NATIONAI, EXAMINATIONS MAY 2019
17-Phys-B6, Applied Thermodynamics and Heat Transfer

3 Hours Duration

Notes

If doubt exists concerning the interpretation of any question, the
candidate is urged to make assumptions and clearly explain what has
been assumed along with the answer to the question.

The examination is open book. As a consequence, candidates are
permitted to make use of any textbooks, references or notes.

Any non-communicating calculator is permitted. However, candidates
must indicate the type of calculator(s) that they have used by
writing the name and model designation of the calculator(s) on the
inside of the cover of the first examination book.

It is expected that each candidate will have copies of both a
thermodynamics text and a heat transfer text in order to make use
of the information presented in the tables and graphs contained.

The answers to five questions, either three questions from Part A
and two questions from Part B or two questions from Part A and
three questions from Part B, comprise a complete examination.

candidates must indicate the answers that they wish to have graded
on the cover of the first examination book. Otherwise the answers
will be graded in the order in which they appear in the examination
book(s) up to a maximum of three answers per section .

The answer to any gquestion carries the same value in the grading .

Continued on Page 2
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PART A - THERMODYNAMICS

1(a) The equation of state and the internal energy relationship of
a certain gas are pv = 0.317(T+273) and u = 1u + 0.846T
respectively where p is the pressure of the gas in kN/m?, v is the
specific volume of the gas in m'/kg, T is the temperature of the gas
in “C and u is the internal energy of the gas in kJ/kg. A cylinder
fitted with a piston contains 0.025 m’ of the gas at a pressure of
350 kN/m? and a temperature of 80°C. The gas is allowed to expand
to a lower pressure during which the work done by the gas is 2.85 J
and the heat transferred by the gas is 1.90 J. Determine the
temperature of the gas after the expansion. If the gas undergoes
a different process between the same end states in which no heat
is transferred, how much work will be done during the process ?

(b) Saturated liquid ammonia at 50°C expands through a partially
open valve to a pressure of 0.45 MPa. Determine the temperature and
quality of the fluid after the expansion process. Identify the
state points and sketch the process on a temperature—entropy diagram.

2. High pressure steam is expanded to an intermediate pressure in
the high pressure stage of the two stage turbine depicted below
after which a portion of the discharge returns to the boiler to be
reheated before being passed to the low pressure stage of the
turbine. The remainder of the steam discharged by the high pressure
stage is passed directly to the low pressure stage of the turbine.

Em

Boitler

The operating conditions associated with the turbine are listed below.

P, = 4.0 MPa W = 7500 kW
P, = 0.4 MPa T, = 650°C
P, = 0.4 MPa T, = 300°C

continued on Page 3
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P, = 0.4 MPa T, = 300°C
P, = 7.5 kPa T, = 550°C
m = 5.0 kg/s X, = 96%

Assuning that the two stage turbine operates adiabatically, determine

(a) The fraction of the steam ¢ leaving the high pressure stage
of the turbine which is returned to the boiler for reheating.

(b) The net change in entropy of the two stage turbine per unit
mass of steam entering the high pressure stage of the turbine.

(c) The isentropic efficiency of the two stage stean turbine.
Identify the various state points on a temperature-entropy diagram.

3.

Wy, = 10,000 kW
——

T, =980 K
p14= 1 bar

2 —
—_— . 1 C

iy = O To= 1480 K
.5 ps=135bar
g = 1200 ke/min

Heat cxﬁmger

V7= 1200 K

The illustration above depicts the arrangement of the components
of a power system which is comprised of two turbines and a heat
exchanger. Air enters turbine 1 at temperature T, and pressure p,
producing power W, after which it exits at temperature T, and
pressure p,. subsequently, the air passes through the heat exchanger
where it is heated to temperature T, and pressure p, after which it
enters turbine 2 producing power W and exits at temperature T, and
pressure D,. considering the air to behave as an ideal gas,
determine the temperature of the air exitina the heat exchanger T,
and the power produced by the second turbine * W,, as well as
the thermal efficiency of the turbines and the .heat exchanger
effectiveness. Depict the various processes on a Ts diagram.

continued on Page 4
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4. Refrigerant 134a enters the compressor of a refrigerator as
Superheated vapour at 0.14 MPa and -10°C at a rate of 0.05 kg/s and
leaves at 0.8 MPa and 50 °C. The refrigerant is cooled in the
condenser to 26°C and 0.72 MPa and is throttled to 0.15 MPa. Show
the refrigeration cycle on a temperature / entropy diagram.
Disregarding any heat transfer and pressure drops in the lines
connecting the components, determine

(a) The rate of heat removal from the refrigerated space, the power
input required by the compresser, the isentropic efficiency of the
compressor and the coefficient of performance of the actual
refrigeration cycle.

