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1. What is the net force acting on a bus at a constant velocity of 40 km/h (a) on a
level road and (b) on an uphill road? (6 points)

2. What is quality? Does it have any meaning in the compressed liquid region? (6
points)

3. When a system is adiabatic, what can be said about the entropy change of the

substance in the system? (4 points)
4. Consider the function u(v,w), its derivatives (%u)w and (%)"’ and the total

derivative Z—u . (a) how do the magnitudes (ov), andthe &v compare? (b) how
w

do the magnitudes (éu), andthe du compare? (c) Is there any relation among
du, (ou),,and (ou),? (9 points)
. Consider the U-tube whose arms are open to the atmosphere. Now water is poured

N

into the U-tube from one arm, and light oil ( p = 900 kg / m?) from the other. One
arm contains 80-cm-high water, while the other arm contains both fluids with an

oil-to-water height ratio of 5. Determine the height of 4,; and A,,,. (10 points)

A, 80cm [A
] ~Water

BN

bottom

6. A 100 m’ tank contains compressed air at 1 MPa and 300 K. Determine how much
work can be obtained from this air if the environment conditions are 100 kPa and

300 K. (15 points)
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7. Consider a two-stage compression R-134a refrigeration system operating between
the pressure limits of 1.4 and 0.1 MPa. The refrigerant leaves the condenser as a
saturated liquid and is throttled to a flash chamber operating at 0.4 MPa. Part of
the refrigerant evaporates during this flashing process, and this vapor is mixed
with the refrigerant leaving the low-pressure compressor. The mixture is then
compressed to the condenser pressure by the high-pressure compressor. The liquid
in the flash chamber is throttled to the evaporator pressure and cools the
refrigerated space as it vaporizes in the evaporator. Assuming the refrigerant
leaves the evaporator as a saturated vapor and both compressors are isentropic.
(30 point)

Part 1: (a) 7-s schematic diagram, (b) determine the fraction of the refrigerant which
evaporates as it is throttled to the flash chamber, (c) determine the amount of
heat removed from the refrigerated space, (d) compute the compressor work
per unit mass of refrigerant flowing through the condenser, and (e) the
coefficient of performance.

Part 2: If the two-stage compression refrigeration system is modified to the

single-stage compression refrigeration system, re- determine steps (a)~(e).

8. A given space is contains the dry and wet-bulb temperatures at 25°C and 20°C by

air conditioning system. The total heat gain to the space has been determined to be
24 kW, of which 18 kW is sensible heat transfer. The outdoor air requirement of

the occupants is 20% (by mass) of supply air. The outdoor air has a temperature
and relative humidity of 32°C and 70 %, respectively. Determine the quantity and

the state of the air supplied to the space and the required capacity of the cooling

and dehumidifying equipment. (The relative humidity of supply air is assumed to

90% RH). (20 point)
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Saturated refrigerant-134a--Pressure table

LN g R ]

