Chemical Engineering Thermodynamics
Quiz 1
January 16, 2020

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

a) 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 1200 kg/h for all streams.)

b) 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.)

c) 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 with a turbine at 100% efficiency.
Why is this efficiency less than 100%?

d) The maximum possible efficiency for a heat engine can be shown to be (71 — Tc)/Th.
Compare this best possible efficiency to your efficiency. (Carefully choose the units of
temperature.)

e) On the log-log P vs V plot, below, approximately show the points 1, 2 and 3. Explain
why the lever rule will not work on this plot.
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! P " " T | H- s i s v ¢
(°C)  (Mpa) mkg mkg kg kl/kg kl/kg kl/kg kl/ke kikg  kIkeK KkgK  KikgK
697 0,001 0.001000 129.1780 2930 235519 238449 2030 18437 251367 01059 8.8690 89749
1750 0.002 0.001001 66,9869 7343 232547 39890 7343 245945 253288 0.2606 §4620 87226
2408 0.003 0001003 45.6532 100,98 230690 240788 10098 24386 254484 03543 82221 8.5764
2896 0.004 0001004 347911 121.38 20312 41450 12139 1328 255367 0424 80510 8474
3287 0,005 0001005 28,1853 13774 228206 2419.80 137.75 242208 256073 04762 79176 83938
36.16 0.006. 0.001006  23.7334 15147 27276 UMD 151.48 241515 256663 05208 78082 83290
39.00 0.007 0.001008  20.5245 163.34 226471 242805 163.35 40837 237112 0559 77155 82745
4151 0.008 0.001008 18,0089 173.83 25158 43141 173.84 240237 257621 0.5925 76348 82273
4376 0.009 0.001009 16,1992 183.24 25119 43443 18325 239697 258022 0.6223 75635 81858

581 001 0001010 146701 19180 24536 243706 19181 239205 258386 06492 74996 81488
6006 002 0001017 76480 25140 220458 5598 25142 23152 260894 08320 70782 79072
010 003 0001022 S281 28924 207846 246770 28927 228 US55 09I 68U 17675
7586 004 0001026 39930 31758 21875 473 31762 B84 263605 10261 6649 7669
$132 008 0001030 32400 34049 214272 28320 MOS8 26452 LO92 63018 75930
8593 006 0001033 27317 35985 212900 248895 35091 20295 265286 L1455 63856 75311
8993 007 0001036 23648 37668 20720 249388 37675 2M67 265942 L1921 62869 7479
%349 008 0001039 20871 39163 210658 249821 9Ll 2747 266518 12330 62000 74339
%6 009 000141 L8694 40500 209697 250207 40520 26511 267031 12696 61247 73043
%6l 0l 000143 16930 41740 208815 250555 41750 25745 267495 13028 6056 73589
12021 02 0001061 08857 S0449 20460 252900  S0470 20153 200623 1H0 55967 71269
1352 03 0001073 06058 LIl 198204 254315 S6L43 216345 27488 16717 53199 69916
14361 04 0001088 04624 60422 19888 255310 60466 213339 273805 17765 51190 68955
151.83 0.5 0.001093 0.3748 639.54 1921.17 2560.71 640.09 2108.02 2748.11 1.8604 4.9603 6.8207
1588 06 0001101 03156 66072 189707 256679 67038 208576 205614 19308 48285 6759
16495 07 0001108 0278 69623 IS7558 257181 69700 206575 206275 1918 4TS 67071
1041 08 0001115 02403 71997 185606 257603 72086 204744 276830 20457 46159 66616
17535 09 000121 0249 4I5S 183809 25964 74286 20047 277303 20041 41 6613
17988 | 0001127 0194 6139 IR136 BT T2 201459 M7 2381 4ME 65850
1879 12 0001139 01633 79696 179087 258783 9833 198541 2783 22059 43058 63207
19504 14 0001149 0408 82836 176340 259076 82997 195888 278885 22835 41840 64675
W3 16 0001159 01237 85660 173823 259483 85846 193436 27928 23 40%64 64199
W18 0001168 01104 88237 171487 259724 $8447 191144 29501 23975 39800 63775
21238 2 0.001177 0.0996 906.15 169297 2599.12 908.50 1889.79 2798.29 24468 38922 6.3390
22395 25 0.001197 0.0799 93891 1643.15 2602.06 961.91 1840.02 2801.93 25543 37015 6.2558
e 3 0001217 00667 100469 159847 260316 100834 179481 280315 26456 35400 61856
W6 35 000135 00571 104547 155747 260204 104980 175284 280264 2754 3989 61243
P=250MPa  (224.0) P=300MPa  (2339) P=350MPa  (2426)

