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Faculty of Engineering

Mid-Semester 4 Examination in Engineering: November 2022

Module Number: ME4302 Module Name: Applied Thermodynamics (C-18)

[Three Hours]
[Answer all question, each question carries ten marks]

Q1 a)
b)
Q2. a)
b)
Q3. a)
b)

Describe following terms,
i) Complete combustion
ii) Dissociation
iii) Stoichiometric air
iv) Enthalpy of combustion
v) Higher heating value

[5 Marks]
Liquid propane (C3Hs) at 25°C enters a combustion chamber at a rate of 0.05
kg/min where it is mixed and burned with 50 percent excess air that enters the
combustion chamber at 7°C. An analysis of the combustion gases reveals that
all the hydrogen in the fuel burns to H>O but only 90 percent of the carbon
burns to CO; with the remaining 10 percent forming CO. If the exit
temperature of the combustion gases is 1227°C. Determine the following;
i)  Chemical equation for stoichiometric reaction between C3Hg and air.
ii) Balanced equation for the actual combustion process with 50 percent

excess air.
iii) Air -fuel ratio for the combustion process.
iv) Mass flow-rate of air enters to the combustion chamber.
[5 Marks]

With T-S and schematic diagrams explain regenerative cycle with open feed
water heater.

[3 Marks]
An ideal regenerative cycle operates with dry saturated steam, the maximum
and minimum pressures being 30 bar and 0.04 bar, respectively. The plant is
installed with a single mixing type feed water heater. The bled steam pressure
is 2.5 bar. Use Table Q2 to get properties of steam. Specific volumes of
saturated liquids at 0.04 bar and 2.5 bar are 0.001004 m3/kg and 0.001067
m?3/kg, respectively.
i)  Draw the relevant T-s diagram.
ii) Determine the mass of the bled steam.
iii) Calculate the thermal efficiency of the cycle.

[7 Marks]

Draw the P-v diagrams relevant to actual and ideal cycles for Spark-Ignition

engines.
[2 Marks]
What is compression ratio in an internal-combustion engine?

[2 Marks]
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Q4.

Q5.

<)

An engine operates on air standard diesel cycle. The pressure, volume and

temperatures at the beginning of compression are 95 KPa, 10.88 m? and 27°C.

The working fluid has a compression ratio of 15 and cutoff ratio of 2. If the

maximum temperature during the cycle is 15279C, determine

i)  The Net work done by the diesel cycle.

ii)  The Thermal efficiency of the cycle.

iii) The mean effective pressure. Take, R = (.287 kJ/kg.K, Cp = 1.005 kJ/ kg K
and y =1.4.

{6 Marks]

A single stage single-acting air compressor is 0.2 m? volume in one second. This air
volume is measured at 1.013 bar and 20°C. The compressor operates at 600 rpm.
The compression chamber has a clearance volume as 5% of the swept volume. The

compressor will have exhaust pressure at 5 bar and compression and re-expansion
index of y =1.4.

a)

b)

i)  Draw the P-V diagram with labels marking important points.
ii)  Calculate the delivery temperature (exhaust).

iii) Calculate the indicated power.

iv) Consider the consumer buys two stage compressor with complete inter-
cooling and with same parameters except, intermediate pressure is 2.026
bar and different swept volumes. (But volume flow rate and operating
speed are same.) Calculate the temperature values before and after the
inter-cooler and at the delivery air (exhaust of the second stage).

v) Calculate the indicated power to the new COMPressor.

[10 Marks]

What is open gas cycle and closed gas cycle?

[2 Marks]
For a gas turbine works on ideal brayton cycle, show the efficiency is given by
following equation.

L =7y
By K

Where, Ip — Pressure ratio
k - Specific heat ratio

[3 Marks]
A gas turbine work on brayton cycle. The pressure ratio is 6/1. The inlet
temperature to the compressor is 10°C. The flow rate of air is 0.2 kg/s. The
temperature at inlet to the turbine is 950°C. If k =1.4 and Cp = 1.005 kJ/kg.K
calculate the net output work of the cycle.

