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Problem 1 (20%)

A Newtonian liguid with viscasity p and density pr is Nowing our of a slit and onto # slide 55
shown in the Figure, The slit gap and the film thickness on the slide are H and d, respectively.
The angle between the siit wall and the direction of gravity is B, It is assamed that the shell
balance approach is applicable 1n both Scctions 1 and 11, determine the condition that H=&. You
may define amy geometnc or aperating varizhles if necessary.

Problem 2 {20%3)

An cquation of change of {7, the intemnal energy of a fluid peT Unit mass, is given as follows,

nrt
P = Vgl - p(¥ay {1V

Elere, p is the fluid density, g the heat flux vector, p the pressure, v the fluid velocity, 7 the

shear stress tensor, and 77 the substantial time derivarive.




H U & =® X & @ B K

NHABEE LELRYE R (F) F @R AT ARE

HE _WiERs LSy HYIEN 3 Bx? 7 SHATH:E[EESE) S

(2}

{b)
ic)

(d}

&)

(f)

Give the physical meaning of the four tetms, namely, p27F/ D, —{¥. g, - p{¥.v), and

—{1:¥ ¥}, in the above equation. (&%)

Why does the convection term not appeat explicitly in the above cquation”! (2%}

If the fluid is expanding, will this ¢cxpansion contribute positively or negati-cly 1o the
internal energy of the fluid 7 [ 3%

CGitve an exaiple 10 which the contribution made by the foursh termn of the above equation s

not neglipble. 2% 0}
Under what assumptiong, ¢an the second term ef the above equation be converted to A
where & is the thernal conductivity of the fluid? {3%)
Give the S[unitof . {2%])

Froblem 3 (20%)

{a)

(b)

What are the basic asswnplions of film theory in mass transfer? Obtain the relation betveen
the mass transfer coefficient and the ditfusivity of a component by film thenry  Derive your
tesult starting from your hasic assumptions. You can build up the govemning equaticao by
considering the transfer of a component from a flat plate w a fuid, {T0%0)

What are the basic assumptions of bowndary layer theory in mass tansfer? Ohrain the
relation berween the mass ransfer coefficient and the diffusivity of a component by
boundary layer theory. You can build up the governing equation by considering the mansfer
of a component from a flat plate 1o a fluid flowing parallel to the flate plate. Denve your
resull stating from your basic assumptions, ( 10%4a)

Froblem 4 {20%)

(a)

In forced comvection, Nu=a Re™ Pr!Y, What is the comesponding equation in nalural
convection? Need to define every terns in your answer.

What i5 the plhysical meaning of Frandd number? Why s this dimensionless number
umportant in beat transter operations?

What is a 1-2 heat exchanger? Lsc a schematic diagram ro illustrate your answer.

Since the flow 15 neither pure cocunent not countercurrent in & 1-2 exchanger, how
should we evaluale the “mean temperature difference” for such equipments”? {1.e. ATy, ferm
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m g =1hAi AT, equation) use Thi, The, Tei, Teo for hot fluid/cold fluid inlet and medlet

ternperatures respectively if necessary.

{¢) Under what circumstances would you suggest to use an extended sarface or finned
exchanper?

{4 points for each question in this problem)

Problem 5 {207%)

Abserption of acerone by water is carmied out in a packed tower having a diaineter of 040 m
The operating conditions are: 1 atm and 20°C. The pas containg b2 mo!% acetone initially, and

0,20 mol%a at the outller. The gas flow rate is 15 kg mol ineet airth, Pure water a1 60 kg malhois
nsed 10 absorb acetone. The cquilibriom relaion is v~ 1.25 %, and K'y a - 3.74 x 10°2 kg molfs-
m-mo] frac.

iy mole frachion of acetone in pas phase, x: mole fraction of acetone in liquid phase, K'y: overall
mass transfer coelficient, a: mterfacial arca per unit volume)

ia) Esumalc the tower hoipht. { 1)%a)
ib) Estimate the minimum liquid flow race. {5%)

(c} Ifthe incoming water contains .05 mol% acetone initially, what will be the manitnuen liquid
flow rale? {5%)




