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1. Steam at 2,100 kPa and 260°C -expands in 2 throttling process to 125

kPa.
is its entropy change? If steam were an-ideal gas,

What is the temperature of the steam in its final state and what

what would be its .

final temperature and its entroi)y change? You may refer to the steam

. L] . L] n
table in the following for the calculation. (15 points) -
Superheated Steam, SI units -
' . TEMPERATURE: 1°C . .
. (TEMPERATURE: T kahins)
FikPa sat sat 75 100 125 1w Y s 200 z25 250
/o0 b vap. (348.15)  (37315) - (3VB15)  (42215)  (44Q15)  4TAIE)  (458.1%)  (5231%)
V 1044 18730 1672.0 17827 wio7 v 20207 21408 22503 2745
101325 U 418959 25085 25085 25447 - 25828 26204, 26581 26959 27339
(100.00) H_ 410064 . 26760 26760 27284 27782 2825.8 28759 29248 29745
5 13089 T554  aaiaies 73554 ;74850 7.6075 77213 - 168 - 7.8308 85250 ,
vV 1040 15748 O Ly 1545.5 1841.0 {7355 1096 . 16212
125 U 4M4224 25134 i 25428 23812 - 28183 28572 26952 21314
(10598) H 444358 m240 27744 20244 25742 »ae 2737 -
§ _ 13m0 72847 7.3844 7.5072 7.6219 7.730 7.8324 7.8300
v 1051 11500 crerass eeeiees 12040 1285.2 12652 1444.4 15220 16013 -
. 15 U 458958 25185 eedees  amveess s 25400 25737 2618t 26543 26044 - 27327
(137 H 467426 26934 - creruss  QP21E s 2r2240 728 25220
S 14336 T2 cieieen eeeaees 7.2953 74194 75352 , 76439 . 77468 7.8447 .
V1057 100334  .eveese sesna.. 10208 10991 " 11882 12384 13041 13713
175 U 486815 25247 ceseers  eaevess. 25328 25782 w189 26553 26937 T3z
(11608) H 467.000 27003 ceriere  smeaens  ZVIG0 27ros 2621.3 26717 20218 29720
.. § - 148 TATIE  Javiiee seseens 72191 7.3047 748147 75Mm8 | 74741 7.1724
V1068 BB544 ..iiies aasess.  BOTA7 95954 10204 10804 11208 1198.8
200 U 504489 25202 ceviars  weeeen. 25369 25766 28157 -~ 26544 26929 2rat4
(12023 H 504701 27083 veerire  aresees 27164 27685 28193 28m05 29209 272
§ 15t " -Ta288  ....c. 71523 72704 73971 75072 18110 7.7098
V1084 TEZET  .eeiees aessess  TE528 250,67 BO5.A44 95908 10121 1064.7
25 U 25332 ceenave eneeses 25348 2578.1 28145 26515 2692.2 N6
(12289) W 50705 27118 veveree  srerves 22138 27685 28182 28693 29189 29704
8§ 1SS - TOATE  wievsee  cesowam 70828 12213 73400 74508 7.8551 7.8540 ]
v . +
" TEMPERATURE: 1°C v
. (TEMPERATURE: T kahvins) ’
PAPa- sat saL mo | 225 250° s 300 =5 | s ars
S Gand d* liq. vep. (47315 (9a15)  (5295)  (s4A1E)  (STI5)  (s88aS). (615 (@89
vV 1166 11338 12885 13682 14445 15187 1592 16827
