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1. (20%) A well-insulated tank contains 25 kg of Refrigerant 134a initially at 300 kPa with a quality of 80%.
The pressure is maintained by nitrogen gas acting against a piston as shown in Figure 1. The valve opens and
carries 134a at 1 MPa and 120°C from the supply line to the tank. The pressure of nitrogen in the tank is
maintained as 300 kPa when the piston expands. The valve is closed when all the liquid has vaporized.
Determine the amount of refrigerant admitted to the tank. Please use Table 1 to evaluate the properties of 134a.

M=
300kPa

134a
300kPa

supply line 1MPa,120°C

Figure 1

2. (3:%) By injecting liquid water (0.3 kg/s) into superheated steam, the desuperheater shown in Figure 2 has
a saturated vapor steam at its exit. Steady-state operating data are provided in Table 2. The heat transfer,

potential energy, and kinetic energy are negligible.
(1). (1) Locate state 1, 2, and 3 on a sketch of the T-S diagram.
(2). {20 %) Determine the rate of entropy generation within the desuperheater (KkW/K)

Liquid
waler

’7 Desuperheater

Saturated
vapor

(]

Superheated
vapor

Figure 2
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3. (35%) Consider isentropic flow of an ideal gas with constant k.

1) (20%) Show that = = o _ R8PS 7* 4 d
(1) (20%) Show that Faiakrey and vl ('::1') where and p° are the temperature and pressure,

respectively, at the state where Mach number is unity, and Ty and pop are the temperature and pressure,

respectively, at the stagnation state.
- _ V2 _ kR _
(Hint: Ty =T + (Z—C;), Cp = and ¢ = VkRT)

(2) (5%) Air enters a converging nozzle with negligible velocity at a pressure of 1.0 MPa and a temperature of 360
K; back pressure at the exit is 500 kPa. For isentropic flow of an ideal gas with k = 1.4, check whether the flow
is choked in the nozzle using the results of part (1).

(3) (10%) If the exit area of the nozzle in part (2) is 0.001 m?, determine the mass flow rate, in kg/s, and the exit

Mach number.

4. (15%) Ammonia with a mass flow rate of § kg/min is the working fluid within an ideal vapor-compression refrigeration
cycle. Saturated vapor enters the compressor and saturated liquid exits the condenser. The evaporator temperature is-10
°C and the condenser pressure is 10 bar. Please use Table 3 to evaluate the required properties.
(1) (5%) Sketch the processes of the cycle on a T-s diagram. Enumerate the state points and clearly indicate the
corresponding location of each state point on the cycle block diagram.
(2) (5%) Determine the COP of the cycle.
(3) (5%) Evaluate the refrigeration eapacity of the refrigeration cycle.




& 66 BT RRII AR 111 BEEE I HEAEFHEE
P BIRI2S8%

EHFE B EHELE ¢ 0219+ B 2
BWIR-#SH
Table 1
Properties of Saturated Refrigerant 134a (Liquid-Vapor): Pressure Table
[ Specific Volume Internal Energy Enthalpy
m’/kg kif kg kl/ kg
Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor
bar °C v % 107 Ty uy u, he Py hy
2.0 —10.09 0.7532 0.0993 36.69 221.43 36.84 204.46 241.30
2.4 =537 0.7618 0.0834 £2.77 224.07 42.95 20114 244.09
2.8 -1.23 0.7697 0.0719 48.18 226.38 48.39 198.13 246.52
3.2 248 | 0.7770 | 0.0632 53.06 | 228.43 53.31 195.35 | 248.66
3.6 5.84 | 07839 | 0.0564 57.54 | 230.28 57.82 | 192.76 | 250.58

Properties of Superheated Refrigerant 134a Vapor

T ] u h 5
C m/kg  kl/kg  Kl/kg  Kl/kg-K
7 =10.0'bar ="1.00 MPa
(T = 39.39°C)
80 0.02538 | 287.82 | 313.20 | 1.0405

90 0.02649 | 297.53 | 324.01 | 1.0707
100 0.02755 | 307.27 | 334.82 | 1.1000
110  0.02858 | 317.06 | 345.65 | 1.1286
120 0.02959 | 326.93 | 356.52 | 1.1567
130 0.03058 | 336.88 | 367.46 | 11841
140 0.03154 | 346.92 | 378.46 | 1.21M

Table 2
State | p(MPa) | 7(°C) | v(m’/kg) | u(ki/ke) | h(kI/kg) | s(kI/kg-K)
1 2 38 1.0065x107 | 166.5 168.3 0.5658
2 2 320 0.1308 2807.9 3069.5 6.8452
3 1.5 Sat. 1.159 2519.7 2693.6 12233

