Mansoura University 1™ Year-Production & Design Eng. Dept.  ~
Faculty of Engineering Final Exam, Jan., 2010
Mech. Power Eng. Dept Allowed Time: 3 hour

Thermal Engineering (MPE 5116)

Steam tables and charts, psychometric chart _are allowed
Answer only 4 of the following questions:

1-a) What are the main types of thermodynamic systems? Sketch each type and show how the system
interacts with its surroundings by arrows. Write the energy equation for a closed system and how
to evaluate each term in it.
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1-b) A volume 0.15 m® of air initially at 25°C and 101 kPa is compressed isentropically to
1/4 of its initial volume (v,=1/4 v;), find:
1) the mass of the gas in kg,
ii) the temperature and pressure at the end of compression
iii) the work done on the gas during the process, and
iv) the amount of heat during the process
Take C,=1005 J/kg K, C,=718 J/kg K, (y =k =cp/c,)

- 2-a) Discuss the Kelvin-Planck statement of the second law of thermodynamics with simple sketch

showing the thermal reservoirs that the thermodynamic cycle working between them.
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2-b) Define the reversible process. Give 3 examples for an irreversible process.
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2-c) A refrigerator working between two reservoirs receives heat energy at Q. = 900 W from a cold
reservoir at a temperature; t. = 2°C and rejects heat energy to the hot reservoir at ty=27"C. The rate
of input work W' =350 W. Determine the C.O.P of this refrigerator. What would be the C.O.P if the
refrigerator works on a reversed cycle (maximum C.O.P)?
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3-a) Define the following terms:
Latent heat of vaporization — quality of steam (dryness fraction of wet steam) — degree of
superheat.

3-b) An ideal Rankine cycle with reheat, steam at a rate of 10 kg/s enters a two stage turbine with a
pressure of p;=10 MPa, and of temperature t; = 600 "C. Steam expands adiabatically in the first
stage until saturation where it is reheated again before entering the second stage to a temperature of
t; =600 "C. It then expands adiabatically in the second stage to a condensing pressure of

p= 0.1 MPa. Determine:

- The output power from the turbine (W) in kW

- The net power required to derive the pups, W', in kW

- the cycle efficiency (r) , and

- the back work ratio (bwr)
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4-a) In an air-conditioning system, 1.0 kg/s of outside air at 35°C d.b.t and 25°C w.b.t passes

through a cooling and dehumidifying coil and leaves at 90% R.H. and 10°C. Use the

pcychrometric chart and Find:

i) i1) the capacity of the coil in kW.

ii) the rate of moisture condensed through the coil in kg/s.

iii) the contact factor of the cooling coil.

4-b) In an ideal Diesel cycle has compression ratio (r) of 16 and uses air as a working fluid.
The pressure and temperature at the beginning of compression are 100 kPa and 27°C,
respectively. If the heat added during the cycle is 600 kJ/kg of the air, Sketch the cycle on p-v
and T- s diagrams and find:

1) the temperature and pressure at other points of the cycle.
ii) the amount of heat rejected in kJ/kg. ii) the net work done in kJ/kg.
iii) the thermal efficiency, n and iv) the mean effective pressure.
(for air take Cy=1.005 kJ/kg K, C,=0.717 kJ/kg K, v =k = ¢y/ey).
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5-a) Compare between Diesel and Petrol internal combustion engines (I.C.E.)
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5-b) A composite wall from Nickel and stainless-steel shown in Fig. is separating air at t,= 30°C and
hot water at a t; = 80°C. If the convective heat transfer coefficients of alr and water are: h,=20 W/m’
k and h; = 1500 W/m? k, respectively and the area of plate A = 1.0m”. thickess of nickel is 0.3 cm,
and that of stainless steel is 0,1 ¢cm. Find

- the total thermal resistance of heat flow; Ry, &.iom. Niekel 0.3 cm, stainless

- the temperature of the wall adjacent the water _}r <

- the rate of heat transfer through that plate, Q- in W

-. Water, h,, = 1500 W/m* k
t, = 80°C
Nickel, K=20 W/m K
Heat Flow Direction

Air, h, =20 W/m* k,
t, = 30°C
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Stainless steel, K= 54 W/m K



