Chemical Engineering Thermodynamics
Quiz 1
January 17, 2019

Consider a simplified steam turbine/condenser/boiler/superheater for production of electricity
shown in the schematic below. Fill in the table below the diagram to answer the questions using
the steam table attached.

a)

b)

Use the steam tables to determine the shaft work, Ws, for the turbine in kW (which is
kJ/s). Under and adiabatic assumption (no heat loss) the shaft work equals the difference
in enthalpy, H, between the exiting and entering streams at 100% efficiency. (The flow
rate is 1100 kg/h for all streams.)

Calculate the combined heat needed for the boiler and superheater (boiler converts from
liquid to vapor and superheater further heats the steam) in kW (which is kJ/s). (This is
the enthalpy (/) difference between the streams.)

Take the ratio of the shaft work recovered from the steam turbine to the heat needed for
the boiler to get an idea of how efficient this system is at 100% efficiency.

On the log-log P vs V plot below approximately show the points 1, 2 and 3. Do the same
for the P vs logio)l plot from the book (the scale isn’t optimal for this). Note that on a log
V x-axis the lever rule doesn’t work.

If PV is a measure of energy or work what do you think is the meaning of the area under
the line connecting points 1 and 2 and the area under the line connecting points 3 and 1
on the P vs V' plot. Why do the two areas seem to be different?

Water Molecular Weight 18.0 g/mol
1 m3=10°% cm®

Watt=J/s




r P P /"
(C)  (MPa) mkg m/kg
697 0001 0001000 129.1780
1750 0002 0001001 669869
21408 0003 0001003 456532
29 0004 0001004 347911
3287 0005 0001005 281853
3616 0006 0.001006  23.7334
3900 0007 0.001008 20,5245
151 0008 0001008 18,0989
$76 0009 0001009 16,1992
4581 001 0001010 14,6701
6006 002 0001017 7.6480
69.10 003 0001022 5.2284
758 004 0001026 3.9930
8132 005 0001030 3.2400
8593 006 0001033 27317
8993 007 0001036 2.3648
9349 008 0001039 20871
9660 009 0001041 1.8694
960 01 0001043 1.6939
12021 02 0001061 0.8857
13352 03 0001073 0.6058
14361 04 0001084 0.4624
1518 05 0001093 0.3748
15883 06 0001101 03156
16495 0.7 0001108 02728
17041 08 0001115 0.2403
17535 09 0001121 02149
17988 | 0001127 0.1944
18796 12 0001139 0.1633
19504 14 0001149 0.1408
0137 16 0001159 0.1237
0701 18 0001168 0.1104
2238 2 0001177 0.0996
0395 25 0001197 0.0799
23385 3 0001217 0.0667
25 35 0001235 0.0871
P=020MPa  (120.3)
TC)  Wm'kg) Ukikg) Hikikg) Stkikg-K)
1203 0.8857 2529.1 27062 7.1269
150 0.9599 2577.1 2769.1 7.2810
200 1.0805 26546 28707  7.5081
250 L1989 27314 29712 77100
300 1.3162 2808.8 30721 7.8941
350 1.4330 28873 31739 8.0644
400 13493 29670 32770 8.2236
450 1.6655 30485 33816 837
500 1.7814 31314 34877 RS5152
550 1.8973 32159 35954 8.6502
600 20130 33022 37048 87792
650 21287 33902 38159 8.9030
700 2.2443 34799 39288 9.0220
750 23599 35714 40434 9.1369
800 24755 36647 41598  9.2479
850 23910 37596 42778 93535
900 2.7066 38563 43976 9.4598
950 28221 39547 45190 95612
1000 29375 40548 46423 9.6599
1050 3.0530 4156.4 4767.0 9.7560
1100 3.1685 42396 48933  9.8497
1150 3.2839 43643 50211 9.9411
1200 3.3994 44705 51504 10.0304
1250 35148 4578.1 5281.1 10.1176
1300 3.6302 4687.0 54131 10.2029

