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SECTION A
QUESTION 1
a) Starting with the first law of thermodynamics, and thereafter applying the second law,
prove the relationship below for a reversible and adiabatic process:
y-1
T, (P2> 12
T, \P
(16)
b) An ideal gas with Cv = (5/2)R and Cp = (7/2)R goes through the following reversible
thermodynamic cycle:
1 — 2 Adiabatic compression
2 — 3 Isobaric expansion
3 — 4 Adiabatic expansion
4 — 1 Isochoric change
Determine the thermal efficiency if T1 = 200°C, T2 = 1000°C, and T3 = 1700°C
(17)
TOTAL /33/
QUESTION 2

Ten kmol per hour of air is throttled from upstream conditions of 25°C and 10 bar to a
downstream pressure of 1.2 bar. Assume air to be an ideal gas with Cp = (7/2)R.

a)
b)

c)

d)

What is the downstream temperature?

2
What is the entropy change of the air in J/mol.K?

)

What is the rate of entropy generation in W/K? The entropy balance for flowing streams is
as follows:

A(Sn)fs— E T—]=SGZO
— 10,]
J

3)

If the surroundings are at 20°C, what is the lost work? W, = TS,
(2)
TOTAL /12/
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SECTION B

QUESTION 3

Solve the following problems and answer the following questions:

3.1.  Derive the Maxwell relation for the Helmholtz free energy.

(7)
3.2. Isitpossible to determine the residual pressure of a substance? Why/why not? Explain
briefly.
3)
3.3. Will air be less or more dense on a humid day? Explain.
(6)
TOTAL /16/

QUESTION 4
Determine the enthalpy change of steam at 4.42 MPa as it is heated from 647 K to 776 K

isobarically. Use the Pitzer generalized correlation. You are given the following data for water:
o =0.334 Tc=647K Pc=22.1MPa
TOTAL /10/

QUESTION §

The Margules 1-parameter Gibbs excess model provides a reasonably accurate description of
the methyl acetate (1) + methanol (2) system. Determine the normal boiling point of a methanol
+ methyl acetate liquid mixture consisting of 85 mol-% methyl acetate. You are given the

following information:
Iny; = Axo? Iny, = Ax;? A=2.771-0.000523 T
InP;%/kPa = 14.253 — 2665.5 / (T/K — 53.424)

InP,%Y/kPa = 16.592 — 3643.3 / (T/K — 33.424)
TOTAL /19/
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QUESTION 6

130 grams of glucose are added to 1 kg of water, lowering the vapour pressure from 31.1 kPa

to 30.7 kPa. Estimate the molar mass of glucose. The molar mass of water is 18 g.mol ™.

DATA SHEET

Useful relationships

TOTAL /10/

Definitions

H=U+PV

A=U-TS

G=H-TS

Z =PV/(RT)

Equations of State

Virial: Z=1+B/V +C/V?*+ ...

Van der Waals: P = RT/(V — b) — a/V?

Thermodynamic Temperature

T (K)=273.15+T (°C)

Heat Capacity

<Cp>n/R=A+ (B/2)To(t+ 1)+ (C/3)To*(t* + 1+ 1) + D/(tT¢?)
<Cp>s/R = A + [BTo + (CTo* + D/(t°To?)) (t+1)/2] (t— 1) /In(1)

Fundamental Property relations

dU =TdS - PdV

dH =TdS + VdP

dA =-PdV - SdT

dG =VdP - SdT

Generalized Correlations

o =— 1.0 —logio(Pr™)|1=0.7
2=7"+oZ'

HY(RTc) = (HYY(RTc) + o(HY)!/(RTc)
SR/(RTc) = (SHY(RTc) + o(S?)/(RTc)
SR/R = -P«(dB%dT; + 0dB'/dT:)|pr <05
dB%/dT; = 0.675/Tr*®

dB!/dT: = 0.722/Tr>?