[5 Marks]
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Table Q2

- Saturated Water and Steam

P 58 v % uy hy h,}  hk St 5w S

[bar} ['C] [(m’kg] [kikg] [ki/ke] L [kkgK]

0.006112 001 2061 ot 2375 0* 2501 2501 ot 9.155 9155
0.010 70 129.2 29 2385 29 2485 2514 0.106 8868 8974
0015 13.0 8798 55 2393 55 2470 2525 0.196 8631 8827
0.020 17.5 67.01 73 2399 73 2460 2533 0.261 B462 8.723
0.025 2L1 54.26 88 2403 88 2451 2539 0312 8330 8642
0.030 24.1 45.67 101 2408 101 2444 2545 0.354 8222 8576
0.035 26.7 3948 12 2412 112 2438 2550 0391 8130 8521
0,040 290 34.80 121 2415 121 2433 2554 0422 8051 8473
0.045 310 31.14 130 2418 130 2428 2558 0451 7980 8431
0.050 329 28.20 138 2420 138 2423 256! 0476 7918 8394
0.055 346 25.77 145 2422 145 2419 2564 0500 7860 8360
0.060 36.2 2374 152 2425 152 2415 2567 0521 7808 8.329
0.065 37.7 22.02 158 2427 158 2412 2570 0541 7.760 8301
0.070 390 20.53 163 2428 163 2409 2572 055 7715 8274
0075 403 19.24 169 2430 169 2405 2574 0576 7674 8250
0.080 a15 18.10 174 2432 174 2402 2576 0593 7634 8227
0.085 42.7 17.10 79 2434 179 2400 2579 0608 7.598 8206
0.090 438 16.20 183 2435 183 2397 2580 0622 7.564 8.186
0.095 448 15.40 188 2436 188 2394 2582 0.636 7.531 B8.167
0.100 45.8 14.67 192 2437 192 2392 2584 0649 7500 B8.149
0.12 494 12.36 207 2442 207 2383 2590 0.696 7.389 8.085
0.14 526 10.69 220 2445 220 2376 2596 0.737 7294 3.031
0.16 55.3 9432 232 2450 232 2369 2601 0772 7213 7985
0.18 57.8 8444 242 2453 242 2363 2605 0804 7.140 7944
0.20 60.1 7.648 251 2456 251 2358 2609 0832 7075 7907
0.22 62.2 6.994 260 2459 260 2353 2613 0858 7016 7874
0.24 64.1 6.445 268 2461 268 2348 2616 0882 6962 7844
0.26 659 5979 276 2464 276 2343 2619 0904 6913 7817
0.28 67.5 5578 283 2466 283 2339 2622 0925 6866 7.791
0.30 69.1 5.228 289 2468 289 2336 2625 0944 6823 7.767
0.32 70.6 4921 295 2470 295 2332 2627 0962 6.7183 1.745
0.34 720 4649 302 2472 302 2328 2630 0980 6.745 7.725
0.36 734 4407 307 2473 307 2325 2632 0996 6709 7.705
0.38 747 4.189 312 2475 312 2322 2634 Lol 6675 7.686
0.40 159 3992 318 2476 318 2318 2636 1.026 6643  7.669
0.42 77.1 3814 323 2478 32 2315 2638 1.040 6612 7.652
0.44 78.2 3651 327 2479 327 2313 2640 1054 6582 7.636
0.46 79.3 3.502 332 2481 332 2310 2642 1.067 6554 7621
048 80.3 3.366 336 2482 336 2308 2644 1079 6528 7.607
0.50 81.3 3.239 340 2483 340 2305 2645 1091 6502 7593
0.55 83.7 2.964 351 2486 351 2298 2649 L119 6442 7.561
0.60 86.0 2731 360 2489 360 2293 2653 1.145 6386 7.531
0.65 880 2535 369 2492 369 2288 2657 1169 6335 7.504
0.70 90.0 2364 377 2494 377 2283 2660 1.192 6286 7478
0.75 918 2217 384 249 384 2278 2662 1.213  6.243 7456
0.80 935 2,087 392 2498 392 2273 2665 1.233 6201 7434
0.85 952 1972 399 2500 399 2269 2668 1252 6.162 7414
0.90 96.7 1.869 405 2502 405 2266 2671 1270  6.124 7394
0.95 98.2 1777 411 2504 411 2262 2673 1.287 6089 7.376
1.00 99.6 1.694 417 2506 417 2258 2675 1.303 6056 7359
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Satu raiéd Water and Si‘eam ‘

