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1. Airis compressed steadily by areversible compressor from an inlet state of 100 kPa
and 293K to an exit pressure of 700 kPa. Kinetic and potential energy change can
be ignored. Determine the compressor work per unit mass for
(1) isentropic compression with k = 1.4, and (5%)

(2) isothermal compression. (5%)
(3) Show the isentropic and isothermal compression on a pressure and specific
volume diagram. (5%)

2. The power output of an adiabatic steam turbine is 7 MW, and the inlet and outlet
conditions of the steam are as indicated in Fig.1. Find
(1) the change in enthalpy, kinetic energy, and potential energy per unit mass,(5%)
(2) the work done per unit mass, and (5%)
(3) the mass flow rate of the steam. (5%}

p1=4.0MP21
T;=500°C
Vi=30ms5
z;=12m

Turbine W=7 MW

P2=20kPa
X2= 80%
V=150 m/s
Zy =8 m

3. If in a standard vapor-compression refrigeration cycle using refrigerant-134a the
evaporating temperature is -10 °C and the condensing temperature is 31 °C. The
mass flow rate of refrigerant is 0.05 kg/s. Please (a) sketch the cycle on a pressure
and enthalpy diagram (3%) and calculate (b) the work of compression (3%), (¢) the
rate of heat removal from the refrigerated space (3%), (d) the rate of heat rejected
in the condenser (3%), (e) the coefficient of performance (4%), and (f) the
compressor discharge temperature (4%).
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(20%) A reversible power cycle R and an irreversible power cycle I operate between

the same two reservoirs. Each receives Qx from the hot reservoir. The reversible

cycle develops work Wz, while the irreversible cycle develops work ;. The

reversible cycle discharges Oc to the cold reservoir, while the irreversible cycle

discharges Q.

(1) Evaluate the total entropy production for cycle I in terms of Wi, Wr, and
temperature 7¢ of the cold reservoir only.

(2) Compare the magnitude of W; with Wg, and that of QL versus Oc with
demonstration.

(30%) A gas turbine power plant can be analyzed by an air-standard Brayton cycle.
Derive the thermal efficiency of an ideal air-standard Brayton cycle in terms of the
temperature ratio and pressure ratio across the compressor, respectively. Plot the T-
s diagram with clear indication of the components and symbols you use. List the
assumptions you have made.

(1) Air enters the compress of an ideal air-standard Brayton cycle at 100 kPa, 300
K, with a volumetric flow rate of 5 m*/s. The compressor pressure ratio is 10.
The turbine inlet temperature is 1400 K. Determine (a) the thermal efficiency
of the cycle, (b) the back work ratio (work needed for the compressor over that
outputted from the turbine), (c) the net power developed, in kW. Using the cold
air-standard analysis by taking £ = 1.4 and ¢, = 1.0 ki/kg'K.

(2) Repeat the above problem, but consider that the turbine and the compressor each
have an isentropic efficiency of 80%. Determine the modified cycle (a) the
thermal efficiency of the cycle, (b) the back work ratio, (c) the net power
developed, in kW. Indicate the modified paths on the T-s diagram.

(3 If closed Brayton power systems, receiving their energy input from
radioisotopes, nuclear reactors, or solar collectors, are used for space vehicle
power requirements. What would be the advantages and disadvantages?
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Safurated water—Pressute table

Specific vokire, Internal energy, Erdhaipy, Eatropy,
m'fig kifig klkg 9128 4
Saf. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press., temp,, liguid, vEN, liquid,  Evap.. vapar, liquid, Evap., wapor, liqed, Evap., vapor,
PkPa T.°C w Ve Uy Uy u, y ftg n 5 Sy 5,

1.0 697 0,0010030 129.19 29302 23552 23845 29303 24844 25137 0.1059 BAB590 89749

1.5 1302 0.001001 &7.964 54685 23381 23928 54688 24701 25247 0.1956 86314 BR2IO
20 1728 0001001 e6.930 73431 23255 23080 73433 24505 25329 0.2606 84621 87227
25 2108 0001002 54,242 824272 23154 23038 83424 24510 25394 0.3LI8 &£3302 85421