Specific volume. Internal energy. Enthaipy, Entropy.
m kg kg kJ’kg L MkgK
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liguid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
PkPa T, °C v, Vy u, Uy, U, h, by h, s Sy s,
60 —36.85 0.0007098 031121 3.798 205.32 208.12 3.841 22385 227.79 0.01634 0.94807 0.96441
70 - 33.87 0.0007144 0.26929 7.680 203.20 210.88 7.730 222.00 229.73 0.03267 0.92775 0.96042
80 31.13 0.0007185 0.23753 11,15 201.30 21246 11.21 220.25 231.46 0.04711 090999 0.95710C
90 28.65 0.0007223 0.21263 1431 199.57 21388 14.37 21865 233.02 0.06008 0.89419 0.95427
100 -26.37 0.0007259 0.19254 17.21 197.98 215.19 17.28 217.16 234.44 0.07188 0.87995 0.95183
120 2232 00007324 0.16212 22,40 195.11 217.51 2248 214.48 236.97 0.09275 0.85503 0.94779
140 1877 0.0007383 (.14014 26.98 19257 21954 2708 21208 239.16 0.11087 0.83368 0.94456
160 15.60 0.000/7437 0.17348 31.09 19027 221.35 31.21 209.90 241.11 0.172693 0.81496 0.94190
180 12.73 0.0007487 0.11041 34.83 188.16 22299 3497 20/90 24286 (.14139 0.79826 0.93965
200 -10.09 0.0007533 0.099867 38.28 186.21 224.48 3843 206.03 244.46 0.15457 0.78316 0.93773
240 538 0.0007620 0.083897 4448 182.67 227.14 4466 202.62 247.28 0.17794 0.75664 (0.93458
280 1.75 0.0007699 0.072352 49.97 179.50 27946 50.18 199.54 249.72 0.19829 0.73381 0.93210
320 2.46 00007772 0.063604 5H492 1/661 23152 5bhie 19671 251.88 0.21637 0.71369 0.93006
360 582 0.0007841 0.056738 59.44 173.94 233.38 59.72 194.08 253.81 0.23270 0.69566 0.92836
400 8.91 0.0007907 0.051201 63.62 171.45 235.07 6394 191.62 25555 0.24761 0.67929 0.92691
900 3551 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 269.26 0.37377 0.54315 0.91692
950 37.48 0.0008641 0.021438 103.69 146.10 249.79 104.51 16564 270.15 0.38301 0.53323 0.91624
1000 39.37 0.0008700 0.020313 10645 14423 250.68 107.32 163.67 270.99 0.39189 0.52368 0.91558
1200 46.29 0.0008934 0.016715 11670 137.11 25381 117.77 156.10 273.87 0.4244] 0.48863 0.91303
1400 572,40 0.0009166 0.014107 12594 130.43 25637 12722 14890 276.17 0.45315 0.45734 0.91050
1600 57.88 0.0009400 0.012123 134.43 124.04 25847 13593 141.93 277.86 0.47911 0.42873 0.90784
1800 62.87 0.0009639 0.010559 142.33 117.83 260.17 144.07 13511 279.17 0.50294 0.40204 0.90498
2000 67.45 0.0009886 0.009288 149.78 111.73 261.51 151.76 128.33 280.02 0.52509 0.37675 0.90184
2500 77.54 0.0010566 0.006936 166.99 96.47 263.45 16963 111.16 280.79 0.57531 0.31695 0.89226
3000 86.16 0.0011406 0.00527b5 183.04 80.2¢ 263.26 186.46 92.63 279.089 062118 0.25776 0.87844
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Superheated refrigerant-134a
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T v u h S v u h $ v u h s
°C m/kg ki/kg  klkg  kdikg-K m3/kg kl/kg  klkg kJ/kg K m3/kg kd/kg klkg  kl/kg-K
P 006 MPa (T, » 36.95°C) P00 NPa U, v - 26.3/°C) Foo0A MPa T [ENEE
Sat. 031121 209.12 22/.79 0.9644 0.19254 215,19 23444 09518 C.14014 21954 23916 (.49446
-20 (.33608 220.60 240.76 1.0174 0.19841 219.66 239.50 0.9721
~10  0.35048 227.55 24858 1.0477 0.20743 226.7% 247.49 1.0030 0.14605 22591 24536 09724
¢} 0.36476 234.66 256.54 1.0774 0.21630 233.95 255.58 1.0332 0.15263 233.23 25460 1.0031
10 0.37893 241.92 26466 1.10686 0.22506 241.30 26381 1.0628 0.15908 240.66 26293 1.0331
20 0.39302 249.35 27294 1.1383 0.23373 24879 272.17 1.0918 0.16b644 24822 271.38 1.0624
30 0.40705 256.95 281.37 1.1636 0.24233 256.44 28068 1.1203 0.17172 25593 27997 1.0912
40 0.42102 264.71 289.97 1.1915 0.25088 264,25 289.34 1.1484 0.17794 263.79 28870 1.1i95%