1750 U Bre234 25957 26677 27348 7793 2827 - 2853 29074 -
{205.72) H 676274 21341 29132 20740 3032 20884 3437 31944
] 8.3853 65233 67363  BBA05  B9ME 7078 7110
v tisa 11032 12490 13278 14024 14748 15455 16151
B0 U 82472 25963 28860 27333 27782 28218 28645 20087
(0711} H B3AST4 27548 20110 22723 30307 30673 31427 31975
~ & 22978 63751 86071  e7yz;4  BA287  BSZ3 0131 7.0083
- vV LI 1074 12133 12608 13626 14331 15023 1502 |
1850 U 26844 27320 @772 28209 28834 20081 ‘
(20847 H BOQTS0 27955 29088 20705 0293  308a0 21417 31888
§ 24103 6385 65912  BJosé 86112 62082 69983  7.0858
vV 1I72 10485  ....... 10987 - 19787 12535 13249 13038 14634 15278
1900 U 804560 25073  ....... 268312 26028 2707 , 2782 24200 28630 29084
(200.80) H 899807 27981  ....... 26400 2007 29638 3079 0B 40T  Ae8T
5§ 2428 63554 ,...... 84448 BEIST  G6317 67970 - BA4 65657 7.072)
Vo L174 102081 ....... 10872 11458 1218 12690 13566 14225 - 14872
1950 U 0004681 25977 ,...... 28290 26811 27284 27751 28192 28623  290Ad
@110} H 902752  Z/BET  ....... 268371 20048  2967.1 30265 30837 31337 IME
§ 24349 80459 ....... 84283 65604 66772 6783 88809  B.9728  7.0580
V 1477 89536 ....... 10372 11145 {1883 12850 12211 13858 14480
2000 U 908238 25082  ...,... 26269 26795 728 2TT40 28183 28615 20041 .
{21230 H 902589 27972 ....... 26343 20024 29654 30250 20825 31338 31939
§ 24469 83368 ....... 64120 68454 66831 67698  B8O77 69508 7.0488 . .
v 18t 84580  ....,..  BAJ47 10864 11259 14948 12553 1370 1378
2100 U @17479 25889 sesanss 26224 2678.1 Ir254 2ma 28165 25500 26028
(@WBS) & 919953 Zredz  IIllT.. PZOZES  ZBI9 @901 ek o001 - N9 anEd
8 24700  BIWET ....... 63802 65182 66338 67432 BB4Z  O9MT .02
4 11343 11953 13547 1128 ) !
2200 U 27607 28147 28585 20015
(217249 H 30193 01T 31W5  A1Ka
5 87178 48177 89107  G%%es
Vv 1188 BAJEP  ......., BA420 95593 10200 10818 15408 11877 12538
2300 U 038.668 26002  ,...... 26133 26692  2720.0 27675 28129 - 28870 25002 ,
(21955) H S41601 27998  ....... 28187 28809 . 29547  301&4 30753, 31324 ;31348 ‘
§ 25133 82640 ....... 63190 64605 65835 66935  GJH1  BBOTT  AOISS l 1
]
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- 2. Ahigh-velocity nozzle is designed to operate with steam at.700 kPa and
. "300°C: At the nozzle: mlet the velocity is- 30 ms“.-Calculate values of the
~ ratio A/A (where A, is the cross sectional area of the. nozzle inlet) for '
the sectlons where the pressure is 600 kPa. Assume that. the-nozzle-

