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Sheet (4) 

Model Answer 

 Problem (1): 

a-  It represents the boundary work for quasi-equilibrium processes. 

b- Yes. 

c- 1 kPa.m
3
 = 1 (kN /m

2
).m

3
 = 1 kN.m = 1 kJ 

d- It can be either. The difference in temperature in both the K and ℃ scales is the same. The 

energy required is m.cp.ΔT, which will be the same in both cases. This is because the cp of an 

ideal gas does not vary with pressure. 

e- The energy required is m.cp.ΔT, which will be the same in both cases. This is because the cp of 

an ideal gas does not vary with pressure.

g- No, it isn't. This is because the first law relation Q - W = ∆U reduces to W = 0 in this case

since the system is adiabatic (Q = 0) and ∆U = 0 for the isothermal processes of ideal gases. 

Therefore, this adiabatic system cannot receive any net work at constant temperature. 

Problem (2): 

A piston-cylinder device contains nitrogen gas at a specified state. The boundary work is to be 

determined for the polytropic expansion of nitrogen. 

f- For the constant pressure case. This is because the heat transfer to an ideal gas is mcp∆T at 
constant pressure, mcv∆T at constant volume, and cp is always greater than cv. 
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The gas constant of nitrogen is R = 8.3144/28 = 0.2968 kJ/kg.K.
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Problem (3): 

A piston-cylinder device with a set of stops contains steam at a specified state. Now, the steam is 

cooled. The compression work for two cases and the final temperature are to be determined. 

Problem (4): 

A piston-cylinder device contains nitrogen gas at a specified state. The final temperature and the 

boundary work are to be determined for the isentropic expansion of nitrogen. 

Problem (5): 

Air in a cylinder is compressed at constant temperature until its pressure rises to a specified value. 

The boundary work done during this process is to be determined. 

Assumptions: 1- The process is quasi-equilibrium. 2- Air is an ideal gas. 



Page 3 of 21 

Problem (6): 

A gas in a cylinder is compressed to a specified volume in a process during which the pressure 

changes linearly with volume. The boundary work done during this process is to be determined 

by plotting the process on a P-V diagram and also by integration. 
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Problem (7): 

Water in a cylinder equipped with a spring is heated and evaporated. The vapor expands until it 

compresses the spring 20 cm. The final pressure and temperature, and the boundary work done 

are to be determined, and the process is to be shown on a P-V diagram. 

Problem (8): 

A piston-cylinder device contains air gas at a specified state. The air undergoes a cycle with three 

processes. The boundary work for each process and the net work of the cycle are to be 

determined. 
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Problem (9): 

An insulated rigid tank is initially filled with a saturated liquid-vapor mixture of water. An 

electric heater in the tank is turned on, and the entire liquid in the tank is vaporized. The length of 

time the heater was kept on is to be determined, and the process is to be shown on a P-v diagram. 

Problem (10): 

One part of an insulated tank contains compressed liquid while the other side is evacuated. The 

partition is then removed, and water is allowed to expand into the entire tank. The final 

temperature and the volume of the tank are to be determined.  

Assumptions 1 The tank is stationary and thus the kinetic and potential energy changes are zero. 

2 The tank is insulated and thus heat transfer is negligible. 3 There are no work interactions.  

Analysis We take the entire contents of the tank as the system. This is a closed system since no 

mass enters or leaves. Noting that the volume of the system is constant and thus there is no 

boundary work, the energy balance for this stationary closed system can be expressed as 
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Problem (11): 

A cylinder is initially filled with saturated liquid water at a specified pressure. The water is heated 

electrically as it is stirred by a paddle-wheel at constant pressure. The voltage of the current 

source is to be determined, and the process is to be shown on a P-v diagram. 
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Problem (12): 

A cylinder equipped with an external spring is initially filled with steam at a specified state. Heat 

is transferred to the steam, and both the temperature and pressure rise. The final temperature, the 

boundary work done by the steam, and the amount of heat transfer are to be determined, and the 

process is to be shown on a P-v diagram. 
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Problem (13): 

A cylinder equipped with a set of stops for the piston to rest on is initially filled with saturated 

water vapor at a specified pressure. Heat is transferred to water until the volume doubles. The 

final temperature, the boundary work done by the steam, and the amount of heat transfer are to be 

determined, and the process is to be shown on a P-v diagram.  

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are 

zero. 2 There are no work interactions involved other than the boundary work. 3 The thermal 

energy stored in the cylinder itself is negligible. 4 The compression or expansion process is quasi-

equilibrium.  

Analysis We take the contents of the cylinder as the system. This is a closed system since no 

mass enters or leaves. The energy balance for this stationary closed system can be expressed as 
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Problem (14): 

Two tanks initially separated by a partition contain steam at different states. Now the partition is 

removed and they are allowed to mix until equilibrium is established. The temperature and 

quality of the steam at the final state and the amount of heat lost from the tanks are to be 

determined. 
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Problem (15): 

A room is heated by a radiator, and the warm air is distributed by a fan. Heat is lost from the 

room. The time it takes for the air temperature to rise to 20°C is to be determined. 

Problem (16): 

A student living in a room turns her 150-W fan on in the morning. The temperature in the room 

when she comes back 10 h later is to be determined. 
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Problem (17): 

One part of an insulated rigid tank contains an ideal gas while the other side is evacuated. The 

final temperature and pressure in the tank are to be determined when the partition is removed. 
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Problem (18): 

A cylinder equipped with a set of stops for the piston to rest on is initially filled with helium gas at a 

specified state. The amount of heat that must be transferred to raise the piston is to be determined. 

Problem (19): 

A cylinder initially contains nitrogen gas at a specified state. The gas is compressed 

polytropically until the volume is reduced by one-half. The work done and the heat transfer are to 

be determined. 

For Helium, cv = Ru/M(k-1) = 8.3144/(4*(1-1.66)) = 3.1156 kJ/kg.K 
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Problem (20): 

A cylinder initially contains argon gas at a specified state. The gas is stirred while being heated 

and expanding isothermally. The amount of heat transfer is to be determined.  

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are 

zero. 2 The air is an ideal gas with constant specific heats. 3 The compression or expansion 

process is quasi-equilibrium.  

Analysis We take the contents of the cylinder as the system. This is a closed system since no 

mass crosses the system boundary. The energy balance for this closed system can be expressed as 

WAT
Line
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Problem (21): 

A cylinder equipped with a set of stops for the piston is initially filled with air at a specified state. 

Heat is transferred to the air until the volume doubled. The work done by the air and the amount 

of heat transfer are to be determined, and the process is to be shown on a P-v diagram. 
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Problem (22): 

A cylinder equipped with a set of stops on the top is initially filled with air at a specified state. 

Heat is transferred to the air until the piston hits the stops, and then the pressure doubles. The 

work done by the air and the amount of heat transfer are to be determined, and the process is to be 

shown on a P-v diagram. 
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Problem (23): 

 A number of brass balls are to be quenched in a water bath at a specified rate. The rate at which 

heat needs to be removed from the water in order to keep its temperature constant is to be 

determined.  

Assumptions 1 The thermal properties of the balls are constant. 2 The balls are at a uniform 

temperature before and after quenching. 3 The changes in kinetic and potential energies are 

negligible. 

Problem (24): 

An iron whose base plate is made of an aluminum alloy is turned on. The minimum time for the plate 

to reach a specified temperature is to be determined. 
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Problem (25): 

An electronic device is on for 5 minutes, and off for several hours. The temperature of the device 

at the end of the 5-min operating period is to be determined for the cases of operation with and 

without a heat sink. 
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