P 1, [ U U, i, hy, 5 Sta A
{bar] [C] [m’kg] {(kJikg] [kJ’kg] {kIkgK]
10 996  1.694 417 2506 417 2258 2675 1.303 6.056 7.359
L1 1023 1549 429 2510 429 2251 2680 1333 5.994 7.327
1.2 1048 1428 439 2512 439 2244 2683 1.361 5937 7.298
13 107.0 1325 449 2515 449 2238 2687 1.387 5.884 7271
14 1093 1236 458 2517 458 2232 2690 L4t 5.835 7.246
LS 1114 1159 467 2519 467 2226 2693 1434 5.7%9 7.223
16 1133 1.091 475 2521 475 2221 2696 1.455 5.747 7.202
17 1182 1.031 483 2524 483 2216 2699 1.475 5.707 7.182
18 1169 09774 491 2526 491 2211 2702 1.494 5,669 7.163
19 1186 09292 498 2528 498 2206 2704 1.513 5632 7.145
20 1202 08856 505 2530 505 2202 2707 1.530 5.597 7.127
21 1218 08461 511 2531 SE1 2198 2709 1.547 5.564 7111
22 1233 08100 518 2533 518 2193 2711 1.563 5.533 7.096
23 1247 07770 524 2534 524 2189 2713 1.578 5.503 7.081
24 1261 0.7466 530 2536 530 2185 2715 1.593 5474 7.067
25 1274 0.7186 535 2537 535 2182 2717 1.607 5.446 7.053
26 1287 06927 S41 2539 541 2178 2719 1.621 5419 7.040
27 1300  0.6686 546 2540 546 2174 2720 1.634 5393 7027
28 1312 06462 $51 2541 SSt 2171 2722 1.647 5.368 7.015
29 1324 06253 556 2543 556 2168 2724 1,660 5.344 7.004
30 1335 06057 561 2544 561 2164 2725 1.672 5.321 6993
35 1389 05241 584 2549 584 2148 2732 1.727 5.214 6.941
40 1436 04623 605 2554 605 2134 2739 1.776 5.121 6.897
45 1479 04139 623 2558 623 2121 2744 1.820 5.037 6.857
50 1518 03748 639 2562 640 2109 2749 1.860 4962 6.822
55 1555 0.3427 655 2565 656 2097 2753 1.897 4,893 6.790
6  I1S88 03156 669 2568 670 2087 2757 1.931 4.830 6.761
7 1650 02728 696 2573 697 2067 2764 1,992 4717 6.709
8 1704 02403 720 2577 721 2048 2769 2.046 4617 6.663
9 1754 02149 742 258] 743 2031 2774 2.094 4529 6623
10 1799  0.1944 762 2584 763 2015 2778 2.138 4.448 6.586
" 184.1 01774 780 2586 781 2000 2781 2.179 4375 6.554
12 1880 0.1632 797 2588 798 1986 2784 2216 4.307 6.523
13 1916 01512 813 2590 815 1972 2787 2.251 4244 6.495
14 1950  0.1408 828 2593 830 1960 2790 2284 4.185 6.469
1S 1983 0.1317 843 2595 845 1947 2792 2315 4.130 6.445
16 2014 01237 857 2596 859 1935 2794 2.344 4078 6.422
17 2043 0.1167 870 2597 872 1923 2795 2372 4.028 6.400
18 2071  0.1104 883 2598 885 1912 2797 2398 3.981 6.379
19 2098 0.1047 895 2599 897 1901 2798 2.423 3936 6.359
20 2124 009957 907 2600 909 1890 2799 2447 3893 6.340
22 2172 0.09069 928 2601 931 1870 2801 2492 3813 6.305
24 2218 008323 949 2602 952 1850 2802 2.534 3.738 6.272
26 2260  0.07689 969 2603 972 1831 2803 2,574 3.668 6.242
28 2300 007142 988 2603 991 1812 2803 2611 3.602 6.213
30 2338 0.06665 1004 2603 1008 1795 2803 2,645 3.541 6.186
32 2374 006246 1021 2603 1025 1778 2803 2,679 3.482 6.161
34 2409 005875 1038 2603 1042 1761 2803 2710 3426 6.136
36 2442 0.05544 1054 2602 1058 1744 2802 2,740 3373 6.113
38 2473 005246 1068 2602 1073 1729 2802 2.769 3.322 6.091
40 2503 00497 1082 2602 1087 1714 2801 2.797 3.273 6.070
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