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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 are not allowed.
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Part 1: General knowledge questions (25 points)
Circle the appropriate answer. No penalty for wrong answer.
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1. Newton’s law of cooling states that:

(a) The net force applied to an object is proportional to the rate of change of its
momentum.

(b) Heat flux in some direction is proportional to the gradient in temperature in the
same direction.

(c) The rate of cooling of an object is proportional to the difference in temperature
between the object and the ambient.

2. If a basketball ball is heat and players are atoms, then convective heat transfer is
analogous to:

(a) A player throwing the ball into the hoop.

(b) Players passing the ball to each other.

(c) A player dribbling the ball and moving towards the hoop.

3. Natural and forced convection differ in that

(a) natural convection is found in natural processes, forced convection only in arti-
ficial processes.

(b) Natural convection is always stronger than forced convection.

(c) Natural convection is driven by buoyancy, forced convection is driven by a flow
imposed by forces external to the convective process.

4. Arrays of vertical fins are used to remove heat from devices such as electronic equip-
ment. For vertical fins in natural convection, there exists an optimum fin spacing,
which represents the best compromise between:

(a) The weight and the size of the array.

(b) The reduction in convection coefficient with more closely spaced fins and the
increase in total surface area.

(c) The increase in convection coefficient and the increase in weight with more
closely spaced fins.

5. A good example of the application of natural convection is:

(a) To cool automobile engines, thereby removing the necessity for fans.

(b) To cool certain types of nuclear reactor cores, so we don’t have to rely on pumps
working.

(c) To remove heat from a house in hot summer months.
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6. Typical engineered phase-change cooling systems operate in:

(a) the nucleate boiling regime, ensuring high cooling capacity, low excess temper-
atures, and a margin of safety.

(b) at the critical point, ensuring maximum possible performance with small excess
temperature.

(c) In the film boiling regime, ensuring the combination of high excess temperature
and high heat removal rates.

7. The fundamental difference between convection processes in tube flow and in external
flow is that:

(a) In external flow, heat is always removed at a greater rate.

(b) In external flow, there is an infinite (for all practical purposes) supply of fluid
at constant temperature, while in tube flow the bulk temperature of the fluid is
affected by the convective process.

(c) in tube flow, the Nusselt number is constant, in external flow it is not.

8. A selective surface is one in which:

(a) emissivity and absorptivity depend on wavelength but are equal to each other.

(b) emissivity and absorptivity at a given wavelength can be different.

(c) the surface emits radiation only in certain directions.

9. The view factor Fij between two objects i and j is:

(a) the fraction of radiant energy emitted by i which impinges on j.

(b) the fraction of radiant energy emitted by j which impinges on i.

(c) the solid angle subtended by j as seen from i.

10. A large cavity with a small opening is approximately equivalent to a black surface
because

(a) it looks dark.

(b) a photon entering the cavity is very unlikely to come back out.

(c) no radiation ever emerges from inside the cavity to the outside.
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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 power transmission cable can be approximated as a horizontal cylinder. To prevent
excessive sagging, the cable cannot become hotter than 70◦C. Each cable in the power line
in question has a resistance of 0.127 Ω/km, and a diameter of 12 mm. For the maximum
allowable temperature, calculate:

1. the convection coefficient for a calm summer day, with an air temperature of 35◦C;

2. the heat loss from the cable to the surrounding air per unit length of cable;

3. The current in the line (recall: resistive power loss = I2R).
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Problem 2

A heat exchanger is composed of a thin-walled copper tube, of diameter 14 mm, immersed
in an unpressurized container in which a water/ice mixture is stirred vigorously. Air at
atmospheric pressure enters the copper tube at 40◦C, with a flow rate of 0.01 m3/s. It is
required that the air exits the tube at a temperature no higher than 5◦C. Calculate:

1. the convection coefficient for heat flow from the air to the tube walls;

2. the overall heat transfer coefficient U for the heat transfer from the air to the wa-
ter/ice mixture, if the convection coefficient outside the tube is 400 W/m2·K;

3. the minimum length of the immersed part of the copper tube;

4. the heat transfer rate from the air to the water/ice mixture.
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Problem 3

A radiating surface, to be used to reject heat to the night sky, is coated with a material
which has an emissivity of 0.9. The surface is dimpled to improve its capacity to release
heat. The dimples are arranged in a square packing, with a center-to-center distance of
10 mm, a radius of 4 mm, and a depth of 5 mm. During a typical night, the surface
temperature is 20◦ C, while the sky temperature is -50 ◦ C. Calculate:

1. The ratio of dimpled surface to total surface, for a unit area of material;

2. The view factor from the dimple to the sky;

3. The amount of heat released to the sky by the dimple area;

4. The amount of heat released to the sky by the flat area;

5. The improvement in the heat radiation capacity for the dimpled surface with respect
to a flat surface of the same overall dimensions.
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Tables & other useful information
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