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1. (15 points)
Answer the following questions.
{8} Physical meaning of Vp, where p is o scalar field
(bl Under what conditions, the Bemoulh equation can be used?
{c) Why one needs two subscripts to describe a shear stress 1,7
{d) Chive an example where radiation 15 far more imporant than conduction and
convection

(e} Why viscosity of liquid decreases as temperature increases?

1. (20 points)
Consider a steady-state flow of a Newtonian fluid flowing down an inclined
plane surfbce
{a) Write down the governing equation and boundary conditions
{b) Solve the velocity profile.
{c) What is the dnving force of this flow?
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3. (135 points)
A steady-state two-dimensional conduction problem is given as
¥T i
T a+anil o
ax ay'
with the boundary conditions,

T=0, atx=0forall values of ¥
T=0, atx=L for all values of ¥
T=T, amy=0for0<x=L
T=T, msydmfor0sxsL,
(a) Solve the temperature profile fora = 0.
(b} Show how to solve the temperature profile if a 2 0 and a <<1.
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4 In a mass transfer system the Sherwood number can be evaluated by
the following equation:

Ng =2+0.6N N

{a) What is the exact meaning of the value of “2” n this equation?
Briefly describe how you can obtan x_ -2

{(b) Define the Reynolds number N, and Schmidt number Ny in this
equation
(10 poins)

5. Bnefly define the following terms and when there is more than one,
compare and contrast their general charactenstic with those of others in
the same groups
(a) crushers, grinders
(b) minimum number of plates, minimum reflux ratio
(c) humidity, relative humidity
(15 points)

6. Acetinomycin s an antibiotic produced by fermentation. A
countercurrent exiraction equipment is used to extract acetinomycin
from its mixture with water by means of butvl acetate. The feed
consists of 260 mg// of acetinomycin.  Pure solvent (butyl acetate) is
used as the extracting ligud.  Assume that the acetinomvcin
concentrations in the extract flow (V) and raffinate flow (L) are in
equilibrium in each of the stages, from one end of the extractor to the
other.  The equilibrium relation is », = Ky, with K = 50. Here x and
¥ are respectively the acetinomycin concentrations in the extract and
raffinate flows, Assume that flow-rates for the extract and raffinate
flows are constant at L = 450 //h and V = 37 I/h, respectively.  You
hope to remove 98 % of the antibiotic in the feed
{a) Find the equation of the operating line
{b)Find the concentration of acetinomycin in the extract flow leaving
the extraction unit.

(¢) Calculate the number of ideal stages required (V), based on both the
graphic method and the equation for N

(d) Suggest an extractor for this antibiotic extraction

(25 points)