50 0.43495 272.64 298.74 1.2191 0.25937 272.22 298.16 1.1762 0.18412 271.79 29757 1.1474
60 0.44883 280.73 307.66 1.2463 0.26783 280.35 307.13 1.2035 0.19025 27996 30659 1.1/49
70 0.46269 288.99 316.75 1.2732 0.2762¢ 288.64 316.26 1.2305 0.19635 288.28 315.77 1.2020
80 0.47651 297.41 326.00 1.2997 0.28465 297.08 32555 12572 0.20242 296.75 32509 1.2288
90 0.49032 306.00 33547 1.3260 0.29303 30569 33499 1.2836 0.20847 305.38 33457 1.2953
160 0.50410 314.74 34499 1.3520 0.30138 31446 34460 1.3096 0.21449 314.17 34420 1.2814
P = 028 MPa (T, = ~1.25"C) P =032 MPa [T, = 2.46°0) P = 540 MPa (T, =8.91°0)
Sat. 0.07235 229.46 249.72 0.9321 0.06360 231.52 251.88 0.9301 0.051201 235.07 255.55 0.9269
0 0.07282 230.44 250.83 0.9362
10 0.07646 238.27 259.68 0.9680 0.06609 237.54 258.69 0.9544 0.051506 235.97 256.58 0.9305
20 0.07297 246,13 26852 0.9987 0.06925 24550 267.66 0.9856 0.054213 244.18 26586 0.9628
30 0.08338 25406 27741 1.0285 0.07231 25350 27665 10157 0.056796 252.36 275.07 0.9937
A0 0.08672 262.10 286.38 1.0076 0.07530 261.60 285.70 1.0451 0.059292 260.58 284.30 1.0236
H 0.09000 270.27 29547 1.0862 0.07823 269.82 294.85 1.0739 0.061724 26890 293.5Y9 1.0528
60 0.09324 27856 30467 1.1142 0.081:11 27815 304.11 1.1021 0.064104 277.32 302.96 1.0814
70 0.09644 28699 31400 11418 0.08395 286.62 313.48 1.1298 0.066443 285.86 312.44 1.1094
80 0.09961 29557 323.46 1.1690 0.08675 295.22 32298 1.1571 0.068747 294.53 322.02 1.1369
90 0.10275 304.29 333.06 1.1958 0.08953 303.97 332.62 1.1840 0.071023 303.32 331.73 1.1640
100 0.10587 313.15 342.80 1.2222 0.09229 312.86 342.39 1.2105 0.073274 312.26 34157 1.1907
110 0.10897 322.16 35268 1.2483 0.09503 321.89 352.30 1.2367 0.075504 321.33 351.53 12171
120 0.11205 331.32 36270 1.2742 0.09775 331.07 36235 1.2626 0.077717 330.55 361.63 1.2431
130 0.11812 340.63 372.87 1.2997 0.10045 340.39 37254 1.2882 0.079913 33980 371.87 1.2688
140 0.11818 350.09 383.18 1.325%0 0.10314 349.86 382.87 1.3135 0.082096 34941 382.24 1.2942
P 1.20 MPa (T, ~ 46.29°C) £ - 1.40 MPz (7,, - 52.40°C) P~ 1.60 MPs (T, = 57.88°C)
Sat. 0.016715 253.81 273.87 0.9:30 0.014107 256.37 27¢.12 (€.9105 0.012123 258.47 277.86 09078
50 0.017201 257.63 278.27 0.9267
60 0.018404 267.56 28964 (9614 0.01b005 264.46 28547 (.9389 0.012372 260.89 280.69 09163
70 0.019502 277.21 300.61 09938 0.016060 27462 297.10 09733 0.013430 271.76 293.25 0.9535
80 0.020529 286.75 311.39 1.0248 0.017023 28451 308.34 1.0056 0.014362 282.09 305.07 0.9875
30 0.021506 296.26 322.07 1.0546 0.017923 294.28 319.37 1.0364 0.015215 292.17 316.52 1.0194
100 0.022442 305.80 332.73 1.0836 0.018778 304.01 330.30 1.0661 0.016014 302.14 327.76 1.0500
110 0.023348 31538 34340 1.1.18 0.019597 313.76 341.19 1.0949 0.016773 312.07 33891 10795
120 0.024228 325.03 354.11 1.1394 0.020388 323.55 352.09 1.1230 0.017500 322.02 350.02 1.1081
130 0.025086 334.77 364.88 1.1664 0.021155 333.41 363.02 1.1504 0.018201 332.00 361.12 1.1360
140 0.025927 34461 37572 1.1930 0.021904 34334 374.01 1.1773 0.018882 342.05 372.26 1.1632
150 0.026753 354.56 386.66 1.2.92 0.022636 353.37 38507 1.2038 0.019545 352.17 383.44 1.1900
160 0.027566 364.61 397.69 1.2449 0.023355 363.51 396.20 1.2298 0.020194  362.38 384,69 1.2163
170 0.028367 374.78 408.82 1.2703 0.024061 373.75 407.43 1.2554 0.020830 372.69 406.02 1.242]
180 0.029158 385.08 420.07 1.295%4 0.024757 384,10 41876 1.2807 0.021456  383.11 417.44 12676
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