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’ A stream of air at 100‘(1 and 5260 mm Hg contains 10.07 water vy vze=se=

1. Calculate the dcw point and degrees of superheat of the air.
3. Calculate the percentage of the vapor that condenses and the final composition of the gas phase
if the air is cooled to 80°C at constant pressure. Vg ;
3, Calculate the percentage candcnsallon and the final gas-phase composition if, instead of being
cooled, the air is @ esse( 1o 8500 mm Hg,
elr‘r ooq &1 Sippose the process of part 2 is run, the product gas is analyzed, 8
“O differs considerably from the calculated value. What could be ras;)onmblc for
'26° between calculated and measured values? (List several possibilities.)

s
\“fo 7 / ‘og[)
‘-‘) /E}" {0 = yn,oP = (0.100)(5260 mm Hg) = 526 mm Hg |
& Pi,0(100°C) = 760 mm Hg > pu,0 — the vapor is superheated (se€ [nequality 6.3-2)

-_—

nd the mole fraction of wate
the disparit

%
<

X
5 rf‘jmﬁ From Equation 6.3-3
Wy
fé/ : .lg PH,0 = Pnzo(po) = 526 mm Hg
p\./' 4 ‘U/ Table B.3
and the air has 100°C — 90°C = | 10°C of superheat
2. Since the air becomes saturated at 90°C, further cooling must lead to condensation. Since
products are liquid water in equilibrium with a gas phase, the water vapor in the gas m
remain saturated. Jscat e E A
On the following flowchart, the symbol BDA stands for bone-dry air,
the water—fre ' ]
Basis: 100 mol Feed Gas
100 mol l_ngirnﬂl} = Q,Lc)“"‘;‘
—— CONDENSER \1 40| o~
0.900 mol BDA/mol 1 = ool BOAmol) = o oAt & o4 B
T = 100°C, P = 5260 mm Hg T = 80°C, P = 5260 mm Hg
R T o 55 Q] oy - Saturated with H,0
T T e R mytmol H0 (1)
'.h".:l:“"*.' ':':"I._'_-,-.';,' | t1 s -h“ o e gt £ o 3 ‘“q’
o S R T NS Bl e O
RO ;, o f,_%mwm ﬁ@‘@é&ﬁ&ﬁf&r&ehm analysis. Three unknown variables appear on the ch:
; Ea0 i . Since only tWo species are involved in the process, we can iny write m ;

SR endent ma ‘balar leaving us one equation short. If we fail to observe tha
- '_'i-ﬂ.i_:-;.f_’-___‘tui’ated mth watar, s@lutmn af tha mhiem would be ioie % '
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6.3 Gas-Liquid Systems: One Condensable Component ,

The mechanism of evaporation of a liquid depends on the relative values of the vapor
pressure of the liquid and the total system pressure, If evaporation takes place at a temperature
such that p* << Plthe process involves transler of nm]un:uicx\fmm the surface of the liguid to
the gas Hbﬂ‘t’_@.‘_ j_ly_;_dsu_lf;__lf._:_gt_hwl'lilu if p ‘= Ewnlmi bubbled form lhn}i.lghtj-ﬁ_{:{'g,ﬂﬂf,i[?___"l\“ uid,
bul‘ predominantly at the heated container walls: that is, the quuid,{zai!ﬁ The temperature af
which p° = P is the boiling point of the liquid at the given pressure. g A

ooy Yo v Covoloncole  pE

} & . Eak T F 4 TL " " % . H*,t a 5
[ 1. It water vapor is in equilibrium with liquid water, must the vapor be saturated? Can a
rRSELF vapor be saturated if there is no liquid present in the system? ¥es

2. The vapor pressure of acetone is 200 mm Hg at 22.7°C. Liquid acetone is kept in a sealed
flask at 22.7°C, and the gas above the liquid contains air and acetone vapor at a pressure of
960 mm Hg. What is (a) the partial pressure of acetone in the gas, (b) the partial pressure
f}f N>, and (c) the mole fraction of acetone in the gas? What assumption have you made
In answering the preceding question? How would you determine the boiling point of the
acetone, assuming a constant total pressure of 960 mm Hg?

3. Suppose you have a curve of pﬁlo versus 7', and you are given the temperature and pres-
sure (7 and Py) of a mixture of water and noncondensable gases.

a. Define the dew point of the gas. Would the vapor be saturated or superheated if 7y >
Tap? If T = Tqp?

b. If you are told that the gas is saturated, how would you calculate the mole fraction of
water in it? What would happen to the vapor if you (i) heated the gas isobarically (at
constant pressure), (ii) cooled the gas isobarically, (iii) compressed the gas isntherm'ally |
(at constant temperature), and (iv) expanded the gas isothermally? R Buplisy =T R

¢. If you are given the mole fraction of water in the gas, how would you calculate the dew

point of the gas?
d. If you are given the degrees of superheat of the gas, how would you calculate the mole

fraction of water in the gas?

Several quantities besides those introduced in the previous section are commonly used to
describe the state and composition of a gas containing a single condensable vapor. In the defi-

nitions to be given, the term ‘saturarim'; "Irefers to any gas—vapor combination, while f"ﬁumu‘yl

refers specifica = { . . :
f T and pressure P contains a vapor whose partial pressure is

Suppose a gas at temperature
pi and whose vapor pressure 1S p; (T).

Pi
ive Saturation (Relative Humidity)  si() pi (T) 1LY W -.w:‘[. -»)s.l

-_. % vy of 40%, for example, signifies that the partial pressure of water vapor
Sl , : 18} e B e of water at the system temperature.
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