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and PO are written in brackets. Assume the reasor

Awpnr compressi friger: e flui
used to maintain a space at -13°C hvMmmgm\mmmm\awmzvﬂr el cners
the compressor at 100 KPa superheated by 6.4°C at a ratc of 0.05 keg/s. The isentropic
efficiency of the comprossor s 85%. The refrigerant leaves the condenser at 39.4°C as
a saturated liquid. Determine

i, the ratc of cooling provided and the COP of the system,

i, the excrgy desiruction in each basic component,

i, the minimum power input and the second-law cfficiency of the eycle, and

iv.  the rate of total exergy destruction

The radiator of a sicam heating system has a volume of 20 L and is filled with
superhated water vapor at 200 kPa and 200°C. At this moment both the inlet and the
exit valves to the radiator are closed. After a while it is observed that the temperature
of the steam drops to 80°C as a result of heat transfer to the room air, which is at 27°C.
‘Assuming the surroundings to be at 0°C and heat engine operates between the radiator
and the surroundings, compute

i, the amount of heat transfer to the room and

i, the maximum amount of heat that can be supplicd 1o the room if this heat from

the radiator is supplied 1o a heat engine that is driving a heat pump.

A turbojet aircraft is lying with a velocity of 280 ms at an altitude of 9150 m, where
the ambient conditions are 32 kPa and -32°C. The pressure ratio across the compressor
s 12, and the temperature at the turbine inlet is 1100 K. Air enters the compressor at &
e of S0 ks, and the J. fuel has  hatng valu of 42700 ki, Assuming
compressor efficicncy of 0% and a turbine efficiency of 85% and constant specific

the velocity of the exhaust gases,
the propulsive power developed, and
the rate of fuel consumption.

1 kmol of cthan (CaHe)is burned with an unknown amount of air during a combustion
proces. An analyss of he combustion producs revcals . the: combusion s
complete, snd there are 3 kmol of free 2 in the progucts. Determine
the fuel-air ratio and
i, the percentage of theoretcal ar used during this process.
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There arc 6 ) qestons. Answer all the questions. The symbols have their usual meanings. Marks of cach
tior co nabl
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A steam power plant operates on an idea rative Rankine cycle. Steam enters the
e ot 6 Mia and 4S0°C and 1 condenced i the condenser a 20 kPa. Stca i
extracted from the turbine at 0.4 MPa to enter a closed fecdwater heater. Assume that
the foedwater leaves the heater at the condensation temperature of the extracted steam
and that the extracted steam leaves the heater s 2 saturated liquid and is pumped to the
line carrying the feedwater. Show the eycle on a 7-s diagram, and determine
the net work output per kilogram of stcam flowing through the boiler and
i, the thermal efficiency of the cycle.

Steam expands in a turbine sieadily at a rate of 18,000 kg/h, cntering at 7 MPa and
600°C and leaving at 50 kPa as saturated vapor. Assuming the surroundings to be at
100 kPa and 25°C, determin
G e povwer olentis o e e he net condions s
i, the power output of the turbin reversibi

s present

lilustrate the 7-s diagram of the following thermodynamic cycle. Assume the
Deaerator to be a simple mixing chamber.

Why is regeneration not recommended in a Brayton eycle with higher pressure ratio?
Evaluate with a cycle diagram.

“A system may have higher second law cfficiency than the first law ficiency during a
process” ~ Do you agree with the statement? Justify in favor of your answer.

“Absorption refrigeration systemg are ofien classified as heat-driven systems” ~ Justify
the statement with schematic diagram of the thermodynaic cycle.

“No presentin air doesn't affect the combustion reaction at all” ~ Do you agree with
the statement? Justify your answer.

