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Properties of Single-Component Systems

1.  Which of the following is not an intensive property?

(A) temperature                   (B) age

(C) density                           (D) weight
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2. The thermodynamic state of a system is specified 

by giving

(A) any one extensive property

(B) any two independent extensive properties

(C) any one intensive property

(D) any two independent intensive properties
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3. Nitrogen gas has a temperature of 127C when the 

pressure and volume are 100 kPa and 0.3 m3, 

respectively.   The mass is most nearly, in kg,

(A) 0.25           (B) 0.8         (C) 1.25          (D) 4.0
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4. The air in an automobile tire has a gage pressure of 

200 kPa when its temperature is 25oC.  After being 

driven for 2 hours, the tire is found to have a 

temperature of 120oC.  If the volume of the tire stays 

constant, what will be the new gage pressure of the 

air, in kPa?  Assume atmospheric pressure is 100 

kPa.

(A) 286           (B) 296          (C) 306         (D) 316    
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5. An ideal gas initially at 100C, 1 atm undergoes two 

processes.  First, the volume is held constant until the 

pressure doubles.  Second, the pressure is held 

constant until the volume is reduced to one-third of 

the original volume. The final temperature of the gas 

is, in C,

(A) -24           (B) 66           (C) 100           (D) 248   
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6. The thermodynamic state of a mixture of saturated 

liquid and saturated vapor is specified by giving any 

of the following EXCEPT:

(A) temperature and quality

(B) pressure and quality

(C) specific volume and specific internal energy

(D) temperature and pressure
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7. The change in enthalpy of an ideal gas undergoing a 

constant volume process is given by

(A) CvT        (B) CPT        (C) RT        (D) PV
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8. An isentropic process is one which is

(A) only adiabatic

(B) reversible but not adiabatic

(C) reversible only 

(D) reversible and adiabatic
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9.  Water, initially a saturated vapor at 0.2 MPa, is

compressed  isentropically to 1 MPa.  The 

temperature at the end of the process is, in C, 

most nearly

(A) 180         (B) 300         (C) 420          (D) 540
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10. If air is compressed isentropically to twice its

original pressure, its absolute temperature 

increases by a factor of (note: for air, k = 1.4)

(A) 2            (B)1/2          (C) 20.286 (D) 23.5
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11. The thermodynamic properties of a compressed 

liquid at temperature To and pressure Po are

nearly equal to the thermodynamic properties of 

which of the following?

(A) a saturated liquid at temperature To

(B) a saturated liquid at the critical point

(C) a saturated liquid at pressure Po

(D) a saturated liquid at atmospheric pressure
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Closed Thermodynamic System

12. An ideal gas contained in a closed system receives

60 kJ/kg of work and has 60 kJ/kg of heat transfer 

to surroundings during a process.The gas has 

constant specific heats: CV = 0.6 kJ/kgK and 

CP = 1.1 kJ/kgK.  As a result of the process, the 

temperature change of the gas, in C, is most 

nearly

(A) 0           (B) 100         (C) -100          (D) -55
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13. A closed system undergoes a reversible process, 

does work equal to 50 kJ/kg, and has an internal 

energy decrease of 50 kJ/kg. This is a process in 

which the

(A) volume is constant

(B) pressure is constant

(C) entropy is constant

(D) information is insufficient to determine the 

process
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14. The area under the P-v process curve for a closed 

system represents:

(A) internal energy change 

(B) enthalpy change 

(C) heat transfer 

(D) work
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15. The heat added to a vessel containing an ideal 

gas during an isothermal process is equal to 

(A) internal energy change

(B) enthalpy change 

(C) work

(D) entropy change
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16. The heat added to a vessel containing an ideal

gas during a constant pressure process is equal 

to 

(A) internal energy change 

(B) enthalpy change

(C) work

(D) entropy change
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17. The heat added to a vessel containing an ideal 

gas during a constant volume process is equal 

to

(A) internal energy change 

(B) enthalpy change

(C) work

(D) entropy change
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18. A system undergoes a reversible, isothermal 

process where the temperature is 27oC.  During 

the process the entropy increases by 10 kJ/K.  The 

heat transfer for the process is

(A) 270 kJ                 (B) 2730 kJ

(C) 3000 kJ                  (D) -3000 kJ 
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19. The heat supplied to helium in a piston-cylinder

device during an isothermal process is 400 kJ/kg 

when the temperature is 100C.  The ratio of the 

final volume to initial volume of the helium is 

most nearly

(A) 0.51         (B) 0.62        (C) 1.07        (D) 1.68   
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20. The heat transfer and work for an ideal gas under 

going an isentropic process in a closed system per 

unit mass are, respectively,

(A) 0 and -CvT             (B)  CvT and 0

(C) 0 and -CpT             (D) CpT and CvT
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21. Water is contained in a piston-cylinder device at a 

temperature of 95C.  The water is cooled at 

constant pressure from a saturated vapor to a 

saturated liquid.  The heat transfer for this process 

is, kJ/kg, most nearly

(A) -2270        (B) -2100        (C) 2100       (D) 2270    
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Open Thermodynamic System

