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Department of Mechanical Engineering
ME211 — Basic Thermodynamics & Cycles for Mechanical Engineering
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Time Allowed: 3 hours

Wednesday, 318t May, 2023 — 08:20
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YOU HAVE 10 MINUTES TO READ THE PAPER. DO NOT WRITE ANYTHING
DURING THIS TIME.

CHECK YOUR QUESTION PAPER HAS 7 PAGES INCLUDING 3 PAGES OF STEAM
TABLE AS ATTACHMENT.

TOTAL NUMBER OF QUESTIONS - FIVE (5). ANSWER ALL QUESTIONS

SHOW YOUR WORK CLEARLY. FOR FULL CREDIT SHOW ALL STEPS INCLUDING
CORRECT USE OF UNITS.

NOTES AND TEXT BOOKS ARE NOT ALLOWED. CALCULATORS ARE PERMITED
IN THE EXAMINATION ROOM.

WRITE YOUR NAME AND STUDENT NUMBER CLEARLY ON THE FRONT OF THE
ANSWER BOOKLET. DO IT NOW.

START EACH QUESTION ON A NEW PAGE AND SHOW ALL YOUR WORK IN THE
ANSWER BOOK PROVIDED.

TOTAL MARKS: 40

MARKING SCHEME: QUESTION 1 8 MARKS
QUESTION 2 4 MARKS
QUESTION 3 12 MARKS
QUESTION 4 12 MARKS
QUESTION 5 4 MARKS

ALL ANSWERS MUST BE WRITTEN IN INK.



QUESTION 1

A fluid is heated reversibly at a constant pressure P; at 1.05 bar until it has a specific volume v,
of 0.1 m3kg. It is then compressed reversibly according to a law pv = constant to pressure P;
of 4.2 bar, then allowed to expand reversibly according to a law pv3 = constant to pressure P,
and specific volume v,. It is finally heated at constant volume at v, = v, back to the initial

conditions at P, and specific volume v, .The work done in the constant pressure process is

515 Nm and the mass of fluid present is 0.2 kg.

The Thermodynamic Cycle is shown on the p — v diagram below.

PA bar
S P
P, =P, {---—- 2
P,
— v (m*/kg)

Fig.1
Reference to Fig.1, calculate for each process as described below:

(a) Process 1 to 2: Express the work done in Nm/kg and calculate specific volume vyin
m?®/kg;

(b) Process 2 to 3: Calculate specific volume vz in m3/kg and work done in Nm/kg
according to the law pv = constant;

(c) Process3to4: Calculate pressure p, in bar and work done in Nm/kg according to the
law pv*3 = constant. Also, note that work done in process 4 to 1 is zero.

(d) Calculate the Net Work done in Nm/kg on or by the fluid in the cycles shown by the

Shaded Area 12341,
(8 Marks)



QUESTION 2
For the ideal air standard cycle based on the Otto cycle for a petrol engine with a cylinder bore of
50 mm, a stroke of 75 mm, a clearance volume of 21.3 cm3, and gamma y is assumed to be 1.4

Calculate the following:

(a) The swept volume;
(b) The total cylinder volume;
(c) The compression ratio;

(d) The thermal efficiency of the Otto cycle;
(4 Marks)

QUESTION 3

A diesel engine has an inlet temperature and pressure of 15°C and 1 bar respectively. The
compression ratio is 12/1 and the maximum cycle temperature is 1100°C. The p —v andT —s

diagrams for the Diesel cycle are shown below.
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(a) P-V Diagram Vi=Va $:=8; (b) T-S Diagram $;=8, S
Fig.2

Referring to Fig.2, T, and T; are given in the question, calculate the following:
(a) The temperatures at state 2, T, using Tips given;
(b) Using result in (a) and Tips given to calculate ratio v3 /v,;
(c) Use result in (b) and Tips given to calculate ratio v, /vs;
(d) The temperature T using (c) and Tips given;
(e) The heat supplied at constant pressure process where ¢, = 1.005 kJ/kgK, and
(H The rejected at constant volume process where ¢, = 0.718 kJ/KgK;
(g) The thermal efficiency of the Diesel engine;
(h) The gross work done;
(12 Marks)



QUESTION 4

Steam is supplied dry saturated at 40 bar to a turbine and the condenser pressure is 0.035 bar

If the Plant operates on the Rankine cycle, calculate the following per kg of steam:

(a) Draw T-S diagram for the Cycle with State points clearly plotted and axes correctly labelled
with correct units for full marks (steam tables attached).

