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822 ' Basic and Applied Thermodynamics

 Variation of T » With Temperature for Various

gases* 25 0 0 0

* For monatomic gases, such as He, Ne, and Ar, Ep is constant over a wide temperature range and is very nearly equal
052 R.

Source: Adapted from K. Wark, Thermodynamics, 4th ed. McGraw-Hill, New York, 1983, as based on NASA SP-273,
U.S. Government Printing Office, Washington, DC, 1971.

Ideal Gas Specific Heats of Some Common Gases (kJ/kg.K)

oo m—

Temp.

250 1003 0716 1401 1039 0742  1.400
300 1005 0718 1400 1039 0743 1400
350 1.008 0.721 1.398 1.041 0.744 1.399
w00 L0726t 1395 ¢ f0as om7  i3w

450 1.020 0.733 1.391 1.049 0.752 1.395
500 1029 0742 1387 1056 0759 . 1391

(Continued )
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(Continued)

e - o c' k A 'Cb : c, : k cp. c, k
Temp. - i . Nirogem N, Oxygen, O, Temp.
K o I O :? e i i By : % K

550 1040 0753 1381  1.065 0768 1387 0988 0728 1358 550
600 1051 0764 1376 1075 0778 1382 1003 0743 1350 600
650 1063 0776 1370  1.086 0789 1376 1017 0758 1343 650
700 1075 - 0788 1364 1098 ~ 0801 1371 1031 0771 1337 700
750 1087 0800 135 1110 0813 1365 1.043 0783 1332 750
800 1099 0812 1354  LI21 0825 1360 1054 0794 1327 800
900 1121 0834 1344  1.145 0849 1349 1074 0814 1319 900

1000 1142 0855 1336 1167 0870 1341 1090 0830 1313 1000
Temp. Carbon Carbon Hydrogen, H, Temp.
K Dioxide, CO, Monoxide, CO K

250 0791 . 0602 -1314 1039 - 0743 1400 14051 9927 1416 250
300 0.846 0.657 1.288 1.040 0.744 1.399 14.307 10.183 1.045 300
350 0895 0706 1268 1043 0746 1398 14427 10302 1400 350
400 0.939 0.750 1.252 1.047 0.751 1.395 14.476 10.352 1.398 400
450 0978 .. 0790 1239 1054 _ 0757 1392 14501 10377 1398 450
500 1.014 0.825 -1.229 1.063 0.767 1.387 14.513 10.389 1.397 500
550 1046 0857 1220 1.075 0778  1.382 14530 10405  1.396 550
600 1.075 0.886 1.213 1.087 0.790 1.376 14.546 10.422 1.396 600
650 1102 . 0S13 1207 . 1.100 ' 0803 1370 14571 10447 1395 650
700 1.126 0.937 1.202 1.113 0.816 1.364 14.604 10.480 1.394 700
750 1148 0959 1197 1126 0829 1358 14645 10521 1392 750
800 1.169 0.980 1.193 1.139 0.842 1.353 14.695 10.570 1.390 800
900 1204 1015 LIS 1163 - 0866 1343 14822 10698 1385 900
10600 1.234 1.045 1.181 1.185 0.888 1.335 14.983 10.859 1.380 1000

Source: Adapted from K. Wark, Thermodynamics, 4th ed., McGraw-Hill, New York, 1983, as based on “Tables of
Thermal Properties of Gases,” NBS Circular 564, 1955.
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826 ' Basic and Applied Thermodynamics

py of formatzon at 25 C, zdeal gas enthalpy, and Absolute Entropy at 0.1 MPa (1 bar) Pressure

Nxtmgen Diatomic (N, ) "7 " Oxygen, Diatomic (0,)
; o (h5 )y = 0 kol
O M=31.999

Temp. ( o hm) e

K " KAmolK  kMmolK
0 — 8682 0

100 oossTI0O 0 1598130 . w78 | 173.306
200 - 2858 179.988 — 2866 193.486
298 I 0 191611 0 205.142
300 54 191.791 54 205.322
400 % ‘aem . 0 200480 3029 213.874
500 5912 206.740 6088 220.698
600 8891 212175 9247 ‘ 226.455
700 11937 216.866 12502 231272
800 - 15046 . 221016 15841 235.924
900 18221 224.757 19246 239.936
1000 21406 288.167 22707 243.585
1100 24757 231.309 26217 246.928
1200 - % 28108 . . | 23425 - . 29765 250.016
1300 31501 236.941 33351 252.886
1400 - 34936 239.484 36966 255.564
1500 38405 241.878 40610 258.078
1600 - 41903 - 244137 - 44279 \ 260.446
1700 45430 246275 47970 262.685
1800 48982 248304 51689 264.810
1900 52551 250.237 55434 266.835
2000 - . 56141 - 252078 - - . 59199 268.764