3.0 2408 0.001003 45654 10008 23069 24070 10088 24439 25448 (0.3543 82222 BSTES

40 2895 0001004 34591 121,39 22831 24145 12139 24323 25537 04224 50510 84734

60 3287 0.001005 28185 13175 22821 24108 13775 24230 256607 04762 79176 83938
7.5 4020 0001008 19233 16874 22611 24208 18875 24053 25740 0.5763 76738 82501
1o 4581 0001010 14.670 19179 22454 24372 19181 23020 25839 0.6452 74936 851488
15 5397 Q001014 10020 22503 22221 24480 226594 23723 25983 0.7549 72522 80071
20 60.06 0.001017 7848t 25140 22046 24550 25142 23575 26089 0.8320 70752 78073
25 64.96 0.001020 62038 27193 21904 24624 27186 23455 26175 0.8032 £9370 78302
i) 6908 0.001022 B.2287 28024 21785 24677 28027 23353 26246 0.9441 68234 77675
30 7EES 0.001026 39933 317258 21588 24763 31762 23184 26361 1.0261 66430 76691
50 8132 0001030  3.2403 33049 21427 24832 34054 23047 26452 10912 6.5019 75931
75 o176 0001037 22172 38436 21118 23551 38444 22780 26624 12132 62426 TA558
100 9561 0001043 16041 417.40 20882 25056 41751 2257.5 26750 1.3028 60562 7358%
101,325 $0.07 0001033 16734 418485 2087.0 25060 41906 22565 26756 1.3069 6.0476 73545
125 10597 O.0OL048 1.3750 448423 20888 25130 44436 22806 26849 1.3741 59100 72841
150 11135 G.O001053 L1594 46687 20523 25192 467.13 22260 26031 1.4337 57804 72231
175 11804 C.001057 10037 48682 20377 25245 48701 22131 27002 14850 56865 71716
260 12021 0001051 O0B8578 50450 20246 25290 50471 22016 27063 1.5302 55968 7.1270
225 12207 0001084 079320 52047 20187 25332 52001 21910 27117 1.5706 55171 70877
50 12741 00010657 071873 53508 20018 25388 53535 21812 27165 L6072 54453 70425
215 13058 0.00107¢ 065732 S4857 19916 2540.0 54888 21720 27209 1.6408 53800 70207
300 13852 0.001073 0.60582 56111 16821 25432 56143 21635 27249 16717 53200 68917
325 136.27 0.001076 056199 57284 19731 25459 57319 21554 27286 1.7005 52645 69650
350 13686 0.0010790 052422 58380 19546 25485 SBA26 21477 27320 17274 52128 69402
375 141.30 0.001081 049133 594,32 19566 25509 59873 21404 27361 1.7526 L1645 69171
400 14361 0.00I088 046242 634.22 19489 25831 60466 21334 27381 1.7765 51181 68955
450 14700 O.00L0B8 O41302 62265 19345 25570 623.14 21203 27434 1.8205 50356 68551
00 . ISLES 0.001093 037483 639.54 19212 25607 64000 21080 27481 1.8604 49603 538207
850 15545 0.001097 0.34261 655.16 19088 25639 65577 20066 27524 18970 43916 67886
600 15883 0.00L10] 031580 659.72 18971 25668 67038 20858 275.2 19308 48285 67593
850 16198 0001104 020250 68337 18861 25604 SB408 20755 2759.6 1.9623 47699 &.7322
700 154,95 0001108 027278 £56.22 18756 25718 697.00 20658 27628 149128 47153 67071
150 167.75 GOOLU1T 025552 70B40 18656 25740 70924 20564 27657 2.0195 46642 66837
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W i}
wikg kg

fr

5
kikg  k¥kgkK

)

kg

t " s
Kifkg kg kigK

143

v
mifhg kg

#

3
ddg gk

Sat.
275
200
38
400
AED
%14
214]
90
B0
o

1009

1100

1200

1300

Bat.
300
380
400
ALY
508
550
800
760
&09
900

1600

11

1200

1364

Sal
326
a5k
£00
453
500
&85
600
BED
700
&064
809

1004

1000

1200

133

£ = 40 UPa {25035}

B~ 4.5 B8 (257,440

P 50 MPa {263.88°0)