(b) Compare the performance of the actual cycle with that of the
ideal cycle operating at the same condenser and evaporator
pressures. How much greater is the rate of heat removal from the
refrigerated space of the actual refrigeration cycle than that of
the ideal refrigeration cycle ? How much greater is the compresser
power input required to achieve it?

PART B - HEAT TRANSFER

5. A self cleaning oven with a composite window separating the oven
from the room air comprised of two pieces of high temperature
resisting plastic A and B bonded together is being designed by a
leading manufacturer of household appliances. The thicknesses of
the plastic are such that L, = 3 L, and the thermal conductivities
are k, = 0.18 W/m'C and kX, = 0.10 W/m"'C respectively. During the
self cleaning process, the temperatures of the walls of the oven
T, and the air in the oven T, may be considered to be 500°C and the
temperature of the air in the room T, may be considered to be 250 G
The coefficients of convection h, and radiation h, inside of the
oven as well as the coefficient of convection outside of the oven
h, may all be taken as 25 W/m’"C. What is the minimum thickness of
the composite window L, + L, needed to ensure that the temperature
of the outside surface T, is 50°C or less for safety reasons ?

6. The evaporator section of a heat pump is installed in a large
tank of water which is used as an energy source during the winter.
As energy is extracted from the water it freezes, creating an
ice/water mixture at T, = 0°C which is used For air conditioning
during the summer. Consider summer conditions during which air is
passed through an array of 10 copper tubes D = 50 mm inside
diameter submerged in the ice/water mixture.

(a) If air enters at T,, = 24°C at a flow rate of m = 0.01 kg/s, what
tube length L is required to attain an exit temperature of T,, = 14°C?

(b) If the volume of the tank V = 10 m® and the tank contains 80%
ice by volume, how long would it take to melt the ice completely ?
Consider the density of the ice to be p, = 920 kg/m’ and the latent
heat of fusion to be h,, = 3.34 x 10° J/kg respectively.

Continued on Page 5
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7. A power amplifier which may be modelled as a thin rectangular
plate 40 mm high by 50 mm long for the purposes of analysis is
oriented vertically in air at 25 “C. The case of the power
amplifier is made of anodized aluminum for which the surface
emissivity is 0.82. The heat generated within the power amplifier
is 7 W. Determine the temperature of the surface when natural
convection and radiation heat transfer both act to remove the heat.

8. Water flowing at 3.8 kg/s is heated from 38°C to 55°C in the
tubes of a shell-and-tube heat exchanger., Water flowing at 1.9 kg/s
enters the heat exchanger at 94°C and passes once through the shell
side. The overall heat transfer coefficient is 1420 W/m’"C. The
density of the water flowing in the 1.905 cm diameter tubes is
961 kg/m’ and the average water velocity is 0.386 m/s. Because of
space limitations, the heat exchanger cannot be greater than 2.44 m
in length. Determine the number of tubes and the number of tube
passes required consistent with this limitation.

The End



Thermodynamic Properties of Ammonia

Saturated Ammonia

Specific Volume Enthalpy Entropy
mi/kg k]/kg kJ/kg K
Abs. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Evap. Vapor  Liquid  Evap Vapor Liquid Evap. Vapor
hC kPa vy Up Vo hf h.ﬁl hg Sr S L
P
—50 40.88 0.001 424 2.6239 2.6264 —44.3 1416.7 1372.4 —0.1942 6.3502 6.1561
—48 45.96 0.001 429 2.3518 23533 —355 1411.3 1375.8 —0.1547 6.2696  6.1149
—46 51.565 0.001 434 2.1126 2.1140 —26.6 1405.8 1379.2 —0.1156 6.1902 6.0746
—44 57.69 0.001 439 1.9018 1.8032 ~-17.8 1400.3 1382.5 —0.0768 6.1120 6.0352
—42 64.42 0.001 444 1.7155 1.7170 —8.9 1394.7 1385.8 —0.0382 6.0349 5.9967
—40 70177 0.001 449 1.5506 1.6521 0.0 1389.0 1389.0 0.0000 5.9589 5.9589
—38 79.80 0.001 454 1.4043 1.4058 8.9 1383.3 1392.2 0.0380 5.8840 5.9220
—36 88.54 0.001 460 1.2742 1.2757 17.8 1377.6 1395.4 0.0757 5.8101 5.8858
—34 98.05 0.001 465 1.1582 1.1597 26.8 1371.8 1398.5 0.1132 5.7372 5.8504
—32 108.87 0.001 470 1.0547 1.0562 35.7 1365.9 1401.6 0.1504 5.6652 5.8156
—30 119.55 0.001 476 0.9621 0.9635 44.7 1360.0 1404.6 0.1873 55942  5.7815
—28 131.64 0.001 48} 0.8790 0.8805 58.6 1354.0 1407.6 0.2240 5.5241 5.7481
—26 144.70 0.001 487 0.8044 0.8059 62.6 1347.9 1410.5 0.2605 5.4548 57153

