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You may find additional useful information in the following:

(Questions start from page 4.)

The general continuity equations for component A and also for constant density and diffusivity are as
follows:
NOTE: In the following equations, Ry is the rate of generation of A in the system [moles/(Volume.time)].
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The diffusivity of gases in a binary system at low to moderate pressures (cmz/.gg

0.00226T"
Dy = PM 2520
4B © 4B>°D
where: P=[bar]; T=[°K]; oap = “collision diameter”, a Leonard-Jones parameter, A°
Qp = diffusion collision integral, dimensionless
and:
2 - in which M; is the molecular weight of component i.

M =
AB T 1/M ) +(1/Mp)
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The diffusivity of liguids in a binary system for dilute solutions (cmz/s):

& b 14x10°%(psM,) T
AB ﬂngﬁ

Where T is temperature [°K].

Dimensionless Numbers (where [ is the characteristic dimension):

ip = —Sh-—l—/—s— ( - Factor) & Sh= K (Sherwood No.)
Re Sc Dap

Sc=—F (Schmidt No.) & Re-= pul (Reynolds No.)
PD AR ‘ i

Pe = Re.Sc (Peclet No.)

Nu = % (Nusselt No.)

R = Gas Constant = 82.06 (atm.cm’)/(mole.°K)

FACTORS FOR UNIT CONVERSIONS
Quantity Equivalent Values :

Mass 1kg = 1000 g = 0.001 metric ton = 2.20462 b, = 3527392 0z
1lby = 160z = 5X 1074 ton = 453.593 g = 0453593 kg

e Length 1m = 100cm = 1000 mm = 10° microns (um) = 10'® angstroms (A)
= 3937 in. = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft = 12in. = 1/3yd = 03048 m = 3048 cm
Volume tm? = 1000L = 10°em® = 10° mL
= 353145 f® = 220.83 imperial gallons = 264.17 gal
= 1056.68 qt : o
166 = 1728 in? = 7.4805 gal = 0.028317m> = 28317L
= 28317 em’?
Force IN = 1kgmis? = 10° dynes = 10° gemis? = 0.22481 Ity

11y = 32.174 lbp ft/s® = 4.4482 N = 4.4482 X 10° dynes

1.01325 X 10° Nim? (Pa) = 101.325kPa = 1.01325 bar
1.01325 X 10° dynesiem®

= 760 mm Hg at 0°C (torr) = 10.333 m H;O at 4°C

= 14.696 Ibgin.2 (psi) = 339 ft H,O at 4°C

= 29.921 in. Hg at 0°C

Energy 1] = 1 N-m = 107 ergs = 10 dyne-em

' = 2778 X 1077 kW-h = 0.23901 cal

= (,7376 ft-lb; = 9.486 X 107 Btu

Power 1W = 1 Js = 0.23901 cals = 0,7376 ft-lbe/s = 9.486 x 107 Btuss
= 1.341 x 1073 hp

Pressure 1 atm

.
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1. (35 points total)

A beaker filled with an equimolar liquid mixture of ethyl alcohol and ethyl acetate evaporates at 0°C into
still air at 101 kPa total pressure. Assuming Raoult’s law applies, what will be the composition of the liquid
rgriairligg when half the original ethyl alcohol has evaporated, assuming that each component evaporates
independently of the other? Also assume that the liquid is always well mixed. The following data are
available:

Vapor Pressure (kPa @ 0°C):

Ethyl acetate (AC) = 3.23 Ethyl alcohol (AL) = 1.62

Diffusivity (m%/s):

Ethyl acetate (AC) in Air = 6.45 x107° Ethyl alcohol (AL) in Air = 9.29 x107¢
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, 2. (35 points total)
! ‘ Air at 1 atm and 100°C flows through a straight, 5-cm-diameter, circular tube, cast from naphthalene, at a

Reynolds number of 1500. Air entering the tube has an established laminar-fle i ~Properties

are given as follows:

Vapor pressure of naphthalene = 10 torr

Viscosity of air = 0.0215 cP Where 1 poise =1 g/(cm.s)
Molar density of air = 0.0327 kmol/m’

Diffusivity of naphthalene (A) in air (B) = 0.94x 10° m?s.

114 pressure drop through the tube is negligible, calculate the averagg_ry_g_lﬂ}ggjm_ of naphthalene in the
exiting air. The total length of the naphthalene tube is 3.7 3m.

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 points total)

/ ‘ Air in a 600-ft° container is at ambient condition (25°C & 1 atm) with the initial mole fraction of water 0.06.

In that container, 4.5 Ibm dry silica gel are placed. The equilibrium curve for the Air-Silica gel system is
Y=0.45X. Silica gel adsorbs water, therefore water is the only transferring component. Y is the ratio of the

mass of water to the mass of dry air in the air phase, while X is the ratio of the mass of water to the mass of

dry silica gel (dry solid) in the solid phase. Calculate the initial and final partial pressure of water in the air

and the final moisture content of the solid phase in terms of weight fraction.
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