(b) The work output neglecting the feed pump work;

(c) The work required for the feed pump;

(d) The heat supplied to the boiler;
(e) The heat transferred to the condenser cooling water;

() The Rankine efficiency;
(12 Marks)

QUESTION 5§
In a gas turbine unit air is drawn in at 1.02 bar and 15°C, and is compressed to 6.12 bar. Calculate
the thermal efficiency and the work ratio of the ideal constant pressure cycle, when the maximum

cycle temperature is limited to 800°C. The T — s diagram is shown in Fig.3.

' oG-D/Yy T _ L.
Tips: 2 — (& = ﬁ =1, /7, Similar approach to Question 3 to solve Question 4

TA '

{ 800+273) 3 %12 bar

=1073K

102 bar
2 4
(15+273)
- 288K n
» 8
Fig.3

(a) The thermal efficiency,
(b) The network done;
(c) The gross work done;

(d) The work ratio;
(4 Marks)



Further Properties of Water and Steam

I fi LN N T ,
[Cl [bar] 107 [mkg] [kikgKY | 10™*Tkg/ms] m‘,(—] (Pr) (Pr),
00! 0006112  0.10002 4210 186 | 1752 ga49 . 569 16.3 1296 097
s 0008719 010001 | 4204 g6 1501 866 518 167 1092 3.36
10 001227 0.10003 4193 186 | 1300 g3 - 87 17.1 9.29 096
15 001704 010010 | 4186 1387 1136 9.00 595 175 799 096
20 002337  0.10018 4183 187 | 1002 9 603 479 695 096
25 003166  0.10030 4181 1.88 890 935 611 183 | . 609 096
30 004242  0.10044 4179 1.88 797 - 9,52 618 (87 539 096
35 005622 0.10060 4178, 1.88 718 970 625 19,1 480 096
40 007375 0.10079 | 4179 189 651 987 632 195 430 096
45 009582 0.10099 4181 189 [. 594 100 638 199 389 095
50" 04233 0.1012 4182 190 544 102 643 204 354 095
55 0.1574 0.1015 4183 190 501 104 648 208 0323 095
60 0.1992 0.1017 4185 1.91 463 106 653 212 297 0935
65 0.2501 0.1020 4188 1.92 430 107 658 216 274 095
70 03116 01023 | 4191 193 400 109 662 220 253 096
75 0.3855 0.1026 4194 194 374 11 666 225 $36 096
80 0.4736 0.1029 4.198 1,95 3™ 13 | 610 229 220 096
8s 0.5780 0.1032 4203 196 | 330 1134 6713 233 206 096
90 0.7011 0.1036 4208 197 311 16 676 338 194 096
95 0.8453 0.1040 4213 199 294 118 678 243 1.83 097
100 101325 01044 | 4219 201 279 120 681 248 1.73 097
105 . 1.208 0.1048 4226 203 | 265 122 683 " 253 .64 098
110 1433 0.1052 4233 205 252 124 684 258 | 1.5 099 .
115 1,691 0.1056 4240 207 | 241 126 686 263 149 099
120 1985 0.1060 - 4248 209 230 128 ‘687 268 142 1.00
. 128 2.321 0.1065 426 212 220 130 | 687 213 - 136 101
130 2.701 0.1070 427 215 207132 | 688" 373 131 1.02
135 3431 0.1075 428 - 218 203 134 688 283 126 . 1.03
140 3614 0.1080 - 429 221 195 135 683 288 122 1.04
145 4,185- 0.1085 430 225 188 137 ._}..687...204 118 1.05
150 4,760 0.1091 432 229 181 139 687 300 114 107
160 6.181 0.1102 435 238 169 142 684 313 107 - 1.09
170 7920 0.1114 438 249 159 146 681 326 [. 102 142
180 10.03 0.1128 442 262 149 150 676 341 097 115
190 12.55 0.1142 446 276 141 153 671 357 094 1.18
200 1555 0.1157 451 291 134 157 665 375 091 122
2100 1908 - 0.1173 456 3,07 127 160 657 394 0.88 1.25
220 23.20 0.1190 463 325 | - 121 163 648 415 086 128
230 27.98 0.1209 470 345 116 167 639 439 0385 131
240 3348 0.1229 478 368 1y 171 628 465 084 135
250 3978 - 01251 487 394 107 175 616 495 0.85 1.39
260 46.94 0.1276 498 422 | 103179 603 528 085 143
270 55.05 0.1302 510 455 9 183, 589 566 086 1.47
280 64.19 01332, 524 498 96 188 | "574 610 088 1.5
290 7445 0.1366 542 546 93 193 558 660 090 1.60
300 85.92 0.1404 565  6.18 90 198 541 720 094 170
320 1129 . .0.1499
340 1461 0.1639
360 1867 0.1894
370 2105 0.2225 .
37415 2212 0.317 o :