Universal Gas Constant

R= 8.314 JK!'.mol"' 8.314 Pa.m>.K!.mol!
8.206x1072 L.atm.K™'.mol’! 8.314 Pa.m>.K"'.mol’!
8.314x10% L.bar.K'.mol! 83.14 cm’.bar.mol™ . K'!
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Properties of Saturated Steam
Specdific volume Internal energy Enthalpy Entropy
m'lhg kg kifkg hlikg-H
Sat, Sat. Sat, Sat. Sat, Sat, Sat. Sat, Sat,
Temg, Press, Liguid Vapar Liguid  €vap,  Vapor Ligquid  Evop.  Vopor Liquid  €vop,  Vopor
g P hPa ¥, v, o, U, U, h, h,, h, 5 5 5,

125 230 93 0.001065 077012 52483 20095 95343 52507 21881 27131 15816 54958 7.0771
130 270.28 0.001070  0.45808 546.10 19934 25305 54638 21737 2720.1 1.63446 53919 T.0265
135 33e 0001075 0.5817¢ 54741 19773 25447 567.75 1691 ETRAD  1.6872 52001 49773
140 36153 0.001080  0.50850 58877 19609 25494 589146 21443 27335 17392 51901 49994
145 415.68 0001085  0.44500 410,19 19442 25544 41044 218208 87308 1.7908 50919 48827
150 47614 0.001091  0.39248 631646 19874 2559. 463218 21138 27459  1.8418 49953 468370
155 543.49 0.001096  0.34848 65319 19103 25635 45379 2098.0 £751.8 1.8994 49002 &.70R7
140 41803 0001102 0.30480 47479 18930 25678 47547 20820 97575 19426 48066 4.7492
165 700.93 0001108  0.87844 oR0.40 18754 25719  O97.824 RO650 ETOREB 19983 47143 &7067
170 70018 0.001114  0.24250 71820 18575 25757 710.08 20488 27479 20417 44933 556650
175 892.60 0.001121 021450 74002 18304 25794 74102 20317 27727 20906 45335 44242
150 10028 0001187 019384 76192 18209 Q5B2A  TAR05 20142 97772 21302 44448 4H584)
185 11235 0001138 017390 78391 18081 25860 78519 19962 E7B1A RIETS 43572 65447
190 1255.2 0001141 015834 80600 1783.0 25890 BO07.43 19779 27853 29355 42705 A.5059
195 1398.8 0.00114%  0.1408% 828.18 17636 250.7 B29.78 19590 27888 22831 41847 HALT8
200 15549 0.001157  0.a2721 85044 17437 95942 85005 19398 27920 23305 40997 464302
205 17843 0.0011464  0.11508 a72.84 17235 259564 A74.87 19200 ©T048 23776 40154 SH3030
210 1907.7 0.001173  0.1042¢ 80538 17029 95983 A97.4) 18997 97973 24245 39318 53543
215 21059 0.001181  0.094880 Q1802 146819 05009 Q20.50 18788 T3 24712 35480 463200
220 23194 0001190 0086004 4079 14505 246013 94355 18574 28010 25174 37444 52840
285 5497 0.00119% 0078405 96370 16386 L6023 Po076 18354 BE0RE  R5639 30844 60483
230 27971 0001209 0071505 98574 16161 25029 99014 18128 28029 26100 36028 42128
0I5 I0&RA 0001219 Q045300 10100 15932 04032 10137 17805 2803 L  DA5A0 35014 61775
240 33470 0001220 0050707 10334 154608 246031 10375 17455 88030 27018 34405 461484
245 3051.2 0001240 0054456 10569 15457 26027 10015 17408 28022 27476 33580 41072
250 WTeg 0001252 0050085 10807 15210 f601.8 10857 17153 2801.0 27933 3gveR  &.0721
255 43gR9 0.0012563 0045941 11047 14958 25005 111001 16820 27991 28390 31979 50349
260 446923 0001276 0.042175 11288 144609 25987 11348 14618 27064 28847 301460 40017
245 50853 0001282 0038748 11533 14432 95945 11598 16337 27935 29304 30358 59842
270 5503.0 0.001303 0035422 11779 14157 25937 11851 160446 27E0T 29762 29542 59305
275 50464 0001317 0038747 12029 13874 95903 12107 15745 97858 30201 28723 S.A8044
280 SH414.6 0.001333 0.030153 12282 13582 25864 18347 15432 E7799 3.04881 278% 5.8579
285 04 0.001349 0087754 18537 13881 ESA1E 18430 15107 BTIAY 30144 2704646 S.AEIO0
eo0  Fa418 0001366 0025554 192797 19949 95745 12898 14769 97657 31808 24995 57834
895 70900 0.001384 0023508 13060 12645 25705 1370 14414 BTSAT 30076 25374 57450
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Generalized Correlation Data for the Compressibility Factor