Vap.
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Table 3

Properties of d ia (Liquid-Vapor): P e Table

Pressure Conversions: [Eumansk-fsai Internal Energy Enthalpy Entropy
1bar = 0.1 MFa m/kg kJ/kg kJ/kg kifkg - K
= 10" kPFa Sat. Sat. Sat. Sat. Sat.
Liqui Vapor Liquid Evap. Liquid Vapor
vyx 10’ v h, Byg h, Sy 5,

=50 0.4086 1.4245 2.6265 —43.94 1264.99 —43.88 1416320 137232 -0.1822  6.1543 =50
=45 0.5453 1.4367 2.0080 ~22.03 1271.19 =21.95 1402.52 1380.57 =0.0851 6.0523 —45
=40 0.7174 1.4493 15524 =0.10 1277.20 0.00 1388.56 1388.56 0.0000 5.9557 —A0
-36 0.8850 1.4597 1.2757 17.47 1281.87 1T.60 1377.17 139477 0.0747  5.8819 =36
-32 1.0832 1.4703 1.0561 35.08 1286.41 3525 136555 1400.81 0.1484  5.8111 =32
=30 1.1950 1.475T7 0.9634 43.93 1288.63 44.10 1358.65 1403.75 0.1849 5.7767 =30
~28 1.3159 1.4812 0.8803 52.78 1220.82 52.97 1353.68 1406.66 02212 57430 ~28
=26 14465 1.4867 0.8056 61.65 129297 61.86 1347.65 1409.51 0.2572 5.7100 =26
-22 1.73%0 1.4380 0.6780 T79.46 1297.18 79.72 133536  1415.08 0.3287  5.6457 -22
=20 1.9018 1.5038 0.6233 88.40 1295.23 88,68 132910 141778 0.2642  5.6144 =20
-18 2.076% 1.5096 0.573% a7.36 1301.25 o7.68 1322.77 1420.45 0.3994 5.5837 -18
-16 22644 1.5155 0.5291 106.36 1303.23 106,70 131635 142305 0.4346 55536 —-16
-14 2.4652 1.5215% 0.4885 115.37 1305.1T7 11575 1309.86 1425.61 0.4635 55239 -4
=12 2.6798 15276 0.4516 124.42 1307.08 124.53 1303.28 1428.11 0.5043 5.4348 =12
=10 2.3089 1.5338 0.4180 133.50 1308.95 133.84 129661  1430.55 0.5389 54662 =10
-8 3.1532 1.5400 0.3874 142,60 1310.78 143.09 128986 1432.95 0.,5734 5.4380 -8B
-6 3.4134 1.5464 0.3555 15174 1312.57 15226 128302 143528 0.6077  5.4103 -5
—4 3.6901 1.5528 0.3340 160.88 1314.32 161.46 127610  1437.56 0.6418 53831 =3
-2 3.9842 1.5594 0.3106 170.07 1316.04 170.69 1269.08 143978 0.6753 5.3562 -2
1+ 4.2962 1.5660 0.2892 179.29 1317.71 179.96 1261.897 1441.94 0.7097 5.3298 a

2 46270 1.5727 0.2695 188.53 1319.34 189.26 125477 1444.03 0.7435 5.3038 2

4 45773 1.5796 0.2514 197.80 1320.92 198,59 124748 144607 07770 52781 4

] 5.3473 1.5866 0.2348 207.10 1322.47 207.95 124009  1448.04 0.8105  5.2529 6

] 5.7395 1.5936 02185 216.42 1323.96 21734 123261  1449.94 0.8438 5.2279 B
10 6.1529 1.6008 0.2054 235.77 1325.42 226.75  1225.03 145178 0.8769 5.2033 10
12 6.5890 1.6081 0.1923 235,14 1326.82 236.20  1217.35  1453.55 0.5088 51791 12
16 7.5324 1.6231 0.1631 253.95 1329.48 255.18 120170  1456.87 0.9755  5.1314 16
20 8.5762 1.6386 0.1492 272.86 1331.94 274.26 1185.64 1459.90 1.0404 50849 20
24 9.7274 16547 0.1320 291.84 1334.19 29345 1169.16 1462.61 1.1048 5.0394 24
28 10.593 16714 0.1172 310.92 133620 312,75 115224  1485.00 1.1686  4.9548 28
3z 12,380 1.6887 0.1043 330,07 1337.97 33217 1134.87 1467.02 1.2319 4.9509 3z
36 13.896 1.7068 0.0530 349.32 1339.47 35169  1117.00 146870 12946  4.5078 36
40 15.543 17256 0.0831 368.67 1340.70 37135  1098.62  1469.597 1.3569  4.8652 40
45 17.819 1.7503 0.0725 393.01 1341.81 396.13 1074.84 1470.96 1.4341 48125 45
50 20.331 l.'.l"T65 0.0634 417.56 1342.42 42117  1050.09 147126 15109  4.7604 50

iu, table value)/1000
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Table 3 (continued)

