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1st Exam
-
60 minutes are given.

-
Problem set need not to be resubmitted. 

-
Answers should be written in the blue book with the same order to the questions.

· All problems should be taken home, solved, and submitted as homework at the first class of the next week. 

· Assumptions may be made by examinee. 

PROBLEMS

1. (20)
Diffusion 

There is a glass bulb filled with a volatile liquid, e.g., benzene. How long time does it take the liquid evaporate completely? Estimate the time, i.e., (evaporation for the liquid to completely evaporate under given conditions. If you need and make any assumption, describe them specifically. 
Inner diameter of the bulb = 10 cm; inner diameter of the Tube = 0.1 cm; initial mass of a volatile liquid = 1g; molecular weight of the liquid = 106 g/mol; diffusion coefficient of the liquid = 0.07 cm2/sec; saturation pressure = 1,280 Pa; R(gas constant) = 8.31(106 cm3Pa/K,mol; T(temperature) = 25oC; and L = 5cm
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Figure 1. Diffusion of a volatile liquid

2. (25) Terminal floating velocity

There is a spherical particle which is moving up in a fluid. The drag force (FD) and drag coefficient (CD) can be expressed as follows. Then, determine the terminal floating velocity of the particle in the fluid. 
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where
FG = gravitational force;


FB = buoyancy force;


FD = drag force;


(p = density of a particle;


(f = density of a fluid;


g = acceleration due to gravity;


Vp = volume of the particle;


CD = drag coefficient (=24/R)


R = Reynolds number;


Ap = cross sectional area of the particle; and


v = speed of the particle relative to the fluid. 

3. (10) Terminal settling velocity of nonspherical particle

Two particles of which volumes are identical are settling down in water. One of them is a sphere and the other is a cube. Compare the terminal settling velocities of them each other qualitatively. For example, both of them are equal? Or the spherical particle has faster terminal settling velocity? Or the cube settles down faster? (If you choose wrong answer, you get minus 10 points. So, you need not answer if you are not sure.)
4. (20) Mass transfer theories at fluid boundary 

The film theory and the penetration theory are the most classical models for the mass transfer at fluid boundary. Explain two theories briefly but clearly. And explain how each model relates the mass transfer coefficients to diffusivity. And explain why this difference happens.

5. (25) Overall mass transfer coefficient in the two film model

The two-film model is most frequently and widely used. In the two-film model, the overall mass transfer coefficient is expressed as follows. Derive the following expression by yourself. 
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where
kgl = overall mass transfer coefficient;


kl = mass transfer coefficient through the liquid boundary layer; and


kg = mass transfer coefficient through the gas boundary layer.

 - Good luck! -
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