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Problem 1:  
The state function of a fluid enclosed in a container at a fixed volume  is given by the relation: ( , , ) = 0, 
(P, V, and T are the pressure, volume and temperature of the fluid). The initial state of the system is given by =  
and = . We impose a temperature increase ∆  to the fluid at a constant volume , for which the temperature 
passes from  to +  ∆ , and the pressure from  to +  ∆ .  

1) Assuming that the fluid is an ideal gas, where PV=nRT, express ∆  as a function of ,  and ∆ . Calculate 
∆  for  ∆ = 1 , = 100000 , and = 300 K. 

2) Demonstrate using the volume thermal expansivity  and the compressibility  that the general state 
function of the fluid is given by:  

= ( − ) − ( − ), 
where =  and  = − . We assume that  and  are constant.  

3) Deduce the variation of the pressure ∆  as a function of  and  for the isochoric process. 
 
Problem 2: 
The Diesel cycle is a combustion process of a reciprocating internal combustion engine. The ideal Diesel cycle 
follows the following four distinct processes where the fluid used is considered as an ideal gas: 1) Process A to B 
is reversible adiabatic compression of the fluid. 2) Process B to C is reversible constant pressure heating. 3) Process 
C to D is reversible adiabatic expansion. 4) Process D to A is reversible constant volume cooling.  

1) Represent the ideal Diesel cycle in the p-V Diagram.  
2) Define the efficiency of the ideal Diesel engine and demonstrate that its expression is given by:  

= 1 + ( − )
( − ), 

where = /  is the specific heat ratio of an ideal gas.  
3) Express , , and  as a function of . We assume that =  and = . Recall that for an adiabatic 

reversible process: =  and = . 
4) Deduce the expression of the efficiency:  

= 1 − ( − 1)
( − 1)  

5) Calculate the efficiency of the Diesel engine for = 1.4, a=10, and b=3.  
  
Problem 3:  
Two identical blocks of iron, one at = 100 ⁰C  and the other at = 0 ⁰C, are brought into thermal contact. 

1) Describe what happens during this process, assuming that the heat capacity of each block C is constant over 
this temperature range, and neglecting volume change.  

2) Calculate the overall entropy change for the total process of the universe if the final temperature of the 
blocks is = 50 ⁰C.  

 


