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SECTION A: FLUID MECHANICS
Arswer THQ questions from this section

Show that the discharge, ¢ through a pipe of length £ and diameter o, camying oil of
visoosity 4 iggiven by
o s : . - .
(2= 198l » Where £ s the: pressure difference between the ends of the pipe.
{11 marks)

A horizontal pipe of dinmeter 400 mm is suddenly contracted to a diameter of 200 mm.
The pipe is carrying water at a pressure of 147,15 kN/m? in the langer scetion and
127,53 kN/m® in the smaller section, The coefficient of contraction is 0.62,

Determine the;

(i} loss of head due to pipe contraction;
{ii} discharge through the pipe.
{9 mardks)

(i) Diefine coch of the following terms as applied 1w pumps:

(8] slip;
{1}  manometric efficiency,

{iiy  With the wid of 8 diagram, explainthe operation of 2 centri fisgal purp,
{10 marks)

The diameter of a cylinder of a single acting reciprocating pump is 150 mm. The pamp
stroke is 300 m long and its speed is S0mpm. The pump lifts water throush a total
height of 25 m. The delivery pipe is 22 mm longand its dinmeter is 100 mm. The
pump discharges water at 0.0042 m%s, Density of water is 1000 kgm®,

Dratermine the:

() percentage slip of the pump;
()  aceeleration head at the beginming, middle and end of the delivery stroke.

[0 marks)
-
State:
(i) the principle of dimensional homogeneity:
(i) Buckingham m-theorem;
(ir)  #wo applications of dimensional analysis,
{6 marks)
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Show that the equation P +--pV*+ pgh = constant is dimensionally homogeneous,
where P = pressure, p = density, V= velocity, g = gravitational acceleration and
h = heipht. {6 marks)

A spherical ball of diameter d, moves down in 2 liquid of mass density @ and dynamic
viscosity g ata uniform velocity V. Show by dimensional analysis that the viscous
resistance of flow, F on the ball iz given by

F‘=pi-’5fa[‘§'%;a-r: where @ is function of'. {8 marks)

SECTION B: THERMODYNAMICS

Answer THREE questions from thiy section.

A single stage double acting sir compressor has a FAD of 15 m*/min measuned

at 1.0132 bar and 25 *C. The induction presstre and tempemature are 0.94 bar and
30 *C. I the compression and cxpansion index is .33 and the delivery pressure
8.5 bar. Calculate the: :

() velumetric cfficiency giventhat the clearmee volume is 5% of the swept
volume;

(i}  indicated power.
{8 marks)

At the beginning of compression of an ideal diesel cycle. the gas has a temperaturc
and pressure of 40 °C and 90 kN/m? respectively. The volume ratio of COMpression
i5 16:1. the maximum cycle temperature is 1400 *C. Taking 7 = 1.4 and

Cp = L.0M kl/kgK, caleulate the:

(i} préssure and temperature at each of the cycle state points;
(i)  thermal efficiency;
(ili)}  work ratio;
(v}  mean effective pressure;
(v)  Camot efficiency within the cycle temperature limits,
{12 marks)
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1 ke of a fluid at 30 bar, 300 °C expands reversibly and isothermally o a pressure
of .75 bar. Caleulate the heat flow and the work done when the Ruid is:

{i) air;
(i)  stesm.
Sketch the process on P-V and T-5 diagram. (9 marks)

A quantity of a fuel has the fallowing analysis : 2o, 3%t 6%, and 75N, The dry
fine gas analysis showed 14% CO, and some oxyzen. Determine the:

(1) oxygen content of the dry pgas;
{11} air foel ratio;
(lif}  percentage of excess air supplied.

Take the stomic massesasC - 12, 0 - 16, H-1, N - 14). {11 marks)
Define the following terms as applied in thermodynamics:

(D) system;

(i}  boundary;

(i)  surroundings. .
(3 marks}

0.05 m of a gasat 6.9 bar cxpand reversiblidin a cylinder behind a piston according to
the law PV = constant until the volumé &5 0.08 m®. Calculate the work done.
{3 marks)

A pas turhine has two stages of compression with an intercooler between stages. The
high pressure furbine drives the high pressure compressor and the law pressure turbine
drives the low pressure compreéssor and a generator. Exhaust gases from the low
pressure lurbine passes through a heat exchanger which heats the air leaving the high
Pressure COMpressoT,

There is a reheat combustion chamber which raises the gas tempersture between the
turoine stages to 600 °C, which is also the emperature at entry to the high pressure
turbine. The overal] pressure ratio is 1001, with the compressors having the same
PIESSUNG ratio.

The air remperature at the entry to the turbine unit is 20 °C. the heat exchanger thermal
ratio ik 0.7, and with complete inter-cooling between compressor stages. The isentropic
elficiency of both compressor stages and tarbine stages are 0.8 and (.85 respectively.
2% of each turbine work is used in overcoming friction. Neglecting losses of pressure
and velocity:
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{1) Prraw the plant and -8 disgram.

(i}  Determine the:
(N overall thermal efficiency;
(I} power output for a mass flow rate of 115 ks,

fake for

Compression 7 =14, Cp=1.005 Kk
Expansion ¥ =125, Cp= L.15 klkpK
(14 marks)

A steel pipe 150 mm external diameter conveys steam at & temperature of 260 *C and
Il I8 covered by two lavers of lagging, cach 50 mm thick. The thermal conductivitics
of the inside layer of the lageing is 0.086 W/mE and that of the cutside layer is

0053 Wimk. The outside surface temperature of the stesl pipe can be taken as being
the same as the temperature of the steam; the temperature of the putside Layer of the
kagging is 27 °C. Determine the:

i) heat lost per hour for a pipe length of 30 m:
(i} theinterface temperature between the two layers of kg ging,
{ 10 marks)

Steam at a pressure of 20 bar and temperature 250 “C is expanded 1o a pressure of
3.3 bar according to the law PV!™ = constan®,’ Determine for this expansion the:

{1 final condifion of the steam:
(i)  specific heal transier;
(rii) change of entropy.

Sketch the process on a T-S diggram. {10 marks}
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