsBEH | | | f .
R B BEUERR T (670 A Ds0ziepImd |||
™ Sl e D~ aIBolZ = apt T T T : 1
POOUG fpufemngen b P e e e Tl S100'0 Bupnm umesg | |
> ki M b i R oyp'0  1eas pRswwon | | | | ¥
O w000 - s ' L e, _ B A I S 20 U 158D pERsydsy |
= ) i GRS R RS L o i o % 0 0 0 < S o OG5 0 5 0 . | 1
- ool 4 KN AL . IO, s veemumms
- HODD | _ : “ AR -l |
g ot ! i % _ ; 6'0-8L0 SWETS DOOM, — ! z
£ =t 100 A0 4O 16 it i - E"EQ alapuoy |
- Rl R o il Uﬂ[f b L e 6760 12318 peEIL |
= PO e , 0 I ]#”H W ani g SR Bl
2 B e TT7 TR (i) 2 euseN || ||
000 il ; o e R Ry i g : n JJ_). we
- T S R TR EEby J.]ll R f [
I rooo : T e, i : el
| m - 7 ! e a3 i T B | 8
— ! 1 98 o 4 4 el i
g , | R SEES Lt s il g 1
3 =00 : : ERE o R 00 o
3 oo : _ 0 B 11# ) S i
: B ! : ‘ L SNNE i
D czioo s . - i LTSS o ST Ly
5 Ch0D [riprepprm— . : “ 7 ] .J!!f”.lf { / N i i
3 suen * : tp ; e o Sy g B e =
M\ 200 H ] , 4 h 1 G - .JTIW.JI 2 (o R s /
B20D i m - _ e, SRR
i Y 6 L .. .
B0'0 | - e e 5 o R
] i : oy g S 1: .
SE0D S — . &5 1
r00 SEEE E S B ook L g . R
SHITD |- —t- . el e, 0 8 I
wn'o - ? ,/ - ) {
00 -+ T T3 PO 1 . * T e :
a0 = h , 3 T } 7
0D A R D R R R e . |
3 T aBoiz- i gpa #0068 < & 'sadid ubna ‘sousnaing Sedwes | B! ;
I 1 Ly 1 g g | 1 ) I 10 N I 0 A | i 1 :
T T T T T T T 1 T
DI3Ea | CO02e aGpalr DO amcaL (e o) QADw ooax <api D123 = oan L =13 al
D.0F 1B 1|8 Jiaydsows 1oy A
g g | B R FWN ] SO g i I A T | R T I s e
LS Lo [ cfie) oI (o ]4 oo ~a oar [ caL [+ ok ar 0o - * £ I &0 GO

(W0 Ul 7 ‘Sl Ul A DL0T 18 18180 JO) A

4 10108} uona) YorqEep-AoIeQ

fayz



