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1. An oil is being pumped inside a 10.0 mm diameter pipe at a Reynolds number 2000. The oil density is 855 kg/m3 and the viscosity is 2.1 × 10-2 Pa、s. 
(i) What is the velocity in the pipe? (10%)
(ii) It is desired to maintain the same Reynolds number of 2000 and the same velocity as in part (i) using a second fluid with a density of 925 kg/m3 and a viscosity of 1.5 × 10-2 Pa、s. What pipe diameter should be used?  (10%)
2. Derive the overall heat transfer coefficient U for the following cases
(i) Consider a wall, as shown in figure (a), that is made of material with thickness, △xA, and thermal conductivity kA. It contacts with a hot fluid at temperature T1 on the inside surface and a cold fluid at T4 on the outside surface. The outside convective coefficient is ho and hi is the inside.   (10%)
(ii) Consider heat transfer from a fluid outside a cylinder, through a metal wall with thermal conductivity kA, and to a fluid inside the tube, as shown in figure(b). The outside convective coefficient is ho and hi is the inside. The outside diameter of the pipe is ro and ri is the inside.  (10%)
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3. It is desired to remove 90% of the acetone in a gas containing 1.0 mole % acetone in air in a countercurrent stage tower. The total gas flow to the tower is 30.0 kg mole/h, and the total inlet pure water flow to absorb the acetone is 100 kg mole/h. The process is operated isothermally at 300 K and 101.3 kPa. The equilibrium relation for the acetone in the gas and liquid is y = 2.53 x , where y and x are the acetone mole fraction in air and in water respectively. Determine the compositions of the outlet streams and the number of theoretical stages required for this separation.   (20%)

4. In studying the rate of leaching of a substance A from the solid particle by a solvent B, we may assume that the rate controlling step is the diffusion of A from the particle surface through a stagnant liquid film thickness, δ , out into the main stream. The molar solubility of A in B is cAo and the concentration in the main stream is cAδ.
(i) Establish a mass balance of A in the liquid film with boundary conditions;
  (10%)
(ii) Find the concentration profile of A in the liquid film. (10%)
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BIRD: Transport Phenomena, 2e
Fig. 18B.9 W-262




5. 有關流體之輸送，請簡要回答以下問題

(i) 請繪圖說明孔口板 (orifice) 與控制閥 (control valve) 之原理與功能  (10%)

(ii) 何謂 overall mechanical energy balance? 如何應用?  (10%)
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