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1 Aur enters a compressor operating at steady state at 27°C, 100 kPa and

exits at a pressure of 0.6 MPa. Kinetic and potential energy changes can
be 1gnored. If there are no nternal wreversibilities, which of the
following processes (i) adiabatic, (ii) polytropic with n=12, (i)

isothermal requires the p work? D your

answer by evaluating the work per umt mass of air flowing for each case
Also, sketch the processes on the same P-v and T-s diagrams Assume
arr 1s an 1deal gas, with constant specific heat, C, = 1 004 kl/kg-K, C, =
0717 kl/kg-K, and R = 0.287 kJ/kg-K. (30%)

~

(a) A gas 1s stored 1n a closed vessel at temperature 7 and pressure Pp.
Derive an expression for the specific availability (exergy) in terms of 7,
Ty, and the specific heat C, The system 1s at rest and zero elevation
relative to an availability (exergy) reference environment at pressure Py
and temperature 7). Assume the 1deal gas model with constant specific
heat for the gas (10%)

(b) Repeat problem (a) for two gases, carbon dioxide and helium. Both
gases have the same amount of mass. Which has the greater value for
specific availability (exergy) to the same reference environment? The
specific heat C, of carbon dioxide 1s known to be smaller than that of

helium (10%)

(R @344 8 sk rg)




w8 LESC PR SRERES L E2 S FE LY ] ES C/E i
RAEA MR TR R R
ERRE #ohe HREW 0307 WK 2

® HENER AR A IFA SR

3. (25 %) Refrigerant - 134a enters the compressor of a refrigerator at
140 Kpa and -10 °C at a rate of 0.3m*/min and leaves at 1.0 Mpa.
The isentropic efficiency of the compressor is 78%. The refrigerant
enters the throttling valve at 0.95 Mpa and 30 °C and leaves the
evaporator as a saturated vapor at -18.5 °C First, show the cycleon a
T-s diagram and then determine:

(1the power input in the compressor (KW) (9 43)

(2)the rate of heat removal from the refrigerated space (KW) (8 %)

(3)the pressure drop (Kpa) and rate of heat gain (KW) in the line
between the evaporator and compressor (8 %)

Saturated refrigerant-134a—Temperature table

Specific volume, Internal Enthalpy, Entropy,
mikg energy, kikg kiikg. Kikg K
Press., Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp.,  Pur liquid, vapor  liquid, vapor liquid, Evap., vapor, liquid, vapor,
T°C__ MPa v vy u u hy hy hy s 5

~40  0.05164 0.0007055 0.3569 ~0.04 204.45 0.00 222.88 222.88 0.0000 0.9560
-36 0.06332 0.0007113 0.2947 4.68 206.73 4.73 22067 22540 00201 0.9506
-32  0.07704 0.0007172 0.2451 9.47 209.01 9.52 21837 227.90 0.0401 0.9456
-28 0.09305 0.0007233 0.2052 1431 21129 1437 21601 23038 0.0600 0.9411
-26 010199 0.0007265 0.1882 16.75 21243 16.82 214.80 231.62 0.0699 09390

-24 011160 0.0007296 0.1728  19.21 213.57 19.29 21357 232.85 0.0798 0.9370
-22 012192 00007328 0.1590 21.68 21470 21.77 21232 23408 0.0897 0.9351
~20 0.13299 0.0007361 0.1464 24,17 21584 2426 211.05 23531 0.0996 0.9332
—-18  0.14483 0.0007395 0.1350 26,67 216.97 26.77 209.76 236.53 0.1094 0.9315
-16 0.15748 0.0007428 0.1247 29.18 21810 29.30 20845 23774 0.1192 0.9298

-12  0.18540 0.0007498 0.1068 34.26 22036 34.39 20577 240.15 0.1388 0.9267
-8 021704 0.0007569 0.0919 39.38 222.60 39.54 203.00 242,54 0.1583 0.9239
-4 025274 00007644 0.0794 4456 224.84 4475 20015 24490 01777 09213

0 029282 00007721 0.0689 49.79 227.06 5002 197.21 247.23 0.1970 0.9190
4 033765 0.0007801 0.0600 5508 229.27 5535 19419 24953 02162 0.9169

8 038756 00007884 0.0525 60.43 23146 60.73 191.07 251,80 0.2354 09150
12 044294 00007971 0.0460 65.83 233,63 66.18 187.85 254.03 02545 09132
16 050416 0.0008062 0.0405 71.29 23578 71.69 18452 256.22 0.2735 09116
20 057160 0.0008157 0.0358 76.80 237.91 77.26 181.09 25835 0.2924 0.9102
24 064566 0.0008257 0.0317 8237 24001 8290 177.55 260.45 03113 0.9089