The values for saturated water can be used with good accuracy 8bove saturation pressure, The values for
saturated stcam can be used with only moderate accuracy below saturation Pressure at temperatures greuter

than 200 °C,
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Saturated Waterand Steamn

p T Y Y Uy b hy h 5 3t 5
foar] [C]  [ms] (kifks) [ki/kg] (kikgK] ™
40 2503 004977 1082 2602 | 1087 1714 2801 2797 3273 6.070
42 2532 0.04732 1097 2601 1102 1698 2800 2823 3.
4 2560 004509 1109 2600 1115 1683 2798 2849 3.123?3 §0%
46 . 2588 004305 1123 2599 1129 1668 2797 2874 3136 6010
48 2614 004117 1136 2598 1142 1654 2796 2897 3094 5991
50 2639 003944 1149 2597 1155 1639 2794 2921 3057 5973
sS 2699 003563 1178 2594 | 1185 1605 2790 2976 2955 5931
60 2756 003244 1206 2590 1214 1570 2784 3027 2863 58%0
65 2808 002972 1232 2586 1241 1538 2779 3076 2715 5851
70 2858 002237 1258 2581 1267 1505 2772 3122 2692 53814
75 2905 002532 1283 2576 1293 1473 . 2766 3166 2613 5779
80 2950 002352 1366 2570 1317 1441 2758 3207 2537 5744
g5 2992 00192 1329 2563 1341 1410 2751 3248 2463 5711
90 3033 002048 1351 2559 | 1364 1379 2743 3286 2393 5679
95 3072 001819 1372 2592 1386 1348 2734 31324 2323 5647
100 311.0 001802 1393 2545 1408 1317 2725 3360 2255 5615
105 3146 . 001696 1414 2537 1429 1286 2715 3395 2489 5.584
110 3180 . 001598 -1 1434 2529 1450 1255 2705 3430 2123 5553
s 3214 001508 1454 2522 | 1471 1224 2695 3461 2060 5513
120 3246 001426 1473 2514 1491 1194 2685 3496 1997 5493
125 3278 001349 1492 2505 1511 1163 2674 3529 1934 5463
130 3308 001278 1511 2496 1531 1131 2662 3561 1.872 5433
135 3338 00121l 1530 2487 1551 1099 2650 3592 1811 5403
140 3366 001149 1548 2477 1571 1067 2638 3623 1750 5373
145 3394  0.0109 1567 2467 1591 1034 2625 3654 1689 3343
150 3421 001035 1585 2456 1610 1001 2611 3685 1627 5312
155 3448 000982 | 1604 2445 | 1630 967 2597 | 3715 1565 S5.280
‘160 3473 000932 1623 2433 1650 932 2582 3746 1502 5248
165 3498 000384 .- !64[ 2420 -} 1670 895 2565 3771 1437 5214
170 - 3523 000838 2406 1690 858 2548 3808 1373 5.18
175 3546 0.00794° '1679**‘“ 291 | -1M1 819 2530 3839 1305 5044
«180 3570 00075t 1699 2375 1732 718 2510 3872 1236 5108
185 352 0.00709 2358 1754 735 2489 3905 1163 5068
190 3614 . 0.00668 2339 | 1777 689 2466 3941 1086 5027
195 3636 000627 2318 1801 . 639 2440 3977 1004 4981
200 365.7 0.00585 2294 1827 584 2411 4014 0914 4928
202 3665 000569 2283 | 1838 560 2398 4031 0875 4.906
J04 3674 000552 2271 1849 535 2384 4049 0835  4.884
6 3682 o,%'sffm 2259 1861 S08 2369 4067 0792  43$9
08  3B9O  0.00517 2245 1874 479 2353 4087 0745 48R
10 398 000498 231 | 1889 447 2336 | 4108 0695 4FC3
212 3706 00479 2214 1904 412 2316 4131 0640 4775
214 . 3714 - 000458 2196 1921 373 2294 | 4151 0579 4736
216 3721 000436 2174. | 1940 328 2268 4186 0508  4:694
218 3IN29 000409 1911 2146 1965 270 2235 4224 0417 4641
220 3737 000368 1949 2097 2008 170 2178 4289 0263 4.552
212 37415 000317 2014 2014 | 2084 O 2084 4406 < 0000  4.406

