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Name:  
Answer ONLY two of the following problems. Good Luck! 

  
Problem 1 (25 points) 
 
 
h3=1855.5 kJ/kg 
u3=1373.24 kJ/kg 
h4=895.11 kJ/kg 
u4=646.8 kJ/kg 
h1=295.17 kJ/kg 
u1=210.49 kJ/kg 
rc=V3/V2=2 
r= V1/V2=15.5 

T1=295 K 
P1= 1 bar = 105

 N/m2
 

V1= 0.02 m3 
 
 

In the air-standard Diesel cycle above, the compression ratio is r = 
2

1

V
V = 15.5, the cutoff ratio is rc 

=
2

3

V
V  = 2, and the initial (state 1) temperature, pressure and volume are T1 = 295 K, p1 = 1 bar and 

V1=0.02 m3. Additional specific enthalpy and specific heat data are provided above (note that not all 
this data is needed to answer the questions below). 

 
 (a) (8 points) Assuming process 1-2 is isentropic, find the temperature at state 2 using 
 (i)  air tables 
 (ii) isentropic process relations 
(b) (7 points)   Compute the heat added to the system.  
(c) (7 points)   What is the net work of the cycle?  
(d) (3 points)   Find the thermal efficiency of the cycle.  

 
Problem 2 (25 points)  
A solar driven Rankine-cycle, power plant uses water as the working fluid. During daytime 
operation, the turbine inlet state is 100ºC at 50kPa. The air cooled condenser operates at a pressure 
of 5 kPa. The pump is assumed to be isentropic and the turbine has an efficiency of 0.80. The work 
output is 75kW when the solar collector input is 650W/ m2. The water leaves the condenser as a 
saturated liquid. 

a) (10 points) Determine the thermal efficiency of the cycle. 
b) (6 points)   Determine the mass flow rate of the working fluid, [kg/s]. 
c) (6 points)   Determine the required collector surface area, [m2]. 
d) (3 points)   Give three thermodynamic advantages and disadvantages of this type of 
system. 
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Problem 3 (25 points)  
A vortex tube is a steady-state device that splits a high pressure gas stream into two streams, one 
warm and one cool. During a test, air entered the tube at 19.3ºC and 0.52MPa. The warm air left the 
tube at 26.5ºC and the cool air left at −21.8ºC. Both exit streams were at 0.10135MPa. The ratio of 
the mass flow rate of the warm air to that of the cool air was 5.39. There was no work transfer. The 
temperature of the surroundings was 20ºC. Is this process viable? (Hint: does the process violate the 
second law) Assume air is an ideal gas with Cp = 1.005 kJ/kg · K.  
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