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This paper contains five questions.
Question one is compulsory and carries 30 marks.
Four remaining questions carry 20 marks each.

Attempt question one and any other two.

T O N

You require Steam Tables by G. F. C. Rogers and Mayhew
QUESTION ONE (THIRTY MARKS)

a) State zeroth law (2 marks)
b) Nitrogen gas of 0.3 kg mass at 100 KPa and 40°C is contained in a cylinder. The piston is
moved compressing the nitrogen gas until the pressure becomes 1 MPa and the
temperature becomes 160°C. The work done during the process is 30 KJ. Calculate the

heat transferred from the nitrogen to the surrounding. Cv for nitrogen is =0.75 KJ/kg.

(5 marks)
c) State the conditions of a reversible thermodynamic process. (5 marks)
d) List the major components of vapour compression refrigeration system (4 marks).
e) List three types of heat exchangers in terms of flow (3 marks).
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g)

h)

i.

1l

State the second law of thermodynamics 2
marks).
A hot air plate 1m by 1.5 m is maintained at 300 °C. Air at 20 °C blows over the plate. If

the convective heat transfer coefficient is 20 w/m?2°C, calculate the rate of heat transfer

(4 marks).
A heat engine receives heat at the rate of 1500 KJ/min and gives an output of 8.2 kW.
Determine
The thermal efficiency (2 marks).
The rate of heat rejection (2 marks).

QUESTION TWO (TWENTY MARKS)

a)

b)

State the first law of thermodynamics (2 mark)

In an internal combustion engine, during the compression stroke the heat rejected to the
cooling water is 50 KJ/kg and the work input is 100 KJ/kg. Calculate the change in

internal energy of the working fluid stating whether it is gain or loss (4 marks)

In figure 1, a stone of 20 kg mass and a tank containing 200 kg water comprise of a
system. The stone is 15 m above the water level, also the stone and water are at the same
temperature initially. If the stone falls into water, then determine the changes in internal

energy, potential energy, kinetic energy, heat transferred and work done, when

T C)owe o

15 m

Figure 1

L

il.

The stone is about to enter the water (6 marks).

The stone has come to rest in the tank (5 marks).

Examination Irregularity is punishable by expulsion Page 2 of 7



iii.  The heat is transferred to the surrounding in such an amount that the stone and water

come to initial temperature (3 marks).

QUESTION THREE (TWENTY MARKYS)

Determine the turbine work, compressor work, heat transferred in the boiler, heat transferred in
the condenser, net-work from the cycle and cycle efficiency of a Carnot cycle using wet steam

and operating between pressures of 30 bar and 0.04 bar
QUESTION FOUR (TWENTY MARKS)

A vapor compression refrigeration system uses R-12 refrigerant and has a suction pressure of
2.6 bar and a condenser pressure of 12.9 bar. The vapor is dry saturated on entry to the
compressor and there is no undercooling of the condensate. The compression is carried out in 2

isentropic stages with a flash chamber employed at an interstate pressure of 4.914 bar.
Determine

a) Amount of vapor bled off at the flash chamber

b) The state vapor at the inlet to the second stage of compression
c) The refrigeration effect per kg of refrigerant in the evaporator.
d) Work done per kg of refrigerant in the condenser.

e) Coefficient of performance

QUESTION FIVE (TWENTY MARKYS)

a) State the properties of a black body, gray body and white body in relation to radiative

heat transfer ©
marks)
b) The insulation boards for an air conditioned room are made of three layers, middle being

of parked grass 10cm thick (k=0.02 w/m°C) and the sides are made of plywood each 3
cm thickness (k=0.21).They are glued with each other.

1. Determine the heat flow per m? area of one surface is at 46° C and the other surface is at
20°C neglect the resistance of give 5

marks).
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ii. Instead of glue if this three pieces are bolted by four steel bolts of Icm diameter at the
corner (k=40 w/m°C) determine the heat flow per m? area of the board (9 marks)

L

& o
Dichlorodifluoromethane-CF Cl, (Refrigerant 12)

