PRINCE OF SONGKLA UNIVERSITY

FACULTY OF ENGINEERING

Final Examination : Semester 1 Academic Year : 2010
Date : 9 October 2010 Time :9:00-12:00

Subject : 231-311 Momentum and Heat Transfer Room : R201
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2. Four identical power transistors with aluminum casing are attached on one side of a
2-cm-thick 30-cm X 30-cm copper plate (k = 366 W/m.’C) by screws that exert an
average pressure of 15 MPa. The base area of each transistor is 10 sz, and each
transistor is placed at the center of a 20-cm X 20-cm section of the plate. The interface
roughness is estimated to be about 1.4 Lm. All transistors are covered by a thick
Plexiglas layer, which is a poor conductor of heat, and thus all the heat generated at the
junction of the transistor must be dissipated to the ambient at 30°C through the back
surface of the copper plate. The combined convection/radiation heat transfer coefficient
at the back surface can be taken to be 40 W/m’°C. If the case temperature of the
transistor is not to exceed 80°C, determine the maximum power each transistor can
dissipate safely. If we eliminate the thermal contact resistance at the interface
completely, how much we can lower the operating temperature of the transistor?

(10 points)
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3. Two 4-m-long and 0.4-cm-thick cast iron (k == 50 W/m.°C) steam pipes of outer
diameter 10 cm are connected to each other through two 1-cm thick flanges of outer
diameter 20 cm. The steam flows inside the pipe at an average temperature of 200°C
with a heat transfer coefficient of 200 W/m>.°C. The outer surface of the pipe is exposed
to an ambient at 12 °C, with a heat transfer coefficient of 50 W/m”.°C.

3.1 Disregarding the flanges, determine the average outer surface temperature of the
pipe.

3.2 Using this temperature for the base of the flange and treating the flanges as the fins,
determine the fin efficiency and the rate of heat transfzr from the flanges.

3.3 What length of pipe is the flange section equivalent to for heat transfer purpose?

e 0 e e
i

M@.Zﬁﬂi“*‘é%

(20 points)



4. The forming section of a plastic plant located in Denver (atmospheric pressure is 83.4
kPa) puts out a continuous sheet of plastic that is 2 m wide and 3 mm thick at a rate of
20 m/min. The temperature of the plastic sheet is 100°C when it is exposed to the
surrounding air, and the sheet is subjected to air flow at 40 °C at velocity of 7 m/s on
both sides along its surfaces normal to the direction of motion of the sheet. The width of
the air cooling section is such that a fixed point on the plastic sheet passes through that
section in 4 s. Determine the rate of heat transfer from the plastic sheet to the air.

(15 points)



5. Water at 20°C is heated by passing it througt 2-cm internal-diameter thin-walled
copper tubes. Heat is supplied to the water by steam that condenses outside the
copper tubes at 120°C. If water is to be heated to 80°C at a rate of 5 L/min, determine
the length of the copper tube that needs to be used and the pumping power required to

overcome pressure losses. Assume the entire copper tube to be at the steam

temperature of 120°C (20 points)
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6. A counter-flow double-pipe heat exchange is to hz2at water from 20 to 80°C at a rate
of 1.5 kg/s. The heating is to be accomplished by oi available at 150°C at a mass flow
rate of 2 kg/s. The copper inner tube is thin-walled and has a diameter of 3 cm. The
inner diameter of the shell is 6 cm.

6.1 Determine the length of the heat exchanger required to achieve the desired heating.
6.2 Determine the maximum heat transfer rate and the outlet temperature of the oil for

this case. (30 points)