+ operates isentropically(i.e. reversible adiabatic Erpcess)'. (25 points )

- - - = -
o

V = specific volume, cu cm/g, U = specific internal energy, kJ/kg
c o H= spec:f c enthalpy, klJ/kg, ‘S= specnﬁc.entropy, klJ/(kg K)
- "« . . TEWPERATYRE EGC -
ABS PRESS . (TEMPERATURE,
A . SAT SAT . .
(SAT TEWP)} . ~ WATER _ STEAM 3 . 00 . 220 240 260 280 309
DEG C Whhe  wibisy @iy @dss) (513.15)  (533.15)  (853.15)  (873.15)
v -1.097 342.48 361.50 2 403,55 121 439.3 457.00 4744
ot § 8RBT peg - ded  dy gt @l e g
T s Theate 6.7870 6.4300 o8 L . 7.2653 Ja21 TTilss
v o109 328.4 y 102, 8 419,92 436.81 45356
575 U 662.603 2564.8 ™ 27 2.75 2738.8 2770.? 2802 .1
(167.18) K 663.235 37536 - 7937.3 - 2979's.  3021.3  3062.9
s 148142 6.1728 S7Uie30, T 13136 CCon3208 T 73045
v 1.10) 315.47 " 3568 40203 8.1 4343
600 U 663762  2565.2 2705.0 a0 el e
{158,84) W G70.423  375E.6 393804 2978.7 30206 3062.
S  1.938 87575 7.1419 72228 2.3000 © 7.340
¥ 1,100 T 303.64 369.81 - 386.67 401,28 416.75
625 U 676'695  2567.5 2704:2° "+ 2736.8 2969.1. 28012
(160.24) K B17.384 . 3787.3 3935, 4 2877.8 3019:9° _ 30617
S 1.8469 6743 Y2 112028 7.28020 © 7.3544
. Vo 1105 292,497 .....00..  303.53 323.98 339.80 T 355,29 370,52 385.56 _400.47
850 U 683.417  2568.7 LT gEerE 2635.4 2670.3 2903°8 - 27387 2768.8 280017
{(161.99) W BG4, 135-, 2788.8 ..  .1iil00TT 293 - BBAT.0 - 2891.2 2934,4 . 2871.0 3019.2  306).0
S 1.8623 67308 .ol 68004 6.9247.  7.0162 17021 2.1835 1361 7.3358
v 1106 282.23 cerreeene 201,60 311,51 126.81 )78 156,49 Jo1 38839
675 U 689.543  2570.0 DIUUT 83 2635.4 2669.6 2702 2135.6 2768.0 0.3
(163.49) H 690,883 27608 T sl 8456 230, 1 29038 35%6.2 e 3%e0d
5 1917 67176 Lol 87798 8.9050 ° 6.9970 tam 7.1650 T2 1.7
v o 108 272,68 veereeens  280.68 299,92 314,75 329.23 33,46 357,50 371.30
100 U 69E.285 2571.1 sevan-sra 2589, 7 2634.3 2668.6 2702,1 2735.0 2167.5 2799.2
(154.96) W 697.061  2762.0 DU g 2814 2888.9 9325 39784 o17.7 3059
S 1.9918 5.7 6.7698 18859 6.53184 7 ERTT 222250 3.2997
v o110 263:77 vevereres 21045 289,13 303.61 317.55 331,33 344,92 35836
125 U 702.457  2572.2 OSSO ' " 2633.2 2667.7 2701°3 27343 2767.0  2799.3
(166.38) H 703.281  2163.4 OOOORN 1- 283208 25877 293108 9746 30170 3059
: S 2.0059 6.69 6.7404 88673 68604 120474 7.1296 122008 3.
¥ . i} ;
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- _stopcock is’ opened briefly, allowing the pressure to drop to 101 3 kPa

4— Deﬁne the followmgterms IRt - _
(a) Partial propertles (5 pomts) N e

T e e TS

-

3 Calculate the heat capaclty of a gas sample from the fo]lowmg mformattou

The sample comes to ethbnum in a- ﬂask at 25 ‘C and 121 3 kPa."

A

With the stopcock closed, the ﬂask warms returmng to 25 C and the
pressure 1s measured as 104, 0 kPa Determme Cp m J mol'l K'l assunnng

- the gas fo be 1deal and the expausmu of the gas remarmng in the flask to be '

reversrble and ad1aba11c (20 pomts) e

. - -4
- .r-_r o - e S,
- - ¥ e H . v
a3 - - “ " ==

(b) Excess properues (5 pomts) M M M}d
(c) Resrdual properues (5 pomts) i ﬂ.f-: i

- L T AL - -
= . v«, R = N

(a) Show that the- drﬁ'erennal of the: entropy for an. 1deal gas cai be wntteIL ‘
( 15 pomts)

dSigea = (Cﬂ)dT ("R/P)dP

(b) What is the change in molar eutropy of hehum in the followmg

_ procéss?” . -

1 He(298 K, 1 bar) — He(100 k.10 bar)

: Assume that He is an ideal monatomic. gas.

