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Mechanical engineering

Fall 2017 Ph.D. qualifying examination

Heat Transfer

Notes

• Time allowed: 150 minutes.

• Closed book / Closed Notes (one 8.5 ⇥ 11.00 in. sheet of formulas is allowed).

• Calculators are allowed.

• Laptops, cell phones, and similar electronic devices cannot be used.
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Part 1: General knowledge (25 points)

Circle the correct answer
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1. A black body...

(a) absorbs all radiation that is incident on it

(b) emits the minimum energy possible for a given temperature and wavelength of

radiation

(c) emits radiation with a preferential direction

2. What is a necessary condition for a thermal-circuit analogy to be applicable?

(a) a body is being quenched by immersing it in liquid

(b) heat transfer is dominated by conduction

(c) heat transfer can be approximated as one-dimensional

3. In a lumped system...

(a) temperature is a function of position only

(b) Biot number is much greater than unity

(c) Biot number is much smaller than unity

4. The Fourier number is most relevant for problems involving...

(a) black-body radiation

(b) transient conduction

(c) turbulent convection

5. For a gray surface...

(a) emissivity and absorptivity are independent of direction

(b) emissivity and absorptivity are independent of wavelength

(c) the sum of emissivity and absorptivity equals unity

6. If a surface emits 100 W at a temperature 300 K, how much energy will it emit at a

temperature 600 K?

(a) 1600 W

(b) 400 W

(c) 200 W
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7. In a heat exchanger, is it possible for the exit temperature of the cold fluid to be

greater than the exit temperature of the hot fluid when both fluids are single phase

fluids?

(a) yes

(b) no

(c) only in a counterflow heat exchanger

8. In hot air flowing inside a cool pipe...

(a) the thermal boundary layer is likely much thinner than the velocity boundary

layer

(b) the thermal boundary layer is likely much thicker than the velocity boundary

layer

(c) the thickness of the thermal and the velocity boundary layers is on the same

order

9. Thermal conductivity is defined as the heat flow per unit time...

(a) when temperature gradient is unity

(b) through a unit thickness of the wall

(c) across unit area where temperature gradient is unity

10. Which one of the following forms of water have the highest value of thermal conduc-

tivity?

(a) steam

(b) boiling water

(c) solid ice
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Part 2: Problems (25 points per question)

Attempt all problems in this section, clearly stating any assumptions and simplifications

used in your solution
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Problem 1

A mercury-in-glass thermometer 3 mm in diameter and 200 mm long, initially at 15

�
C

is placed in water at uniform 75

�
C. Calculate the time required for the thermometer to

indicate a temperature that is within 3

�
C of the actual water temperature. Assume that

the convection coe�cient h is 180 W/m

2·�C for the water/thermometer interface, and that

the thermometer has the same properties as glass. State any required assumptions.
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Problem 2

Predict the convective heat transfer coe�cient for a power transmission line 6 cm in di-

ameter, when air at 0

�
C and 10 m/s flows across the wire. If the resistance per unit

length of the aluminum wire is 1.13⇥10

�5
⌦/m, what is the maximum power that can be

transmitted by the 100 kV line, if the maximum operating temperature of the wire is 40

�
C?

Note: resistive loss P⌦ = I2R, power through line P = V I.
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Problem 3

The interior cavity of a crucible is cylindrical in shape, with a diameter D = 0.125 m and

a depth h = 0.125 m. Inside the crucible is molten metal with an average temperature

T = 600 K. The depth of the liquid metal in the crucible is z = 0.075 m. Making the

simplest assumptions about the properties of the surfaces and materials involved, estimate

the rate of radiative heat loss from the surface of metal in the crucible.
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