2010 Heat Transfer Midterm Exam
(Including Solutions)

May 1st 2010
17:00 — 19:20

NO NOTES OR BOOKS; USE HEAT TRANSFER TABLES THAT WERE
DISTRIBUTED; ANSWER ALL 4 QUESTIONS; ALL QUESTIONS HAVE
EQUAL VALUE.

Question #1

Radioactive wastes are packed in a thin-walled spherical container. The wastes
generate thermal energy nonuniformly according to the relation

S = So[1 — (r/r¢)?], where S is the local rate of energy generation per unit
volume, Sy is a constant, and r is the radius of the container. Steady-state
conditions are maintained by submerging the container in a liquid which is at T,

and provides a uniform convection coefficient h.
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Obtain an expression for the total rate at which thermal energy is generated in
the container. Use this result to obtain an expression for the temperature 77, of
the container wall.

Question #2

The aircraft company you are working for is considering the use of plasma
actuators to delay stall beyond the critical angle of attack. Plasma actuators can
delay stall by injecting heat and applying electromagnetic forces on a region of
the airflow that has been ionized. The heat injected and the applied forces alter
the turbulent eddies within the boundary layer, and this can result in the flow
remaining attached to the airfoil even when the angle of attack is increased
beyond the critical point. In order to operate, the plasma actuators must be fed a
power of 100 KiloWatts with a voltage difference of 200 Volts. You are assigned
the task of designing the polyethylene-covered copper cable linking the power
supply to the plasma actuators. Noting that the power supply is located 10 m
away from the plasma actuators, it is desired to find the optimal cable design



which minimizes weight while keeping the temperature of the polyethylene
insulator below melting point. The cable is located inside the wing, where the air
temperature is of —5° C and the convective heat transfer coefficient is known to
be equal to h = 10 W/ m’-°C. For safe operation the polyethylene layer is given a
thickness of 0.5 cm. The electrical resistivity of copper at 20° C can be taken as
16.8 n{2 - m. The melting point and the thermal conductivity of polyethylene can
be taken as 120°C and 0.5 W/m°C, respectively. Design the cable with a safety
margin: take into consideration that the convective heat transfer coefficient may
have an error of 30% and do not let the maximum temperature within the
polyethylene approach its melting point by less than 40° C. Hint: assume
negligible contact resistance between the copper and the polyethylene.

Question #3

A plane wall made of a special composite material (p = 2000 kg/ m3,

¢ = 1000 J/kg°C, k =20 W/m" C) is to be used as a thermal storage unit. The
thickness of this plane wall is 0.10 m, and its initial temperature is 25° C. During
the charging (energy storage) process, this wall is exposed on one of its sides to a
hot gas: To, = 525°C and h = 100 W/m2-°C. The other side of the wall is very
well insulated during this charging process.

(a) How long will it take to achieve 80% of the maximum possible energy

storage?

(b) At the time calculated in part (a), what is the maximum temperature in the
plane wall?

Question #4

A slender metal rod is welded between two plates which are maintained at
110°C. At both ends of the rod, thermal contact with the plate is excellent. The
rod is cooled by an air stream: T, = 10°C and h = 22 W/m2-°C. The diameter
of the rod is 0.01 m, and its length is 0.20 m.
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(a) Experimental results obtained with a very clean rod (new rod) show that the
temperature at its center (midway between the walls) is 60° C. Determine the

thermal conductivity of the rod metal.

(b) After two years, a very thin oxide and dust layer develops on the curved
(lateral) surface of the rod, and measurements indicate that the temperature
of the rod at the center (midway between the walls) is 70° C. Determine the
thermal contact coefficient associated with the oxide and dust layer.

Answers

2. 0.006 m
3. 4000 s, 445 C
4. 50.74 W/m°C, 50.35 W/m°C

Solutions
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