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We are grateful to NCEES for granting us 

permission to copy short sections from the 

FE Handbook to show students how to use 

Handbook information in solving problems. 

This information will normally appear in 

these videos as white boxes. 
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Other Disciplines FE Specifications

Topic: Heat, Mass, and Energy Transfer
9-14 FE exam problems

Exam Problem Numbers

A. Energy, heat, and work 82, 83, 98

B. Thermodynamic laws (e.g., 1st law, 2nd law) 82, 93, 98

C. Thermodynamic equilibrium

D. Thermodynamic properties (e.g., entropy, enthalpy, heat capacity) 92, 98

E. Thermodynamic processes (e.g., isothermal, adiabatic, reversible, 

irreversible)

83, 92, 93, 94

F. Mixtures of nonreactive gases
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Other Disciplines FE Specifications

Topic: Heat, Mass, and Energy Transfer
9-14 FE exam problems

Exam Problem Numbers

G. Heat transfer (e.g., conduction, convection, and radiation) 95, 100

H. Mass and energy balances 83

I. Property and phase diagrams (e.g., T-s, P-h)

J. Phase equilibrium and phase change 96

K. Combustion and combustion products (e.g., CO, CO2, NOx, ash, 

particulates)

25

L. Psychrometrics (e.g., relative humidity, wet-bulb)
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1. 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

x of a saturated liquid = 0
x of a saturated vapor = 1
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2. 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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3. An isentropic process is one which is

(A) only adiabatic

(B) reversible but not adiabatic

(C) reversible only 

(D) reversible and adiabatic

Reversible means that a process is 
ideal and therefore has no 
irreversibilities.
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4. 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

T

s
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4. 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

At P1, sg = s1≈ 7.1296 kJ/kgK
s1 = s2 , P2 = 1 MPa
At P2, sg≈ 6.5857 kJ/kgK so s2 > sg.
Therefore, state 2 is a superheated vapor.
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5. If air is compressed isentropically to twice its original pressure, its absolute 

temperature increases by a factor of

(A) 2            (B)1/2          (C) 20.286 (D) 23.5

𝑇2
𝑇1

=
2𝑃1
𝑃1

1.4−1
1.4

= 20.286
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6. 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

P

v
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7. 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

𝜂𝑡ℎ =
𝑊𝑛𝑒𝑡

𝑄𝐻
֜𝑄𝐻 =

𝑊𝑛𝑒𝑡

𝜂𝑡ℎ
= 2865 𝑘𝑊 = 𝑄𝑖𝑛

𝜂𝑡ℎ,𝐶𝑎𝑟𝑛𝑜𝑡 = 1 −
𝑇𝐿
𝑇𝐻

= 1 −
308𝐾

473𝐾
= 0.349

𝑄𝑛𝑒𝑡 = 𝑊𝑛𝑒𝑡 for any cycle

𝑄𝐿 = 𝑄𝐻 −𝑊𝑛𝑒𝑡 = 1865 𝑘𝑊
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8. 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

𝑞𝑛𝑒𝑡 = 𝑞𝑖𝑛 − 𝑞𝑜𝑢𝑡

𝑤𝑛𝑒𝑡 = 𝑤𝑜𝑢𝑡 − 𝑤𝑖𝑛

𝑞𝑛𝑒𝑡 − 𝑤𝑛𝑒𝑡 = Δ𝑢
𝑤𝑖𝑛 − 𝑞𝑜𝑢𝑡 = Δ𝑢 = 𝑐𝑣Δ𝑇
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9. 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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10. 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

Methane, CH4, burns with air according to the reaction equation

CH4 + 6 (O2 + 3.76 N2)  CO2 + 2 H2O + 4 O2 + 22.56 N2

𝐴𝐹 =
𝑚𝑎

𝑚𝑓
=

6 4.76 29

1 16
=51.7
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11. 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

Methane, CH4, burns with air according to the reaction equation

CH4 + 6 (O2 + 3.76 N2)  CO2 + 2 H2O + 4 O2 + 22.56 N2

𝑃𝑣 = 𝑦𝑣𝑃𝑚𝑖𝑥 =
2

1 + 2 + 4 + 22.56
100 𝑘𝑃𝑎 = 6.77 𝑘𝑃𝑎
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Methane, CH4, burns with air according to the reaction equation

CH4 + 6 (O2 + 3.76 N2)  CO2 + 2 H2O + 4 O2 + 22.56 N2

12. 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 T

s
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13. A room contains air at 30C and a total pressure of 96.0 kPa with a 

relative humidity of 75 percent. The partial pressure of dry air is

(A) 82.0 kPa

(B) 85.8 kPa

(C) 92.8 kPa

(D) 90.6 kPa

𝑃𝑔 𝑎𝑡 𝑇 = 4.246 𝑘𝑃𝑎

Φ = .75 =
𝑃𝑣
𝑃𝑔

so 𝑃𝑣 = 3.1845 𝑘𝑃𝑎

𝑃𝑎𝑖𝑟 = 𝑃 − 𝑃𝑣 = 96.0 𝑘𝑃𝑎 − 3.1845 𝑘𝑃𝑎 = 92.8 𝑘𝑃𝑎
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14. An ideal gas mixture whose apparent molar mass is 20 kg/kmol