/I[. AL UI 4 HL AR Hl' SI, AP Sl X
kIkg kl/ke kl/kg kl/kg kl/kg kike  klkgK KklkgK  KkikgK
2930 235519 238449 2030 248437 251367 01059 8.8090 89749
7343 232547 39890 7343 245945 253288 0.2606 84620 87226
100,98 230690 240788 100.98 24386 254484 03543 82221 8.5764
121.38 20812 41450 121.39 U328 255367 0424 80510 8474
13774 228206 2419.80 137,75 242208 256073 04762 79176 83938
15147 27276 UMD 151.48 2415.15 256663  0.5208 78082 83290
163.34 2264.71 242803 16335 2408.37 257112 0.5390 17155 82743
173.83 25158 43141 173.84 240237 237621 0.5925 76348 82273
183.24 25119 43443 183.25 239697 258022 06223 75635 81858
191.80 24536 43716 191.81 239205 258386 0.6492 7499% 81488
25140 20458 45598 25142 2357.52 260894 0.8320 7072 19072
2894 207846 246770 28927 233528 2624.55 09441 68234 77675
317.58 25875 47633 31762 231843 263603 10261 66429 7669
34049 214272 48321 340,54 230468 264522 10912 65018 75930
359.85 212910 248895 35991 29295 263286 1455 63856 75311
376.68 211720 249388 37675 28267 265942 11921 62869 74790
391.63 210658 249821 9171 07347 266518 1.2330 62009 74339
405.10 200697 250207  405.20 2263.11 2670.31 1.2696 6.1247 73943
41740 2088.15 250555 417.50 25745 2674.95 13028 6.0561 73589
504.49 202460 252900 50470 201,53 270623 15302 55967 71269
56111 198204 254315 56143 216345 2724.88 1.6717 53199 69916
604.22 194888 255310  604.66 213339 273805 17765 51190 6.8055
639.54 192117 2560.71 640.09 2108.02 2748.11 1.8604 4.9603 6.8207
669.72 189707 256679  670.38 208576 2756.14 19308 48285 67593
696.23 187558 257181 697,00 2063.75 2762.75 19918 47153 67071
71997 1856.06 2576.03 720.86 204744 2768.30 20457 46159 6.6016
T41.55 183809 257964 74256 203047 2773.03 20941 45212 66213
761.39 182136 258275 762.52 201459 277701 2.1381 44469 6.5850
796.96 1790.87 258783 798.33 1985.41 28314 22159 43058 65217
828.36 176340 259176 82997 195888 278885 22835 41840 64675
856,60 173823 2594.83 §58.46 193436 2790282 23435 40764 64199
882.37 1714.87 259724 88447 191144 279591 23975 39800 63775
906.15 1692.97 2599.12 908.50 1889.79 2798.29 24468 3.8922 6.3390
93891 1643.15 2602.06 961.91 1840.02 2801.93 25543 37015 6.2558
1004.69 159847 2603.16 1008.34 1794.81 2803.15 26456 3.5400 6.1856
1045.47 155747 260294 1049.80 1752.84 280264 27254 33089 61243
P=030MPa  (133.5) P=040MPa  (143.6)
TCC) Vmikg) UkIKg) HOkg) SKIKEK)  TCC) Mmkg) Ukikg) H(kikg) S(kike-K)
1335  0.6058 25432 27249 69916 1436 04624 25531 27381  6.8955
150 0.6340 25710 27612 7.0791 150 04709 25644 27528  6.9306
200 07164 2651.0 28659 73131 200 05343 2647.2 28609  7.1723
250 0.7964 27289 29679 75180 250 05952 27264 29645  7.3804
300 0.8753 28070 3069.6  7.7037 300 0.6549  2805.1  3067.1 1.5677
350 0.9536 28859 31720 7.8750 350 0.7140 28844 31700  7.7399
400 1.0315 29660 32755 8.0347 400 07726 29649 32739  7.9002
450 1.1092 30475 33803 8.1849 450 0.8311 30466 33790  8.0508
500 11867 31306 3486.6  8.3271 500 0.8894 31298 34855 81933
550 1.2641 32153 35945 84623 550 09475 32146 33936 83287
600 13414 33016 37040 85914 600 1.0056 33010 37032 84580
650 14186 3380.7 38153 87153 650 10636 3389.1 38146 85820
700 1.4958 34795 39282 88344 700 11215 34790 39276 87012
75 15729 35710 40429  8.949% 750 11794 35706 40424 88162
800  1.6500 36643 41593 9.0604 800 12373 3663.9 41588 89273
80 1.7271 37593 42774 9.1680 850 12951 3759.0 42770  9.0350
900  1.8042 3856.0 43973 92724 900 13530 3855.7 43969  9.139%4
950  1.8812 39544 45188 93739 950 14108 39542 45185  9.2409
1000 1.9582 40545 46420 94726 1000 14686 40543 46417  9.3396
1050 2.0352 41562 4766.7  9.5687 1050 15264 41559 47665 94357
100 21122 42594 48931  9.6624 1100 15841 42592 48928  9.5295
1150 2.1892 43641 50209  9.7538 1150 1.6419 43639 50207  9.6209
1200 2.2662 44703 51502 9.8431 1200 16997  4470.1 51500  9.7102
1250 23432 45779 52809  9.9303 1250 17574 45778 52807  9.7975
1300 2.4202 4686.9 54129 100156 1300 18152 46867 54128  9.8828



Turn this sheet in with your answer
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Figure 1.4 P-1-T behavior of water at the same temperatures used in Fig. 1.3. The plot
is prepared from the steam tables in Appendix E.
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Figure 1.4 P-I-T hehavior of water at the same temperatures used in Fig. 1.3, The plot
is preparec fiom the steam tables in Appendis &




a) Find HI-H2
Ws=(3170-1390)kJ/kg (1100 kg/h) (1/(3600 s/h)) = 545 kW

b) Find H1-H3
0 =(3170-721)kJ/kg (1100 kg/h) (1/(3600 s/h)) = 748 kW
c) 545 kW/748 kW = 0.729 or 72.9% efficiency.
d) See plot
¢) The area under 1-2 is the work from the turbine, the area under 3-1 is the heat for the
boiler. This is approximate since the connecting curve is not a line. The two areas
disproportionate since this is plotted on a log-log scale.