—24 158.78 0.001 492 0.7873 0.7388 71.6 1341.8 14134 0.2967 5.3864 5.6831
—22 173.93 0.001 498 0.6768 0.6783 80.7 1335.6 1416.2 0.3327 53188 5.6515
—20 190.22 0.001 504 0.6222 0.6237 89.7 1329.3 1419.0 0.3684 5.2520 5.6205
~18 207.71 0.001 510 0.5728 0.5743 98.8 1322.9 1421.7 0.4040 5.1860 5.5900
-16 226.45 0.001 515 0.5280 0.5296 107.8 1316.5 1424 .4 0.4393 5.1207 5.5600
—14 246.5) 0.001 521 0.4874 0.4889. 116.9 1310.0 1427.0 0.4744 5.0561 556305
—12 267.95 0.001 528 0.4505 0.4520 126.0 1303.5 1429.5 0.5093 4.9922 5.501h

-10 290.85 0.001 534 0.4169 0.4185 135.2 1296.8 1432.0 0.5440 4.9290 5.4730
—8 315.25 0.001 540 0.3863 0.3878 144.3 1290.1 1434.4 0.5785 4.8664 5.4449
—6 341.25 0.001 546 0.3583 0.3599 153.5 1283.3 1436.8 06128 4.8045 54173

—4 368.90 0.001 553 0.8328 0.3343 162.7 1276.4 1459.] 0.6469 47432 5.3901
—2 898.27 0.001 559 0.3094 0.3109 171.9 1269.4 1441.3 0.6808 4.6825 5.3633
0 429.44 0.001 566 0.2879 0.2895 181.1 1262.4 1443.5 0.71415 1.6223 5.3368

2 162.49 0.001 573 0.2683 0.2698 190.4 1255.2 1445.6 0.7481 4.5627 5.3108
4 497.49 0.001 580 0.2502 0.2517 199.6 1248.0 1447.6 0.7815 4.5037 5.2852
6 534.51 0.001 587 0.2335 0.2351 208.9 1240.6 1449.6 0.8148 4.4451 5.2599
8 573.64 0.001 594 0.2182 0.2198 218.3 1233.2 1451.5 0.8479 4.3871 5.2350
10 614.95 0.001 601 0.2040 0.2056 227.6 1225.7 1453.3 0.8808 4.3295 5.2104
12 658.52 0.001 608 0.1910 0.1926 287.0 1218.1 1455.1 0.9136 4.2725 5.1861
14 704.44 0.001 616 0.1789 0.1805 246.4 1210.4 1456.8 0.9463 4,2159 5.1621
16 752.79 0.001 623 0.1677 0.1693 255.9 1202.6 1458.5 0.9788 4.1597 5.1385

