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N . SPECIFIC VOLUME, m'/kg INTERNAL ENERGY, kikg
ﬁ - EP 'é;‘h\‘ 7'] 'E-?% %ﬁﬁg " Temp. Press. Sat. Liguid ~ Evap. Sat. Vapor Sat. Liquid  Evap. Sat. Vapor
% _ E M _:_,ﬁ °C) (kPa) v U v, u ug u,
-70 8.3 0.000675 1.97207 197274 11946 218.74 338.20
— ' -65 117 0.000679 142915 142983 12318 217.76 34094
3 ﬁ%ﬁ . -60 16.3 0.000684 105199 105268 12152 216.19 343.71
m——— ‘ | -55 22 0.000689 0.78609 0.78678 132.36 214.14 346.50
1. AR EA Ryd 1005 - | 50 299 0.000695 059587 059657 137.60 AL 34931
2. EAZH A FRAGREL - ALY - | 45 396 0.000701 045783 0.45853 143.15 20899 35215
| s omu e EaLEA 2 A EMNAS  FRIATFHS - C 40 518 0.000708 035625 035696 148.95 20605 355.00
G ' o i R S ‘ . -3 66.8 0.000715 0.28051 028122 154.93 202.93 357.86
. =30 85.1 0.000722 0.22330 0.22402 161.06 199.67 360.73
—~ A 10-L rigid tank contains R-134a at —10°C with a quality of 80%. A 10-A | ~263 101.3 0.000728 0.18947 0.19020 165.73 197.16 36289
electric current (from a 6-V battery) is passed through a resistor inside -25 107.2 0.000730 0.17957 0.18030 167.30 19631 36361
the tank for 10 min, after which the R-134a temperature is 40°C . What was ! '?g ;2; gg;iz gi;‘zzg " g‘:zg‘;?, i;;g; :zzgz 366.50
. | . o - : , 119 . , .. 369.39
the heat transfer to or from the tank during this process? (20%) 10 017 0.000755 0.09845 009921 186,57 8570 377
~ . An air compressor takes in air in 150 kPa and 20°C, and delivers it at -5 244.5 0.000764 008181 008257 193.14 18201 37515
1 MPa and 600 K to a constant-pressure cooler, which the air exits at 250 0 294.0 0.000773 0.06842 006919 199.77 17824 37801
K. Find the specific compressor work and the specific heat transfer in the | 3509 0000783 005755 005823 20643 17438 38085
10 415.8 0.000794 0.04866 0.04945 21325 170.42 38367
cooler.(Air C,=1.004kJ /kg-K') (20%) 15 489.5 0.000805 0.04133 0.04213 22010 16635 38645
20 572.8 0.000817 0.03524 0.03606 227.03 162.16 389.19
= . Air at 40°C and 100 kPa flows in a 100-mmx150mm rectangular duct in a 25 666.3 0.000829 0.03015 0.03098 234.04 15783 39187
heating system. The volumetric flow rate is 0.02m°/s . What is the velocity T 77110 0.000343 002567 002671 24114 15334 39448
of the air flowing in the duct and what is the mass flow rate? (air 35 887.6 0.000857 0.02224 042310 24834 l4g68 3970
R = 0.287kNm | kgK )( 20%) 40 1017.0 0.000873 0.01915 0.02002 255.65 143.81 399.46
45 11602 0.000890 0.01650 0.01739 263.08 138.71 401.79
PY -~ Acylinder containing of R-134a at 10°C and 300 kPa has an initial volume 50 1318.1 0.000908 0.01422 001512 27063 13335 40398
of 20 L. A piston compresses the R-134a in a reversible, isothermal process 55 14916 0.000928 0.01224 0.01316 278.33 127.68 406.01
until it reaches the saturated vapor state. Calculate the required work 60 16318 0.000951 00101 001146 . 28619 12166 40785
and heat transfer to accomplish this process. (20%) 65 1889.9 0.000978 0'00,899 0.00997 20424 nsz2 - 404
7+ A mass of 1.5kg of air contained in a cylinder at 1 MPa and 1000 X expands ;g 2;;2.3 82?;1:?3)2 g:ggzz g:ggjig z(ﬁ; izgzz zi?;j ’
in a reversible isothermal process to a volume 10 times larger. Calculate C80 2336 0.001078 0.00537 0.00645 319.96 0226 41222
the heat transfer during the process and the change of entropy of the air. 85 2926.2 0.001128 000437  0.00550 32935 8267 41201
(20%) r 90 32445 0.001195 0.00341 0.00461 336.5t 71.24 410.75 i!
© 95 35915 0.001297 0.00243 0.00373 35117 56.25 40742 i
100 3973.2 0.001557 0.00108 0.00264 368.55 2819 39%.74
101.2 4064.0 0.001969 0 0.00197 38297 0 38297
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: (continued)
Saturated R-134a