Superbent (7= T
Saturation Valus
1K k114
X ek b By S % k s h -
[C] [bar) [mkel [kJkg] kg K] [kikg] [kIkgK]| [k)kg] [kIkeK]
— 100 0.01E 10.100 —5184 14200 | —02567 08628 | 14889 09019 15610 09428
— 95 00181 63535 —47.56 14422 | —0.2323 08442 | 15123 (08830 15855 09195
— 90 0084 4416 —4328 14646 —0.2066 08274 15359 (D569 161,02 09010
- BS 00424 3.037 =3900 14873 | =0.1856 08122 | 15598 (0.8493 163.52 0X851
— B0 00617 2138 =372 15102 01631 07985 158.39 08351 16604 OB706
- 75 D079 1.538 —3041 15332 | 01412 07861 | 160.82 0E226 16857 08578
-0 0127 1127 —26.13 15563 | —0.1198 07749 | 16326 08110 17112 05459
— 65 01680 OB412 —2181 15796 | —O0988 07649 | 16570 0.R00K 17368  0KISS
— 60 02262 06379 —1749 16029 | —00783 07558 | 16815 0.7915 17626 05259
= 55 02998 04910 =314 16262 ~(.0582 0.7473 170,60 0.7830 17484 0172
— 50 03915 03831 — B78 16495 00384 07401 1TA07 07753 18143 08093
— 45 03044 03027 — 440 16728 | 00190 07335 | 17554 (7685 18401 0.ED2D
— 40 06417 02419 0 169.60 (i 07274 | 17800 0.7623 186,60 0.7959
= 35 D80T Q954 442 171.90 onIE7 07219 18045 07568 16218 07502
— 30 1004 0594 286 174.20 00371 07170 | 18290 07517 191,76 07851
- 25 1237 Qi 13,33 17648 00552 07127 | 18533 07473 19433  0.7805
— 20 1509 01088 1782 17673 00731 07087 | 18775 (L7412 19680 07764
— 15 1826 Q0310 I23Y 1R09T 00906 07051 190005 07397 19944 07723
— 10 2191 00766 2647 18319 0.1080 07020 | 19253 07365 20197 0.7685
— § 2610 00650 3145 18538 01251 06991 | 19490 07336 20449 0.7666
0 3086 QOS5 605 18753 Q1420 (6966 197.25 07311 2690 07641
5 31626 00475 4069 189.66 01587 06943 | 19956 07289 2047 07618
10 4233 00409 4537 191.74 01752 06921 A5 07268 21192 07598
15 4914 00384 5010 19178 01915 06901 | 20410 07251 21435  0.7580
20 5673 00308 5487 19578 QL2078 05835 0631 07235 21675 L7565
25 6516 00269 5970 197.73 02239 06869 | 20850 07220 21911 0.7552
0 7449 00238 64.59 199.62 02399 06853 | 21063 (.7208 22144 07540
35 BA477T  0D204 69.55 20145 n255% (6839 21272 Q76 22373 0751
4 8607 OOI82 74.59 20120 02718 06825 | 21476 (0.7I85 22598 07519
45 1084 00160 7971 20487 02877 06811 | 20674 07175 22818  0.7511
50 1219 00142 8494 20645 03037 06797 | 21864 07166 23031 0.7503
55 13.66 00125 8027 20752 31597 (06732 22048 07156 23242 0749
60 1526 00111 9574 209.26 03358 06765 | 22221 0T 23445 0749
65 1699 000985 10136 21046 03521 06747 | 22389 07136 23642 0.7484
70 1886 000873 107.15 211.48 03686 06726 | 22545 07125 23832 0.7477
75 MLES 000772 1115 21229 03854 06702 E9 07113 240,13 07470
80 2305 000682 119.39 21283 04027 06671 | 22821 07099 241.86 0.7463
BS 2538 000601 12593 21304 04204 06636 | 22939 0.70R4 24150 0.7455
00 2789 000526 13284 21280 04389 06591 | 23043 07067 24503 07445
95 30.57  0.00456 140.23 21194 04583 06531 | 23130 07047 24647 07415
100 1344 000390 14832 21012 04793 06440 | 23193 07023 24780 0.7424
105 3651  0.00324 157.52 206.57 05028 06325 | 23222 06994 24897  0.7412
110 3979 000246 169.55 19799 0533 06076 | 23247 06964 25010  0.7399
112 41.15 L] ] 18343 18143 5650  0.56%0 2280 06958 250,58 07394

Malar mass mr= (2091 kg/kmol; ferther properties of the ligoid are given en p. 23,
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Saturated Water and Steam i