18 803.66  0.001 631 0.1574 0.1590  2B65.4 1194.7 1460.0 1.0112  4.1089  5.1151
20 857.12  0.001 639  0.1477 0.1494 2749 1186.7 1461.5 1.0434 40486  5.0920
22 913.27  0.001 647  0.1388 0.1405  284.4 1178.5 1462.9 1.0755  3.9937  5.0692
24 972.19  0.001 655  0.1305 0.1322  294.0 1170.3 1464.3 1.1075  3.9392  5.0467
26 1033.97  0.001 663  0.1228 0.1245  303.6 1162.¢ 1465.6 1.1394 $.8850  5.0244
28 1098.71 0.001 671 0.1156 0.1173 3132 1153.6 1466.8 1.17}1 %8312  5.0023
30 1166.49  0.001 680  0.1089 0.1106  322.9 1145.0 1467.9 1.2028  8.7777  4.9805
32 123741 0.001 689  0.1027 0.1044 3326 1136.4 1469.0 1.9343 87946  4.9589
34 1311.55 0.00! 698 0.0969 0.0986  342.3 1127.6 1469.9 1.2656 36718  4.9374
36 1389.03 0.001 707  0.0914 0.0931 352.1 1118.7 1470.8 1.9966  3.6192  4.9161
58 1469.92  0.001 716  0.0863 0.0880 3619 1109.7 1471.5 1.3281 3.5669  4.8950
40 1554.93  0.001 726  0.0815 0.0833 3717 1100.5 1472.2 1.3591 3.5148  4.8740
42 1642.35  0.001 735  0.0771 0.0788  381.6 1091.2 1472.8 1.3901 3.4630  4.8530
44 1734.09  0.001 745  0.0728 0.0746  391.5 1081.7 1473.2 1.4209  3.4112  4.8322
46 1829.65  0.001 756  0.0689 0.0707 4015 1072.0 1473.5 1.4518  3.8595  4.8113
48 1929.13  0.001 766  0.0652 0.0669 4115 1062.2 1473.7 1.4896  3.83079  4.7905