 ENTHALPY, kikg ENTROPY, kI/kg-K
Temp. Press. Sat.Liquid  Evap. Sat. Vapor Sat. Liguid  Evap. Sat. Vapor
0) (kPa) k, by hy S S S
~10 83 119.47 235.15 35462 0.6645 LIS75 18220
L 65 1.7 123.18 23455 357.73 0.6825 11268 18094
-60 163 12753 23333 360.86 07031 10947 17978
-55 22 13237 23163 364.00 0.7256 L0618 17874
—-50 299 137.62 229.54 367.16 0.7493 10286 17780
45 396 143.18 2714 37032 0.7740 09956  1.7695
----- 40 518 14898 224.50 17348 0.7991 09629 17620
~35 66.8 154.98 22167 376.64 0.8245 09308 1755 |
-30 85.1 16112 218.68 379.80 0.8499 08994 L7493
-263 1013 165.80 216.36 382.16 0.8690 08763 153 |
~25 1072 167.38 215.57 38295 0.8754 08687 17441 |
-20 133.7 17374 21234 38608 09007 08388 1795
15 165.0 180.19 209.00 189.20 0.9258 0809 174 |
~10 201.7 186.72 205.56 392.28 09507 o712 17B9 |
-5 245 19332 202.02 395.34 09755 0753 1788
0 2940 200.00 198.36 398.36 1.0000 062 1M |
5 3509 206.75 194.57 401.32 10243 06995 17239
10 4158 213.58 190.65 40423 1.0485 06733 L7218
15 4895 22049 186.58 40707 1.0725 06475 17200
20 5728 22749 182.35 409.84 1.0963 0620 17183 |
25 6663 23459 171192 41251 1.1201 0597 L7168
30 770 24179 17329 415.08 11437 05716 1M |
35 887.6 24910 168.42 41752 L1673 05465 17139
40 1017.0 256.54 16328 419.82 1.1909 05214 1723
45 1160.2 264.11 15785 42156 1245 - 04962 17106 :
50 1318.1 27183 152.08 42391 12381 04706 17088 |
55 1491.6 279.72 145.93 42565 1.2619 04447 17066 |
60 1681.8 28179 13933 2113 1.2857 04182 17040
65 1889.9 296.09 13221 42830 13099 03910 17008 |
70 2117.0 304.64 12447 429.11 13343 03627 16970 '!
75 2364 4 31351 115.94 429.45 13592 03330 1693 |
80 2633.6 322,19 10640 42919 13849 03013 16862
85 2926.2 33265 95.45 428.10 14117 02665 16782
90 3244.5 34338 8231 42570 14404 02267 16671
95 3591.5 355.83 64.98 42081 14733 0765  1.6498
100 19732 37474 1247 40721 15228 00870  1.6098
1012 4064.0 39098 0 390.98 15658 0 1.5658

{continuea)
Superheated R-134a
: Temp. v u h 5 v u h 5
L (C) why WAy Kikg  (WeK) @y (kg Wk (WK
| 300 kPa (0.56) 400 kPa (8.84)
Sat. 006787 371833 39869 17259 005136 383.02 40356 17223
£10 0.07111 38584 407.17 L7564 005168 38398 40465 17261
20 007441 30380 41612 LT84 005436 39222 41397 17584
30 007762 40181 42510 L8175 005693 40045 42322 17895
40 008075 40990 43412 18468 005940 40870 43246 18195
50 008382 41809 M3’ 18755 006181 41703 44175 13487
60 008684 42639 45244 19035 006417 42544 45110 187712
70 008982 4348 46176 193U 006648 43395 46055 19051
80 009277 44337 4121 19582 0.06877  442.58 47009 19325
90 009570 45207 48078 1.9850 007102 45134 47975 19595
100 009861 46090 49048 20113 007325 46022 48952 19860
110 010150 46987 50032 20373 007547 46924 49943 2012
120 010437 47899 51030 20631 007767 47840 50046  2.0381
130 G173 48826 52043 20885 007985 48769 51963 20636
| 140 011008 49766 53069 21136 008202 49713 52994 20889
150 001202 5072 SALG9 21385 008418 50671 54038 21139
160 0.11575 51691 55164 21631 008634 51643 55097  2.1386
| 500 kPa (15.66) 600 kPa (21.52)
Sat. 004126 38682 40745 17198 003442 39001 41066 17179
20 004226 39052 4lLES 17342 — — - -
30 004446 39899 42122 17663 003609 39744 41909 17461
40 004656 40744 43072 L7971 003796 40611 42888 L7119
|50 004858 41591 44020 18270 0.0397 41475 43859  1.3084
60 005055 42444 44972 18560 004145 42341 4828 18379
70 005247 43306 45929  1.8843 004311 43213 45799 18666
80 005435 44177 46894 19120 004473 44093 46176 18947
90 005620 45059 47869 19392 004632  449.82 41161 19212
100 005804 45953 48855 1.9660 004788 45882 43755 19492
110 005085 46860 49852 1994 004943 46794 49759 19758
120 006164 47179 50861 2.0184 005095 47718 50775 20019
130 006342 48713 51883 20440 005246 48655 51803 20277
140 006518 49659 52919 20694 005396  496.05 52843 20532
150 006694 50620 53967 20945 005544 50569 53895 20784
160 006869 51595 55029  211% 005692 51546 54961 21033
2.1438 005839 52536 560.40

170 0.07043 52583 561.04

2.1279




