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INSTRUCTIONS TO CANDIDATES

You showld save the fallowmg for this examination:
Answer booklei;
Mo .f.'-':"l".l'g."il'?‘l'T.?."Jr.':l'.'!.?fE .'rt‘ie'un:,l"f-r? Celeylentior -
Drawing insirumenis;
Tiebles of “Thermodynamics and Transport properties of fluids by G.EC Rogers and ¥.R
Meavhew:
Thiz paper consisis of TWE sections; A and B-
Answer FIVE questions in fofal taking TWE questions from section A and THREE questions from
section 3.
All questions carry equal marks,
Mcimiem marks for each guestion are indicated.
Candidales should answer the guestions in English .

This paper consists of 5 printed pages.

Candidates should check the question paper to ascertain that all the
pages are printed as indicated and that no goestions are missing.
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SECTION A: FL.UID MECHANICS
Answer TWO quesiions from thiv seciion.

ta)  Show that the average velocity  of flow between parallel stationary plates is given by
—— Ph° ; ; *
= ﬁ » where P15 the pressure difference between the ends of the plates, his the

distance between the platcs, L is the length of the plates and g is the fhoid viseosity.
(14 marks)

(b} A horizontal pipe of 5 cm diameter conveys oil of dynamic viscosity 0.8 keims.

Measurerments indicate a pressure drop of 20 kN/m® per meter of pipe length maversed,
Determine the:

{1} discharge of the ol through the pipe;
(i) velocity of the oil 1 con from the pipe wall:
(it} shear stress at the wall of the pipe.
(B rnarks)

b
i
B

A mpe having a sudden enlargement in diameter from 300 mm 1o 450 mm is laid
horizontally o connect two tanks of watér, The smaller section of the pipe is

150k m long and the larger section is 21 m long. Water enters ar the smallerend and
cxits at the larger end. The velocity of flow through the smaller section is 1.2 m/s.
Take £ = (1006 for the smaller section and (LS for the larser section,

(L} Petermine the loss of head at the:

(L) entrance to the pipe;
(I}  enlargement;
(TTT)  exitto the second tank:

(11} Determine the difference in the levels of the water in the two' tanks.
(10 marks)

(b} Acentnfugal pump having an impeller whose outer diameter is two times the inner
drameter rmens at |00 rpm, The pump works against a total head of 40 m. The veloeity
of How through the impeller is constant and egoals'to 2.5 mds. The vanes are set hack
atan angle of 40° at outlet. If the outer diameter of the impeller is 500 mm and its
width at outlet 15 500m, determing the:

(i) vane angle at inlct;
{1} work done by impeller oo waler per second,
(i)  manometric efficiency.
C1marks)
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* The thrust, P of a propeller depends upon the diameter I3, speed of advance V, mass

density 2, speed of rotation N, and the coefficient of viscosity p.

Show that P =pD*V'¢ %.Egj ]

Where ¢ means ‘function of . {12 marks)
{1} Distingaish between geometric similarity and dynamic similarity.

el

{iiy  The power P roquited o operate a test tunnel is given by F= ,l::lL;“ip"lﬁ( i

where 0 = density of find in which the test is dong
V = velocity of ffuid
L = length parameter
p = dynamic viscosity

Tests are carried ont on aerofoils in a laboratory to estimate the dmg force on

a 10 m long wing of an aircraft with a frontal projected area of 02 m by 10 m,
whichis subjected toa wind blowing at 20 m/s. One aerofoil i subjected o
an airstream Mowing at 40 mis in a wind tunnel. The other acrofoil is subjected
ic-a water stream flowing at 10 m's, Determine the sizes of the aerofails.

(% marks)

SECTION B: THERMODYNAMICS
Answer THREE questions from this sectoon.

With the aid of » diagram, explain the working the working principle of the Cresat
apparatus wsed in the analysis of combuston gases, {E marks)

A three stape, single acting reciprocating air compressor has a low pressure cylinder
of 450 mm and 300 mm stroke, The clearance volume of the low pressure cylinder is
5% of the swept volume. The intake conditions are 1 bar and 18°%C  while the delivery
pressure is 15 bar. The intermediate pressure are ideal and the expansion and
compression index is 1.3, Caleulate the:

(1) intermediate pressures:
(i)  effective swept volume of the low pressure cylinder;
(i)  temperature and volume of air delivered per stroke at 15 bar;
{i¥)  work donc per kg of air
{12 marks)
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Aooerle 1soa device For mereasing the velocity of a sieadily fowing stream of fluid. At
the inlet to a certain nozzle, the enthalpy of the fluid is 3025 kl'kz and the velocity

is 60 m/s. At the exit from the nozzle, the enthalpy 15 2790 k)kg, The nozzie is
horzontal and there 15 neghgible heat loss from it, Determine the:

1} velocity at the nnzzle ontlet:

(i) mass flow rate of the fluid, if the arca at inletis 0.1 m® and the specific volume
arinket is 0,19 m'ike;
{1il)  exitareaof the nozzle, if the specific volume al the nozzle exitiz 0.5 mke.
{h marks)

The velocity of steam atinlet to a stmple impulse turbine 15 1000 m/s and the nozzle
angle is 25", The blade speed is 400 mys. The blades are symmetrical and frctionless.
Determine the:

(i) blade angle if the steam enters the blade without shock;
(i}  tamgential force on the blade;
(ii1)  power developed fora mass How mte of 075 kpis.
i 14 marks)

A boaler uses coal at the rate of 3300 kg/hr in producing steam with a specific enthatpy
of 2850 ki/kg from feed water with a specific enthalpy of 240 kT'kg. The combustion
of 1 kg of the coal produces 27000 kT, of which B0% is wseful in producing steam.
Crleulate the rate at which steam 13 produeed. (B marks)

A furnace wall consist of 130 mm wide refractory brick and 140 mm wide insulating
firebrick separated by an aie gap. The outside wall 15 covered with a 15 mm thickness
of plaster. The inner surface of the wall 15 14007 C and the room lempeabure 15 at
307 C, The heat transfer coefficient from the outside wall surface to the room 15

17 Wim K and the resistance to heat fiow of the air gap is 0. 18 KW, The thermal
condnctivitics of the refractory brick, insulating firebrick and plaster are

16 W/mK 03 W/mK and 0.14 WimK. Considering | me of surface area,

determine the:

i) rate of hedt iransfer;
i)  interface 1emperatures:
{iiiy  temperature of the outside surface of the wall.
(14 marks)
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(b}
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(1)

state the First law of thermodynamics.

During a complete cycle of operation, a system is subjected to the following
beat transfers; 800 kI supplicd and 350 kJ rejected. At two points. work is
donc by the system o the extent of 85 kJ and 33 kJ_ At a thind point; there 15 4
further work transfer. Determine the amount of work done at this third poing
and state whether it 1s work done by or an the system.

{3 marks)

In & gas turbine unit, a high pressure (HP) stage tarbine drives the compressor and 3
low pressure (L.P) stage turbine drives the alternator. The overall pressure ratio s
Tl and the maximum temperature is 7007 C. The isentropic efficiencies of the
comnpressor, HP turbine and L.P turbine are 0.8, (183 and 0.85 respectively.

The mechanical efficiency of both shatts is 98%. Calculate the:

{i) intermediate pressure between nirbing stages when the intake conditions

ate 1,01 barand 25° C;
(1} thermal “fficiency;
(i) shaft pawer for a mass fow e of 60 ke/'s.

Take: forair Cp= 1005klkg K and » = 14

for gases Cp = LIS kRKgK and 3 = 133
{15 marks)
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2508/304 5
2509/304