50 2032.62 0.001 777 0:0617 0.0635 421.7 1052,0 1478.7 1.5185 3.2561 4.7696



Thermodynamic Properties of R134A

Saturated R134A

Specific Yolume Internal Energy Enthalpy Entropy
m’/kg kI/kg kI/kg kifkg - K
Temp. Press. Sat. Sat. Sat, Sat. Sat. Sat. Sat. Sat, Temp,
e@ bars Liquid Vapor | Liquid | Vapor | Liguid | Evap. | Vapor | Liquid | Vapor °C
vy X 10° Y ur U, ke hy hy St 5
—-40 0.5164 | 0.7055 | 0.3569 | —0.04 | 204.45 0.00 | 222.88 | 222.88 | 0.0000 | 0.9560 | —40
-36 0.6332 | 0.7113 | 0.2947 4.68 | 206.73 4.73 | 220.67 | 225.40 | 0.0201 | 0.9506 | —36
-32 0.7704 | 07172 | 0.2451 9.47 | 209.01 9.52 | 218.37 | 227.90 | 0.0401 | 0.9456 | —32
—28 0.9305 | 07233 | 0.2052 | 1431 | 211,29 | 14,37 | 216.01 | 230.38 | 0.0600 | 0.9411 | —28
-26 1.0199 | 07265 | 0.1882 | 16.75 | 212.43 | 16.82 | 214.80 | 231.62 | 0.0699 | 0.9390 | -26
—24 1.1160 | 0.7296 | 0.1728 | 19.21 | 213.57 | 19.29 | 213.57 | 232.85 | 0.0798 | 0.9370 | =24
-22 1.2192 | 07328 | 0.15%0 | 21.68 | 214.70 | 21.77 | 212.32 | 234.08 | 0.0897 | 0.9351 | -22
-20 1.3299 | 07361 | 0.1464 | 24.17 | 215.84 | 24.26 | 211.05 | 235.31 | 0.09% | 0.9332 | -20
—18 1.4483 | 07395 | 0.1350 | 26.67 | 216.97 | 26.77 | 209.76 | 236.53 | 0.1094 | 0.9315 | —18
—-16 1.5748 | 0.7428 | 0.1247 | 29.18 | 218.10 | 29.30 | 208.45 | 237.74 | 0.1192 | 0.9298 | —16
—-12 1.8540 | 0.7498 | 0.1068 | 34.25 | 220.36 | 34.39 | 205.77 | 240.15 | 0.1388 | 0.9267 | —12
-8 2.1704 | 07569 | 0.0919 | 39.38 | 222,60 | 39.54 | 203.00 | 242.54 | 0.1583 | 0.9239 -8
-4 2,5274 | 0.7644 | 0.0794 | 44.56 | 224.84 | 44.75 | 200.15 | 244.90 | 0.1777 | 0.9213 —4
0 29282 | 07721 | 0.0689 | 49.79 | 227.06 | 50.02 | 197.21 | 247.23 | 0.1970 | 0.91%0 0
4 33765 | 0.7801 | 0.0600 | 55.08 | 229.27 | 55.35 | 194.19 | 249.53 | 0.2162 | 0.9169 4
8 3.8756 | 0.7884 | 0.0525 | 60.43 | 231.46 | 60.73 | 191.07 | 251.80 | 0.2354 | 0.9150 8
12 4.4294 | 07971 | 0.0460 | 65.83 | 233.63 | 66.18 | 187.85 | 254.03 | 0.2545 | 0.9132 12
16 5.0416 | 0.8062 | 0.0405 | 71.29 | 23578 | 71.69 | 184.52 | 256.22 | 0.2735 | 0.911¢ 16
20 5.7160 | 0.8157 | 0.0358 | 76.80 | 237.91 | 77.26 | 181.09 | 258.36 | 0.2924 | 0.9102 20
24 6.4566 | 0.8257 | 0.0317 | 82.37 | 240.01 | 82.90 | 177.55 | 260.45 | 0.3113 | 0.9089 24
26 6.8530 | 0.8309 | 0.0298 | 85.18 | 241.05 | 8575 | 175.73 | 261.48 | 0.3208 | 0.9082 26
28 7.2675 | 0.8362 | 0.0281 | 88.00 | 242.08 | 88.61 | 173.89 | 262.50 | 0.3302 | 0.9076 28
30 7.7006 | 0.8417 | 0.0265 | 90.84 | 243.10 | 91.49 | 172.00 | 263.50 | 0.3396 | 0.9070 30
32 8.1528 | 0.8473 | 0.0250 | 93.70 | 244.12 | 94.39 | 170.09 | 264.48 | 0.3490 | 0.9064 32
34 8.6247 | 0.8530 | 0.0236 | 96.58 | 245.12 | 97.31 | 168.14 | 265.45 | 0.3584 | 0.5058 34
36 9.1168 | 0.8590 | 0.0223 | 99.47 | 246.11 | 100.25 | 166.15 | 266.40 | 0.3678 | 0.9053 36
38 9.6298 | 0.8651 | 0.0210 | 102.38 | 247.09 | 103.21 | 164.12 | 267.33 | 0.3772 | 0.9047 8
40 | 10,164 0.8714 | 0.0199 | 105.30 | 248.06 | 106.19 | 162.05 | 268.24 | 0.3866 | 0.9041 40
42 10.720 0.8780 | 0.0188 | 108.25 | 249.02 | 109.19 | 159.94 | 269.14 | 0.3960 | 0.5035 42
44 | 11.299 0.8847 | 0.0177 | 111.22 | 249.96 | 112.22 | 157.79 | 270.01 | 0.4054 | 0.9030 44
48 12.526 | 0.8989 | 0.0159 | 117.22 | 251.79 | 118.35 | 153.33 | 271.68 | 0.4243 | 0.9017 48
52 13.851 | 0.9142 | 0.0142 | 123.31 | 253,55 | 124.58 | 148.66 | 273.24 | 0.4432 | 0.9004 52
56 15.278 | 0.9308 | 0.0127 | 129.51 | 255.23 | 130.93 | 143.75 | 274.68 | 0.4622 | 0.8990 56
60 16.813 | 0.9488 | 0.0114 | 135.82 | 256.81 | 137.42 | 138.57 | 275.99 | 0.4814 | 0.8973 &0
70 21.162 | 1.0027 | 0.0086 | 152.22 | 260.15 | 154.34 | 124.08 | 278.43 | 0.5302 | 0.8918 70
80 26.324 | 1.0766 | 0.0064 | 169.88 | 262.14 | 172.71 | 106.41 | 279.12 | 0.5814 | 0.8827 80
90 32.435 | 1.1949 | 0.0046 | 189.82 | 261.34 | 193.69 | 82.63 | 276.32 | 0.6380 | 0.8655 90
100 39.742 | 1.5443 | 0.0027 | 218.60 | 248.49 | 224.74 | 34.40 | 259.13 | 0.7196 0.8117 | 100