* Adapted from Tables A 11 (Pages 687 to 696) in Fundamentals of Classical Thermodynamics by G.J. Van Wylen
and R. Sonntag, John Wiley, New York, 1976 (with the kind permission of the publishers, John Wiley & Sons, Inc.,
New York).
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| CubomDioxide(CO,) ' Carbon Monexide(CO) |
AHS )y = — 393522 kifkmol  (h%)yeg =~ 110529 KI/kmol

Eoin MO L M=20

0 -9364 0 — 8669 0
100 _6456 179.109 Z5770 0 165850
200 -3414 199.975 — 2858 186.025
298 0 213795 0 ' 197653
300 67 214.025 54 197.833
400 4008 225.334 2975 206.234
500 8314 234.924 5929 212.828
600 12916 243309 8941 218313
700 17765 250.773 12021 223.062
800 22815 ' 257.517 15175 2121
900 28041 263.668 18397 231.006
1000 33405 269325 21686 234.531
1100 38894 274.555 25033 237.719
1200 44484 279417 . 28426, 240.673
1300 50158 283.956 31865 243.426
1400 55907 | 288216 35338 245.999
1500 61714 292.224 38848 248.421
1600 67580 296.010 42384 250.702
1700 73492 299.592 45940 252.861
1800 79442 302993 49522 254.907
1900 85429 306.232 53124 256.852
2000 o450 ¢ 309320 56739 258710
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e ... Pater(H,0) f{ydmgen Diatomic (H,)
o (i®)sua = - 241827 kiimol. ) g = 0 kJkmol
L ‘ M=18015 ' i M=2016
: Tew. ( V hz%s) ? EEe e ( ’ ~"'hm) 30 ’
K ‘imol kifkmol K kHamol kI/kmol K
0 - 9904 0 — 8468 0
100 - 6615 152.390 ~5293 102.145
200 ~3280 175.486 ~2770 119.437
298 o 188.833 o 130.684
300 63 189.038 54 130.864
400 3452 198.783 2958 139.215
500 6920 206.523 5883 145.738
600 - 10498 213.037 8812 151.077
700 14184 218.719 11749 155.608
800 17991 223.803 14703 159.549
900 21924 228.430 17682 163.060
1000 25978 232706 20686 166.223
1100 30167 236.694 23723 169.118
1200 34476 240.443 26794 171.792
1300 38903 243.986 29907 174.281
1400 43447 247.350 - 33062 176.620
1500 48095 250.560 36267 178.833
1600 52844 253.622 39522 180.929
1700 57685 256.559 42815 182.929
1800 62609 259372 46150 184.833
1900 67613 262.078 49522 186.657
2000 72689 264.681 52932 188.406
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TABLE A.10 GAS TABLES

L 4* Po Po T,
0 0 00 1.00000 1.00000 1.00000
0 010943 58218 099303 099502 0.99800
0.21822 2.9635 0.97250 0.98027 0.99206
o32s72 20351 093947 095638 . 098232
0.43133 1.5901 0.89562 0.92428 0.96899
05352 13398 084302 . 088517 0.95238
0.63480 1.1882 0.78400 0.84045 0.93284
073179 109437 072092 079158 0.91075
0.82514 1.03823 0.65602 0.74000 0.88652
091460 . 100886 059126 068704 0.86058
1.00000 1.00000 0.52828 0.63394 0.83333
108124 - 100793 -~ 046835 - 058169 0.80515
1.1583 1.03044 0.41238 0.53114 0.77640
12311 106631 036092 048291 074738
1.2999 1.1149 0.31424 0.43742 0.71839
13686 . L1762 .. 027240 . . 039498 . . 068965
1.4254 1.2502 0.23527 0.35573 0.66138
14825 13376 .. 020259 031969 . 063372
15360 1.4390 0.17404 028682 0.60680
LS8l 1SSz . 0144 . 025699 058072
1.6330 1.6875 0.12780 0.23005 0.55556
16769 18369 - 010935 . 020580 . 053135
1.7179 2.0050 0.09352 0.18405 0.50813
176321931 ... 007997 . 016458 . 048591
1.7922 2.4031 0.06840 0.14720 0.46468
18258 26367 .005853 . 013169 044444
1.8572 2.8960 0.05012 0.11787 0.42517
18865 . .3a830 004295 . . 010557 .. . 040684
1.9140 3.5001 0.03685 0.09462 0.38941
9398 0 3sa98 . 003165 . . 008489 . 037286

(Continued)
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(Continued )

3.00 1.9640 42346 0.02722 0.07623 035714
3.50 2:0642 67896 0.0131¢ - 004523 028986
4.00 2.1381 10.719 0.00658 0.02766 0.23810
450 21936 16562 0.00346 001745 0.19802°
5.00 2.2361 25.000 189(10) 0.01134 0.16667

