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I Explain the lollowing terms: (20%)
(1) Pourier™s law ol heat conduction (2) The thermal boundary layer

(3) Natural convection (4) Steady-state (5) Thermal resistance

[ Answer the Tollowing questions: (20%)

I. What's physical meaning of Pr? [low does it relate (o the momentum and thermal boundary layer thicknesses?
2. What's the physical meaning of Biot number?

3. What is the Boussineq approximation?

4. Inan exmperiment. il you want a surface (o be at a constant temperature, how would you do?

IIL For a one-dimensional problem of heat conduction. derive the expression of the energy equation in steady-state condition.
To derive this equation. consider a small control volume as shown in Fig. 3 and the temperature is only function of y. i.c.,
T="I(y). (15%)
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IV. The temperature distribution of a 1-D steady-state problem (as shown in Fig. 4) is T =a + bx + cx’ At x = 0, there is a
convective boundary condition. Derive the expression of h, which is the convective heat transfer coellicient. T, is the
ambient temperature, and k is the thermal conductivity. (10%)

V. Consider a steady-state heat conduction problem in a rectangular plate. Its boundary conditions are shown in Fig.5. Find the
temperature solution of the plate. (20%)

VL. Ethylene glycol is to be cooled from 60 °C to 40 °C in a 3.0-cm-diameter (ube. The tube wall temperature is
maintained constant at 20 °C. The glycol enters the tube with a velocity of 10 m/s. Caleulate the length of tube
necessary to accomplish this cooling. (15%)

Nitg = 0.027 RS Pr2(v [, )"

All properties are evaluated at the average bulk-temperature (ic.. al 50 °C), except vy which is evaluated at the wall
lemperature.

o p. kg/m ep. klkgeC v.m'/s k, Wm°C Pr
0 1.130.75 2.294 57.53x10°° 0.242 615
20 1.116.65 2.382 19.18x10° 0.249 204
40 1.101.43 2474 8.69x10° 0.256 93
60 1.087.66 2.562 4.75x10° 0.260 51
80 1.077.56 2.650 2.98x10° 0.261 . 324

Hint: ¢ =11'1CP671 =h(z DL)[T, ~(13) mge], M= pV(nD*14). Rep =1Dfv.