Table E.1: Values of Z°

Fr= 00100 00500 0.1000 0.2000 04000 0.6000 08000 1.0000

030 0.0029 0.0145 00290 0.0579 0.1158 01737 0.2315 . 0.2892
035 0.0026 0.0130 0.0261 0.0522 01043 01564 0.2084 0.2604
040 00024 00119 00239 0.0477 0.0953 01429 01964 02379
045 00022 00110 0.0221 0.0442 0.0882 01322 01762 02200
050 00021 0.0103 0.0207 00413 00825 0.1236 0.1647 02056

0.55 0.9804 0.0098 0.0195 0.0390 00778 0.1166 0.1553 0.1939
060 009849 0.0093 0.0186 0.0371 00741 0.1109 0.1476 0.1842
065 09881 09377 00178 0.0356 00710 01063 01415 0.1765
0.70 09904 09504 0.8958 0.0344 0.0687 0.1027 0.1366 0.1703
075 09922 09598 09165 00336 0.0670 0.1001 01330 0.1656

0.80 09935 09669 09319 08539 00661 0.0985 0.1307 0.1626
085 0.9946. 09725 09436 0.8810 0.0661 0.0983 0.1301 0.1614
090 09954 09768 09528 09015 0.7800 0.1006 0.1321 0.1630
093 09959 09790 09573 09115 0.8059 0.6635 0.1359 0.1664
0.95 09961 0.9803 09600 09174 0.8206 0.6967 0.I410 0.1705

097 09963 09815 0.9625 09227 0.8338 0.7240 05580 0.1779
098 09965 09821 09637 09253 0.8398 0.7360° 0.5887 0.1844
099 0996 09826 09648 0.9277 0.8455 0.7471 0.6138 0.1959
1060 09967 09832 09659 09300 0.8509 0.7574° 06355 0.2901
101 0998 0.9837 09669 09322 08561 0.7671 0.6542 0.4648

1.02 09969 0.9842 0.9679 05343 0.8610 0.7761 06710 0.5146
LO5 09971 09855 09707 09401 0.8743 0.8002 07130 0.6026
1.10  0.9975 09874 09747 0.9485 08930 0.8323 0.7649 0.6880
L15 09978 0.9891 0.9780 0.9554 09081 0.8576 0.8032 0.7443
120 0.9981 09904 09808 09611 09205 0.8779 0.8330 0.7858

130 09985 09926 09852 09702 09396 09083 0.8764 0.8438
140 09988 09942 09884 09768 0.9534 09298 05062 0.8827
L50 09991 0.9954 09909 0.9818 09636 0.9456 09278 09103
160 0.9993 09964 09928 09856 09714 0.9575 0.9439 0.9308
170 0.9994 09971 0.9943 0988 0.9775 09667 09563 0.9463

180 05995 0.9977 09955 09910 09823 09739 09659 0.9583
190 09996 0.9982 0.9964 09929 09861 0979 09735 0.9678
200 09997 0998 09972 09944 09892 09842 0979 0.9754
220 09998 09992 09983 0.9967 09937 0.9910 0.988 0.9865
240 09992 00999 09991 0.9983 0.9969 0.9957 09948 09941

2.60 10000 09998 09997 09994 0.9991 09990 0.9990 0.9993
2.80 10000 1.0000 10001 1.0002 1.0007 1.0013 1.0021 1.0031
300 1.0000 1.0002. 1.0004 1.0008 10018 1.0030 1.0043 1.0057
350 1.0001 1.0004 1.0008 1.0017 1.0035 10055 1.0075 1.0097
400 1.0001 1.0005 1.0010 1.0021 10043 1.0066 1.0090 1.0115
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Table E.2; Values of Z1