~aq



P
T [U/ks] [kJ/ksJ [ba!‘] ™

Saturated Water and Steam

p_ T % u__ 4 he By b 5 Sty 5
M [C] [wral | (ig) (KIkg] [/kg K]
0006112 001 2061 ‘ot 2375 |. o 2501 2501 | Of 9155 955
0010 70 - 1292 29 2385 | 29 - 2485 2514 | 0106 8868 8974
0015 130 . 87198 55 2393 | 55 2470 2525 | 0196 8631 8827
0.020 17.5 67.01 73 239 73 2460 2533 0261 8462 8723
0025 2Ll 5436 88 2403 | 88 2451 2539 | 0312 8330 8642
0030 241 4567 100 2408 | 101 2444 2545 | o034 8222 8576
0035 267 3948 2 2412 | 112 2438 255% | 0391 8130 8321
0040 290 3480 120 2415 |' 121 2433 2554 | Qa2 8051 8473
0045 310 314 130 2418 | 130 2428 2558 | 0451 7980 8431
0050 329 2820 138 2420 | 138 2423 2561 | 0476 7918 8.3%
i 25.77 145 2422 145 2419 2564 U500 7.860 8360
068 ¥ B 2245 | 12 2615 2567 | 0% 138 39
eomom | BB B H
golg 00 233 | | 405 2574 | 0516 7674 8250
o075 403 1924 160 2430 | 16 2405 257 ) . :
3 634 8227
00g0  AL5 1810 174 2432 | 174 2402 2576 | 0393 7
ogss 427 LM | 179 | 1 M0 28 OO T G
000 438 1620 | 18 2% B D% N@ | 6% 1831 g7
0095 448 1540 188 2436 | 188 2394 2582 | 181 8167
0100 458 1467 192 2437 %;3___2332__2,5_84 0849 T,
69 7389 8085

a1z 494 1236 207 2442 67 ;83 2590 | 069
g% W B Mmoo oo
olg s ma | oz | GR BE 0| 0 7o 1so
020 g1 7648 | 251 2 - i
o; 622 S | X0 MH | 20 BR KR | O Goes -
024 4.1 gas | 28 T | 26 243 o615 | 0%04 6913 7817
¥ &3 ‘2:233 %Zg 266 | 283 2339 2622 | 0925 6865 .79
92 €0 shs | 29 2468 | 289 26 2625 | 094 683 1767
03 L4921 |-295- 2470 | 295 2332 2627 -| 0962 6783 7745
032 06 > 2472 | 302 2328 2630 | 0980 6745 7.725
0.34 120 asas | 3 295 | 307 s 2632 | o0we 6709 1708
036 DA 4% | 3 B | 2 2n 264 | Lo 6ers 1sss
o T jeea | 38 s | 38 B8 263 | 1026 6643 7669
' 3814 | 323 2418 | 323 2315 2638 | 1040 6612 7652
042 ni 37 49 | 37 M3 2640 | 1054 6582 7636
044 182 3831 38 2l | 332 230 2642 | 1067 - 6554 7621
ods 103 33 | 33 2 | B 208 264 | 10W 6538 Te07
8:’;3 81.3 3239 340 2483 | 340 2305 2645 1091 6502 7593

s064 | 35t 2486 | 331 2298 2649 | 1119 6aa2 7361
0.55 83.7 360 2489 | 360 2293 2653 | 1145 6386 7.531
080 860 - 2Bl | 0 2452 | 369 288 2657 | 1160 6335 7504
0.63 880 %322 377 2494 | 377 2283 2660 1192 6286 7478
079 N9 2217 | e 296 | 384 258 262 | 1203 6243 7456
o ms om @ ol womom ) oo
0.85 952 1869 | . 405 2502 .| 405 2266 2671 1270 6124  7.39%4
090 %61 Y | e 2w | a1 e 2 | 1w ey 736
0ss BT les | a7 s | 47 s 75 | 1303 6056 735

10 {N] [m’] [k]] 1
[m’/kg] 10°[Nm] {kJ/kz]

x 102 = 0006112 x 00010002 x 10? = 0.0006112

P
~ [bar] [m’/kx]