T°C) Wmlkg) Ukikg) Hkkg) SkikgK) T°C) Mm'kg) Ukikg) HikAg) SkikgK) T°C) Kmkg) Ukkg) Hikikg) S(kikgK)
240 0079 2602.1 28019  6.2558 2339 0.0667 26032 28032  6.1856 2426 00571 26029 28026 6.1243
250 0.0871 26633 28809 64107 250 0.0706 26447 2856.5 2893 250 00588 26240 28297  6.1764
300 0.0989 27622 30096  6.6459 300 00812 27508 29943 6.5412 300 00685 27388 29784 64484
350 0.1098 28525 31270  6.8424 350 00906 28444 31161 6.7449 350 00768 28360 31048  6.6601
400 0.1201 20398  3240.1 70170 400 0,099 20335 3317 69234 400 00846 29272 32232  6.8427
450 01302 30262 33516 71767 450 01079 30212 33448 7.0856 450 00920 30161 33380  7.0074
500 0.1400 31128 34627 7324 500 01162 31086 34572 7.23%9 300 0.0992 31045 34516 7.0393
S50 0497 3000 M3 7465 S50 01244 31%6 35697 73768 50 01063 31931 35650 73014
600 01593 32885 36868  7.5919 600 01324 32855 36828 75103 600 01133 32825 36789 74356
650 0.1689 33782 38004 77243 650  0.1405 33756 37969  7.6373 650 01202 33729 31935 75633
700 0.1783 34693 39152 78455 700 0.1484 34670 39122 7.75% 700 01270 34647 39093  7.68%
750 0.1878 35620 40315 79620 750 01563 35599 40289 78758 750 01338 35578 40263  7.8027
800 0.1972 36562 41492 80743 800  0.1642 36543 41469 79885 800 0.1406 36525 41446 79156
850 02066 37520 42685  8.1830 850 0.1720 37503 42665  8.0973 850 0.1474 37486 42644  8.0247
900 02160 38494 493 82882 90 01799 38479 43875 82028 900 01541 38464 43857 81303
950 0225 39484 4517 83904 950 01877 39470 45100 83051 950 01608 39456 45084 8238
1000 02347 40489 46356  R48% 1000 0.1955 4047.7 46341 84045 1000 0.1675 40464 46327 8334
1050 02440 41510 47610 85863 1050 02033 41499 47597 85012 1050 01742 41487 47584 84292
100 02533 42547 48879  8.6804 100 02111 42536 48867  8.5955 1100 01809 42525 48856  8.5235
1150 02626 43597 50162 87722 1150 02188 43587 50152 86874 1150 01875 43577 50141 86155
1200 02719 44662 51460 88618 1200 02266 44653 51450 87770 1200  0.1942 44644 51441 87053
1250 02812 45741 5277 £.9493 1250 0.2343 45733 52762 88646 1250 02009 45724 52754 87929
1300 0.2903 46833 54095  9.0349 1300 0.2421 46825 54088  8.9502 1300 02075 46817 54080  8.8785



Turn this sheet in with your answer

H (ki/kg) | HL(ki/kg) [HV (ki/kg) | V (m3/kg) | VL (m3/kg) |VV (m3/kg)

Stream P (Mpa) T (°C) State q
1 35 350 superheated
steam
2 1 V/L 0.9
3 180 Sat. Lig. 0
4

a) Shaft Work =

b) Combined Heat =

c) Efficiency =

d) Ideal Efficiency =

e)

50

(Give comments/calculations on separate sheet)

(Give comments/calculations on separate sheet)
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ANSWERS: Chemical Engineering Thermodynamics
Quiz 1 January 16, 2020

rn this sheet in with vour answ

a) Shaft Work= ~ | ?3 KW
b) Combined Heat = ?77 K

¢) Efficiency = 0. 2L (Give comments/calculations on separate sheet)
d) Ideal Efficiency = 02 2 (Give comments/calculations on separate sheet)
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Find Hz-Hl
Ws = (2580-3100)kJ/kg (1200 kg/h) (1/(3600 s/h)) = -173 kW

Find H1-H3
0 = (3100-763)kJ/kg (1200 kg/h) (1/(3600 s/h)) = 779 kW

n= 173 kW/779 kW = 0.222 or 22.2% efficiency.
There is loss at the condenser. Also, there is a maximum efficiency associated with the
necessary production of entropy limiting the process to about 27% efficiency, see part d.

Ncamot = (T — Tc)/Tu = (350°C-180°C)/(350°C + 273°C) = 0.273
The Carnot efficiency is higher than the observed efficiency since this is a real process.

The lever rule won’t work on a log-scale.