P = 0.0100 0._0500 0.1000 0.2000  0.4000 0.6000 0.8000 1.0000
T,
030 —0.0008 —0.0040 —0.0081 —0.016]1 —0.0323 —0.0484 —0.0645 —0.0806
035 —0.0009 —0.0046 —0.0093 —0.0185 —0.0370 —0.0554 —0.0738 —0.0921
040 —0.0010 —0.0048 —0.0095 —0.0190 —0.0380 —0.0570 —0.0758 —0.0944
045 —0.0009 —0.0047 —0.0094 —0.0187 —0.0374 —0.0560 —0.0745 —0.0929
0.50 =0.000¢ —0.0045 —-0.0090 —0.0181 —~0.0360 --0.0539 =0.0716 —0.0893
0.55 —0.0314 ~0.0043 —0.0086 —0.0172 —0.0343 —0.0513 —0.0682 —0.0849
0.60 —0.0205 —0.0047 ~0.0082 —0.0164 —0.0326 —0.0487 —0.0646 —0.0803
065 —0.0137 —0.0772 —0.0078 —0.0156. —0.0309 —=0.0461 —0.0611 —-0.0759
0.70 —0.0093 —0.0507 ~0.1161 —0.0148 —0.0294 —0.0438 —0.0579 —0.0718.
0.75 —0.0064 --0.0339 —00744 —00143 —0.028 —0.0417 —0.0550 —0.0681
080 —0.0044 —0.0228 -0.0487 —0.1160 —0.0272 —0.0401 —0.0526 ~-0.0648
0.85 —0.0029 —0.0152 —0.0319 —0.0715 —0.0268 —0.039] ~0.0509 —0.0622
090 -0.0019¢ —0.0099 —0.0205 —0.0442 —0.1118 —0.0396 —0.0503 —0.0604
093 —0.0015 —0.0075 —0.0154 —0.0326 -0.0763 ~-0.1662 —-0.0514 —0.0602
0.95 —0.001_2 —0.0062 —0.0126 —0.0262 —0.0589 —0.1110 —0.0540 —0.0607
0.97 —0.0010 —0.0050 —0.0101 —0.0208 —0.0450 —0.0770 —0.1647 -0.0623
0.98 —0.0009 —0.0044 —(.0090 00184 —0.0390 —0.0641 —0.1100 —0.0641
099 —0.0008 —0.0039 -0.0079 —0.0161 -—0.0335 -0.0531 —0.0796 —0.0680
1.00 —0.0607 —0.0034 —-0.0069 —0,0140 —0.0285 —0.0435 —0.0588 —0.0879
107 —0.0006 —0.0030 ~-0.0060 —0.0120 —0.0240 ~0.0351 —0.0429 —0.0223
1.02 —0.0005 —0.0026 —-0.__0051 —0.0102 —0.0198 —0.0277 —0.0303 —0.0062
1.05 —0.0003 —0.0015 —0.0029 —0.0054 —0.0092 —0.0097 —-0.0032 0.0220
i.10 .0000 0.0000 0.0001 0.0007 ©  0.0038 0.0106 0.0236 0.0476
1.15 0.0002 0.0011 0.0023 0.0052 0.0127 0.0237 0.03906 0.0625
1.20_ 0.0004 0.0019 0.0039 0.0034 0.0190 0.0326 0.0499 .0.0719
1.30 0.0006 0.0030 0.0061 0.0125 0.0267 0.0429 0.0612 0.0819
1.40 0.0007 0.0036 0.0072 0.0147 0.0306 0.0477 0.0661 0.0857
1.50 0.0008 0.0039 0.0078 0.0158 0.0323 0.0497 0.0677 0.0864
1.60 0.0008 0.0040 0.0080 00162 0.0330 . 0.0501 0.0677 0.0855
1.70 0.0008 ° 0.0040 0.0081 0.0163 0.0329 0.0497 0.0667 0.0838
1.80 - 0.0008 0.0040 0.0081 0.0162 0.0325 0.0488 0.0652 0.0814
1.90 0.0008 0.0040 0.0079 0.0159 0.0318 0.0477 (.0635 0.0792
2.00 0.0008 0.0039 0.0078 0.0155 0.0310 0.0464 0.0617 0.0767
220 0.0007 0.0037 0.0074 0.0147  0.0293 0.0437 0.0579 00719
2.40 0.0007 0.0035 0.0070 0.0139 0.0276 0.0411 0.0544 0.0675
2.60 0.0007 0.0033 0.0066 0.0131 0.0260 0.0387 0.0512 0.0634
2.80 0.0006 0.0031 0.0062 0.0124 0.0245 0.0365 0.0483 0.0598
3.00 0.0006 .0029 0.0059 0.0117 0.0232 0.0345 0.0456 _0.0565
3.50 0.0005 0.0026 0.0052 0.0103 0.0204 0.0303 0.0401  0.0497
4.00 0.0005 0.0023 0.0046 0.0091  0.0182 0.0270 0.0357 0.0443
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Generalized Correlation Data for the Residual Enthalpy
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