6.00 22953 7 53.180 633(10)% 000519 012195
7.00 23333 104.143 242(10) 0.00261 0.09259
9.00 23 s aagoyr 0000815 005814
10.00 2.3904 535.938 236(10)7 0.000495 0.04762

Normal Shocks - L

v Prc iy Py Py
1.00 1.00000 1.00000 1.0000 1.0000 1.00000 1.8929
1.10 091177 ' 12450 11691 - 1.0649 099892 2.1328
120 0.84217 1.5133 1.3416 1.1280 0.99280 2.4075
130 0.78596 " - 1.8050 15157 T ihises . Yomess 2735
1.40 0.73971 2.1200 1.6896 1.2547 0.95819 3.0493
1.50 0.70109 2.4583 1.8621 713202 0 092978 34133
1.60 0.66844 2.8201 2.0317 13880 0.89520 3.8049
1.70 064055 ' 32050 T 20977 oases ‘osssm 0 azass |
1.80 0.61650 3.6133 23592 1.5316 4.6695 .
1.90 0.58562  4.0450 25157 6079 sitary
2.00 0.57735 4.5000 2.6666 1.6875 0.72088 5.6405
210 056128 ' 49784 8119 U1m0s ‘067422 61685 |
220 0.54706 5.4800 29512 1.8569 0.62812 6.7163
2.30 0.53441 6.0050 3.0846 19968 osssl 72937
2.40 0.52312 6.5533 32119 2.0403 0.54015 7.8969
2.50 0.51299 ' 7.1250 33333 21375 7 049902 85262

(Continued )
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( ontinue )

Lol ke ,
2.2383 0.46012
2349 7 042359
2.4512 0.38946
28632 4 03513

2.60 0.50387 7.7200
2707 049563 83383
2.80 0.48817 8.9800
290 048138 96450
3.00 0.47519 10.333 2.6790 0.32834
400 04349 18500 : L 40469 - 013876
5.00 0.41523 29.000 5.0000 5.8000 0.06172
1000 038757 11650 57143 20388 000304
o) 0.37796 oo 6.000 00 0 00

Critical point

Molecular %
17.03 405.5
159.808

Carbon Monoxide Cco 28.001
Deuterium (Normal) D, 4.00 38.4
Helium? He 3.00 3.3
Hydrogen (Normal) H, 2.106 333

o .

Ne

Krypton 83.80 209.4
Neon 20.183 : 44.5 2.73 0417
Nitrogen N, 28.013 126.2 3.39 .0899
Nitrous Oxide N,0 44.013 3097 . 127 0961

(Continued)
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(Continued)
. Formda '  Molecular  Temperature Pressure Yolume
o Weight K MPa m’/fkmol

Oxygen 0, 31.999 154.8 5.08 0780
SwfwDioxide , . SO, . 64063 .. 407, . 788 217
Water H,0 18.015 647.3 22.09 .0568
Xemon i Xe Moo 13130 00 - 28980 588 . 1186 :
Benzene X, Hg 78.115 562 4.92 .2603
n-Butane. . i CHig i 58124 ‘:i;f 425,‘5 apE 380 ... 2547 .

Carbon Tetra-
chloride CCL, 153.82 556.4 4.56 2759

 Chloroform | CHCL, 11938 s3%6 541 2403
Dhichlorodi- CCL,F, 120.91 384.7 401 2179
fluoromethane
Dichioro-
fluoromethane CHCL,F 102.92 4517 5.17 1973
Ethane CH, 30.070 305.5 4.88 1480

2

BiylAleohot  CHOH 4607 - SI6 63 167
Ethylene CH,, 28.054 282.4 512 1242
nHeanet Y CH, ¢ sel?8 B sere 303 3677
Methane CH, 16.043 191.1 4.64 0.993
MethylAlookol .~ CHOH . 32042 . s132 185 1180
Methyl Chloride CH,Cl 50.488 416.3 6.68 .1430
Peme. i L G 44097 A0 426 9%

sl O

Propene C.H, 42.081 365 4.62 1810

‘Propyne. .. CH, . 40065 . . 401 . 535

Trichloro-
fluoromethane CCL,F 137.37 471.2 4.38 2478

* K.A. Kobe and R.E. Lynn, Jr., Chem. Rev., 52: 117-236 (1953).
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Dry bulb temperature, °C
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Generalized compressibility chart, py < 10.0
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10.

11.

