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Chemical Engineering Thermodynamics 
Quiz 3       January 30, 2020 

 
Consider an idealized engine cycle modeled after the Carnot cycle involving 5 moles of nitrogen 
with a heat capacity, Cp = 3.5R (ideal gas).  The initial condition (same as stage 4) is 500 K and 5 
MPa which is labeled Stage 0 in the table below.  Use stage 4 as the reference state where S = 0.  
(1 point each total 50) 
-Make sure you include the number of moles in your calculations. 
-Make sure to give the results in kJ not in J. 
-For stage 3, calculate DS3 and DS4 first. 
 

 
 
b)  Sketch T versus S for this cycle using four the values you calculated and show how you can 
obtain QHot and QCold from this plot.  (12.5 points) 
 
c) On the plot of T versus S show how a cycle of 1) isothermal, 2) isochoric, 3) isothermal, 4) 
isochoric would appear (part a of homework problem 3.2).  In general terms how would the Net 
values in the table change in going from adiabatic to isochoric stages 2 and 4?  (12.5 points) 
 
d) In the text the following plot is shown for the Carnot Cycle.   

 
Comment on how this plot compares with the values you obtained, that is, if you make a plot of 
your PV values does is appear similar to this plot?  (12.5 points) 
 
e) Calculate the efficiency of your process from the net work compared to the heat input.  How 
does this compare with the theoretical efficiency for a Carnot Cycle using the temperatures?  
(12.5 points) 



	 2	

1 atmosphere is 14.7 psi, 1.01 bar, 0.101 MPa, 760 mmHg, 29.9 inHg 

 

 
 

Qrev = DU for isochoric (constant volume)        4.17 
 

dU = Cv dT  for isochoric (constant volume) 
 

Cp = Cv + R (exact for ideal gas) 
 

DH = DU + D(PV) = DU + R(DT) (exact for ideal gas) 
 
 
 

T2/T1 = (P2/P1)R/Cp = (V1/V2)R/Cv 
 
 



	 3	

 
ANSWERS:   Chemical Engineering Thermodynamics 

Quiz 3 
January 30, 2020 

 

 
 

 
b)   

 
c)   

 
DS would have a net positive value, DH and DU would have net value 0.  Wec would not be equal 
to negative Q. 
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d)   

 
The two graphs are not very close.  It seems like the left graph isn’t a very good representation of 
the Carnot process. 
 
e)  -Wec net/Q1 hot = 3.03 kJ/4.64 kJ = 0.653 
 
(TH-TC)/TH = (500K – 174K)/500K = 0.652 
 
The two are the same within rounding errors. 
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