(104978
405461
4058887
4606647
{07343
QABI04
goeadd
009888
411048
812292
013476
0.14653
016824
016992

26017
26689
27262
2827 A

i
31003
24
24624
35505
33448
44345.1
42514
445636
468139

20208

23008
ZRETS
20617
30933
3214.5
23312
4450
35749
29063
41423
45659
45312
4584.4
51432
5407.2

60696
52312
£.3629
55843
§.7714
£0286
70922
73706
76214
7522
80675
82698
64812
86430
58164

25007
265L.4
271390
EBIES
24z
2058
30960
3ersd
24800
36488
38433
40439
4250.4
4462.6
4680.1

004408
004783
O0BL38
045842
008477
07076
Q07662
no8765
003850
01008
0.41972
0.13020
0.:4064
§.15103

2FORY
2Be4 4
28442
308L.5
32057
33242
24404
3803
30033
41460
A382.1
4525 8
aBEz 2
Sraz 2
5406.5

80168
61429
£.7554
£.5158
£7071
GATTG
70333
73127
7.5647
TI062
80118
42144
8,4080
85880
87516

802045
04144
604555
gaste?
805284
n.06332
0.06358
DL7870
0.08352
008813
0.19769
aiirLs
a.12865
0.15582

2837.0
2832.5
2688.0
28085
28315
30005
20018
32133
3457.7
3640.8
apdL 8
4042.&
4249.3
4451 .6

27842 59787
2833,5 60571
20557 62111
S060.3 64516
3196.7 55485
3317.2 6RO
2434 7 60781
36669 7.2605
39003 75186
4137.7 7.7458
43802 74818
456263 A.1648
48RZ | 83858
51413 5388
58057 87124

Q18157

£+ H0 MPa2T550C)

Q15840

P~ 7.0 }Pa {285.83°C)

0.14527

46783

P 8.0 }Pa 1205010

202245
003518
004225
004742
085217
005567
046102
0 06527
007355
DOBLEE
008964
060756
010343
ali3ze
012107

25889
2a624
27904
2027
29
0831
31752
32672
534
36432
38383
40401
4247 ¢
4359 %
ABTIT

27846
DHEL6
30439
81783
BR2g
24281
35413
36588
23043
41331
43786
45254

60103
63357
6.5432
67219
EREZG
70308
71833
TADMTF
7H582
FETEL
BOBE
AR70.7 82N9
51394 84534
E404.1  BA2ZZ3

58902

Q027578 281D
0422402 26335
O03EPE2 2770.1
039088 28795
DOALISY 25790
GOABIET 30743
605566 31679
ONBSEES 32610
OAG2E50 344R3
0063856 36305
4075760 38357
QOASETFL 40375
$000341 42450
0N9ra7s 44579
¢.103781 4676.1

2¥725
oS
20162
31502
a28Ra
34114
35316
BEO 5
38833
I E
43738
45225

48724

51374

5A0Z6

52148
54337
£.2305
64582
54353
£.8000
6.9557
7.0810
7.3457
7.5835

T80

£.0055
#1082
B.3810
8.5551

0023525 2570.5.
0024279 25023
Q025575 27483
0034344 2564 6
0038104 2957.8
G.041787 3055.4
5045172 3160.5
0048463 3254.7
0054820 34436

0081011 3625.7

0.057082 38327
0073079 40250
0.070025 42428
0.083034 4455.1

{1 0.090817 46745

2758.7 57450
27865 57937
20851 €131
31394 63658
LTI 65570
33995 57268
35218 62800
3642.4 7.0221
38822 72807
41238 7.5188
4360.3 17372
45195 72410
45750 81350
51355 83141
540160 BAG25