Multiple-Choice

Questions

Lead compounds were earlier used to be added to gasoline in S.I. engines so as to

(a) reduce hydrocarbon emissions (b) reduce knocking

(c) reduce exhaust gas temperature (d) increase power output

Decrease of air—fuel ratio in SI engines results in

(a) an increase NO, (b) a decrease of CO and unburnt hydrocarbon
(c) an increase of CO and unburnt hydrocarbon  (d) none of the above

If N is the rpm, the number of power strokes per minute in a four-stroke engine is

(@) 2N (b) N2 () N (d) 4N
Volumetric efficiency is a measure of

(a) speed of the engine (b) power of the engine

(c) breathing capacity of the engine (d) pressure rise in the cylinder

If N is the rpm, the number of power strokes per minute in a two-stroke engine is

@ N (b) N2 (c) 2N (d) 4N
The volumetric efficiency of a well-designed engine is in the range of
(a) 30 to 40% (b) 40 to 60% (c) 60 to 70% (d) 75t090%
If L is the stroke and N is the rpm, the mean piston speed of a two-stroke engine is
(a) LN (b) LN2 (c) 2LN (d) none of the above
Equivalence ratio is
@ actual fuel—air ratio _ ) stoichiometric fut?l—air ratio
stoichiometric fuel-air ratio actual fuel-air ratio
© stoichiometric fuel—air ratio @ stoichiometric air—fuel ratio
actual air—fuel ratio actual air—fuel ratio

The compression ratio in diesel engines is of the order of
(@) 5-7 (b) 7-10 (c) 10-12 (d) 1420

The compression ratio of an SI engine is in the range of
(a) 4to 6 (b) 6t08 (c) 6to 10 - (d) 10to0 14

The octane number of iso-octane is
(a) 0 (b) 30 (c) 60 (d) 100
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14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

The ignition quality of diesel fuel is indicated by its

(a) octane number  (b) cetane number (c) flash point (d) fire point

A simple carburetor supplies rich mixture during

(a) starting (b) idling (c) cruising (d) accelerating
Modern carburetors provide the correct quality of air—fuel mixture during

(a) starting (b) idling (c) cruising (d) all conditions
Fuel is injected in a four-stroke CI engine

(a) at the end of the suction stroke (b) at the end of the expansion stroke

(c) at the end of the compression stoke (d) at the end of the exhaust stroke

The advantage of fuel injection in SI engine is

(a) low initial cost (b) low maintenance requirement

(¢) increased volumetric efficiency (d) none of the above

For engines operating with rich mixtures, the optimum spark timing
(a) must be advanced  (b) must be retarded (c) must be at TDC (d) none of the above

By decreasing the cooling water temperature in SI engines, the knocking tendency
(a) increases (b) decreases (c) is not affected (d) none of the above

In CI engines knocking tendency increases with

(a) increase in compression ratio (b) increase in inlet temperature of air

(¢) decrease in compression ratio (d) increasing coolant water temperature

In turbocharging, the supercharger is driven by

(a) a gas turbine using the exhaust gases (b) the engine itself

(c) aseparate electric motor (d) none of the above

For a multi-stage compressor, the polytropic efficiency is

(a) the efficiency of all stages combined together (b) the isentropic efficiency of one stage

(c) constant throughout for all stages (d) a direct consequence of pressure ratio

When the flow of air through the compressor is parallel to the axis of the compressor, it is a

(a) rotary compressor (b) reciprocating compressor

(c) centrifugal compressor (d) axial flow compressor

The stip in a centrifugal compressor will

(a) increase with increasing number of vanes (b) decrease with increasing number of vanes
(c) remain the same with increasing number of vanes (d) have none of the above

Assertion (A): The polytropic efficiency of a compressor decreases with increasing pressure ratio.
Reasoning (R): Because more energy is required to compress air at higher pressures and temperatures.

(a) Both A and R are true, but R is not the correct answer of A
(b) both A and R are true and R is the correct answer of A

(c) Ais true, R is false

(d) A isfalse, R is true

The maximum pressure ratio in an actual sing-stage axial flow compressor will be approximately
(a) 1:15 (b) 1:10 (c) 1:4 d) 1:1.2



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Multiple-Choice Questions ’ 835

The degree of reaction in a turbo compressor is defined as

(a) enthalpy drop in rotor/enthalpy drop in stage  (b) enthalpy increase in the stage/enthalpy drop in rotor

(c) enthalpy drop in stage/enthalpy drop inrotor  (d) enthalpy rise in rotor/enthalpy increase in stage

The volumetric efficiency of a reciprocating compressor having a given pressure ratio decreases if the index
compression

(a) increases (b) decreases (c) remains constant (d) isequalto 1

For the same compression ratio, the efficiency of the Brayton cycle is

(a) equal to the Diesel cycle (b) equal to the Otto cycle

(c) equal to the dual cycle (d) greater than the Diesel cycle

If the temperature at the turbine inlet is kept constant, the net output of a simple gas turbine plant would

(a) increase with increasing pressure ratio

(b) decrease with increasing pressure ratio

(c) first increase and then decrease with increasing pressure ratio
(d) remain unaffected with changes in pressure ratio

The specific output of a gas turbine plant can be increased by water injection. The water should be injected between the
(a) regenerator and the combustion chamber (b) combustion chamber and the turbine

(c) compressor and the regenerator (d) turbine and compressor

The thermal efficiency of a gas turbine cycle can be increased by

(a) reheating (b) regeneration (c) intercooling (d) all the above

The maximum temperature in a gas turbine is approximately
(a) 300°C (b) 600°C (c) 900°C (d) 1200°C

Assertion A: A regenerator always increases the efficiency of a gas turbine unit.
Reasoning (R): Because it recovers the energy which was going as a waste and saves fuel consumption.

