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Answer bookler;
on programmable seientific Calowlator;
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Candidates should answer the questions in English,

This paper consists of 5 printed pages.
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SECTION A: FLUID MECHANICS
Answer TWO questions from this section.

o i) Show that the average velocity  of flow between parallel stationary plates is given by
oY :

V= WEL' »where P is the pressure difference between the ends of the plates, h 15 the
distance between the plates, 1 is the length of the platcs and ju is the fluid viscosi Iy.
{14 muarks)

by  Ahorizontal pipe of 5 ém diameter conveys oil of dynamic viscosity 0.8 kg/ms.
Measurements indicate & pressure drop of 20 kN/m? per meter of pipe length traversed.
Determine the:
2
(i) discharge of the oil thiough the pipe:
(iiy  welecity of the oil 1 cm from the pipe wall;
(i) shear stress at the wall of the pipe. -
(6 marks)

. fa) A pipe having a sudden enlarsement in diameter from 300 mm to 450 mm is [aid
horizontally to connect two tanks of water. The smaller section of the pipe is
150 m leng and the larger section 15210 m lomg. Water enters at the smaller end and
exits at the larger end. The velocity of Aow through the smaller section is 1 2 mis.
Take T = 0.006 for the smaller section and 0005 for the larger section '

(1} Dietermine the loss of head at the:

iy éntrance to the pipe:
(Y  enlargement;
(T} exicto the second tank.

(if}  Determine the differcnce in the levels of the waler in the wo tanks.
(10 marksy
(b} A centrifugal pump having an impeller whose outer diameter is two times the inner
diameter rims:ar 1000 rpm. The pump works against a total head of 40 m. The velocity
of flow through the impeller is constant and equals to 2.5 m's. The vanes are sel back
at an angle of 40° at outlet. 17 the outer diameter of the umpeller is 500 mm and its
width at outlet is 50 m, determine 1he:

(i} vane angle.at inler:
(i} work done by impeller on water per second;
{1} manometric offi CiEncy-
[ I0marks)

25012304 2508304 x
2502/304 2509304
2503/304

Chor. S i¥ese 22T




3. (i) The thrust, P of a propeller depends upon the diameter [, speed of advance V, mass
density o, speed of miation N, and the coefficient of viseosity -

Show that. P — pD*‘»"r,él ”ED,%]

Where ¢ means “function of *. {12 marks)

by (n} Distinguish between geometric similarity and dynamic similarity.

eﬂ’E’J

(it}  The power Prequired to operate a test tunnel i3 given by P = pl” ‘l.-"‘iﬁn( T

where o = density of fluid in which the test is done
Y = velocity of fluid
L = [ength parameter

g = dynamic viscosity

Tests are carried out on aerofoils in a laboratory to estimate the drag foree on
a 10 m long wing of an aircraft with a frontal projected area of 02 m by 10m,
which is subjected to a wind blowing at 20 m/s. Cne aerofoil 15 subjected to
an airstream flowing at 40 mi's in a wind tunnel. The other aerofoil is subjecied
1o water stream flowing at 10 m/s. Determine the sizes of the acrofoils,
(8 marks)

SECTION B: THERMODY NAMICS
Arnswer THREE questions from this sechion,

4}, () With the aid of a disgram, explain the working the working pninciple of the Orsat
apparaties psed in the analysis of combustion gases. (& marks)

{b) A three stage, single acting reciprocating &ir 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 | bar and 18°C, while the delivery
pressure s 15 bar. The intermediate pressure are ideal and the expansion and
compression indax'is 1.3, Calculate the:

(1) intcrmediate pressures;
(i} - effective swept volume of the low pressure cylinder;
(iii}  temperawere and volume of air delivered per stroke at 15 bar;
{iv}  work done per kz of air.
(12 marks}
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5. ia)

{b]

by
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A nozzle 15.a device for increasing the velocity of a steadily flowing strewm of fluid, At
the inlet to A certain neozzle, the enthalpy of the Awid i1z 3025 ki'ke and the velocaty

15 6} s, Al the exit from the nozzle, the enthalpy is 2790 kKlkg. The nosrle is
horizontal and there is negligible heat loss from it. Determine the:

{1} velocity at the nozzle outlet;
(i} mass low rate of the fluid, i the arca at inlet is 0.1 m® and the specific ¥olume
at inlet iz 0.19 m’ ke
(i} exitarca of the nozxle; if the specific volume at the nozzle exil 505 m' e,
(6 marks)

The velocity of steam af inlet ta a simple impolze wrbine is 1000 mf's and the nozzie
angle is 25" The blade speedis 400 mis. The blades are symmetnical and frictionless
Determine the:

(i} blade angle if the steam enters the blade without shock;
il tangential force on the blade;

fiiiy  power developed for a mass flow rate of 0.75 kgls.

=N

(1 marks}

A hoiler uses coal at the rate of 3300 kg/hr io producing steam with a specific enthalpy
of 2850 ki'kg from feed water with a specific enthalpy of 230 kFNkg. The combustion
ot 1 kg of the coal produces 270 k. of which 0% is nsetul in producimg steam.
Caleulate the rate at which steam is produced {6 marks)

A Tumace wall consist of 130 mm wide refractory brck and 140 mm wide insulating
firchrick separated by an air gap. The ouside wall i covered with a [5 mim thickness

of plaster. The inner surface ofithe wall is 14007 Cand the room temperanire is af

P The heat teanster coefficient from the oatside wall surface to the room i3

17 Wi K and the resistance to heat flow of the air ap 15 L1 8 KWL The thermal
eonducavities of the refractory brick, insulating firebrick and plaster arc

L6 WmK, 0.3 WimK and 014 WimK. Considering 1 m of surface area. "]

deterriime e

{i} rateofheat transfer:
{ii) instesface 12 mperaires;
{ifi}  temperatare of the cutside surface of the wall.
(14 marks)
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i E5)

(b
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{i)

(ii)

state the First law of thermodynamics.

Buring a complete cycle of operation, a system is subjected to the following
heat transfers; 300 kJ supplied and 350 kJ rejected. At two points, work is
dome: by the system to the extent of 85 kJ and 35 kI At a third point, there is g
furher work transfer. Determine the amount of work done at this third point
and state whether it is work done by or om the system.

(5 marks)

In 2 gas turbine unit; @ high pressure (HP) stage turbine dnves the compressor and a
low pressure {LP) stage turbine dnves the alternator. The overall pressure ratio is
T:1 and the maximum temperatore is 700° C. The isentropic efficiencies of the
compressor, HP turbine and 1P turbine are 0.8, 0.83 and (L83 respectively.

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

() mntermediate pressure between turbine stages when the intake conditions
are 101 bar and 257 C;
(3 thermal efficiency;
fiii}  shaft power for a mass flow rate of 6 ke/fs.
Take: forair Cp = 1005kFkg K and 7 = 14
[or gases Cp = P15 kikpK and » = 133
(15 marks)
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