# = 90 WPa {30335

P 160 MPa {311 000}

B 25080

{327.81°Cy

0020480 25585
Q023284 2847 6
Q025816 272640
(029960 28402
0033624 2055 3
GO38793 205653
(Q3GAA5 31630
GH4A2851 32484
0040755 33424
GHABREY 3438 8
0054132 26320
8080562 20206
0084514 40232 4
Q070224 42407
VL7402 4454 2
0ORDTIZ 46728

56791
58738
£0380
§.2876
64872
66603
63184
£.9605
708954
18229
74606
75802
T &655
ART2LT BOTSL
b1536 82825

27429
2857.1
28612
31188
3RERY
23874
35120
3634.1
8755.2
28741
41142
4355.7
4615.7

DOIBNZR 25452
QI0KTT 26116
0022440 26906
0026436 2833.1
0020782 Z944.5
0032811 30470
0035655 31454
8030378 32420
00414016 33380
0043507 34340
OQABERY 36282
Q053547 A6
B0Ba391 46209
GAGIIAS 4238.5
CAGFUSY 44524
OA72867 46713

27255
28103
B30
30075
azdz 4
357561
35620
36255
37481
;700
4115
83620
45138
8703
B131¥
B3CRG

56154
5.7506
50480
62141
54219
£.5005
£.7585
£.9045
70408
7.1663
7.4085
76280
TEIAD

BOZAE

B2125
HIBTL

0013406 2505.6

0016138 2624.9
Q020030 2753.8
0.023010 20137
025530 3023.2
6.028033 3126:1 -

8050306 82258
9.032401 33241

0.034p12 24200
0038724 3618,8
0042720 3818.9
a.086641 4023.5
Q050510 4233.1
0.054342 4847.7
0058147 4887.2

2674.3 SAG38

2B2EG 57130
20400 60433
L 62743
53436 64551
34785 66317
5504.56 67825
37302 69227
IREL.6 7 O540
41028 7320957
A3BR.9 75145
45065 17569
ARGE S 78220
5127.0 81085
§304.1 52810

53005 £A371
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Saturated yefrirerant-134a—Temperature table

Entropy,

Speciti wolume, fatorral eneigy, - Enthafy,
g Rk o it . gl
Sat, Sat, Sat, Sat Sat, fat. Sat. SHal. Bat.

Termng,, press,,  figuld, vapor, lguld, Ewvap., wvapor figuld, Evap., wvaper, fHaoid, Bvap, wepw,
T E.kPa v vy by Uy th #y e by % S %
A0 BLOGE 0007084 035081 —0.036 20740 207.37 0000 22686 22588 000000 096865 096865
~38 B5AS 00007083 0.3732 2475 206504 20851 28156 22481 2712 0A1072 095511 096584
=36 4285 00007112 Q20751 4452 0467 20066  BOST £23.3% R3S 002138 084176 (198315
~34 6856 Q.0007E42 0.2706D 7.517 20820 214081 7.566 22709 220465 003199 Q02859 006058
oaf THFL 00007L7Z 0.247511 1005 2008t 21IS6 1010 22041 23001 004253 091550 008513
30 &44A3  DONOTROY 023580 (253 20062 ZE3LiD 1265 21952 2321F 005301 GO0ZIE QO85T7H
~58 96 0000723 020866 1513 16912 214085 1520 21820 23345 Q06544 083012 00636
~26 IDE73  OMQO7RES 018385 1769 19272 21540 1778 21692 23468 047382 087762 Q95144
04 11137 00007207 0.17365 2025 16530 21455 2033 21550 23582 Q48414 OB6527 OR4441
~2E 15172 Q0007320 0.15885 2287 10488 21170 2281 21426 =237.17 000441 085307 DI4T48
~20 13232 Q0007362 0.14729 2530 19345 21884 2540 21290 23541 Q10483 484191 094564
~1B 1489 00007355 (UEAGRY 2748 19201 2146885 803 21155 23asd 411481 82008 054380
~16 15F38 00007450 012542 3057 18056 220118 048 21018 23087 012493 QAL NG PR lvdoied
~14 17603 00007464 O1IRG7 8317 18009 22227 3330 2HB70 24204 13501 OBISA1 Q04063
~17 18537 Q0007400 O.IO736 ARTA IR7A2 20340 3502 20758 24330 014504 0794086 093911
<10 20074 DOD07S35 Q095516 SR4G 18604 22454 3BEL 20505 P45t (15504 078283 093766
~8 2I7HR OO00757F G.092352 4103 18464 22567 4LI9 BD4SE 24572 016488 (77130 053629
~& 23444 CO007508 G.G85802 435 18213 22880 4381 P034T 24691 Q17480 O.FEMR QLY
-4 LEIBE 00007648 DO79EN4 4621 1ELEL 22702 4850 20150 24810 UIS478 GT748%6 Q93372
_5 97236 00007584 O.G74304 4EGE  IR0OR 22004 4017 20011 24938 DI19450 (73704 003253
0 20301 00007723 0083255 5i.63 17853 230.56 S5LE6 1UBE0 25045 0.20480 QFAFOF Q93139
o 31484 00007763 0084612 5430  1TATY 23127 MBS 19747 25141 DXI4ES D.7I6L6 09303
4 33¥20  0ONO7EGE {LOB0338 BEGY 17536 23438 57.25 . 19651 25277 022387 (0.70540 042527

