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PROBLEM 1           (50 points) 
 
0.1 m3 of an ideal gas is compressed from a pressure of 120 kPa and 
temperature of 25°C to a pressure of 1.2 MPa according to the law 
PV1.2=constant. Determine: 
 

1- The work transferred during the compression.  
Note: Demonstrate the formulation of the work for a polytropic process (4 
points), otherwise use the formulation: 

Work for a polytropic process: 
n

VPVPW
−
−

=
1

1122  

 
2- The change in internal energy. 
3- The heat transferred during the compression. 

 
Assume: Cv = 0.72 kJ/kg K and R=0.285 kJ/kg K 
 
Formulas: 
 
Ideal gas law: RTP =υ  
First law of thermodynamics for a closed system: WQU −=∆  (neglecting ∆Ek 
and ∆Ep) 

Specific heat at constant pressure: 
T
hC p ∂
∂

=  

Specific heat at constant volume: 
T
uCv ∂
∂

=  
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PROBLEM 2         (50 points) 
 
Water contained in a piston-cylinder assembly undergoes two processes in 
series from an initial state where the pressure is 1 MPa and the temperature is 
400°C. 
 
Process 1-2: The water is cooled as it is compressed at a constant pressure of                
1 MPa to the saturated vapor state. 
Process 2-3: The water is cooled at constant volume to 150°C. 
 

1- For the overall process determine the work, in kJ/kg. 
2- For the overall process determine the heat transfer, in kJ/kg.  

 
 
 
Formulas: 
 

Work: ∫=
statefinal

stateinitial

dPW υ  

First law of thermodynamics for a closed system: WQU −=∆  (neglecting ∆Ek 
and ∆Ep) 
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PROBLEM I [40 pt] 
 
Carbon dioxide contained in a piston-cylinder device is compressed from 0.3 to 0.1 m3. During the 
process, the pressure and the volume are related by P = a V-2, where a = 8 kPa m6.  
 
- Plot the process on a P-v diagram. 
- Calculate the work done on the carbon dioxide during this process.  
  
 
 
PROBLEM II [40 pt] 

Air is compressed from 101.325 kPa and 17°C to a pressure of 1000 kPa while being cooled at a rate 
of 25 kJ/kg by circulating water through the compressor casing. The volume flow rate of the air at the 
inlet conditions is 142 m3/min, and the power input to the compressor is 522 kW. Determine: 
 

a- The mass flow rate of the air in kg/s. 
b- The temperature at the compressor exit. 
 

 
 
PROBLEM III [20 pt] 
 

- Explain physically why Cp is higher than Cv for an ideal gas? 
- Express mathematically the variation of pressure with depth for an ideal gas. 
- Show under which conditions, the total heat provided to a gas in a piston-cylinder assembly is 

converted into work?  
 
 
 
CONSTANTS FOR AIR 
 
R = 0.287 kJ/kg K 
Cv = 0.7195 kJ/kg K 
Cp = 1.0065 kJ/kg K 
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PROBLEM I [40 pt] 
 
A piston-cylinder device whose piston is resting on top of a set of stops initially contains 0.5 kg of 
helium gas at 100 kPa and 25°C. The mass of the piston is such that 500 kPa of pressure is required to 
rise it. How much heat (in kJ) must be transferred to the helium before the piston starts rising? 
 
Heat  

 
PROBLEM II [40 pt] 
 
Argon gas enters an adiabatic turbine steadily at 900 kPa and 450°C with a velocity of 80 m/s and leaves at 150 
kPa with a velocity of 150 m/s. The inlet area of the turbine is 60 cm2. If the power output of the turbine is 250 
kW. 
Determine the exit temperature of the argon?  
 
Temperature  

 
PROBLEM III [20 pt] 
 

- Explain physically why Cp is higher than Cv for an ideal gas? 
- Determine the expression of the compressive/expansion work when the process is: a) isobaric; 

b) isochoric; c) isothermal (consider an ideal gas); d) polytropic. 
- Knowing that for an ideal gas the internal energy is only a function of temperature, show then 

that the enthalpy is also only a function of temperature. 
 
 
 
CONSTANTS FOR HELIUM 
 
Cv = 3.1156 kJ/kg K 
Cp = 5.1926 kJ/kg K 
 

CONSTANTS FOR ARGON 
 
Cv = 0.3122 kJ/kg K 
Cp = 0.5203 kJ/kg K 
 

 

 1/1 


	ENGR251_F2011_M_M
	ENGR251_F2011_X_M
	ENGR251_Midterm
	Faculty of Engineering and Computer Science

	ENGR251_Midterm_2008-2009F
	Faculty of Engineering and Computer Science

	ENGR251_Midterm_2008-2009W
	Faculty of Engineering and Computer Science