What is evaporative cooling? Why the water in a porous jug left in a breezy area is
colder?
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(b) How the exergy of a system can be different at different environment? (06)
(con
. von)
() Define the followings (06)
i, Absolute humidity (cony
i, Theorctical air ®on)
i Trap
Property Tables
Saturated efngerant.1343—Temperatre able
Specilic volure oo
f e
s S w = ,( =
Tewp. pew,  lmid, e oud Gap.  vape v e, Eap. e
o bl " P
20 57207 oooeisn 003012 7885 16219 24104 7532 1 oz
2 6oa27 00008209 003867 164 16045 20200 8214 18055 2626 0521
24 G618 00008260 0031869 B44% 15868 26313 8438 17874 26372 052107
% 68584 0000BII2 0030008 8726 15685 20415 783 176 7 0203
% 72731 Ooooss 002e271 05 15508 24517 %070 17503 26573 03197
50 77068 Ooo0sMal Ovieeds 9293 15326 24617 9358 17313 26671 051697
32 elsss oooosars 0028131 579 15137 24717 %43 17119 26767 osezs
30 G831 Cooomess 002iz 867 1948 24815 241 16921 26861 o917
36 91235 Cooomsss 0022383 10156 14755 24911 10234 16719 26353 os16%2
3 56368 0000ES? 0021137 10447 14560 25007 10530 16513 27044 onez
B 10171 Conoer oorsses lorda lazel Bz 100 73 os1ss2
@ loms coocerse ool 103 s Zise iz les 2217 031480
G ITET Gooess Coim Moo 1me 2eess a0 15870 27300 041371 050039 001407
Saturated rergerant-1342—Pressure tale
Eairaroy Enrony
o gk
=
Gup. . daud Ewp. woor
. ] u
@ -3695 0000709 031108 3795 2083 2 2396 22780 001633 094812 0965
70 3387 ooonias ozeezt 7672 20323 393 a0z Zmons ooases Dsares o
@ 313 ooorles 0zyes 11l 20133 T027 23147 00wDY 091009 095716
% 3ues ooorzzs 02126l 1430 19980 150 3157 Zhaod oocoos Omsest 098436
100 263 00007asa 019255 1719 1801 727 21719 746 007182 088008 098131
1% 353 oooora olzie 2238 19815 Dz 2 265 085520 054789
1000 3937 00008700 0020329 106,47 14428 16370 27108 03919 052378 091574
120 d629 omoes colas Tz 137z 15612 27392 0.42449 0. 320
1900 5240 00009167 0014119 12696 13044 2617 Qasizs Oasraz 091067
1600 5738 00o0sD0 0012134 1a4ds 12405 1419 27752 047921 0az881 030802
1800 8287 00009639 0010868 14236 11785 26021 14409 13518 27923 050304 040213 090517
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T h
T g s

S 03108 20913
20 03308 22082
10 03508 22757

036476 23467

049032 30602
050410 31476 34501 13521

Es3388888s
H

g ek

kg
23346 09515 | 0.14020
3952 09721
4751 10031 | 014605
25560 10333 | 015263
26382 10628 | 015
27215 10915 | 0lesas
2063 11208 | 017172
28936 11485 | 01779
29817 11762 | 018412
30715 1203 | 015025
31628 12306 | 019635
32857 12573 | 020082
33501 1283 | 0.20847

030138 31448 34461 13097 | 021449

g g

o
2155 23915 o4

22593 20637 09724
23325 25061 10032
20068 26295 10331
2824 27140 10625
25595 27900 10913
26380 28872 11195
7181

27997 30861 11750
29 3
29677 32511 12289

30540 33459 12554
31419 3422 12815

e

=090 UPa 7, = 3551

©

00 MPa (7, - 39.37¢

Sat. 0025645 29682 26734 09185
40 0027035 25484 27645 0.9481

8

70 0031340 28183 30690 10409

]
§
H
§

%0 003394
100 0035193 30917 33732 11289
110

o 3
120 0037625 32789 35759 11798

OG2268s 24682 26925 0.
0023375 26315 274.15 0.

s165 | 0020319

s328 | 0020008
661

02179

o
9977 | ooz3068

0260 | 0024261

025398

o861 | 0026492

141 | ooz7ss2
115 | oozs58

1684 | o

02952

130 0038813 33742 36847 12062 | 0034241 33678 36759 11949 | 0030581
140 0033985 34708 37907 12321 | 0035302 4648 825 12211 | 0.031sSA 4587 7742 12110
150 0041143 35686 38978 12577 | 0036349 35630 8901 12468 | 003512 35573 388oa 12369
160 0042290 36678 0061 12830 | 0037384 36625 29989 12722 | 003M57 36571 39917 12624
170 0043427 37683 41157 13081 | 0038408 37633 41089 12973 | 003M3%2 7582 41022 12876
180 0044ssa 38701 42265 13328 | 0039423 3654 2202 13221 | 003317 38606 42098 13128
TABLE A-4
Saturated water—Temperature table
Specifc voume. Tnternal ener Enthalp, Entopy,
g g kg g K
st st s s s st sa st
Temp, press. fiqud, vapor,  lqud, Ewp. vapor, liud. Evap. vepor, liqud, Evap. vaper,
TC PRk vy v ey, 3 b s s s,
S 123 00012 1206 2933 234 20427 20934 2820 29913 07038 73710 8078
55 00015 95639 2021 22191 2493 23025 20638 2600) 07680 72218 79838
© 0WI017 76670 25116 22047 555 5018 2577 2088 0833 70769 79082
& 001020 61935 2720 2103 624 27212 2454 26175 08537 69360 7.
n 001023 5036 29304 21758 2689 29307 21330 20261 09551 67989 77540
7 0025 41291 313 21613 20753 31403 23206 26346 10158 68655 76812
0 001079 34053 o7 21465 216 302 2080 26430 L0756 65368 7611l
85 oG 0mioR 286l 365% 21310 4878 3602 22953 28514 1146 75035
% 018 000l0% 2363 6% 21170 20940 W0 22825 26596 11929 62853 74782
95 8463 0001040 19808 B0 21020 25001 B(9 2696 26676 12504 61s47 74ls)
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Specifc termat enere Entrai, Entropy
n Py g WK
st st s st sa st
Tiqui, fquid,  Evp. vapor, liqud, Ep. vaper. liqud, Evap. vapor,
v o _u . on b b s s s
697 0001000 2930; 2352 23845 29303 24844 25137 0.1059 88690 89749
54686 23381 23928 50688 24701 2527 0.9 86314 88270
73431 23255 23989 73433 24595 25329 02606 8421 87227
88422 23154 24038 88426 20510 25394 03118 8302 86421
10098 23069 24079 10098 24439 25448 03543 82222 85765
12139 22931 24145 12139 24323 25537 04224 BOSI0 84734
13775 22621 24198 13775 24230 2507 04762 79176 83938
16874 22611 24298 16875 24053 25740 05763 76738 82501
19179 22654 24372 19181 23921 25839 06452 7.499 81488
22593 22221 14480 2059¢ 23723 25983 07549 7.2522 80OTL
5140 22006 24560 25142 2357 9 08320 70752 79073
27193 21904 4624 27196 23455 26175 0.8332 69370 7.8302
28926 21785 4677 28927 23383 26246 09441 68234 7.7675
31758 21588 24763 31762 23184 26361 10261 66430 76691
34045 21027 24832 3405 6452 10912 65019 7.5931
436 20118 24961 Basd 2 24 12132 62426 74558
41740 20882 25056 41751 22575 26750 13028 6062 7.3589
41895 20870 2 1506 22565 26756 13069 60476 7.3545
44423 20688 25130 44436 22406 26849 13741 59100 7.2841
46697 20523 25197 46713 22260 26931 14337 57894 7.2231
S6L11 19821 25432 56143 21635 27243 L6717 53200 69917
57284 19731 25459 57319 21554 27286 17005 52645 6.9650
385 1 25485 58426 21477 27320 17274 52128
59432 19566 25509 59473 21404 27351 17526 51645 69171
14361 0001084 046262 60422 19485 25531 60466 21334 27381 17765 1191 6895
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TABLE A-6