€& 26223 DO007845 0056308 5968 17380 23348 5DOT 19344 25351 (23355 488471 Q92828

& SETRR  OJOUPEEY OH.0B2762 £2.30 17210 S3455 6260 D235 25504 024%23 AS8410 402733
10 41439 00007950 0.040403 6510 L7055 23547 €543 18072 26616 025286 0.67356 DI2641
1Y A43.21 0ODOTOTS O.046285 SFA3 L6852 23675 8818 18500 25727 026R45 (506208 Q92684
14 473319 Q000820 O.043417 FOBT 18726 E37.83 OS5 IBTAR 25837 027204 065268 032470
16 56458 00008065 0.040748 7332 16458 23R8 TITE 18RV 25046 028159 (0.6423¢ 0.9580
18 58752 DO0008LI3 O0%BDFL 7H08  IA3AE U3G.95 TEEY 18401 26053 a2811z 0.63188 002310
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Satwaled relrlgerant-134a—Temperatuws table [Consluded)

Bal
Temp,, press,,

 Specific yolsra,
o e

fntarnad! grocgy,
ik

Enthatpy
L RYRE

Enteopy

_ ke K

$at,
Hhuid,

Sat,
$4pd,
t.’#

Sat.

bquid, Bwap,,

th

g

Sat.
uaper,
“i‘

Sat,
liguid,
fty

Evap.,
frge

Bal.
waphr,
e

Sat.
figuid,
S

Evap.,
B

Gat,
vapor,
5

FC PakPa v

- 51207
A08.27
446,18
£85.84
7231

70654
81589
g63.11
912,35
G538

Hi
10728
11307
116910
12538

1386.2
15291
16828
18081.0
2182
236b.8

2635.3
29282
32465
3504.1
3975.1

BRREE JEBRNE AAEAS BHEKE BRENN

Q000816
00058210
OD0SE261
Q0008313
AQNB3IEE
00008421
80008478
Q0008538
DADOEEAG
GOMBERT

00008720
GO008786
00003854
00008924
4 0004955

20008150
000003L7
00003458
D750
€.0010037
00010372

00010722
Qoutt27a
{00192
40012933
Q0015269

H.035869
033828
GO51EM
402691
DOZE242
GA2E622
Q05108
0823691
(022554
021114

0019882
J018856
8017824
Q016852
GH15639

0014285
0412771
011434
000055
0008842
0007480

1005436
0005485
Q084559
QO03T26
0002830

7885
Riad
&4.44
BLI6
90.09

9243
8579
885
131,55
164.45

197,28
110.32
11328
116,25
1192
125,33
131.49
182,75
14877
15401
162,53

itid0
180.77
19G.89
20240
21832

16216
16042
158,65
15657
16605

183.22
155356
848
147.54
14558

14380
4158
E30.52
13742
13509

13028
12628
121.46
11508
10814
100.64

9253
8267
7123
58.47
29,19

241402
24208
24318
#4432
24514

24634
247.34
24812
24908
260.04

25027
25189
26280
253,88
254,55
28621
357.77
259,02
260.82
252,18
26313

283.63
263.44
252,15
26847

24781

m.32
a2.14
808
8r.43
£0.89
93.58
865.48
95.40
12.33
105.24

108.26
111,25
14,24
11232
120.39

125,59
