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Uva Wellassa University, Sri Lanka
End Semester Examination — August/September 2011
SCT 368-1 Applied Thermodynamics & Repeat

Time: One (01) hour

Total 03 Questions.
Answer all the questions

Clearly state any assumptions made.
Some extract of table of properties are given below.

01)  An air-standard cycle is executed in a closed system and is composed of the

following four processes.

Process Description

1-2 Isentropic compression from 100 kPa and 27°C to 1 MPa

2-3 Constant pressure heat addition in amount of 2800 kJ/kg

3-4 Constant volume heat rejection to 100 kPa

4-1 Constant pressure heat rejection to initial state

(a) Show the cycle on P-Vand 7-Sdiagrams. (10 marks)
(b)  Calculate the maximum temperature in the cycle. (10 marks)
(c) Determine the thermal efficiency. (10 marks)

Assume constant specific heats at room temperature.

02)  Inan air standard Diesel cycle, the compression ratio is 16, and at the beginning of

isentropic compression, the temperature is 15°C and the pressure is 0.1 MPa. Heat

is added until the temperature at the end of the constant pressure process is

1480°C. Calculate

(a) the cut-off ratio. (10 marks)

(b) the heat supplied per kg of air. (10 marks)

(c) the cycle efficiency. (15 marks)
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03)  Consider a steam power plant that operates on a simple ideal Rankine cycle and
has a net power output of 45 MW. Steam enters the turbine at 7 MPa , 500°C and
is cooled in the condenser at a pressure of 10 kPa by running cooling water froma

lake through the tubes of the condenser at a rate of 2000 kg/s.

(a) Show the cycle on a 7-S diagram with respect to saturation lines. ~ (10 marks)
(b) Determine the thermal efficiency of the cycle. | (15 marks)

(c) Determine the mass flow rate of the steam. : (10 marks)
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»  The properties of air at room temperature are Cp=1.005 kJ/kg K,

Cv=0.718 kJ/kgK, k=14, the gas constant of air is R = 0.287 kJ/kg. K

Superheated water

T i u A 5 v u h s v u h .8
°C m¥kg  kitkg  kifkg  kifkg- K mikg  kifkg  kifkg  kikg-K|mdkg  kikg  kikg kJkg - K
F o 4,0 MPa {250.35°C) P o 45 MPa (257 .44°CY £ 5.0 MPa (263.94°C)

Sat. 0.04978 2601.7 2800.8 6.0696 | 0.04406 2599.7 2798.0 6.0198 |0.03945 2597.0 2794.2 59737

‘ 275  0.05461 26689 28873 6.2312 | 0.04733 2661.4 28644 6.1429 |0.04144 26323 28385 8.0571
300 0.05887 27262 29617 ©.35639 | 005138 2713.0 29442 6.2854 | 004535 2699.0 29257 6.2111
: 350 0.06647 2827.4 30933 6.5843 | 0.08842 28186 3081.5 6.5163 |0.05197 28095 3069.3 6.4516
400 0.07343 29208 32145 6.7714 | 006477 2914.2 32057 67071 |0.05784 2907.5 3196.7 6.6483

450 0.08004 30110 33312 62386 | 0.07076 30058 33242 6.8770 | 0.06332 3000.6 3317.2 6.8210 !

500 0.08644 3100.3 3446.0 7.0922 | 0.07652 3006.0 34404 7.0%223 | 006858 30918 34347 6.9781 j

600 0.00886 3279.4 36749 7.3706 | 0.08766 3276.4 3670.9 7.3127 |0.07870 3273.3 35666.9 7.2605 ‘

700 0.11098 34824 39083 7.6214 | 0.09850 3460.0 3903.3 7.5647 |0.08852 3457.7 3900.3 7.5136

800 0.12292 36506 41423 7.8523 1 0.10916 36488 4140.0 7.7962 |0.09816 36469 4137.7 7.7488

0D 0.13476 38448 43839 B.0875 | 0.11872 35433 43821 S8.0118 |0.10769 3841.8 4380.2 7.9619

1000 0.14653 40451 4631.2 82698 | 0.13020 4043.9 4629.8 B8.2144 [0.11715 40426 46283 8 1648
Q 1100 0.16824 4251.4 4884.4 84612 | 0.14064 4250.4 48832 B8.4060 |0.12655 42493 48821 8.3566
/ 1200 0.16992 4463.5 5143.2 86430 | 0.15103 44626 51422 8.5880 |0.13592 4461.6 5141.3 8.5388

: 1300 0.18157 46809 5407.2 8.8164 | 0.16140 4680.1 54085 8.7616 |0.14527 46793 5405.7 8.7124

P = 6,0 MPa (275.59°0) P 7.0 MPa (285.83°C) P 8.0 MPa (295.01°0)

