£ ELIZADE UNIVERSITY, ILARA-MOKIN,

? ONDO STATE, NIGERIA
DEPARTMENT OF MECHANICAL ENGINEERING

SECOND SEMESTER EXAMINATIONS

201772018 ACADEMIC SESSION

COURSE: MEE302 - Thermodynamics
CLASS: 300 Level Mechanical & Automotive Engineering HOD’S SIGNATURE
TIME ALLOWED: 2 hours 30 minutes
INSTRUCTIONS:  Attempt any four questions

Date:  July/August, 2018
Question 1

(a) Which is higher between the back work ratio of gas turbine and steam turbine engines?
Explain (5 marks)

(b) A gas-turbine power plant operating on an Ideal Brayton cycle has a pressure ratio, Ty, of
8. The gas temperature is 300 K at the compressor inlet and 1300 K at the turbine inlet.
Utilizing the air-standard assumptions determine the gas temperature at the exits of (i) the
compressor, (ii) the turbine (iii) the back work ratio, and (iv) the thermal efficicncy

(10 marks)
Question 2

(a) Explain briefly the methods by which increase in the efficiency of a Rankine cycle can be
achieved. (6 marks)
(b) Consider a steam power plant operating on the simple ideal Rankine cycle. Steam enters

the turbine at a 3 MPa and 350 °C and is condensed in the condenser at a pressure of
75 kPa. Determine the

(i) thermal efficiency of this cycle.
(ii) back work ratio and

(iii)thermal efficiency of a Carnot cycle operating between the same limits

(9 marks)
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Juestion 3

(@) Why is the Reversed Carnot cycle executed within the saturation dome not a realistic
model for refrigeration cycle? (6 marks)

(b) A refrigerator uses refrigerant-134a as the working fluid and operates on an ideal vapour-
compression refrigeration cycle between 0.14 and 0.8 MPa. If the mass flow rate of the
refrigerant is 0.05 kg/s, determine the
(i) rate of heat removal from the refrigerated space,

(ii) power input to the compressor,

(iid)rate of heat rejection to the environment, and the
(iv)COP of the refrigeration (9 marks)

Question 4
(a) Mention the two critical factors to be considered in refrigerant selection and any other
two factors (6 mark.s).
(b) A room 5m x 5m x 3 m room contains air at 25 °C and 100 kPa at a relative humidity
of 75 percent. Take c, = 1.005 kj/kg, Ry = 0.287 kPa.m3/kg.K, R, =
0.4615 kPa.m®/kg.K Determine the
(1) partial pressure of dry air
(ii) specific humidity
(iii)enthalpy per unit mass of the dry air
(iv)masses of the dry air and water vapour in the room (9 marks)

Question 5

(a) On a hot afternoon, the outer surface of a glass of iced-water “sweats”. How can you
explain this sweating? (6 marks)

(b) A simple ideal Brayton cycle with air as the working fluid has a pressure ratio of 10. The
air enters the compressor at 295 K and the turbine at 1240 K. Accounting for the
variation of specific heats with temperature, determine the
() air temperature at the compressor exit,

(i) back work ratio, and
(iii)thermal efficiency.

Question 6

(a) List four other types of refrigeration systems other than the vapour-compression
refrigeration and mention two refrigerants (6 marks)

(b) A gas-turbine power plant operating on an has a pressure ratio, 7, of 8. The gas
temperature is 300 K at the compressor inlet and 1300 K at the turbine inlet. Taking the
compressor efficiency to be 80% and turbine efficiency to be 85% for the cycle,
Determine the

(i) back work ratio
(ii) thermal efficiency
(iii)turbine exit temperature (9 marks)

(9 marks)
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SELECTED RELEVANT FORMULAS

[ 2P
Py Py

— Ws

2. Ne= e
a

— Wa

3. np = o
N

— Wnee — Tout
4 Nen = ——orNy =1-—
Qin Qin

d. (qin = Qout) + (Win = Woue) = he — Ry

6. Wpump,in = V(P2 — Py)

7. W = 1m(Ah)
8. p=1

P-Py
10.P =P, +P,
11. COPp = 2

in

12. COPg carnot = (_TF/iF
L
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034
PROPERTY TABLES AND CHARTS

TABLE A-17

Ideal-gas properties of air

o

s

r
K
290
295
298
300
305
310
315
320
325
330
340
350
360
370
380
350
400
410
420
430
440
450
460
470
480