26 068530 0.0008309 0.0298 8518 241.05 8575 17573 261.48 0.3208 0.9082
28 072675 0.0008362 0.0281 88.00 242.08 88.61 173.89 26250 0.3302 0.9076
30 077006 0.0008417 0.0265 90.84 243.10 91.49 172.00 263.50 0.3396 0.9070
32 0.81528 0.0008473 0.0250 93.70 244.12 94.39 170.09 264.48 0.3490 0.9064
34 086247 00008530 0.0236 96.58 245.12 97.31 168.14 26545 0.3584 0.9058

36 091168 0.0008590 0.0223 99.47 246.11 100.25 166.15 266.40 0.3678 0.9053
38 096298 0.0008651 0.0210 102.38 247.09 103.21 164.12 267.33 03772 0.9047
40 1.0164  0.0008714 0.0199 10530 248.06 106.19 162.05 268.24 0.3866 0.9041
42 10720  0.0008780 0.0188 108.25 249.02 109.19 159.94 269.14 0.3960 0.9035
44 11299  0.0008847 0.0177 111.22 249.96 11222 15779 270.01 0.4054 0.9030




L LESLEE FREREES LSS X LS # (,La . ;s;ﬁ
RETER MR TR
EHEE #H2 / FRAW 0307 WK 2

W BEMAE  ARE DA OFT A

Superheated refrigerant-134a

T
°C

v u h
mikg  kikg ki

s
kg K

v u h s
mikg kg kikg_ kikg K

v u h s
m¥kg  kikg  kikg  kJkg K

P = 0.06 MPa (T,y = ~37.07°C)

P =0.10 MPa (T, = —26.43°C)

P =0.14 MPa (T, = —18.80°C)

0.9520
1.0062
1.0371
1.0675
1.0973
1.1267
1.1557
1.1844
1.2126
1.2405
1.2681
1.2954
13224

0.31003 206.12 224.72
0.33536 217.86 237.98
0.34992 224,97 245.96
0.36433 232.24 254.10
0.37861 239.69 262.41
0.39279 247.32 270.89
0.40688 255.12279.53
0.42091 263.10 288.35
0.43487 271.25 297.34
0.44879 279.58 306.51
0.46266 288.08 315.84
0.47650 296.75 325.34
0.49031 305.58 335.00

Superheated refrigerant-134a (Concluded)

0.19170 212.18 231.35 0.9395
0.19770 216.77 236.54 0.9602
0.20686 224.01 244.70 0.9918
0.21587 231.41 252.99 1.0227
0.22473 238.96 261.43 1.0531
0.23349 246.67 270.02 1.0829
0.24216 254.54 278.76 1.1122
0.25076 262.58 287.66 1.1411
0.25930 270.79 296.72 1.1696
0.26779 279.16 305.94 1.1977
0.27623 287 70 315.32 1.2254
0.28464 296.40 324.87 1.2528
0.29302 305.27 334.57 1.2799

0.13945 216.52 236.04 0.9322

0.14549 223.03 243.40 0.9606
0.15219 230.55 251.86 0.9922
0.15875 238.21 260.43 1.0230
0.16520 246.01 269.13 1.0532
0.17155 253.96 277 97 1.0828
0.17783 262.06 286.96 1.1120
0.18404 270.32 296.09 1.1407
0.19020 278.74 305.37 1.1690
0.19633 287.32 314.80 1.1969
0.20241 296.06 324.39 1.2244
0.20846 304.95 334.14 1.2516
0.21449 314.01 344,04 1.2785

T
°C

v u h s
mikg_ kikg  kikg  Kikg K

v u h s
mikg_ kikg  kikg  kikg K

v u h s
mikg_ kikg_ kikg  kikg- K

P =0.50 MPa (T, = 15.74°C)

P = 0.60 MPa (T,y, = 21.58°C)

P =0.70 MPa (T, = 26.72°C)

0.04086 253.64 256.07 0.9117
0.04188 239,40 260.34 0.9264
0.04416 248.20 270.28 0.9597
0.04633 256.99 280.16 0.9918
4842 265.83 290.04 1.0229
0.05043 274.73 299,95
0.05240 283.72 309.92
0.05432 292.80 319.96
0.05620 302.00 330.10
0.05805 311.31 340.33
0.05988 320.74 350.68
0.06168 330.30 361.14 8
0.06347 339.98 371.72 1.2484
0.06524 349.79 38242 1.2746

0.03408 238.74 259.19 0.9097

0.9388
0.9719
1.0037
1.0346
1.0645
1.0938
11225
1.1505
11781
1.2053
1.2320
1.2584

0.03581
0.03774
0.03958
0.04134
0.04304
0.04469
0.04631
0.04750
0.04946
0.05099
0.05251
0.05402
0.05550 .52 1.2844
005698 359.32 403.51 1.3100

246.41 267.89
255.45 278.09
264.48 288.23
273,54 298.35
282,66 308.48

0.02918 241.42 261.85 0.9080

0.02979 244.51 265.37 0.9197
0.03157 253.83 275.93 0.9539
0. 03324 263.08 286.35 0.9867
272.31 296.69 1.0182
0. 03634 281.57 307.01 1.0487
0.03781 290.88 317.35 1.0784
0.03924 300.27 327 74 1.1074
004064 309.74 338.19 1.1358
0.04201 319.31 348.71 1.1637
004335 328,98 359.33 1.1910
8 338.76 370.04 1.2179