Sat. 0.03245 25809 2784.6 58902 |0.027378 25381.0 27726 5.8148 |0.023525 2570,5 2758.7 5.7450
200 0.03610 2668.4 28866 6.0703 | 0.029492 2633.5 28399 59337 |0.024279 25923 2786.5 5.7937
350 0.04225 2790.4 3043.9 63357 | 0.035262 2770.1 3016.9 6.2305 |0.029975 27483 2988.1 6.1321
400 0.04742 2893.7 31783 6.5432 | 0.039958 2879.5 3159.2 6.4502 |0.034344 2864.6 3139.4 6.3658
450 ©0.05217 2989.9 33023 6.7219 | 0.044187 29790 3288.3 6.6353 | 0.038194 2967.8 3273.3 6.5579
500 0.05667 3083.1 3423.1 6.8826 | 0.048157 3074.3 3411.4 5.8000 |0.041767 30654 3399.5 6.7266
550 0.06102 3175.2 35413 7.0308 | 0.051966 3167.9 3531.6 6.9507 | 0.045172 316056 3521.8 6.8800
600 0Q.06627 3267.2 236588 7.1693 | 0.085665 3261.0 3650.6  7.0910 |0.048463 325847 36424 7.0221
‘ 700 0.07355 3453.0 3894.3 7.4247 | 0.062850 3448.3 3888.3  7.3487 |0.054829 34436 3882.2 7.2822
4 800 0.08165 36432 41331 7.6582 | 0.069856 3639.5 4128.5 7.5836 |0.061011 36357 4123.8 7.5185
j 900 0.08964 38388 43765 7.8761 | 0.D76750 38357 4373.0 7.8014 | 0.067082 3832.7 4369.3 7.737Z

1000 0.09756 4040.1 4625.4 80786 | 0.083571 4037.5 46225 80055 |0.073079 4035.0 4619.6 7.9419
(v 1100 0.10543 4247.1 48797 B.2709 | 0.090341 42450 4877.4 6.1982 |0.079025 42428 4875.0 8.1350
L 1200 0.11326 4453.8 5139.4 84534 | 0.097075 4457.9 5137.4 8.3810 | 0.084934 4456.1 51355 8318l
}, 1300 0.12107 4677.7 5404.1 86273 [ 0.103781 45676.1 64025 £.5651 | 0000817 4674.5 5401.0 8.4925

» Saturated water—Pressure table
? Speciiic volunte, Intamal energy. Enthatpy, Entrogpy,
md/hg klikg kg klikg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat,
Press., temp., Hquid, yapor, fiquid,  Evap..  vapor, fiquid, Evap., vapor, liquid, Evap., vapor,
PkPa T7,°C v Yy 8 U U, B hye he S Sz Sy
1.0 6.97 0.001000 129.19 29,307 23552 23845 29,303 2484.4 2513.7 0.1059 8.8690 8.9749

15 13.02 0.001001 87.964 54.686 23381 23928 54.688 2470.1 25247 01956 B8.6314 8.8270
: 2.0 17,60 0.001001 66.990 73.431 23255 23989 73.433 24595 2532.9 0.2606 8.4621 8.7227
i 2.5 21.08 0.001002 54.242 88.422 2315.4 24038 88.424 2451.0 25394 03118 8.3302 8.6421
‘ 3.0 24.08 0.001003 45654 100,98  2306.9 2407.9 100,98 24439 2544.8 0.3543 8.2222 B8.5765

| 4.0 28,96 0.001004 34.791 121.39 22931 24145 121,39 24323 2553.7 0.4224 8.0510 8.4734
1{ 5.0 32,87 0.001006 28.185 137.75 22821 24198 13775 2423.0 2660.7 0.4762 7.9176 8.3938
‘ 13-5 40.29 0.001008 19.233 168.74 2261.1 24298 16875 24053 2574.0 0.5763 7.6738 8.2501
15 4581 0.001010 14.670 191.70 22454 24372 191.81 23921 256839 D.6492 7.4996 8.1488

53.97 0.001014 10.020 00593 22221 24480 22594 23723 2598.3 0.7549 7.2522 8.0071

gg 20,06 0001017 7.5481 251.40 22046 24560 251.42 23575 2608.9 0.8320 7.0752 7.9073
30 Gg.gs 0.001020 6.2034 271.93 21904 24624 271.96 23455 2617.56 0.8932 6.9370 7.8302
40 75.82 0.001022 5.2287 28924 21785 24677 289.27 23353 2624.6 0.9441 6.8234 7.7675
50 A E 0.001026 3.9933 217.58 2158.8 24763 317.62 23184 26361 10261 6.6430 7.6691

81.32 0.00103¢ 3.2403 34049 21427 24832 340.54 23047 2645.2 10912 65019 7.5931
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