450

510
520
530
540
550
560
570

h

kg

290.16
295.17
298.18
300.19
305.22

310.24
315.27
320.29
325.31
330.34

34042
350.49
360.58
370.67
380.77

360.88
400.98
411.12
421.26
431.43
441.61
451.80
462.02
47224
482.49
492.74
503.02
513.32
523.63
533.98
544.35
555.74
565.17
575.59

1.3860
1.4686
1.5546
1.6442
1.737%
1.8345
1.9352

2.149
2.379
2.626
2.892
3.176

3.481
3.805
4.153
4.522
4.915
5.332
5775
6.245
6.742
7.268

7.824
8.411
9.031
9.684
10.37
11.10
11.86
12.66
13.50

u

g v

206.91
210.49
212.64
214.07
217.67

221.2%
224.85
228.42
232.02
235.61

242.82
250.02
257.24
264.45
271.69

278.93
285.16
293.43
300.69
307.99
315.30
322.62
329.97
337.32
344.70
352.08
359.49
366.92
374.36
381.84
389.34
356.86
404.42
411.97

o

676.1
647.9
631.9
621.2
596.0

572.3
549.8
528.6
508.4
489.4

454.1
4222
3934
367.2
3434

321.5
301.6
283.3
266.6
251.1
236.8
2236
211.4
200.1
189.5
179.7
170.6
162.1
154.1
146,7
139.7
133.1
127.0
121.2

_ KIkeK |

1.66802
1.68515
1.69528
1.70203
1.71865

1.73498
1.75106
1.76690
1.78249
1.79783

1.82790
1.85708
1.88543
1.91313
1.94001

1.96633
1.99194
2.01699
2.04142
2.05533
2.08870
2.11161
2.13407
2.15604
2.17760
2.19876
2.21952
2.23993
2.25997
2.27967
2.29906
2.31809
2.33685
2.35531

K__

h

u
kiikg P, ki/ke v,
680 69182 2585 49662
690 70252 27.29 504.4%5
700 71327 28.80 512.33
710 72404 3038 £520.23
720 73482 3202 %£28.14
730 74562 33,72 536.07
740 756.44 3550 544.02
750 767.29 37.35 551.99
760 778.18 3927 56001
780 B0O0.03 4335 576.12
800 82195 47.75 592.30
820 84398 52.59 €08.59
840 B66.08 5760 €24.9%
860 B8827 6309 641.40
880 910.56 6898 657.95

500 93293 7529 674.58
920 95538 82.05 691.28
940 977.92 89.28 708.08
960 1000.55 97.00 72%.02
980 102325 105.2 741.98

1000 1046.04 114.0 758.94
1020 1068.89 1234 776.10
1040 1091.85 133.3 793.36
1060 1114.86 1429 81062
1080 1137.85 1552 827.88
1100 1161.07 167.1 845.33
1120 1184.28 179.7 B52.79
1140 1207.57 193.1 880.35
1160 123092 207.2 897.91
1180 1254.34 2222 91557
1200 1277.79 2380 933.33
1220 1301.31 2547 951.09
1240 132493 2723 95895

kJ/kg-K
7550 254175
7256 255731
69.76  2.57277
67.07 2.58810
64.53 260319
62.13 261803
50.82 2.63280
5763 264737
5554 265176
5164 269013
4808 271787
4484  2.74504
41.85 277170
39.12  2.79783
3661 2.82344
3431 2.84856
3218 2.87324
3022 2.89748
2840 292128
2673  2.04468
2517  2.95770
2372  2.99034
2329 301260
21.14  3.03429
10.98 3.05608
18.896 3.07732
17.886 3.00825
16.946 3.11883
16.064 3.13916
15.241 3.15016
14.470 3.17888
13.747 3.19834
13.069 3.21751
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 TABLE A-5