consists of N2 and three other gases. If the mole fraction of nitrogen is 

0.55, its mass fraction is

(A) 0.23

(B) 0.39

(C) 0.55

(D) 0.77

𝑀𝑜𝑙𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 , 𝑥𝑖 = 0.55

Mass fraction, 𝑦𝑖 =
𝑥𝑖𝑀𝑖

𝑀
=

0.55 28 𝑘𝑔/𝑘𝑚𝑜𝑙

20 𝑘𝑔/𝑘𝑚𝑜𝑙
= 0.77
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15. A piston-cylinder device contains an ideal-gas mixture of 3 kmol of He gas and 7 

kmol of Ar gas at 50ºC and 400 kPa. Now the gas expands at constant pressure until 

its volume doubles. The amount of heat transfer to the gas mixture is 

(A) 67 MJ

(B) 4.2 MJ

(C) 27 MJ

(D) 10 MJ

𝑃𝑉

𝑇 1
=

𝑃𝑉

𝑇 2
so 𝑇2 =

𝑉2

𝑉1
𝑇1 = 2𝑇1 = 646𝐾

𝑄𝑛𝑒𝑡 −𝑊𝑛𝑒𝑡 = Δ𝑈
𝑄𝑛𝑒𝑡 = 𝑃Δ𝑉 + Δ𝑈 = Δ𝐻
𝑄𝑛𝑒𝑡 = 𝑚𝐻𝑒𝑐𝑝,𝐻𝑒 𝑇2 − 𝑇1 +𝑚𝐴𝑟𝑐𝑝,𝐴𝑟 𝑇2 − 𝑇1

𝑄𝑛𝑒𝑡 = 3 𝑘𝑚𝑜𝑙 4 ൗ𝑘𝑔
𝑘𝑚𝑜𝑙 5.19 ൗ

𝑘𝐽
𝑘𝑔𝐾 𝑇2 − 𝑇1 + 7 𝑘𝑚𝑜𝑙 40 ൗ𝑘𝑔

𝑘𝑚𝑜𝑙 0.52 ൗ
𝑘𝐽

𝑘𝑔𝐾 𝑇2 − 𝑇1

𝑄𝑛𝑒𝑡 = 67000 𝑘𝐽
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16. Heat is transferred steadily through a 0.2 m thick 8 m x 4 m wall at a rate of 2.4 

kW. The inner and outer surface temperatures of the wall are measured to be 15ºC 

and 5ºC. The average thermal conductivity of the wall is

(A) 0.002 W/mC

(B) 1.5 W/mC

(C) 0.75 W/mC

(D) 3.0 W/mC

𝑄 =
𝑘𝐴

𝐿
𝑇2 − 𝑇1

𝑘 =
2.4 𝑘𝑊 0.2 𝑚

8 𝑚 4 𝑚

1

𝑇2 − 𝑇1
= 0.0015 𝑘𝑊/𝑚𝐶
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17. A 3 m2 hot black surface at 80ºC is losing heat to the surrounding air at 25ºC by 

convection with a convection heat transfer coefficient of 12 W/m2C, and by radiation 

to the surrounding surfaces at 15ºC. The total rate of heat loss from the surface is

(A) 1987 W

(B) 2239 W

(C) 2348 W

(D) 3451 W

𝑄 = 𝑄𝑐𝑜𝑛𝑣 + 𝑄𝑟𝑎𝑑
𝑄 = ℎ𝐴 𝑇𝑠 − 𝑇𝑎𝑖𝑟 + 𝜀𝜎𝐴 𝑇𝑠

4 − 𝑇𝑠𝑢𝑟𝑟
4

𝑄 = 12 ൗ𝑊
𝑚2𝐶

3 𝑚2 80−25 ∘𝐶 + 1 5.67𝑥10−8 ൗ𝑊
𝑚2𝐾4 3 𝑚2 3534 − 2884 𝐾

𝑄 = 3451𝑊
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18. Which of the following is not an intensive property?

(A) temperature                   (B) age

(C) density                           (D) weight
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19. 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

𝑄𝑛𝑒𝑡 −𝑊𝑛𝑒𝑡 = Δ𝑈

𝑞𝑛𝑒𝑡 = 50 ൗ
𝑘𝐽

𝑘𝑔 − 50 ൗ
𝑘𝐽

𝑘𝑔 = 0
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20. 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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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    

𝑞𝑛𝑒𝑡 − 𝑤𝑛𝑒𝑡 = Δ𝑢
𝑞𝑛𝑒𝑡 = 𝑃Δ𝑣 + Δ𝑢 = Δℎ = ℎ𝑓𝑔

T

v
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22. 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

𝑞𝑛𝑒𝑡 − 𝑤𝑛𝑒𝑡 = Δ𝑢 = 𝑐𝑣∆𝑇 = 0
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23. 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

𝑞𝑛𝑒𝑡 − 𝑤𝑛𝑒𝑡 = Δ𝑢
𝑞𝑛𝑒𝑡 = Δ𝑢
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24. 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

𝐸𝑖𝑛 = 𝐸𝑜𝑢𝑡
𝑚𝑖𝑛 = 𝑚𝑜𝑢𝑡

𝑚𝑖𝑛ℎ𝑖𝑛 = 𝑊𝑜𝑢𝑡 + 𝑄𝑜𝑢𝑡 +𝑚𝑜𝑢𝑡ℎ𝑜𝑢𝑡