Properties of Saturated Ammonia (Liquid-Vapor): Pressure Table

[re——— Specific Volume  Internal Energy Enthalpy Entropy
_mkg kifkg ki/kg __kijkg-K
Sat. Sat. Sat. Sat. Sa Sat. Sat.
Liquid Vapor Liquid Liquid Evap. Liquid Vapor Press.
vy 107 g uy by by 5¢ S bar
0.40 -50.36 14236 26795 4552 1264.54 -4546 141718 137L.72 -0.1392 61518 0.40
0.50 —46.53 14330 21752 -28.73 126931 -28.66 140673 1378.07 -0.1245  6.0829 0.50
0.60 -43.28 14410 18345 -1451 127327 -14.42 1397.76 1383.34  -0.0622 6.0186 0.60
0.70 —40.46 14482 15884 211 127666 -201 138585 1387.84 -0.0085  5.9643 0.70
0.80 -37.94 14546 1.4020 893 127961 9.04 138273 139178 00386 59174 0.80
0.50 -35.67 L4605 1.2559 1891 128224 19.04 137623 1395.27 0.0808 5.8760 0.50
1.00 -33.60 14660 11381 28.03  1284.61 2818 1370.23 133841 0.1191 5.8391 1.00
125 —29.07 14782 03237 48.03  1289.65 4822 1356.89 1405.11 02018 57610 125
150 -25.22 1.4889 0.7787 6510 1293.860 65.32 134528 141061 02712 56973 150
1.75 -21.86 1.4984 0.6740 B0.0B  1297.33 B0.35 133492 141527 03312 5.6435 1.75
2.00 -18.86 15071  0.5346 9350 1300.3% 53.80 132551 141931 0.3843 55969 2.00
2.25 =16.15 15151 0.5323 10568 1303.08 106.03 1316.83 1422.86 0.4319 55558 2.25
2.50 -13.67 15225 04821 11688 130549 117.26 130876 142603 04753 55190 2.50
2.75 -11.37 15285  0.4408 12726 1307.67 12768 130120 1428.88 05152 5.4858 275
3.00 -9,24 15361 04081 13696  1309.65 13742 129405 143147 05520  5.4554 3.00
3.25 =T.24 1.5424 0.3765 146.06 131146 146,57 1287.27 1433.84 05864 5.4275 3.25
3.50 -5.36 15484 03511 15466 131314 15520 1280.81 1436.01 06186  5.4016 3.50
3.75 -3.58 15542 0.3289 162.80  1314.68 163,38 127464 143503 06489 53774 375
4.00 -1.50 15597 03094 17055 131612 17118 1266871 1439.89 06776  5.3548 4.00
4.25 =0.29 15650  0.2921 17796 131747 17862 126301 144163 0.7048 53336 4.25
4.50 1.25 L5702 0.2767 18504 131873 185.75 1257.50 144325 0.7308 53135 4.50
4.75 2.12 15752 02629 19154 1319.91 19259 125218  1444.77 0.7555  5.2946 475
5.00 413 1.5800 0.2503 1983% 1321.02 15818 1247.02 1446.19 0.7791 52765 5.00
5.25 5.48 15847  0.2390 20469  1322.07 20552 124201 1447.53 0.8018 52594 525
5.50 679 15833 0.2286 21078 132306 211.65 1237.15 1448.80 0.8236  5.2430 5.50
5.75 8.05 15938 0.2191 21666  1324.00 217.58 123241 1449.99 0.8446  5.2273 5.75
6.00 9.27 15382 02104 22237 132489 22332 122179 145112 08648 52122 £.00
T.00 13,78 1.6148 0.1815 24356  1328.04 244.69 121038 145507 0.9334 51576 T.00
8,00 17.84 16302 0.159 26264  1330.64 263.95 119436 145830 10054 51089 8.00
5.00 21.52 1.6446 0.1424 28005 133282 281.53 117944 146097 1.0643  5.0875 9.00
10.00 24.89 16584 01285 29610 1334.65 297.76 116542 1463.18 11191 5.0294 10.00
12.00 30.94 16841 0.1075 32499 1337152 327.01 113552 1466.53 12152 49625 12.00
14.00 36.26 17080  0.0923 350.58 133956 35297 111582 1468.79 12087  4.5050 14.00
16.00 41.03 17306  0.0808 373.68 134097 376.46 108377  1470.23 13720 4.8542 16.00
18.00 45.38 17522 00717 39485 134188 398.00 1073.01 147101 14399 4.8086 18,00
20.00 49.37 L7731 0.0644 41444 134237 417.99 105327 147126 15012 4.7670 20.00

vy = (table value)/1000