Superheated water
T v T h s v T h s v v h s
© mhe  Mhg ki  KikeK | mile  Wig kg dheK | mihg kig Wihe ke
P =020 MPa 12021°C) P = 030 MPa 133.52) P = 040 MPa 183.61°0)
S oBEE 25291 27063 71270 060SE2 25432 27249 69917 | D4G242 25531 27381 68955
6o Oosms 26771 27651 72810| 06302 267L0 27612 70792 | 04708825644 27528 69305
300 10049 26546 28707 75081 | 071643 26510 28659 73132 | 0533425472 28609 1.1
3% 195a%0 27314 29712 77100| 07945 27289 29679 75180 | 05952027264 29645
3067.1

300 1adoes 29672 12770 6203 | 103155 29860 32755 80347 | 0.77265 29649 32739 7.9003

0

200 201%s 33022 3048 87793 134139 3016 37040 85915 | L00SSEINLO 37033 84580
00 524434 34799 39288 90221 | 149580 34795 39282 BE3S | 11215234790 39276 87012
00 747580 6647 41598 92479 | 165004 36543 41593 9.0605 | 12373036639 41589 89274
900 2708t %63 43977 oA | Ls0al7 seseo 43373 92725 | 13saseduser 439 913

1000 29375 40348 46423 06509 | 195820 40545 46420 94726 | 14685940543 46417 9.33%
1100 316648 42596 48933 98497 | 211226 42594 48931 9.6624 xsummz 8929

1200 339938 44705 5150.4 1003 24 44703 51502 98431 | 169966 51500 97102
1300363026 46871 54131 102029 | 242019 46869 54130 10.0157 Voreicasses siize asmzm

P = 60 WP 275.590) P = 7.0 WP (285.850) = 80uPs 29501T)

. 00345 25699 27846 58902 | 0027378 26610 27726 58148 [ 0.023525 25705 27587 57450
00 00315 26664 28856 60703 | 0029492 26335 28399 5337 | 0024279 25623 27865 57937
3o O0ase 27904 0435 63387 | 0035262 27701 30169 62305 [ 0029975 27483 29881 E.1321

3043
300 0Otz 78937 31783 65432 | 0039958 26795 31592 64502 [ 0034344 28645 31394 63658
450 005217 79899 33029 67219 | 0044187 29790 32883 66353 | 0038194 29678 32733 65579
20 00667 30831 251 68526 | 0.0481S7 30743 34114 68000 | 0041767 30654 33995 6.7266
7 0051966 31679 36316 69507 | 04SIT2 31605 35218 63800
00484

S

05482 2

36432 41331 76562 | 0.069856 36395 41285 7.5836 | 0.061011 36357 41238 75185

Oo%es 8385 43766 78751 | 0076750 38357 43730 7.8014 | 0.067082 38327 43693 77372

000 009756 40401 46254 E0786 | 0.08357) 0375 46225 80055 | 0073079 40350 46196 79419
7

500 B 71693
00 007355 34530 38943 7.4247 | 0.062650 34483 38883
200
%00

o
100 0Lz s S et | Somar ewey sioze asssi | cosoerr seres sidio
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