P T r, by uy hy iy by 5 5y i
[bar] [Cl [m'kg] [kI%kg] [EXke] [ElkgK]
OO06I1E 00 2061 Oy 2375 o* 2501 2501 ot 9155 9155
0010 10 1292 9 23835 29 485 2514 0i0s REGE  H074
0.als 110 8753 55 2303 55 470 2525 % 8631 8E2V
0.020 17.5 &7.01 73 2359 73 2460 2533 0261 8462 8923
0025 FiR| 5426 .1 2401 b1 2451 2504 0312 8330 5.642
0.030 20 4567 11 2408 101 444 2545 0354 8§23F HS76
0035 267 1948 i 2411 112 2438 1550 0391 8130 RS2
0.040 20 34 80 121 2415 121 2431 I554 0422 8051 EB473
D045 30 L4 130 2418 130 2478 2558 0451  TOEDR B4l
0.050 329 8.0 i 38 2420 138 2423 2561 0476  TIIE  BIM
0055 M6 3N i45 2423 145 2419 2564 0500 7860 B3s0
0060 k%) 2374 152 2473 152 2415 2587 0521  TE0E B3N
0065 31 2202 158 2427 158 2412 2570 o541 T80 B30
0.0 380 20053 163 2428 163 400 2572 055% 7718 BIM4
0075 40,3 19.24 169 2430 169 2405 2574 0516 74674 B350
0.080 LS 18,10 174 2432 174 240r 1576 0,503 7634 B22T
0085 427 1710 e 3434 179 2400 2579 0608 7598 R
R 418 1620 183 24358 153 2397 21530 0622 7.5 BI1ES
n0as 44 8 1540 188 2436 183 2394 2582 0636 7531 B14T
0100 458 1457 192 2437 192 2393 2534 D643 7.500 8149
Q.12 484 1236 07 442 07 2383 1890 069  7.389  RORS
) 526 10.69 0 Ja4g 200 2376 1596 0737 74 #2031
ald 553 5432 232 2450 232 2369 26l 0712 1213 TOES
oig 518 444 242 2453 142 1363 2605 0804 7.040 7944
{20 6.1 T.648 251 2456 5 2358 200w 0E3Z 7078 7007
0.22 522 B.594 2o} 2459 260 2353 2613 0ESE  T0i6 T8N
024 4.1 G445 268 2461 168 1348 1516 QER2Z 6962  T.H44
026 65.9 5879 276 2464 TG 1343 2619 054 6913 7.817
i 615 5578 283 2466 283 1339 2622 0925 &E66 7790
0.30 69,1 5228 230 2468 289 2336 2625 05944 6823 76T
032 706 4921 M5 470 /5 11312 2427 0962 67EY 7743
a4 720 4649 302 2472 302 2328 2530 0580 6745 1725
036 T34 4407 307 2473 307 2325 1632 0% 6709 71705
038 T4.7 4,189 32 2475 2 2312 2634 1Ol 6675 7686
040 159 1992 g 2476 38 1118 2636 1026 6643 T.669
L 3 FEA | igl4 323 2478 323 2315 1538 1040 6612 7852
44 8.2 1451 i 2479 327 2313 1540 1054 6582 7636
046 79.3 1502 332 MR 3az 2310 2842 1067 6554 7620
.48 203 1366 336 2482 336 2308 2644 10 6528 7607
Q50 813 ERE 340 24R3 340 2305 2645 121 6502 T.593
55 LEN) 2564 351 2486 351 2208 2640 1119 6442 7581
e0 E60 273 360 2459 360 2293 2653 1.145 6386 750
6s BRO 2535 69 2492 a9 2288 1657 169 6335 7504
a7 900 2364 m 2494 n 1283 2660 1192 6286 7478
.75 G918 1217 184 2494 B4 22TR 2642 1213 6243 7456
LE, 1] 935 2087 g2 2498 Jaz 2273 1665 12337 &aXM 743
085 952 572 399 2500 399 2269 1668 1.252 6162 7414
090 96.7 1858 405 2502 405 2266 2671 1270 6134 7.0%4
095 982 LY 411 2504 411 42 24T 1.287 &0E3 7376
100 596 1694 417 2506 417 2258 2675 1303 6056 7059

" h _ P MWN] e ‘m_‘] D 2
[k1kg) [klﬂts] [bat] [m*] [m'kg]l |kg| 10°[Nm] [kQke]
x s x 10% = 0,006112 x 0.0010002 x 10* = 0,0006112

