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Part 1: General knowledge questions (25 points)



1. In convection, heat is transported by:

(a) fluid advection only.

(b) a combination of conduction and advection.

(c) It depends on whether the medium is a liquid or a gas.

Answer:

2. Which mode of heat transfer does not require an intervening medium?

(a) Conduction.

(b) Radiation.

(c) Convection.

Answer:

3. In radiant heat transfer, a perfect emitter must also be a perfect absorber. Why?

(a) If it were not so, it would be possible to build a device that violates the second law of thermody-
namics.

(b) There is no known reason, but measurements always follow this rule.

(c) There is no such thing as a perfect emitter or absorber.

Answer:

4. In radiant heat transfer, a small aperture to a large cavity approximates:

(a) A blackbody.

(b) A gray body.

(c) A selective emitter.

Answer:

5. The purpose of goose down in a ski jacket is to:

(a) cushion falls.

(b) retain air and prevent its motion, thereby increasing the thermal resistance of the jacket.

(c) retain air and prevent its motion, thereby decreasing the thermal resistance of the jacket.

Answer:



6. At a large scale, wind is an example of:

(a) Forced convection.

(b) Natural (buoyancy-driven) convection.

(c) The interaction of forced convection and natural convection.

Answer:

7. Which of the following objects of equal volume would have the smallest Biot number, under the same
ambient conditions?

(a) A cube.

(b) A sphere.

(c) A thin sheet.

Answer:

8. In a boiling water nuclear reactor, water in contact with the nuclear fuel rods removes heat by changing
phase. Where on the boiling curve should the reactor operate?

(a) In the nucleate boiling regime.

(b) At critical heat flux, for maximum efficiency.

(c) In the film boiling regime.

Answer:

9. The Nusselt number and the Biot number are defined as dimensionless groups involving the same
combination of parameters. Are they interchangeable?

(a) Yes, generally the French prefer to call this group the Biot number, while the Germans and
Austrians call it the Nusselt number. Americans are neutral on the issue, and use the groups
interchangeably.

(b) No, one defines the ratio of convective and conductive thermal resistance, the other is a measure
of the dimensionless temperature gradient at a surface.

(c) No, The Biot number relates strictly to conduction, while the Nusselt number is used strictly for
convection.

Answer:

10. The Fourier number is a measure of:

(a) Dimensionless position.

(b) Dimensionless temperature.

(c) Dimensionless time.

Answer:



Part 2: Problems (25 points per question)
Attempt all problems in this section, clearly stating any assumptions and simplifications used in your solution.



Problem 1

During a cold winter night, a glycol-water mixture is circulated through a solar system to prevent freezing.
In a particular section of the system, crows removed the pipe insulation, so that a short section of pipe is
exposed directly to the elements. To assess the risk of freezing, an engineer (i.e. you, the student taking this
test) makes a set of worst-case assumptions, as follows:

1. The temperature of the air is -20◦C, and there is a 20 m/s wind perpendicular to the tube;

2. The bulk temperature of the glycol/water mixture entering the tube is 13◦C;

3. The flow rate through the tube is 0.180 liters/s;

4. The length of the exposed section of tube is 0.5 m.

The inner diameter of the copper tube is 20 mm, and the wall is 1 mm thick. The thermal conductivity of
the glycol / water mixture is 0.42 W/m·K, the density is 1045 kg/m3, the specific heat 3720 J/kg·K, and
the dynamic vicosity is 12.5×10−3 Pa·s.

Your task, then, is to calculate:

1. The convection coefficient for the flow inside the pipe;

2. The convection coefficient for the flow outside of the pipe;

3. The temperature of the pipe wall, assuming this is constant;

4. The rate of heat loss from the glycol/water mixture to the air;

5. The bulk temperature of the glycol water mixture as it leaves the exposed section of pipe.

State any simplifying assumptions.



Problem 2

In a material treatment process, a metallic sphere 10 mm in diameter that is initially at 400◦C is subjected
to a two-step cooling process, as follows:
Step 1: cooling in stagnant air at 20◦C with a convection coefficient of 10W/m2·K, until the center temper-
ature reaches 335◦C;
Step 2: cooling in a well-stirred water bath (with a convection coefficient of 6000W/m2·K) at 20◦C, until
the center temperature is 50◦C.
Calculate the time required for each step. The material has a density of 3000 kg/m3, a conductivity of 20
W/m·K, a heat capacity of 1000 J/kg·K, and a thermal diffusivity of 6.65×10−6 m2/s.



Problem 3

A radiant space heater consists of a long, diffuse, gray, cylindrical heating element that is of diameter
D= 30 mm, and is backed by a curved metallic reflector. The surface temperature and emissivity of the
heating element are T1=945 K, and ε1=0.8 respectively, and the temperature of the air and surrounding
surfaces is 300 K. Convection heat transfer from the element is negligible. The reflector may be assumed
to be an isothermal, diffuse gray surface with an emissivity ε2=0.2, an arc length S= 0.3 m, and a width
W= 0.15 m. The steady-state temperature of the reflector plate is T2=385 K, and the view factor of the
heater with respect to the reflector F12=0.625.

Draw the radiant circuit which describes radiation heat transfer between the reflector, heating element
and surroundings. For a unit length of the heater, evaluate all resistances and known nodal potentials.
Finally, calculate the electrical power input to the heating element. Neglect the back of the reflector.










