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Practice Midterm Problems
Instructions:  Work all problems.  Remember that more credit is given for showing your basic approach to the problem and developing a method for obtaining the answer than is given for completing the final details of algebra or arithmetic.  Where appropriate you should state all your assumptions and show all your reasoning in solving a problem.  There are four problems; each counts 25% of the exam grade.

1.
 Four kilograms (4 kg) of an ideal gas with cp = 1 kJ/kg-K, cv = 0.75 kJ/kg-K and R = 0.25 kJ/kg-K, initially at 25 C and 100 kPa, undergoes the following overall three-step process:

a.
Constant volume heating to 100 C.

b.
Isothermal (constant temperature) expansion to the initial pressure of 100 kPa.

c.
Constant pressure cooling to the initial temperature of 25 C.

Find the heat transfer for the overall process?

2.
A Refrigerant 134a refrigeration cycle, shown in the diagram below, consists of a compressor, evaporator, throttling valve and condenser.  The throttling valve and the compressor may be assumed to be adiabatic.  The properties of the various points in the diagram are given below.  Find (a) the evaporator heat transfer, (b) the compressor work, and (c) the condenser heat transfer for this refrigeration cycle.
	
 EMBED Word.Picture.8  


	Point

T(C)

P(kPa)

State:
	   1

100

Sat

Vap
	     2

    60

1000
	   3

40

Sat

liq
	    4

100

x =

.418


3.
A cylinder with a volume of one cubic meter (1 m3) contains air at 200 kPa and 25 C.  It is connected, by a valve, to a high-pressure line which contains air at 5 MPa and 20 C.  The valve is opened and the cylinder is filled with air from the line until the final pressure in the cylinder is 5 MPa.  If the process is so rapid that the heat transfer is negligible, what is the final temperature in the cylinder?  Assume that air behaves as an ideal gas with cp = 1.0035 kJ/kg-K, cv = 0.7165 kJ/kg-K, and R = 0.287 kJ/kg-K.

4.
The outlet stream from a Refrigerant 134a compressor is cooled by a heat exchanger as shown in the diagram below.  The refrigerant mass flow rate is 0.8 kg/s.
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	The compressor inlet temperature and pressure are T1 = -20 C and P1 = 100 kPa.  The compressor exit pressure, P2 = 1 MPa.  The outlet temperature and pressure of the heat exchanger are T3 = 40 C and P3 = 1 MPa.

The power input to the compressor is 400 kW.  The heat loss from the compressor is 30 kW.


Find the heat transfer in the heat exchanger.
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