*(10 points)

A
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1. EAEﬂEm'F %Jix@dﬁA%ﬁmﬁaéﬁﬁxﬁﬁ%ﬁs EP

A > R (E£E#H)  AREEERK
| A 5 S (EXAM) ARREFHK
. BEHRHEBRBFEXIAE

- =k C
re=lk, C°
WA &mﬁhuﬁ ARBRA %%ﬁ#ﬁﬁﬁ&zﬁﬁﬁ’fTﬁ&

RLEXEVERIRRBERT > THEELEMREZE £ ? (10%)

2.0 504 AFRERE (recyceratio) RZ PFR }511@5‘75 { plug flow reactor )

#47— LR (autocatalytic reaction ) -'Z__ﬁzli)i.ﬂ ( elementary reaction ) »
FLEBS S ERERERS 01liter/ (mole. min) 5 FHH RA A Bt
HHRERREINS 1 mole/liter Z 1 mole/min > %E_ﬂhﬁ}bﬁé 0.98 F¥ »
(a) WU SMA T ABLRDNOER (15%)
(b) ZEABHA#E GHA 5% AR5%S > Rﬁﬁw:ﬁﬁrﬂ 3| ﬁﬂuiﬁ
( autocatalytic reactlon.) ZH AR (elementary reaction ) -;EL%:E:H-
B S E %] 2 1 mole/liter & 1 mole/min » ¥ S ARET > —
CESTR ( constant flow stirred tank reactor .} B M E 4 3~ PFR &R
B AP HARBHLES 05 WARENE 5%A K I5%S 4
& 2 16 B ) (sp‘ac’e-tin.le) BAT? (10%)
3.00H —RREATHF X TF !
A o S, rg=(0.00Imin")C,
FHRARA A LEAS Lmoleliter Zafoiiik » AR ARG BB TG
5 AERALS 0.5mole s 4K M3 — CPSTR R R BE#4T » HARRBE
B — SR BRI BRETHAD T4 7 M ST
RO EATRM » SRR ERAR AN RR AR AR BB ETR
Rz EFAL » B4R AES 025/mole » %k CFSTR & B & &Rk
CFSTR KRB A » Lt KA 2% 0.03/ (liter. hour)» 42 EH S R4 10g.
mole / hour » 33 f.ﬁﬁb}iﬁa{‘%{*Tﬁ'f&ﬁ’JﬁﬁJihﬁi#’i (15% )
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4, (a) For isomerization-of n-pentene (N) to 1-pentene (I) over alurmna

%

Mog - -u . __ T - ’
N(s)‘ - I(s) - ' <0 . ’ )

~ - - .= .

the reaction_mechanism is believed to-be

© © Adsorption;.” Nm+s = N s A
© -7 Surface reaction;: - N S+S : I S+S (dua.l 51te) -
. e ) . [
« - ‘Desorption: I S = I)+S )

" wheré S represents an active (vacant) site-on the surface of the catalyst NeS
“ < or Le S  -Tepresents that one unit of N orlis adsorbed on'the site S.- _ I

N , Assummg éach_ reactron step is an elementa.ry react:on and the surface - -

: reactron is” rate- hrmtrng, d_enle_a_rate_]m& for the tsomenzatlon rate of n-
*penteme. . .7 , : - SR . - (15%)

Taa by What s the-temperature effect on.the equilibfium constant of adsorption step?