(a) Both A and R are false (b) A is false, R is true
(c) Ais true, R is false (d) Both A and R are true

For an axial-flow gas turbine, the polytropic efficiency is equal to the

(a) isentropic efficiency (b) overall efficiency
(c) isentropic efficiency of an infinitely small stage (d) stage efficiency

In a gas turbine unit with a regenerator, perfect regeneration means
(@ I, <T, b I,>T, ©) I;=1T, (d) none of the above

where T, is the temperature of air coming out of the regenerator and 7, is the temperature of gases leaving the
turbine.

Assertion (A): The output and thermal efficiency of a closed-cycle gas turbine can be greater than that of an open
cycle gas turbine.
Reasoning (R): Because a closed cycle gas turbine can use helium as a working fluid.

(a) Both A and R are true and R is the correct explanation of A

(b) Both A and R are false

(c) A s false and R is true

(d) Both A and R are true and R is not the correct explanation of A
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37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

For a gas turbine unit, the pressure ratio for maximum output is given by
ol 2(y-1) Y 2y

@ (L,/T)*Y @) (/L) " © (5,/T)*07Y @ (I,/T)"!

where T, is the temperature of air at the compressor inlet and T is the temperature at the turbine inlet.

In a gas turbine, reheating is done mainly to

(a) increase the outlet temperature (b) reduce the size of the turbine
(c) increase the power output (d) reduce the peak temperature

Higher air—fuel ratio in a gas turbine would

(a) increase thermal efficiency (b) increase power output

(c) decrease the outlet temperature (d) make all of the above

The maximum thrust power is obtained in a turbojet engine when

(a) aircraft velocity is equal to the jet velocity (b) aircraft velocity is twice the jet velocity

(c) aircraft velocity is half the jet velocity (d) aircraft velocity is the square root of the jet velocity

Restricted burning in a solid propeliant rocket is adopted when
(a) alarge thrust is required for a small period of time  (b) a small thrust is required for a small period of time
(c) asmall thrust is required for a large period of time  (d) a large thrust is required for a large period of time

Assertion (A): It is hot possible to attain 100% propulsive efficiency of a turbojet.
Reasoning (R): Because that would require the thrust and thrust power equal to zero.

(a) Both A and R are false (b) Both A and R are true

(c) Ais true, but R is false (d) A is false and R is true
Propulsive efficiency is defined as

(a) thrust power/propulsive power (b) propulsive power/thrust power
(c) propulsive power x thrust power (d) none of the above

The maximum propulsive efficiency for maximum thrust power of a turbojet engine is

(a) 50% (b) 66.7% ©) 75% (d) 100%

The thrust of a jet-propulsion power input can be increased by

(a) burning fuel after gas turnbine (b) injecting water into the compressor
(c) injecting ammonia into the combustion chamber (d) none of the above

The propeller of a turboprop engine is driven by

(a) compressor (b) turbine (c) both ‘a’ and ‘b’ (d) none of the above
Assertion (A): A turbojet employs a smaller gas turbine unit

Reasoning (R): Because aircrafts fly at comparatively lower speeds.

(a) Both A and R are false (b) Both A and R are true

(c) Ais false, R is true (d) Ais true, R is false

The efficiency of a jet engine is higher at

(a) high altitudes (b) low altitudes (c) low speeds (d) high speeds

In a refrigeration plant, if the condenser temperature increases, the power input to the compressor will
(a) decrease (b) increase (c) remain the same (d) be unpredictable
At a place where there is no electricity, we can use the following system to obtain refrigeration.

(a) Vapour compression (b) Vapour absorption (c) Steam jet refrigeration  (d) Air cycle refrigeration
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57.

58.

59.

60.

Muiltiple-Choice Questions

In an aircraft-refrigeration system, the pressure at the cooling turbine outlet is equal to

(a) ambient pressure (b) cabin pressure
(c) pressure at inlet to compressor (d) none of the above

Match list I and list IT and select the answer from the code given below:

List I List I

Equipment in a refrigeration system Variation of properties

A. Compressor 1. Enthalpy remains constant

B. Evaporator 2. Enthalpy increases

C. Throttle valve 3. Enthalpy increases but pressure remains constant

D. Condenser 4. Enthalpy decreases but pressure remains constant
Code:

A B C D

(@ 3 2 1 4
® 2 3 4 1
() 2 3 1 4
@ 4 2 3 1

In a 2-stage vapour compression system, a flash intercooler is installed between the

(a) HP compressor and condenser (b) LP and HP compressor

(c) Evaporator and LP compressors (d) none of the above

In a water-vapour refrigeration system, a steam ejector maintains a very low pressure in the

