熱傳學第二次期中考考古題
1, As shown in Fig. 1, consider the case of parallel flow involving stationary and moving plates of infinite extent separated by a distance L, which the intervening space filled by an incompressible fluid. This situation is referred to as Couette flow and occurs, for example, in a journal bearing.
(1) What is the appropriate form of the continuity equation?			
(2) Beginning with the momentum equation, determine the velocity distribution  between the plates.									
(3) Beginning with the energy equation, determine the temperature distribution between the plates.									
(4) Consider conditions for which the fluid is engine oil with L=3 mm. The speed of the moving plate is U= 10 m/s, and the temperature of the stationary and moving plates are T0= 10 0C and TL= 30 0C, respectively. Calculate the heat flux to each of the plates and determine the maximum temperature in the oil.		
 Note: for engine oil (20 oC): ρ=888.2 kg/m3, k= 0.145 W/m-K, μ=0.799 N-s/m2.
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Fig. 1








2. In Fig. 2, consider a thin electrical heater attached to a plate and backed by insulation. The outer surface is exposed to a fluid at the temperature,  and having the convection heat transfer coefficient, h. Initially, the heater and plate are at the temperature, . Suddenly, the power to the heater is activated, yield a constant heat flux  (W/m2) at the inner surface of the plate. The temperature of the plate is assumed to be the function of time only during the transient process. Please obtain an expression for the temperature of the plate as a function of time T(t) in terms of , , , h, L, and the plate properties  and c.      
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Fig. 2

3. A 4m x 4m flat plate maintained at a constant temperature of 80 oC is subjected to parallel flow of air at 1 atm, 20 oC, and 10 m/s. The total drag force acting on the upper surface of the plate is measured to be 2.4 N. Please determine the rate of heat transfer between the upper surface of the plate and the air.           
Note: =1.204 kg/m3, Cp= 1.007 kJ/kgK, Pr= 0.7309 (air).

4. A 6-cm-diameter shaft rotates at 3000 rpm in a 20-cm-long bearing with a uniform clearance of 0.2 mm, as shown in Fig. 3. At steady operating conditions, both the bearing and the shaft in the vicinity of the oil gap are at 50 oC, and the viscosity and thermal conductivity of lubricating oil are 0.05 Ns/m2 and 0.17 W/mK. Viscous dissipation cannot be neglected. By simplifying and solving the continuity, momentum, and energy equations, determine   
(a) the maximum temperature of the oil.                            
(b) the rates of heat transfer to the bearing and the shaft.                
(c) The mechanical power wasted by viscous dissipation.               
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Fig. 3

5. (a) Please explain the physical meaning of Biot number.                 
(b) Please specify the criterion for using Lumped Capacitance Method.     

(c) As shown in Fig. 4, a solid steel sphere (AISI 1010), 300 mm in diameter, is coated with a dielectric material layer of thickness 2 mm and thermal conductivity 0.04 W/mK. The coated sphere is initially at a uniform temperature of 500 oC and is suddenly quenched in a large oil bath for which = 100 oC and h= 3300 W/m2K. Estimate the time required for the coated sphere temperature to reach 140 oC.                             
Note: =7832 kg/m3, Cp= 559 J/kgK, k= 48.8 W/mK (AISI 1010).
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Fig. 4
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