	

	College of Engineering and Computer Science

Mechanical Engineering Department
Mechanical Engineering 370

Thermodynamics

	
	Fall 2010  Number: 14319  Instructor: Larry Caretto


Solutions to Practice Midterm Problems

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?

The overall process goes through the following set of points; at each point we can compute the unknown property (P, v, or T) from the ideal gas equation of state (Pv = RT) using absolute temperatures K = oC + 273.15.

Initial: T1 = 25oC, P1 = 100 kPa; 
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End of step a: v2 = v1 = 0.745 m3/kg, T2 = 100oC; 
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End of step b: P3 = 100 kPa, T3 = T2 = 100oC; 
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At the end of step c, we return to the initial state of 25oC and 100 kPa, so the properties of the final state are the same as those of the initial state.  This means that the internal energy change, u4 – u1 = 0.  Thus the overall heat transfer, Q, equals the overall work W.

To get the work, for the overall process, we can sum the work for the individual steps.  For the first step, where the volume is constant, the work is zero.  For the second step, where the temperature is constant, the path is given by the equation of state, PV = mRT = constant or P = mRT/V, with T = 373.15 K.  The integration of this constant temperature path gives the following expression for the work.
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For the constant pressure process in step c, the work, W3-4 = P3-4(V4 – V3) = P3-4m(v4 – v3).  This work is computed below.
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The total work for the process is the sum of the work done in each individual step.
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So we can now compute the heat transfer from the first law: Q = m(u4 – u1) + W  Since u4 = u1 (both states are the same) Q = W = 8.72 kJ.

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.  Do the data for the throttling valve and compressor satisfy the second law?
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	Point

T(oC)

P(kPa)

State:
	   1

100

Sat

Vap
	     2

    60

1000
	   3

40

Sat

liq
	    4

100

x =

.418


What is the coefficient for performance for this refrigeration cycle?
(a) Find the evaporator heat transfer for this refrigeration cycle?
We will assume that each device in this cycle is a steady state device.  Each device is seen to have one inlet and one outlet.  With no data on velocities and elevations, we will assume that the changes in kinetic and potential energies are negligible.  Thus the first law, on a per-unit-mass basis for each device can be written as q = w + hout – hin.  
There is no useful work in the evaporator so the heat transfer is qevap = h1 – h4.  h1 = hg(100 kPa) = 234.44 kJ/kg.  We can find h4 from the given pressure and quality: h4 = hf(100 kPa) + 0.418 hfg(100 kPa) = 17.28 kJ/kg + (0.418)(217.16 kJ/kg) = 108.06 kJ/kg.  So we find qevap = h1 – h4 = 234.44 kJ/kg – 108.06 kJ/k or qevap = 126.38 kJ/kg. 

(b) Find the compressor work for this refrigeration cycle?
For the compressor we are given that q = 0, so w = hin – hout = h1 – h2 = hg(100 kPa) – h(1000 kPa, 60oC) = 234.44 kJ/kg – 293.38 kJ/kg or wcomp = –58.94 kJ/kg.  The negative sign indicates a work input.
(c) Find the evaporator heat transfer for this refrigeration cycle?
There is no useful work in the condenser so the heat transfer is qcond = h3 – h2 = hf(40oC) – h(1000 kPa, 60oC) = 108.26 kJ/kg – 293.38 kJ/kg or qcond = –185.12 kJ/kg.  The negative sign indicates a heat loss.
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.

This is an unsteady process.  There is no useful work.  We can assume that the changes in kinetic and potential energies are negligible.  There is an initial state (1) and a final state (2) for the system and a single inlet stream(i).  With these assumptions and observations, the first law and mass balance equation for this system (with Q = 0 given) become:

m2 – m1 + mi = 0

m2 u2 – m1u1  + mi hi = 0

Combining these two equations to eliminate mi gives

m2 (u2 – hi) – m1 (u1 – hi) = 0

The values of the mass inside the system can be found from the ideal gas equation, m = PV/RT.  The u – hi differences may be found by writing hi = ui + RTi giving

u – hi = u – ui – RTi = cv (T – Ti) – RTi
Making this substitution for u1 – hi and u2 – hi in the combined first law/mass balance equation and setting m1 = P1V1/RT1 and m2 = P2V2/RT2  gives:
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The volume is constant so we can eliminate the common factor of V1 = V2 in this equation.  We can further divide by P2 and distribute the factors RT1 and RT2 in the prefactors for the individual terms among all terms in the brackets to obtain the following result:
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We can bring all the T2 terms to one side of the equation.
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We can solve this equation for T2.
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 EMBED Equation.3  [image: image14.wmf]ú

û

ù

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

-

-

÷

ø

ö

ç

è

æ

+

=

1

1

2

1

2

1

1

T

T

T

T

R

c

P

P

R

c

T

R

c

T

i

i

v

v

i

v


For the given data on cv, R, T1, and Ti we have:
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Substituting these values into the equation above allows us to solve for T2 as follows:
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T2 = 409 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.

Define the open system to include both the compressor and the heat exchanger.  Assume a steady flow process with negligible kinetic and potential energy changes.  There is no useful work in the heat exchanger

With these assumptions the first law for the control volume becomes:
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= –30 kW since this is a heat loss; 
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= –400 kW because this is a work input.  We find the enthalpy terms from the refrigerant 134a tables:

h1 = h(-20 C, 100 kPa) = 239.50 kJ/kg
h3 = h(40 C, 1MPa) = 271.71 kJ/kg

The required heat transfer in the heat exchanger is found from the first law as follows.
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