(a) condenser (b) absorber (c) flash chamber (d) none of the above

In a vapour compression system, the working fluid is a superheated vapour at inlet to
(a) evaporator (b) condenser (c) compressor (d) throttle valve

A good refrigerant should have a

(a) large latent heat at condensing pressure (b) large latent heat at evaporator pressure
(c) condensing pressure close to critical pressure (d) high critical pressure

The effects of superheating the vapour in the evaporator and subcooling in the condenser

(a) decrease of COP

(b) increase the COP

(c) superheating increases COP, but undercooling decreases COP

(d) superheating decreases COP, but subcooling increases COP

A humidification process means

(a) a decrease in relative humidity (b) adecrease in specific humidity
(c) an increase in specific humidity (d) an increase in temperature

In an adiabatic saturation process

(a) the enthalpy remains constant (b) the temperature remains constant
(c) the absolute humidity remains constant (d) the relative humidity remains constant
When air is adiabatically saturated, the temperature attained is

(a) dew point temperature (b) dry bulb temperature
(c) wet bulb temperature (d) triple point temperature
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

The saturation temperature at the partial pressure of water vapour in an air-water mixture is the

(a) dew point temperature (b) wet bulb temperature
(c) dry oulb temperature ‘ (d) adiabatic saturation temperature

The use of reheating of steam in a steam-power plant

(a) permits the use of higher boiler steam pressure to increase the net power output
(b) reduces the steam rate and the heat rate

(c) limits the permissible quality of steam at turbine exhaust

(d) accomplishes all the above

The ideal regenerative steam cycle which yields an efficiency equal to that of Carnot cycle is not practicable
because

(a) reversible heat transfer cannot be obtained in finite time

(b) heat exchanger in the turbine is mechanically not practicable
(c) the moisture content of the steam in the turbine will be high
(d) of all the above reasons

If the number of feedwater heaters used in a steam power plant are seven, the maximum gain in cycle efficiency
occurs when the overall temperature rise of feedwater is about x times the difference between the condenser and
boiler saturation temperature (with dry saturated steam at turbine inlet),

Where
1 3 7 8
a) x=— b) x=— c) x=— d x=—
(@ 2 () 7 © 3 @ 9
In a steam power plant while the energy loss in the condenser is about 60%, the energy loss is nearly.
(a) zero (b) 4% (c) 60% (d) 100%

The overall efficiency of a steam power plant is expressed as the product of efficiencies of its components. If the
boiler efficiency takes care of the energy loss in the boiler, the cycle efficiency takes care of the energy loss in the

(a) turbine (b) condenser (c) electric generator (d) the auxiliaries
Two Thermodynamic cycles are coupled in series where heat lost by one is absorbed by the other. If the topping

cycle has an efficiency of 30% and the bottoming cycle has an efficiency of 20%, the overall efficiency of the
combined cycle is

(@ 50% (b) 60% (c) 44% (d) 54%

This cycle is applicable to a pulse jet engine:

(a) Brayton cycle (b) Lenoir cycle (c) Atkinson cycle (d) Ericsson cycle

A gas turbine plant operates on an ideal Brayton cycle. If the minimum temperature is 300 K and the maximum
temperature is 1200 K, the cycle efficiency corresponding to maximum net work is

(a) 030 (b) 0.40 (c) 0.50 (d) 0.75

In the expansion of steam is a turbine with friction and heat loss, the entropy decrease of steam due to heat loss

happens to be equal to the entropy increase of steam due to friction. Then, the entropy of steam at the turbine exit
minus that at turbine inlet is

(a) zero (b) positive (c) negative (d) more or less than zero
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Adiabatic compressibility 287
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Adiabatic saturation
temperature 473
Adsorbents 482
Advantages of a gt plant 708
Aenergy 151
Affinity 517
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Apparatus dew point 479

Index
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Bernoulli equation, 64
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Boiler efficiency 353
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Brake efficiency 353
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Brayton cycle 387
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Centrifugal compressor 616

Cetane number 668

Characteristic gas constant 238

Chemical affinity 510
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Chemical potential 298
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Claude system 448

Clausius’ statement of the second
law 84
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Coefficient of performance 85

Cogeneration plant 351

Com pressed liquid 209

Combustion in ci engines 677

Combustion knock 668

Comfort charts 491

Compressed liquid region 199

Compressibility factor 249

Compression ignition (C.I.)
Engine 382, 652

Compression processes 603

Compression ratio 382, 383, 384,
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Compressor 428

Compressor efficiency 605

Condenser 427

Conditions for reversibility 91

Conduction heat transfer 568

Constant volume gas
thermometer 20

Contact factor 485

Continuum 6

Control surface 2, 58

Control volume 2, 58

Convective heat transfer 574

Cooling and dehumidification 479

Cooling region 290

Cooling system of IC engines 680

Cooling tower 483

Corollary of carnot’s theorem 93

Counterflow heat exchanger 581

Coupled cycles 349

Co-volume 248

Critical isotherm 200

Critical pressure 200

Critical pressure ratio 553

Critical properties 553

Critical state 199

Critical temperature 200

Critical volume 200

Cut-off ratio 383, 384

Cyclic heat engine 82
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Dalton’s law 467

Dalton’s law of partial pressures 257
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Deaerator 344 .

