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1. Problem 1. (20 Points) You plan to dry your wet clothes by hanging them in your room and
opening windows on the opposite sides of the room so that air can flow over the clothes. The
air enters at 35 °C with a wet bulb temperature of 15 °C. Assume your room is adiabatic,
which means that there is no heat flow into or out of the room. Consider only the initial time
when the clothes are wet and drying occurs at a constant rate.
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a. (5 points) What is the inlet air humidity in g moisture per kg dry air and RH percentage?
H= 8.9/ [ﬁsé «fﬁm{f ek +a.4)
RH <10 7. (7-107. accapted) (+2.5)

b. (5 points) What will be the equilibrium temperature of the cloth? Explain your answer.
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c. (10 points) Calculate the rate of drying. The heat transfer coefficient is h = 62.45 J/s-m?*-
K, and the latent heat of vaporization of water at the equilibrium temperature is A = 2400

kl/kg. ,
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2. Problem 2. (30 Points) An ethanol-benzene mixture containing 30 mol% ethanol undergoes
flash distillation at 70 °C and 1 atm, as shown in the figure below. The surroundings are at 27
C.
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a. (5 points) What are the feed dew point and bubble point temperatures?
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Ethanol—Benzene VLE Plot
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b. (10 points) What are the compositions and flow rates of the exiting vapor and liquid
phases?
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c. (5 points) What is an azeotrope? At what composition does this mixture behave as an
azeotrope?
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d. (10 points) Steam at 150 °C is used to transfer Q. Calculate Q and the second-law
efficiency of the process given the following information. '

Feed Vapér , Liquid
Enthalpy (kJ/mol) 18 25 20
Entropy (J/mol-K) 30 42 32
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Problem 3. (20 Points) SO, contained in air is absorbed into pure water. A column with 6 stages
operating at 50% efficiency is used. The feed molar flow ra

te of the air, which contains 5x10
vol% SO, is 100 kmol/h. The molar flow rate of the pure water is 500 kmol/h. The geometric

average of the equilibrium constant, K, is 2 at the operating conditions of the column,

a. (5 points) What is the value of the effective absorption factor?
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b. (10 points) The EPA requires a maximum SO, mole composition in air of y = 0.075x10

(i.e., 75 ppb). Will the column successfully meet these EPA standards? Briefly explain 2
assumptions used in your calculations.
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change at least 3 different parameters to reduce the SO, concentration even further.

C,\/\o:mc& pasameter Eﬁ)‘ma’hof\
l) \hct‘b&%c P —_— Dgc??: EKT: Ji%éncrtqscs Ae)
R T e ’
23 De’ creast T ‘3 Decr%usc E (incleases AQ}
' \39;?‘ ~ A —-L—.
CAYT
3.) lncrease ¥ S’mfs > gl%i%« R :‘)\Q‘Jqor’rwh’ £ot
Ae \nertantd
_—
{ 3 ‘
“m nctease [ L owts -_E; LMQ\\‘r :A‘;:
\ wl higher ofalty Ror 50, —) £¢,  OQQ*Tiw C seg
_%ﬁ? H«f?ﬂﬁe sgomnsw?n Isentes ,ﬂ o> M ™



s
..

"'{T—’ 0.92F "% 0 etz
b oz 07

v Cop® 'Oy

L T -
v B
(e D] g)"‘ﬂ.

p——

n: 04 EF ..()G[--—-(m()‘(ﬂiﬁf)

@ R=F-0D: Iloo- 5C1s

= 43,35 keel [he
F !005

@ ‘- zFF-* 29D Ol #— = (0.1[03)73;




TR OF Ly s g o T ©

_j__ _/ 0.9

q-1
‘d”;g 0-5 . T+ ﬁ‘c;"- pderpchy L-J/c?...‘l' Lo fmn L._.Nc.é:’

(1) = (Q(,q,o-'-‘ﬂ
R;-—ih huf. et M}-.M'! fii"- u’l,t) @S‘H‘*} e‘(""l;bf:nm l'“} 2 Y

£ be depet b oo lx &
(4.%)= (03,0.0)

P
- 0-3"‘04 _ \ - e =__>) s ‘
SH‘ ) ) /-L | Ront | s

0.9-0.G6

(O W, fubory it
R/R.,‘.H-L{h ‘ Q/lemi.. % L
Shee =

£ e
'l”‘LA

Shrig O ondwt | Shaeg off o ot fom ok

So bllorn: o shegps 1 chast 4 cholles
@lﬁiﬂiw Fed dogec 0 29
Paen b e Leltonn, (1bot <o)
l
Retd et




| @0 ek R/Ree MM}
\J= (Rﬁ) 0 @
@ V\ - (%\D N': 1é
@ V.L:('s)o N, ° q
@ G = (‘g‘ﬂ)i!m + (IQ)I{OA*’)L-IA‘. ]

‘o

® o (30 + (D FOhagr =

@ Jo! Qw‘.»*fgm& —




R/Rmin =4/3
1.0 4

0.9 A

0.8 4 o

07 T /

0.6 A
0.5 -

0.4 -

Mole fraction ethanol in vapor, y

0.3 -

0.2 -

0.1 -

0.0 T T T T T T
00 01 02 03 04 05 06 07 08 09 1.0

Mole fraction ethanol in liquid, x




R/Rmin =2
1.0

. Vv
A

0.7 - P

0.6 A

0.5 -

0.4 -

Mole fraction ethanol in vapor, y

0.3 -

0.2 -

0.1 -

O-O T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Mole fraction ethanol in liquid, x