Saturated water—Pressure tabla

Spexific volume,

Internal encrgy, Enthalpy. Entopy.
m g kg kg kg K
Press. ;531- Sat. Sat. Sat. Sat. Sat. Sast.  Sat Sat.
P kP emp.,  liquid, vapor, bquid, Evap. vapor, liquid, Evap., vapor, liquid, Evap. vager
ast Vy v, U, U, u, h hg s, 5 3,
11-0 6387 0.001000 129.19 29302 23552 23845 29.303 24844 25137 01059 83650 a.gzai
5 13.02 0001001 R7.9G4 54685 23381 23928 S4.658 2470.1 2524.7 0.1956 BE314 ?'”-57"
20 1750 0001001 66.990  73.431 23255 23989 73.433 24595 25325 02006 24571 5-542_‘7
25 2108 0001002 54747 88422 23154 24036 B8.424 24510 753%.4 03118 23302 5.:%;3
30 2408 0001003 45654 10098 23000 2407.9 100.05 24430 25848 03543 82722 B.57E5
40 28595 0.001004 34.791 12138 72931 24145 121.39 24323 25537 04z24 a?—:lf ifzf;
SO 3287 0001005 28185 137.75 22821 24198 137.75 24230 25607 04762 7.517% 2700
75 4022 0001008 19.233 16874 2261.1 24298 168.75 24053 2574.0 05763 Z"Z's 22 =
10 4581 0001010 14.670 151.79 22454 2437.2 191.81 23921 2583.5 06432 ung :-m_;
15 5397 0001014 10020 22593 22221 24480 225.94 23723 25383 07545 72522 =00
20 G00E 0001017 7.6481 251.40 22046 24560 251.42 23575 26089 08320 70752 i;’?z;
25 6496 0001020 62034 271.93 21904 24624 271.36 23455 2617.5 08332 o:ifizj ‘;2’;2
30 69.09 0001022 52267 289.24 21785 2467.7 289.27 23353 26246 03441 68234 ?."_-_:
40 7586 0001026 3.9933 317.58 21588 24763 317.62 23184 263£.1 1.0261 §-§4fj ;j':;
50 8132 0001030 3.2403 34049 21427 24832 34054 23047 26452 10817 5301% 7==223
75 91.76 0001037 22172 384.36 21118 24951 38444 22780 26624 12132 ':43525 74552
100 99.61 0001043 1.6941 417.40 20882 2505.6 &17.51 22575 26750 13028 £0 £2 7.3523
101325 9997 0001043 16734 41895 20870 25060 419.06 22565 2675.6 1.306% 6.0476 7.3545
125 10557 0001048 1.3750 444.23 20685 25130 42435 22406 26845 13741 55100 7.2841
150 11135 0001053 1.1584 46697 20523 25192 £57.13 27760 26931 14337 57834 72231
175 11604 0001057 1.0037 48682 20377 25245 487.01 22131 27002 1.4850 3.88£5 7.171%
200 12021 0001061 0.B8578 504.50 20246 2529.1 50471 2201.6 2705.3 1.530Z 335368 7.1270
225 12397 0001064 0.79325 520.47 20127 25332 520.71 2121.0 27117 1.5706 3535171 7.0877
250 12741 0001067 071873 53508 20018 25368 53535 21812 Z271£5 1.607Z 54433 7.03IS
275 13058 0.001070 0.65732 S54B.57 1931.6 2540.1 S485&5 21720 27209 16402 33200 7.0
300 133.52 0001073 0.60582 561.11 18821 25437 S61.43 21635 27249 16717 33200
325 136.27 0001076 O0.56193 57284 19731 25459 573.1% 21554 27286 1.7005 32843
350 13886 0001079 052422 583.89 19646 25485 358426 21477 27320 1.7274 3Ziz2
375 14130 0001081 0.49133 55432 19566 25509 S5G4.73 21404 27351 1.75Z6 51842
400 143.61 0001084 0.46242 £04.22 19489 25531 €04.65 21334 27381 1.7765 =113l
Superheated water (Condluded)
T v u h s v u h 5
_‘C m:'lkg Kikg  kikg kI%g-K |mikg kg &iVkg kg K
P = 2.50 MPa (223.95Y) P = 3.00 Mz {233.350)
sat.  0.07995 2602.1 28019 62558 |005667 26032 28032 &.183%
225 0.0B026 2604.B 2805.5 62629
250 0.08705 2683.3 2880.9 6.4107 |0.07063 26447 28555 £.2833
300 0.09894 27622 3009.6 €.6459 |D.08118 27508 290943 65412
350 0.10979 28525 3127.0 68424 |0.09056 28244 31161 £.7450
400 0.12012 2939.B 3240.1 70170 |0.09938 29336 32317 £.923%
450 0.13015 3026.2 3351.6 7.1768 |0.10789 30212 33349 7.083%
500 0.13999 31128 34628 73254 |0.11620 31086 34572 7.23%2
600 0.15931 32885 36B6.8 75379 [0.13245 32855 36828 7.5103
700 0.17835 3469.3 39152 7.8455 |0.14B41 34670 39122 7.73%0
BOO 0.19722 3656.2 41492 80744 |0.16420 36543 41469 7.goass
900 0.21597 38494 4389.3 82882 [0.17988 38479 43875 B8.207%
1000 023466 4049.0 46356 84897 |0.19549 40477 46342 8.a0as
1100 0.25330 42547 4887.9 BGBO4 |0.21105 42536 48857 8s3ss
1200 027190 44663 5146.0 88618 |0.22658 44653 51451 87771
1300 0.29048 4683.4 54095 9.0349 |0.24207 4682€ S4088 &.9sQ2




Saturated refrigerant-134a—Pressure table

it et

Lothalpy.