Thermodynamic Properties of R131A

Superheated R134A

T v u h s v u h s
°C w/kg  ki/kg ki/kg ki/kg K m’kg  ki/kg kJ/kg kJ/kg - K
p = 0.6 bars = 0.06 MPa p = 1.0 bars = 0.10 MPa
(T = —37.07°C) (T = —26.43°C)
Sat.  0.31003 | 206.12 | 224.72 0.9520 0.19170 | 212.18 | 231.35 0.9395
—20 0.33536 | 217.86 | 237.98 1.0062 0.19770 | 216.77 | 236.54 0.9602
—10  0.34992 | 224.97 | 245.96 1.0371 0.20686 | 224.01 | 244.70 0.9918
0 036433 | 232.24 | 254.10 1.0675 0.21587 | 231.41 | 252.99 1.0227
10 0.37861 | 239.69 | 262.41 1.0973 0.22473 | 238,96 | 261.43 1.0531
20 0.39279 | 247.32 | 270.89 1.1267 0.23349 | 246.67 | 270.02 1.0829
30 0.40688 | 255.12 | 279.53 1.1557 0.24216 | 254.54 | 278.76 1.1122
40  0.42091 | 263.10 | 288.35 1.1844 0.25076 | 262.58 | 287.66 1.1411
50 0.43487 | 271.25 | 297.34 1.2126 0.25930 | 270.79 | 296.72 1.1696
60  0.44879 | 279.58 | 306.51 1.2405 0.26779 | 279.16 | 305.94 1.1977
70 0.46266 | 288.08 | 315.84 1.2681 0.27623 | 287.70 | 315.32 1.2254
80  0.47650 | 296.75 | 325.34 1.2954 0.28464 | 296.40 | 324.87 1.2528
90  0.49031 | 305.58 | 335.00 1.3224 0.29302 | 305.27 | 334.57 1.2799
p = 1.4 bars = 0,14 MPa p = 1.8 bars = 0.18 MPa
(Te, = —18.80°C) (Tu = —12.73°C)
Sat.  0.13945 | 216.52 | 236.04 0.9322 0.10983 | 219.94 | 239,71 0.9273
=10 0.14549 | 223.03 | 243.40 0.9606 0.11135 | 222.02 | 242.06 0.9362
0 0.15219 | 230.55 | 251.86 0.9922 0.11678 | 229.67 | 250.69 0.9684
10 0.15875 | 238.21 | 260.43 1.0230 0.12207 | 237.44 | 259.4] 0.9598
20 0.16520 | 246.01 | 269.13 1.0532 0.12723 | 245.33 | 268.23 1.0304
30 0.17155 | 253.96 | 277.97 1.0828 0.13230 | 253.36 | 277.17 1.0604
40 0.17783 | 262.06 | 286.96 1.1120 0.13730 | 261.53 | 286.24 1.0898
50 0.18404 | 270.32 | 296.09 1.1407 0.14222 | 269.85 | 295.45 1.1187
60 0.19020 | 278.74 | 305.37 1.1690 0.14710 | 278.31 | 304.79 1.1472
70 0.19633 | 287.32 | 314.80 1.1969 0.15193 | 286.93 | 314,28 1.1753
80  0.20241 | 296.06 | 324.39 1.2244 0.15672 | 295.71 | 323.92 1.2030
90 0.20846 | 304.95 | 334.14 1.2516 0.16148 | 304.63 | 333.70 1,2303
100 0.21449 | 314.01 | 344,04 1.2785 0.16622 | 313.72 | 343.63 1.2573
p = 2.0 bars = 0.20 MPa p = 2.4 bars = 0,24 MPa
(T = ~10,09°C) (Tw = =5.37°C)
Sat.  0.09933 | 221.43 | 241.30 0.9253 0.08343 | 224.07 | 244.09 0.9222
—-10 0.09938 | 221.50 | 241.38 0.9256
0 0.10438 | 229.23 | 250.10 0.9582 0.08574 | 228.31 | 248,89 0.9399
10 0.10922 | 237.05 | 258.89 0.9898 0.08993 | 236.26 | 257.84 0.9721
20 0.11394 | 244.99 | 267.78 1.0206 0.09399 | 244.30 | 266.85 1.0034
30 0.11856 | 253.06 | 276.77 1.0508 0.09794 | 252.45 | 275,95 1,0339
40  0.12311 | 261.26 | 285.88 1.0804 0.10181 | 260.72 | 285.16 1.0637
50 0.12758 | 269.61 | 295.12 1.1094 0.10562 | 269.12 | 294.47 1.0930
60 0.13201 | 278.10 | 304.50 1.1380 0.10937 | 277.67 | 303.91 1.1218
70 0.13639 | 286.74 | 314,02 1.1661 0.11307 | 286.35 | 313.49 1.1501
80 0.14073 | 295.53 | 323.68 1,1939 0.11674 | 295.18 | 323,19 1,1780
50 0.14504 | 304.47 | 333.48 1.2212 0.12037 | 304.15 | 333.04 1.2055
100 0.14932 | 313.57 | 343.43 1.2483 0.12398 | 313.27 | 343.03 1.2326