[hlr] [m”/kel

Examination Irregularity is punishable by expulsion Page 6 of 7



Satwrated Water and Steam

g 0 Fy L L A, . % L %
[bar] [C] [m'kel [(kI/kg) [kl /kg) ke K]

1.0 996 1694 417 2506 417 X568 2675 1.303 6.056 7.359
1.0 1023 1549 42 2510 429 2251 2640 1.333 55494 134
12 1048 1428 439 23512 439 2233 2683 1361 $937 7298
1.3 1071 1325 449 25135 449 2238 2eRY 13482 SRE4 271
14 1093 1236 458 2517 458 2232 2690 1411 SEIS  7.246
15 1114 1159 467 2519 467 2226 2693 43 ST 72}
16 1133 1091 475 2521 475 1221 269 1458 5147 7202
L7 1152 1031 483 2524 483 206 2699 1475 707 7182
I8 1169 089774 4% 2516 491 22 2702 | 454 L6069 163
1% 1186 09292 495 2528 498 X6 2T 1.513 5612 7.14%
20 1202 08856 505 253) 505 X2 2N 1.530 5.507 7127
21 1218 Q8461 511 2531 S0 21%8 2704 I.347 5564 Lt
22 1233 Q8100 518 2533 518 2193 2T 1.563 5533 7096
X3 1M1 0770 524 2534 54 N5 23 1.578 5503 7081
& 260 07466 530 2536 230 2185 25 1593 5474 1067
25 1274 0OMNEe 535 2537 535 48 27 1.&07 5446 14053
26 1287 06927 sa1 2539 541 2178 2719 1621 5419 2040
27 1300 06686 s46 2540 546 2174 1720 1634 5393 1027
28 1312 DAda 551 2541 551 Mmoo 222 |.647 5368 2015
28 1324 06253 45 2541 56 268 1TM 100 5344 7004
0 1335 Q6057 61 2544 561 2164 2725 b672 5.321 6,993
35 1389 D5MI 584 2549 584 248 2732 1.727 5214 6941
al 1436 04623 &5 25 605 2134 273 1.7 5121 6.897
45 1479 04139 623 2558 623 2121 2144 | 2D 5037 6.857
50 1518 03748 639 2562 640 M0 2749 | Bl 4962 GE2X
55 1555 03427 655 2563 656 2097 2753 |.E97 4.E93 &, 7590
[ 1588 03156 669 2568 60 2087 2757 1.93 4830 f, 761
T 1650 02728 &% 2571 697 06T 2764 1.992 4717 f. 704
8 1704 02403 720 2577 721 2048 2769 2046 4617 6,663
9 1754 02149 T42 2581 743 X3 27 2004 4529 6623
10 1799  0.1944 762 2584 761 2015 2778 130 4448 6.5%
il 1841 01774 TR0 2586 181 000 2THI 2119 4175 fr.554
12 1880 Q1832 797 2588 798 1986 2784 2216 4307 6.523
13 1916 01512 E1Y 2590 215 1992 2147 2251 4244 6495
14 1950 0.1408 EXE 2593 33 1980 2730 2284 4185 G465
i5 1983 01317 E4Y 2505 245 1947 2792 2315 4.130 G445
16 2014 01237 857 2596 859 1915 2794 2344 4078 6422
17 243 01167 870 2507 872 1923 2795 2372 402 6AD0
1§ 2071 01104 BRI 2508 385 1912 2797 2398 1981 6379
19 298 01047 595 2599 897 1901 2798 2423 19 6%
20 2124 009957 907 2600 909 1890 2799 2447 1E9) MO
21 7.2 (08069 918 a0 93F  IRT0 2RI 2.492 1E13 6.305
24 218 003323 949 a2 951  1ES0 2802 254 1738 6272
26 2260 007689 989 2603 972 1E31 2803 2574 3668 6.242
28 2300 007142 SRE 20 991  1Ei2 2803 2611 1602 6213
30 2318 006665 1004 2803 1008 1795 2803 2645 3541 LR EL
2 2374 (06246 1021 2603 025 1718 2803 279 3482 6.161
M 2409 005875 | 1038 2603 | 1042 1761 2803 2710 3426 6136
36 2442 005544 1054 2602 | 1088 1744 2802 2740 3N 6113
W 2413 005246 1068 2602 | 1073 1728 7802 2769 3n 609
0 2503 004977 1082 2602 | 1087 1714 2801 2997 3213 6070
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