[ty

Specific volume, Internal energy, bl ey
e k) kg
m?/kg LUL— Sal aal “nl
\ ol Jat
Sat.  Sat. Sat. Sat. Sat.  Sat v‘m"" Hauid, — Fvap.,  vapor,
Press., temp., liquid, vapor, liquid, Evap., vapor, lquid, I’-"“"" ) ' % iy "y
PkPa T, °C v ) u, h e #
= - Ye =L L - ; ’ L2607 0.09276  ORGH0% 094771
120 -2232 00007324 016212 2240 19511 217.51 22.49 j"f','("’:‘ b0 16 011007 08146 094456
140 -18.77 0.0007383 0.14014 26.98 192.57 219.54 27.08 f’l(f : fm‘” 12690 01406 0 94190
160 -15.60 0.0007437 0.12348  31.09 190.27 221.35 31.21 f“_’-"‘ :M?'m’ 014190 079826 091965
180 -12.73 0.0007487 0.11041  34.83 188.16 222.99 34.97 f’(’(-'f‘ jM‘M 016467 020816 00947714
200 -10.09 0.0007533 0.099867 38.28 186.21 224.48 38,43 206,03 24446 O.1f
9621 26503 033290 068763 0.91994
700 26.69 0.0008331 0.029361 88.24 156.24 244.48 88,82 176.21 ",’"',' ‘l'.}u 067667 091917
750 29.06 0.0008395 0.027371 91.59 154.08 24567 92.22 173,98 489,20 “'l‘:“m' u"'um 00114
800  31.31 0.0008458 0.025621 94.79 152.00 246.79 95.47 171.82 ;z(,/.:',u (;4:4.»4 5 “'?':"m" 0.91762
850  33.45 0.0008520 0.024069 97.87 149.98 247.85 98.60 169.71 268.31 036413 0.66349 0,
& RO 07 16 091692
900  35.51 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 269.26 0‘;1/:!// “:"":'” ':'::':,m
o1} T 4R N0 NNNRAAL NN2143% 1N AA 14A 1N 24970 1N4 K) IRR KA 27014 0O asant nh
Superheated refrigerant-134a (Continued) P———
T v u h s v u h 5 v u h o K
°C_mi¥kg  kikg kikg klkg-K | mikg kikg  kikg  kIkg K | mYkg  kikg ke kK
P = 0.80 MPa (T.,, = 31.31°C) P = 0.90 MPa (T, ~ 35.51°C) P =100 MPa (], - 300
Sat.  0.025621 246.79 267.29 0.9183 | 0.022683 248.85 269.26 0.9169 | 0.020313  250.68 21099 0 'nu:‘
40 0027035 254.82 276.45 0.9480 | 0.023375 253.13 274.17 09327 | 0020406 251.30 271,71 09179
50  0.028547 263.86 286.69 0.9802 | 0.024809 262.44 284.77 09660 | 0021796 260,94 282,74 0,957
60  0.029973 272.83 296.81 1.0110 | 0.026146 271.60 295.13 0.9976 | 0.023068 270.32 293,38 0.9850
Saturated water—Temperature table
Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg KI/kp - kK
Sat. Sat. Sat. Sat. Sat. Sat, Sat. Sat, Gat,
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid,  Evap., vapor, liquid, Evap,, vapor,
T°C  PykPa v, Ve i Us Y% i g e S w4
001 06117 0.001000 206.00 0000 23749 23749 0001 25009 25009 00000 9.1556 91556
5 0.8725 0.001000 147.03 21019 23608 23818  21.020 2489.1 25101 0.0763 B98I 90240
10 1.2281  0.001000 106.32 42020 23466 23887 42022 24772 25192 01511 B 7488 B.5999
15 1.7057 0.001001  77.885 62.980 2332.5 23955 62982 24654 25283 02245 6550 IR0
20 2.3392 0001002 57.762 83913 23184 24023 83915 24535 26374 0965 83696 #6661
25 3.1698 0.001003  43.340 10483 23043 2409.1 10483 24417 25465 03677 B.1895 #5567
30 42469 0.001004  32.879 12573 22902 24159 12574 24298 25656 04368 BOIO2 84490
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