0 04599 348.66 380.86 1.2444
0.04729 358.68 391.79 1.2706
.04857 368.82 402.82 1.2963

P = 0.80 MPa (T, = 31.33°C)

P = 0.90 MPa (T, = 35.53°C)

P = 1,00 MPa (T,y = 39.39°C)

0.02547 243.78 264.15 0.9066
0.02691 252.13 273.66 0.9374
0.02846 261.62 284.39 0.9711
0.02992 271.04 294,98 1.0034
0.03131 280.45 305.50 1.0345
0.03264 289.89 316.00 1.0647
326.52 1.0940
337.08 1.1227
34771 1.1508
358.40 1.1784
369.19 1.2055
380.07 1.2321
391.05 1.2584
402.14 1.2843
41333 1.3098
424,63 1.3351

0.03997 348.09
0.04113 358.15
0.04227 368.32
0.04340 378.61
0.04452 389.02

0.02255 245.88 266.18 0.9054
0.02325 250.32 271.25 09217
0.02472 260.09 282.34 0.9566
0.02609 0.9897
0.02738 1.0214
0.02861 1.0521
0.02980 1.0819
.03095 1.1109
0.03207 1.1392
0.03316 327.f 62 357.47 11670
0.03423 337.52 368.33 1.1943
0.03529 347.51 379.27 1.2211
0.03633 357.61 390.31 1.2475
0.03736 367.82 401.44 12735
0.03838 378.14 412,68 1.2992

0.03939 388.57 424.02 1.3245

0.02020 247 77 267.97 0.9043
0.02029 248.39 268.68 0.9066
0.02171 258.48 280.19 0.9428
0.02301 268.35 291.36 0.9768
0.02423 278.11 302.34 1.0093
0.02538 287.82 313.20 1.0405
0.02649 297.53 324,01 1.0707
0.02755 307.27 334.82 1.1000
0.02858 317.06 345.65 1.1286
0.02959 326.93 356.52 1.1567
0.03058 336.88 367.46 1.1841
0.03154 346.92 378.46 1.2111
0.03250 357.06 389.56 1.2376
0.03344 367.31 400.74 1.2638
0.03436 377.66 412.02 1.2895

0.03528 388.12 423.40 1.3149

(# @144 B HAREL)




Ay 81

RATAAR] MR TEBRTE
FEME A%

BILEDREAAEFRALTHR LA KM

#Q};fa

FHEEN 0307 MR 2

W OBAMER AR T R HHHIM
4 (25 %) Methane (CHy) 1s burned

pletely with the

amount of air during a steady state combustion process. If both the
reactants and products are maintained at
water in the products exists 1n the liquid form,

(1) write the combustion equation (5 %)

25°C and 1 atm and the

(2) determune the air-fuel ratio ( kg air/kg CHy)
(3) determune the heat transfer (KJ/kmole CHy) from the combustion

chamber during this process. (10 43')
(4) what would your answer be for the heat transfer (KJ /kmole CH)

if combustion were achieved with 100 % excess air

Enthalpy of formation, Gibbs function of formation, and absolute entropy.

at 25°C, 1 atm

(55)

3 & s°
Substance Formula____ kJ/kmol Ki/kmol Ki/kmol K
Carbon Cls) 0 0 5.74
Hydrogen Halg) 0 0 130.68
Nitrogen Nag) 0 0 191.61
Oxygen 0,(8) 0 0 205.04
Carbon monoxide  CO(®) -110,530 197.65
Carbon dioxide CO®) -393,520 213.80
Water vapor H,0(8) ~241,820 188.83
Water H,0(0) -285,830 69.92
Hydrogen peroxide  H;0,(&) -136,310 232,63
Ammonia NHs(g) -46,190 192.33
Methane CHy(g) ~74,850 186.16
Acetylene CoHa(g) +226,730 200,85
Ethylene CoHa(@) +52,280 219.83
Ethane CoHe(®) ~84,680 229.49
Propylene CaHe(®) +20,410 266.94
Propane CyHa(g) -103,850 269.91
n-Butane CeHiolg) -126,150 310.12
nOctane CeHisl®) ~ —208,450 466.73
n-Octane CoHigl6)  —249,950 360.79
n-Dodecane CiHal®)  —291,010 622.83
Benzene CeHe(®) +82,930 269.20
Methyl alcohol CHOH(®  ~200,670 239.70
Methyl alcohol CH,OH(&)  —238,660 126.80
Ethyl alcohol C,HOH(g) —235,310 282.59
Ethyl aicohol CoHsOH(O)  ~277,690 160.70
Oxygen olg) +249,190 161.06
Hydrogen H +218,000 11472
Nitrogen N@ +472,650 153.30
Hydroxyl OH(g) +39,460  +34,280 183.70

1c

(59)




