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You may find additional useful information in the following:
'{ (Ouestions start from paee 4.1

The general continuity equations for component A and also for constant density and diffusivity are as

follows:
NOTE: In the following equations, Re is the rate of senerattion of A in the system [moles/(Volume.time)].

Rectangular Coordinate:

or, *(u*,,, *oN,o *o\,o)=n, i=1,2,...,n
0t (a" Ay 0z)

+.(". * * 

" ? . ".*)= o*[* .#.9). *^
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+.(", *. ", l* . ".*)= "^"[1*(,?) 
. i#.#)* ^

Spherical Coordinate:

* .(+ *e *,,,)* #St*,''* 4. #Wl = +
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+1,u_dco *, lacA I -o]=

a \. ' ar ";ae=*t'rrino7i o )=

"* [i*(" *). Fk*(*.*). ^k#). 
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The dif& sivitv of eases in a binaru svstem flt low to modera.te -' \sures (cm2/sr:

0.00226T1'5u,lB=ffi
where: p:[bar]; T:["K]; oAB: "collision diameter", a Leonard-Jones parameter, Ao

f)n : diffu sion collision integral, dimensionless

and:
2 in which M; is the molecular weight of component i'

v"

MAB =
0/Me)+(1/Ms)
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The diffusivitv of liauids in a binarv svstem for dilute solutions (cm2/st:

^ 7.4xI0-8 (grM u)t''TUAB =w whereTistemperature ['K].

Dimensionless Numbers (where I is the characteristic dimension)z

.sh
Jn = -- r,t

Re.Sc"'

Sc= P

PDee
Pe = Re.Sc

Nt=!l
k

fi - Factor)

(Schmidt No.)

(Peclet No.)

(Nusselt No.)

& Sh= H
Dee

& R"=Ptl
p

(Sherwood No.)

(Reynolds No.)

R: Gas Constant :82.06 (atm.cm3)/(mo1e."K)
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1. (35 points total)
A beaker filled with an equimolar liquid mixture of ethyl alcohol and ethyl acetate evaporates at OoC into
still air at 101 kPa total pressure. Assuming Raoult's law applies, what will be the composition of tho
remaining when half the original ethyl alcohol has evaporated, assuming that each component evaporates

ii-il-pendently of the other? Also assume that the liquid is always well mixed. The following data are

available:

Vapor Pressure (kPa @ 0"C):
Ethyl acetate (AC1 : 3.2t

Diffusivity 1m2ls):
Ethyl acetate (AC) in Air: 6.45 xI0-6

Ethyl alcohol (AL): 1.62

Ethyl alcohol (AL) in Air: 9.29 xlO
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2. (35 points total)
Air at I atm and 100oC flows through a straight, 5-cm-diameter, circular tube, cast
Reynolds number of 1500. Air entering the tube has an established lami
are given as follows:

Vapor pressure of naphthalene: 10 torr
Viscosity of air : 0.0215 cP Where 1 poise : I g/(cm.s)
Molar density of air : 0.0327 hnoVm3
Difhrsivity of naphthalene (A) in air (B) :0.94x10-5 m2ls.

If pressure drop through the tube is negligible, calculate tbe.qvg-tg.ge mole fraction of n
e{lthg arr.The total length of the naphthalene tube is 3.73 m.

Over a length of a tube (x) where mass transfer occurs from the inside surface area to the fluid, average
Sherwood number for a fully developed flow is as follows:
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3. (30 poinb totd)
Air in a 6(X)-f oontaine.r is at ambient condition (25"C & 1 atm) with the initial mole fraction of water 0.06.
In that container, 4.5 lbm dry silica gel are placed. The equilibrium curve for the Air-Silica gel system is
Y{.45)L Silica gel adsorbs water, therefore water is the only transferring component. Y is the ratio of the
mass ofwater to the mass of dry air in the air phase, while X is the ratio of the mass of water to the mass of
&y silica gel (dry solid) in the solid phase. Calculate the inttial-and.-final.pg4l
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