Degradation 164
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Degree of freedom 303

Degree of reaction 507, 622

Degree of saturation 470

Degree of subcooling 424

Degree of super-heat 209

Dehumidification and heating 481

Detonation 664, 671

Dew point temperature 469

Diather mic wall 36

Diesel cycle 382, 665

Diffuser 62, 550

Disadvantages of a gt plant 710

Discharging and charging a tank 68

Disorder number 131

Dissipation 164

Dissipative effects 89

Dittus and boelter 577

Dry air 467

Dry bulb temperature 468

Dry compression 420

Dual cycle 384

E

Effective temperature 491

Effectiveness of the regenerator 389

Effectiveness, £ 583

Efficiency of the reversible heat
engine 96

" Electric calorimeter 213

Electrical resistance thermometer 22
Electrical work 32

Electrolux refrigerator 439
Emissitivity 586

Emissivity 585

Energy 46

Energy balance 60, 687

Energy cascading 172

Energy converter 354

Energy equation 287

Energy interactions 27

Energy reservoirs 83

Energy-a property of the system 47
Engine indicator 30

Engine knock 664

Enthalpy 50

Enthalpy deviation 476

Enthalpy of combustion 523
Enthalpy of formation 521-522
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Enthalpy of moist air 471

Entropy 109-110

Entropy generation in a closed
system 124

Entropy generation number 166

Entropy generation 124

Entropy principle 116

Entropy transfer 122

Equation of continuity 60

Equations of state 248-236

Equilibrium constant 510

Equivalence of kelvin-planck and
clausius statements 86

Equivalence radio 667

Ericsson cycle 379

Euler equation 64

Evaporator 429

Exact (or perfect) differential 282

Exergy 151,526

Exergy balance for a closed
system 167

Exergy balance for a steady flow
system 168

Expansion device 427

Expansion ratio 383, 384

Extensive properties 3

External irreversibility 98

F

Fanno line 557

Fans 624

Feedwater heaters 343

Fin efficiency 572

Fins 572

First law for a closed system under-
going a 46

First law for a closed system under-
going a change of state 46

First law for a closed system under-
going
acycle 45

First law for reactive systems 522

Fixed point 18

Flash point 669

Floating node 589

Flooded evaporators 429

Flow work 33

Force of cohesion 248

Forced convection 574

Fourier number 574
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Fowler-guggenheim statement 96
Free expansion 35

Free or natural convection 574
Free-shaft turbine 395

Froude efficiency 729

Fuel cell: 529

Fuel injection in ci engines 676
Fuel injector 677

Fuel pump 676

Fuel-air / Air-fuel ratio 667
Fugacity 517

Fusion curve 201

G

Gas cycle refrigeration 442

Gas tables 556

Gas turbine fuels 723

Gas turbine materials 723

Gas turbine with water injection 722

Gauge pressure 8

General energy equation 66

Generalized compressibility
chart 251

Geometrical mean area 572

Gibb’s theorem 468

Gibbs entropy equation 299

Gibbs function change 515

Gibbs function for formation 526

Gibbs function 163

Gibbs phase rule 303

Gibbs theorem 259

Gibbs-duhem equation 300

Global warming potential 435

Gouy-stodola theorem 164

Grashoff number 578

Grassmann diagram 165

Gray body 586

H

Heat capacity of reacting gases 519
Heat capacity ratio 583

Heat exchangers 579

Heat of reaction 511

Heat of respiration 490

Heat pump 85

Heat pump systems 441

Heat rate 331

Heat transfer 36

Heat transfer coefficient 575
Heating and humidification 480

Heating region 290
Heating value at constant
pressure 525
Heating value at constant
volume 525
Helmholtz function 163
Heterogeneous system 3
Higher heating value 525
Homogeneous system 3
Humid specific heat 478
Hypergolic propellants 741