1320
136.35
147 5
165.13
164.93

174.24
184.07
164,75
207.05
224.70

18227
18049
173 69
1785
194

17308
17134
15917
18715
165.10

18300
16086
18857
15643
15414

14439
14433
13814
izzn2
2432
11545

10535
85.44
#8235
£5.21
2353

26159
26264
26387
2468
26558

655
25767
26857
e840
M35

2T 27
27252
Z7235
£RT7h
27453

21588
27739
2148
27954
28046
28082

28159
27951
HIER S
23226
2R 37

030063
031011
031458
0.323063
033846

03478
036720
036570
q37600
038548
050485
0ADI2S
041363
042302

GA324z

GASLEE
047218
GABIZG

£.51320

053755
058241

Q.E8BOG
051473
064335
QE7578
072217

062172
05114
f.E0130
0.59115
o.58102

057081
¢.5604z
055074
0.54085
1L53058

0.52042
1,51 G35
0.50027
0.49012
047505

045948
0.43863
041749
€.32039
0.35227
a.a3202

0.3011t
G.28544
0.22674
BATTLL
008000

002234
0.62180
0.92088
002018
001048

Ae18FY
f91811
Q91743
£.8:675
291608

0.915%8
29t484
Q9391
09215
Q4236
0.81067
Q.908R0
050858
0.90359
089932
83512

0.884912
0.8817
gm0
G.BE239
[i3:19:3 31
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Supatheated relrigesant- 1342 { Continuady

s

u ¢ ] %

I v 2 L 5 & i 5 v
L e kikg wikg k¥ke K | mitke Wk k¥ke  kikgK | mikg kg wWhe KkeK
P =050 WP T, = 15717} P = D80 MPa {7, » 21387} P .70 WPa (T, = 26.65°C]
S, 0118 23875 25930 0.9240 | 0034795 234183 26240 09218 | 0.0PRIEL 24448 28505 05199
0 004215 24Z40 PE3A6 09383 |
30 0044338 ZBEQB4 27301 D603 | 0035884 24822 2FDSI DS499 | OOZSDE6 Z474AB RES4AE OR3I3
40 O.04E456 25926 PRZAR LODLl | OOR7A6S 25786 2ZEOSS 0S8l | QUIIESS 25639 Z7B.E7 09541
50 D.048483 EETF2 29185 1.0309 | 0039659 IZHE48 28028 10121 | 0033327 26520 28853 Q995
80 Q05485 27625 30180 L.0BS% | 0041388 27515 26998 10417 { OO34BYS 273,01  ZGE42  LOZEG
TO  .CEZ4E7 ZRSA% 21110 1.0ERI | ON4I0RS 283.E% 10973 1.0705 | 0.038373 ESR&7 30533 10549
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140 (.085256 34883 381.48 1.2747 | OOSA0ZF 34825 3IB0A6 12584 | O0MEDOA  347EE  IFLB5 1244
150 0067021 35851 392.0F 1.5393 | DOS5SEZ 357.96 391727 128385 | 0047306 35741 390.52 12899
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P o= QB0 MPa T, = 3E.31°) 7~ 0.90 Mfa {T,, = 35.51°C) F= 100 P {7, = 39.37C)
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