ES 205 Analysis and Design of Engineering Systems
Lesson 18

Thermal Systems Board Problems



Example 1

A small copper casting is removed from a mold at 630°C and cooled in a large tank of fluid (A, =
790 Wim®-K, 7= 75°C). Assume the fluid temperature is constant. The properties of copper
are: p= 8933 kg/m’, C, = 383 J/ke-K, and k=399 W/m-K. The volume of the connector is 1.75
em’ and its surface area is 3.5 em”.

Determine the system time constant, the steady-state temperature of the casting, and the amount
of time that the casting must remain in the fluid to cool from its initial 650°C to 100°C.
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Example 2

A transistor case is mounted on a circuit board whose surface temperature is maintained at 35°C.
Air at 20°C flows over the upper surface (4mm by 8mm) of the case with a convection
coefficient of 50 W/m*-K. Three wire leads (each of cross-section 1 mm by 0.25 mm) conduct
heat from the case to the circuit board. The gap between the case and the board is 0.2 mm and 1s
filled with stagnant air. Assume the case is isothermal and neglect radiation. The thermal
conductivity of the wire leads is 25 W/m-K; the thermal conductivity of air is 0.0263 W/m-K.

Determine the steady-state case temperature when 150 mW are generated by the transistor.
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Example 3

You heat a piece of aluminum wire by passing an electrical current through it. The wire has a
diameter of 1 mm and a length of 10 cm, giving it an electrical resistance of 0.2 ©. The initial
tamperature of the wire is 25°C and the aluminum is surrounded by air at 25°C and A, = 20
W/m™K. (Aluminum properties: p= 2787 kg/m’, C, = 833 Jikg-K, and k= 164 W/m-K.)
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For a steady 1.0 Amp current in the wire, determine the system time constant, the steady-state
temperature of the wire, and the temperature of the wire 1 minute after the steady current begins.
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Example 4

A computer has a problem with its main processor overheating. To solve the problem it is
proposed to install a fan as shown below.
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Assume all surfaces are perfectly insulated and that air is an ideal gas entering at a constant
temperature 1. Determine:

e An expression for the steady-state temperature of the air T2 when the chip is energized.

e An expression for the steady-state temperature of the chip when it 1s energized.

e The differential equations that model the temperature of the air and the temperature of the

chip.
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