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SECTION A: THERMODYNAMICS
Answer any THREE questions from this section.

By use of a P-V diagram, describe the processes of an ideal Otto cycle. (6 marks)

Show that the air standard efficiency of an ideal Otto cycle how is expressed as:

1
Joe G

where: r is the compression ratio;
7 is the adiabatic index.
(6 marks)

The minimum pressure and temperature of an engine operating on an Otto cycle are
120 kN/m? and 30°C, when the compression ratio is 8:1.

If the amount of heat added to the air per cycle is 1800 kJ/kg, determine each of the
following:

(i) maximum temperature and pressure of the cycle;
(i)  work output per cycle for a unit mass;
(iii)  the air standard efficiency.

Take: Cv=0.72 ki/kgK; y =14.
0 (8 marks)

Define each of the following thermodynamic reversible processes:

(i) isobaric; — % / :
(i)  adiabatic; - ¥
(ili)  polytropic. Qw\

/ (3 marks)
Show that the work done in a reversible adiabatic process (W), when the corresponding

initial and final pressures and volumes are P,, V, and P, V, respectively is given by:

PV.- BV,
Y—F

where vy is the adiabatic index.

W=

(8 marks)

Air at a pressure of 6 bar and a temperature of 125°C has a volume of 0.55 m*. A
reversible adibatic expansion of the air takes place until the pressure is 1.05 bar. The air
is then heated at a constant pressure increasing the enthalpy by 83.6 kJ.
(i) Sketch the P-V diagram for the processes.
(i)  Determine the total work done during the processes. m

(9 marks)
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With the aid of a plant diagram, explain the method of improving the thermal efficiency
of a gas turbine by use of a heat exchanger. (3 marks)

Air flowing at 5.8 kg/s enters a gas turbine plant at a pressure and temperature of 1.013
bar and 22°C respectively. The gas turbine consists of a high pressure turbine which
drives the compressor only, and a low pressure turbine connected to a power output
shaft. Air in the compressor is compressed through a pressure ratio of 8:1 when the
isentropic efficiency of the compressor is 85%. The compressed air is then passed into
the combustion chamber and heated to 680°C before it enters into the high pressure
turbine whose isentropic efficiency of expansion is 88%. Finally the gases are
expanded in the low pressure turbine, with an isentropic efficiency of 86%.

(i) Draw the plant and T-S diagrams;

(i)  Determine the temperature and pressure of the gases entering the low pressure
turbine;

(iii)  Calculate the power output;

(iv)  Determine the thermal efficiency of the turbine.

Take:
Cp,, = 1.005 ki/kg K Y., =14
Cpm= 1.15 klkg K Y = 1.33
(17 marks)
List two types of air compressors. (2 marks)

By use of a P-V diagram of a single stage air compressor, show that the work done by a
a compressor (W) with a mass flow rate 7 of air, an induction and delivery
temperatures T, and T, respectively is given by:

/
W =21 mR(T,~T); —
where: n is the compression and expansion index; —
R is the characteristic gas constant.
(7 marks)

A single cylinder single acting reciprocating air compressor has a clearance volume of
3% of its swept volume. When the compressor speed is 1050 rev/min, it delivers air at
a pressure of 28 bar. The free air delivery ata pressure and temperature of 1.013 bar
and 25°C respectively is 0.26 m*/min.
@
If the stroke is 12 times the cylinder bore, determine each of the following:
() diameter of the cylinder;
(ii)  length of stroke:;
(iii)  indicated power.
(11 marks)
v
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(i) Define each of the following methods of heat transfer:

1 conduction;
II. convection;
111 radiation.

(ii)  State each of the following laws as applied to heat transfer:

& Fourier’s law of conduction;
II. Newton'’s law of cooling.
- (5 marks)

An insulating wall of thickness x and thermal conductivity k, separates two fluids of
heat transfer coefficients h, and h, respectively.
Show that the overall heat transfer coefficient u is given by:

= 1
i)
(9 marks)

An exterior wall of a building consists of 0.2 m layer of bricks followed by a 0.05 m of
gypsum plaster and a rockwool layer. If the thermal conductivity of the brick, gypsum
and rockwool layer are 0.7, 0.04 and 0.068 W/mK respectively. Determine the
thickness of the rockwool layer to preévent heat gain into the building by 85%.

(6 marks)
SECTION B: FLUID MECHANICS = % Y
(\'\'}-’7\
Answer any TWQO questions from this section.
Explain two causes of energy losses in pipelines. (2 marks)

Show that the head loss due to sudden enlargement of cross-sectional area of a pipe is
given by:

== (Vl"Vz)2 =
h=r—aa = ¥
it
.\Q«J

where V; and V,_. are inlet and outlet velocities of fluid.
(12 marks)
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A pipe carrying water suddenly increases its diameter from 0.56 m to 1.2 m. The
pressure head difference between the two sections is 0.45 m of water. Determine each
of the following:

(i) head loss due to change of section;

(i)  discharge of the pipe.
(6 marks)

Define each of the following terms:
(i) viscous flow;

(ii) coefficient of dynamic viscousity; - 2(%
(i)  coefficient of kinematic viscousity. 58

y
/

(3 marks) ‘,-Lf
x4

Show that the discharge Q of a pipe fully filled with a liquid of kinematic viscousity
£, when flowing in a pipe of diameter d and length L, due to pressure difference
Pis given by: :

Pd*
Q=198 4L
! (11 marks)

A pipe of diameter 155 mm and length 1200 m carries 90 tonnes of oil per hour. The
oil is of density 950 kg/m?. If the coefficient of friction is 0.16, calculate the power
required to pump the oil. (6 marks)

Define each of the following terms as applied in reciprocating pumps:
oo

(‘i) coefficient of. discharge; .F‘QR \S @z\\iw“_/ W
(i)  percentage slip. =7 ,,;g = e (2 marks)

Using an indicator diagram of a reciprocating pump, derive the expression for the
accelerating head at the beginning of suction. (9 marks)

A single acting reciprocating pump has a piston diameter and stroke of 120 mm and
250 mm respectively. The suction pipe is 85 mm diameter and has a length of 5.6 m.
If separation takes place at a pressure head of 1.4 m of water and the atmospheric
pressure head is 10.3 m of water, determine each of the following:

(i) maximum speed at which the pump will run without separation, when the water
level is 3 m below the pump cylinder head;
(i)  power used by the pump in overcoming friction at this speed.

Take friction factor = 0.01
(9 marks)
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