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Problem 1{20%%)

—

(@} Give an example in which the no-slip boundary condition is inupphicable. (4%5)

(b} Whatis the similarity between the following three physical propertics: kinemalic
viscosity, thermal diffusivity, and diffusion coefficient? (4%}

(c) Fora given physical quantity, for example velocity, temperatare, or species concentration,
if its distribution is in a steady state, then which of the following time derivatives of the
physical guantity 1s zere? Parial time derivative, total time derivative, or substantial time

derivative? Why? _ (3%}
{(d) Give the physical meaning of the boundary condition g7/ gr= 0. Note: don't just say the
temperamire gradient in the x direction 15 zero | (3%

{e} Give a situation in which the concentration of species / can be set as zero on a boundary,

Also give a situation in which the concentration derivative of species / can be set as zero
o A boundary. Ly

Problem 2 (20%)

T'o examng the viscous heating in & co-rotational cvlinders system as shown in Figure A,
we may assume that the flow between the two cylinders 15 close (o the flow between two
parallel planes as shown in Figure B,

(i) Under what condition(sy may we assume that the two-parallel planes system is valid
{2%0)

() A cartesian system is introduced to the system in Fipure B. The eguations of motion and
energy are as [ollows;
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here v, is the velocity component in the x-direction, T is the fluid temperature, 1 is the

flwid viscosity which has the following form
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where m and n are constants. The thermal conductivity K is also constant,
Last the assurnption necessary so that equations {1} and (2) are valid. {5%a)

(uiy Define the ﬂ:rllm;ring dimensionless variable
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Derive the dimensionless form of equations (1) and (2). also write down the

comresponding dimensignless boundary conditions. (5%0)
(iv} Sclve the dimensionless equations Lo find ¢ and FL {3%)
(v) Determine the maximum temperature in the system and its location . (390}

QI

Figure A
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Fipure B

Problem 3 (20%)

A coaxial-tube counterflow heat exchanger is to cool 0,035 kg/'s of benzene from 360K o
310K with a counterflow of 0,02 kg's of water at 280K. If the inner 10be outside diameter is 2
¢m, and the overall heat transfer coefficient based on outside area is 750 W/m2-K, (1)
determine the required length of the exchanger. The speeific heats of benzene and water are
I1B80 and 4175 L'kg-K, respectively. (2) If the two flows are in (he same direction, i.e.,

cocurrent Hlow, what would be the length of exchanger, if all the other properties are
wichanged?

Problem 4 {20%%)

A feed containing 200 mol/h of an n-heptane (40 mol%) ethylbenzene (80 mol%)-
nuxture 15 to be fractionated at 191.3 kPa to give a distillate containing 97 mol% of n-heplane
#nd a botlom containing 1 mol% of n-heptane.

(&) {5%) Calculate flow rates of the dishilate and the hottom.

{b) (3%) Calculate the minimum nunber of theoretical plates and minimum reflux ratio
required if the feed is a saturated liguid.

fy
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() (5%) Calculate the number of theoretical plates required at a reflux ratio of 2.5:1 if the
feed is a saturated liqud.

(d) (5%} If a distillation column is designed based ona results of (c), but in actuat operation |
20% of feed 1s vaponzed, what will be the required reflux ratio to accomplish the
same separation,

The following is a v-x diagram of n-heptanz+ethylbenzene at 101.3 kP, If you do not have
time to obtain accurate results, you can explain the method used with sketch diagrams,

v {n-Heptane)
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Problem 5 (20%)

{8} Constder & one-dimensional mass diffusion of species A throagh a planar medium of A
and B, as shown in figure (2). For sieady state conditions with no homogeneous chemical
reactions, find the concentration distribution of component A in the planar mediam
(0=x=L) where x4 7<x 59

{b) Consider a one-dimensional mass diffusion of species A through a cvlinder medium of A
and B a5 shown in figure (b). For steady state conditions with no homogeneaous chemical
teactions, find the concentration distribution of component A in the eyhinder mediwm
{f €1 <1 ywhere AATSKAS
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(&) Consider & one-dimensional mass diffusion of species A through a sphere medium of A
and B as showm in figure (¢). For steady state conditions with ne homogeneous chemical

reactions, find the concentration distribution of component A in the sphers medium
[1‘1 L 1'2) where }Eﬁl{xﬂz-

(0) Consider a one~-dimensionat mass diffusion of speeies A through a sphere medium of A

and B as shown in figure (c). For steady state conditions with homogengous chemical
reaciion {reaction rate, r = kxp }, find the concentranon distribution of compenent A in

the sphere medium (r; S <) where x4 1<% 47
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