I

Ideal gas 237

Ideal gas equation of state 20

Ideal gas temperature 21

Ideal regenerative cycle 337

Ignition delay 678

Ignition lag 668

Ignition systems in si engines 673

Imperfect differential 29

Impulse function 556

Impulse pressure 557

Indicated mean effective
pressure 660

Indicated power (IP) 31, 660

Indicated specific fuel
consumption 662

Indicated thermal efficiency 661

Indicator diagram 30

Intensive properties 3

Internal efficiency 353

Internal energy 46, 48

Internal energy of combustion 523

Internal irreversibility 98

International practical temperature
scale 23

Inversion curve 290

Irradiation (g) 587

Irreversibility 163

Isentropic efficiency 619

Isolated system 2

Isothermal compressibility 286

Isothermal efficiency 605, 612

J

Jet propulsion cycle 396

Jet propulsion system 724
Joule’s law 240 -
Joule-kelvin coefficient 290

Joule-kelvin effect 290

K

Kelvin scale 95

Kelvin-planck statement of second
law 83

Kirchhoff’s law 585

L

Laminar 576

Latent heat 37

Latent heat load 478

Latent heat load: humidification or
dehumidification 477

Law of corresponding states 250,
252

Law of degradation of energy 154

Law of mass action 510-510

Ler 609

Limited pressure cycle 384

Linde-hampson system 447

Liquefaction of gases 446

Liquid-line heat exchanger 424

Load calculations 489

Log-mean area 570

Log-mean temperature
difference 580

Lost work 125

Lower heating value 525

Lubricating system 681

M

Mach number 549
Macroscopic energy mode 47
Maximum inversion
temperature 291
Maximum work in a reversible
process 155
Maxwell’s equations 283
Mean effective pressure 653
Mechanical efficiency 32, 353
Mechanical equilibrium 3
Mechanical irreversibility. 98
Mechanical stability 308
Metastable equilibrium 305
Microscopic energy mode 47
Minimum work of compression 610
Mole fraction 258 '
Mollier diagram 205



Monochromatic emissive power 585

Monochromatic emissivity 586

Morse test 686

Multi-evaporator systems 431

Multi-stage compression 609

Multi-stage vapour compression
systems 429

N

Nernst’s equation 513

Nernst-simon statement of third
law 132

Newton’s law of cooling 575

Nonequilibrium state 4

Normal boiling point 201

Normal combustion 669

Normal shocks 556

Nozzle 62, 550

Nozzle and diffasor 61

Ntu 583 _

Nuclear rockets 744

Number of transfer units 383

Nusselt number 577-578

(0]

Octane number 668

Octane rating 664

Of jumbo jets 398

Open system 2

Open-cycle plant 708

Otto cycle 384, 668

Overall efficiency 354

Overall heat transfer coefficient 575
Ozone depletion potential 435

P

Paddle-wheel work or stirring
work 33
Parallel flow heat exchanger 579
Partial entropy of 260
Partial pressure 257
Partial volume 258
Pass-out turbines 352
Path 2
Path function and point
function 28
Pdv-work or displacement work 28
Perfect differentials 29

Perfect intercooling 609

Perpetual motion machine of the
first kind 51

Perpetual motion machine of the
first kind-pmm1 51

Perpetual motion machine of the
second kind 84

Perpetual motion of the third
kind 86

Phase 3

Phase change of the first order 292

Pl 683

Planck’s law 586

Polytropic efficiency 623

Polytropic process 245

Polytropic specific heat 247

Power or ‘shaft power” 659

Prandtl number 577-578

Preignition 670

Pressure ratio 388

Pressure thrust 730

Pre-whirl 618

Process 3

Process heat 350

Production of solid ice 448

Propellant 739

Propeller 726

Properties 2

Propulsive devices 726

Propulsive efficiency 396, 725, 729

Propulsive power 396, 725, 729

Psychrometer 472

Psychrometric chart 474

Psychrometric processes 476

Psych.ometric properties 468

Psychrometry 468

Pulse jet 738

Q

Qualitative difference between heat
and work 81

Quality of energy 153

Quality or dryness fraction 206

Quasi-static process 4

R

Radiation heat transfer 584
Radiation shape factor 586
Radiosity (j) 587

Index

' Ram compression 727

Ramjet 398, 736

Range 483

Rankine cycle 329

Rayleigh line 557

Reaction equilibrium 509

Reciprocity theorem 586

Redlich-kwong equation 248

Reduced properties 250

Reflectivity 584

Refrigerant 419

Refrigerants 432

Refrigerating effect 422

Refrigerator 84

Regenerative cycle 338

Regenerator 713

Reheat cycle 335

Reheat-regenerative cycle 341

Relative efficiency 664

Relative humidity 470-471

Resistance concept 569

Reversed brayton cycle 443

Reversed heat engine 92

Reversed heat engine cycle 419

Reversible adiabatic process 242

Reversible isothermal process 244

Reversible process 87

Reversible work by an open
system 156

Reversible work in a closed
system 158

Reversible work in a steady flow
process 158

Reynolds number 576-577

Rocket 727

Rocket motor 740

Rocket propulsion 739

Rockets 726

Room sensible heat factor 487

Roots blower 613

Rotary compressor 613

S

Saha’s equation 514

Saha-bose equation of 248
Sankey diagram 165

Saturated liquid lines 199
Saturated vapour line 199
Saturation or vapour dome 199
Saturation pressure 201