- What is_ the approx1rnate rateflaw for the above reactlon operated. at high

2 temperatures'7 B ’ ’ - - (5%)

- - B - - -—

-
- >
-

P .
. %
~ T - . ER L - I

' 5._, (a) Shmﬂuhat the rate law for the enzyme catalyzed reactlon sequence

a

. S o e e
- E+S"_.,--E.S __L‘E'-i--P;s-— - - ) - oo
. V. Cs ' S
o s —rS E——C (Mlch‘ae‘lt—_-Menten equatlon) L )

where'E, .S, “EeS., and- P represent the enzyme, substrate, the “enzyme-
substrate complex,- and the reaction products, respectlvely, —I. is the rate of -
dlsappearance of the substrate, Cg'is the concentration of the substrate, V,,

and Kmare the Mlchaells-Menten parameters ] L (15%) . E

(b) If the reactton is carned out jn‘a.batch reactor, shgﬂ_that the time to achleve a El

e

_ conversionX'is - * T+ - Lot ti
=—--K'"1I-l l-*CSDX ST T nT T g -t |

B -'--.me IX Vo o ST |

C . where Cy, is.the initial .concentration of the substrate o _(10%) '

- - -

- (c) De81gn a batch reactor experiment for the enzyme-catalyzed reaction. and
B explam how the parameters V,, and K,, can be determined from. the ‘batch
reactor data - . .. ~ (5%)

-
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1. Define the following and give a descriptive analysis of the * numbers
in terms of ratios of the system forces or transport properties. (20%)
(2) Reynolds No.* . (b) Prandtl No. .
(c) Pelect No.* (heat transfer)  (d) Biot No.* (heat transfer)

2. Derive an expression for the "head loss" h; gquivalent to turbulent
flow through a long smooth horizontal pipe of diameter D and length
L, in terms of the friction factor. Ignore entrance and exit effects.
(10%)

3. Crude oil flows at the rate of 2000 Ib/hr through the inside pipe of a
double pipe heat exchanger and is heated from 90 °F to 200 °F. The
heat is supplied by kerosene initiaily at 450 °F flowing through the
annular space. The overall coefficient, U, was found to be 80 Btwhr-

-°F. The specific heat of the oil and kerosene are 0.56 and 0.60
Btu/lb-°F, respectively. For safety reasons, the minimum temperature
difference between the two fluids must be 20 °F.

(a) Would the flow rate of the kerosene be greater for countercurrent
or concurrent flow? Prove your answer! Show calculations. (5%)
(b) Would the heat transfer area required be greater for countercurrent
or concurrent flow? Prave your answer! Show calculations. (10%)

4. A storage tank for lubricating oil has a leak, and all of the oil from the
leak flows down one flat side of one of the support legs. The support
leg is 10 cm wide and makes a 75° angle with the ground. The
flowing oil film (estimated to be 2 mm thick) covers the entire width
of the support leg. The oil has a viscosity of 10 poise and a density
of 0.82 g/om’, Estimate the rate of loss of oil per day in liters.

(15%)
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5. Consider a one-dimensional diffusion of species A through a stationary
cylinder medium (length = L, inner radius = r,, outer radius = »,) in
which the molar (or mass) average velocity of the mixture is zero. The
mole fraction of A at r = r, is x,, and the mole fraction at r = r, is x,,
(x5; > x,,). For steady state conditions with no reactions, find the
concentration profile of A in the cylinder medium. (15%) -~

6. An absorption columa, 5 m tall, is being used to test a new type of
- structured packing. An air stream containing 1 mol% of ammonia’is
- introduced to the column at a rate of 6 kmol/hr. The liquid stream is
pure water entering at the top of the column at a rate of 10 kmol/hr.
The concentration-of ammonia in air at the top of the column is 0.05
mol%. The evaporation of water is negligible. The system follows
Henry's Law for concentrations under 5 mol%, with a Henry's constant
of 1.68 (y* = 1.68x*, x* and y* are the equilibrium mole fractions of
ammonia in the liquid and gas phases, respectively).
(a) Determine the concentration of ammonia in the exiting water. (5%)
(b) Calculate the number of mass transfer units and the overall mass
transfer coefficient based on the gas phase. (15%)
(c) Indicate the possible mass transfer mechanisms in a packed column

from the microscopic viewpoint. (5%)