22. Air enters flows into a nozzle at 800 kPa, 927C 

with a velocity of 40 m/s.  The air experiences an 

enthalpy drop of 50 kJ/kg and heat transfer to the 

surroundings of 10 kJ/kg. The air velocity leaving 

the nozzle exit, in m/s, is most nearly

(A) 41             (B) 204          (C) 286         (D) 319
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23. Argon at 20C flows into a steady-flow, adiabatic 

compressor and receives 100 kJ of work per 

kilogram of argon.  The temperature of the argon 

leaving the compressor is most nearly, in C

(A) 192          (B) 212          (C) 320          (D) 3
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24. Steam enters an adiabatic turbine at 6000 kPa, 

600C with an enthalpy of 3658 kJ/kg and expands 

to the condenser pressure of 10 kPa where the 

enthalpy is 2271 kJ/kg.  A feedwater heater 

operates at 500 kPa. Twenty percent of the mass 

entering the turbine leaves the turbine and enters 

the feedwater heater with an enthalpy of 2908 

kJ/kg.  If the turbine produces 20 MW of power, the 

mass flow rate into the turbine, in kg/s, is most 

nearly 

(A)14             (B) 16             (C) 25           (D) 27
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25. In a steady flow process, the work done plus the 

heat lost by an engine, per kilogram of 

substance flowing through it, when the kinetic 

and potential energies of the flow are neglected 

must equal the drop in  ____________ of the 

substance.

(A) temperature           (B) internal energy

(C) enthalpy                 (D) pressure
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26. Which is true of a gas flowing through a perfectly 

insulated valve?

(A) enthalpy is essentially unchanged      

(B) entropy decreases            

(C) flow is isentropic

(D) pressure increases
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27. One kilogram per second of air flows into a 

steady-state, steady-flow compressor at 100 kPa 

and 25oC.  How much work must be done on the 

air to compress it isentropically to twice its original 

pressure?

(A) 66 kW                         (B) -66 kW

(C) 47 kW                         (D) -47 kW       
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28. Chilled water is used to cool air in a heat  

exchanger for an air-conditioned space.  The 

temperature of the water increases by 15oC as it 

flows through the heat exchanger and the 

temperature of the air decreases by 20oC.  The 

ratio of mass flow rate of water to mass flow rate 

of air is 

(A)1.33        (B) 1.0        (C) 0.64        (D) 0.32             
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29. Two substances are mixed in an adiabatic, steady-

flow process.  The final temperature of the mixture 

will be

(A) the simple average of the two temperatures

(B) the mass weighted average of the two                  

temperatures

(C) the Cp weighted average of the two 

temperatures

(D) the mass and Cp weighted average of the 

two temperatures
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Basic Cycles and Second Law of Thermodynamics

30. Which law(s) of thermodynamics is(are) violated 

when an engine has a thermal efficiency of 100%?

(A) First Law

(B) Second Law 

(C) First and Second Laws

(D) none of the these
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31. Which of the following statements about the Carnot 

cycle is NOT true?

(A) it is the most efficient cycle between any two 

temperatures

(B) it is irreversible

(C) it is a cycle in which the heat is transferred 

isothermally

(D) it is a cycle in which the efficiency is 

independent of the working substance

NC State                                      E 490                            Thermodynamics



32. A Carnot engine operates between 35oC and 200oC.  

If the work output is 1000 kW, the rate of heat 

rejection, in kW, is most nearly

(A) 670         (B) 1070         (C)1470        (D)1870
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33. The entropy change of the universe due to a 

transfer of 1000 kJ of heat from a body having a 

fixed temperature of 1000 K to a body having fixed 

temperature of 500 K is

(A) 2 kJ/K                         (B) 1 kJ/K        

(C) 0 kJ/K                         (D) -1 kJ/K   
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34.  A 3 kW motor is used to drive the refrigeration unit 

keeping a freezer compartment at -15oC. The 

ambient temperature of the air is 25oC.  The rate

of heat transfer from the freezer is most nearly

(A) 15 kW      (B) 20 kW     (C) 25 kW    (D) 30 kW  
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35. The net entropy change in the universe during a 

process in an open system is 

(A) undefined    

(B) zero    

(C) equal to or greater than zero

(D) equal to or less than zero
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Combustion Processes and Mixtures

For the next three problems methane, CH4, burns 

with air according to the reaction equation

CH4 + 6 (O2 + 3.76 N2)  CO2 + 2 H2O + 4 O2 + .56 N2
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36. If the mass flow rate of the methane is 1 kg/s, the 

mass flow rate of the air supplied in kg/s is most 

nearly,

(A) 6            (B) 12            (C) 40            (D)  52
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37. If the pressure of the products is 100 kPa, the 

pressure of the water in the product gases, in kPa, 

is most nearly,

(A) 6.8        (B) 7.3           (C) 25            (D) 100
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38. If the pressure of the products is sufficient for the 

pressure of the water in the products to be 20 kPa, 

the temperature at which the water would begin to 

condense when the products are cooled at 

constant pressure is, in C, most nearly

(A) 45         (B) 60           (C) 85            (D) 100
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