Thermodynamic Properties of R134A

Superheated R134A

T v u h 5 v u h 5

°C mi/kg ki/kg kI/kg kJ/kg:@K mkg ki/kg ki/kg klikg - K
p = 6.0 bars = 0.60 MPa p = 7.0 bars = 0.70 MPa
(T,.' = 2158“(:) (Tﬂ = 26-72°C)

Sat.  0.03408 | 238.74 | 259.19 0.9097 0.02918 | 241.42 | 261.85 0.9080
30 0.03581 | 246.41 | 267.89 0.9388 0.02979 | 244.51 | 265.37 0.9197
40 0.03774 | 255.45 | 278.09 0.9719 0.03157 | 253.83 | 275.93 0.9539
50 0.03958 | 264.48 | 288.23 1.0037 0,03324 | 263.08 | 286.35 0.9867
60  0.04134 | 273.54 | 298.35 1.0346 0.03482 | 272.31 | 296.69 1.0182
70 0.04304 | 282.66 | 308.48 1.0645 0.03634 | 281.57 | 307.01 1.0487
80 0.04469 | 291.86 | 318.67 1.0938 0.03781 | 2590.88 | 317.35 1.0784
90 0.04631 | 301.14 | 328.93 1.1225 0.03924 | 300.27 | 327.74 1.1074

100 0.04790 | 310.53 | 339.27 1.1505 0.04064 | 309.74 | 338.19 1.1358
110 0.04946 | 320.03 | 349.70 1.1781 0.04201 | 319.31 | 348.71 1.1637
120  0.05099 | 329.64 | 360.24 1.2053 0.04335 | 328.98 | 359.33 1.1810
130 0.05251 | 339.38 | 370.88 1.2320 0.04468 | 338.76 | 370.04 1.2179
140 0.05402 | 349.23 | 381.64 1.2584 0.04599 | 348.66 1 380.86 1.2444
150  0.05550 | 359.21 | 392.52 1.2844 0.04729 | 358.68 | 391.79 1.2706
160  0.05698 | 369.32 | 403.51 1.3100 0.04857 | 368.82 | 402.82 1.2963

p = 8.0 bars = 0.80 MPa p = 9.0 bars = 0.90 MPa

(T = 31.33°C) (T = 35.53°C)

Sat.  0.02547 | 243.78 | 264.15 0.9066 0.02255 | 245.88 | 266.18 0.9054
40 0.02691 | 252.13 | 273.66 0.9374 0.02325 | 250.32 | 271.25 0.9217
50 0.02846 | 261.62 | 284.39 0.9711 0.02472 | 260.09 | 282.34 0.9566
60  0.02992 | 271.04 | 294.98 1.0034 0.02609 | 269.72 | 293.21 0.9897
70 0.03131 | 280.45 | 305.50 1.0345 0.02738 | 279.30 | 303.94 1.0214
80 0.03264 | 289.89 | 316.00 1.0647 0.02861 | 288.87 | 314.62 1.0521
90 0.03393 | 299.37 | 326.52 1.0940 0.02980 | 298.46 | 325.28 1.081%

100 0.03519 | 308.93 | 337.08 1.1227 0.03095 | 308.11 | 335.96 1.1109

110 0,03642 | 318.57 | 347.71 1.1508 0.03207 | 317.82 | 346.68 1.1392

120 0.03762 | 328.31 | 358.40 1.1784 0.03316 | 327.62 | 357.47 1.1670

130 0.03881 | 338.14 | 369.19 1.2055 0.03423 | 337.52 | 368.33 1.1943

140 0.03997 | 348,09 | 380.07 1.2321 0,03529 | 347.51 | 379.27 1.2211

150 0.04113 | 358.15 | 391.05 1.2584 0.03633 | 357.61 | 3590.31 1.2475

160 0.04227 | 368.32 | 402.14 1.2843 0.03736 | 367.82 | 401.44 12735

170 0.04340 | 378.61 | 413.33 1.3098 0.03838 | 378.14 | 412.68 1.2992

180  0.04452 1 389.02 | 424.63 1.3351 0.03939 | 388.57 | 424.02 1.3245




