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~ Preface

This book is intended to provide the engineer;and engmeering student, with a basic resource on the
thermodynamic properties of a wide variety of working fluids. It grew out of the need for certain properties for
thermodynamic cycle analysis being conducted at Stanford as part of our energy conversion research pro-
grams and out of my desire to construct a set of self-consistent,;easily readable, student-oriented graphs and

‘tables of the properties of several substances, in SI (the International System of Units), for inclusion in my

books Thermodynamics and Engineering Thermodyramics (with H. C. Perkins), published by the McGraw-

- Hill Book Company. A selection from this compilation will appear in the next editions of these books.

For each substance, I have included a saturation table, a property graph, and a skeleton superheat table
that can be used to check a user’s programming of the equations given herein. For air, ammonia, Refrigerant-
12, Refrigerant-22, and water, the most common working substances, more extensive superheat tables are
given. For water I have provided four graphs, u-v, T-s, P-h, and h-s, which instructors may find useful. An h-s
diagram for ammonia has been included which is useful in low-temperature. ammonia vapor power system
analysis. A psychrometric chart is also included.- v -

As ] began to search the rather obscure literature for suitable equations, it quickly became clear that
a very useful contribution could be made by including the equations used to prepare the graphs and tables.
Therefore, my process was first tofind the best P-v-T equation that I could for each substance, convert the con-
stants in the equation to values appropriate for SI units, and then to verify my conversion and program by
spot calculation of values of v(P, T) given by the original worker. In an incredible number of instances the
values did not check because of typographical errors in the original publications. These were ferreted out by
conversations with the authors where possible. I also resorted to such tricks as assuming that one constant was
wrong and calculating what its correct value must be from the original tables, trying each constant in turn until
all test points gave the same value for the trial incorrect constant. The error usually was due to single digits
incorrectly typeset, or to pairs of digits transposed, or to sign errors. In one case [ was frustrated for some time
by an error of 1000 in an unfamiliar conversion factor repeated several times in an otherwise flawless NBS
publication. The equations and constants reported here are now (hopefully) error free.

I'had begun by naively thinking it would be an easy task for me to fit all substances to a single equation;
Irapidly gained considerable appreciation for the difficulty of least-squares fitting of P-v-T surfaces, and great
respect for the workers who have done this most carefully and thoroughly, particularly those at the NBS in
Washington and Boulder. I decided that, as a basic policy, I would not develop any P-v-T fits of my own. How-
ever, for completeness I was forced to develop fits for mercury and lithium, using Russian tables as a base.

In addition to P-v-T equations, one needs equations for the ideal gas specific heat (see Section 2),and
where I had confidence in the fit of the original worker it was adapted to SI. However, in many instances I
found that the range of this fit was smaller than one might like, and so I developed my own fits using least-
squares processes and data from reliable sources.

Although the P-v-T and ¢, equations are really all that is needed to define all of the thermodynamic
properties, including the saturation conditions, it became evident in our cycle studies that equations for the
saturation pressure as a function of saturation temperature, and for the saturated liquid density, would be ex-
tremely useful in engineering analysis. Many workers also give these equations, usually because they used
them to obtain ‘‘smooth’* data for the P-v-T fitting. Where these were judged reliable, they were adapted to
SI, and where they were not I used the P-v-T surface to calculate the saturation conditions and then did the
least-squares fittings required to obtain equations for the saturation pressure and saturated liquid density. In
either case, the Clapeyron equation was used to calculate the enthalpy of vaporization; consequently, the tabu-
lated property values are all exactly consistent with the pertinent thermodynamic relationships.

I decided to set new datum states for each substance, with the only consistent aspect being that the en-
thalpy and entropy of the saturated liquid were chosen to be zero at some convenient low temperature (the
triple point, if the equation of state was valid at that temperature). Therefore, values of A, u, and s reported
here will be shifted from values converted directly from the original tables. ;

The thought of hiring a draftsperson to draw all of the charts, and then of my having to check them
carefully, was so hideous that I decided to teach our IBM 360 computer and its accessory CALCOMP plotter
how to draw the diagrams. Once the program had been perfected, it took only milliseconds to calculate a
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graph and only a few minutes to draw it, and so I was able to repeat the process several times, if necessary,
1o get a drawing that was acceptable. Type was purchased, and I chose to do all the paste-up myself, in the
hope that this would keep the graphs error-free. - :

After my experience with typographical errors in the work of others, and with those that slipped
through my fingers in our Thermodynamics books, 1 decided that the best bet would be to carry the numbers
directly from the computer into camera-teady copy; as a result, the numbers given herein are exactly as used
by or given by my computer programs. - -

As the work was nearing completion, it occurred to me that I was in a good position to develop a new
generalized equation of state, since I had the capability to generate huge numbers of ‘‘data’ points for a great
many substances over wide ranges. To do so 1 had to depart again from my basic policy of letting more reliable
persons do the P-v-T fitting; the result is the new generalized equations of state and generalized charts, given
in Section 4, which probably areas good as the Principle of Corresponding States to pressures as high as 300
critical pressures. - P ‘ ' :

Having done virtually all of the work on this project myself, I must bear the sole responsibility for any
errors that may have crept over the barriers that I'set against them. I do hope that the good detectives among
the users will let me know about these, so that they can be corrected in subsequent editions.

My role was one of conversion, systematization, and checking, and the efforts of many fine workers lie -
behind the source references. Without their efforts this compilation would not have been possible.

But what made this publication possible, more than anything else, was the marvelous tolerance of my
wife and family to the extended commitment to long, late hours that this project demanded. Their support is,
as always, very much appreciated. I

W. C. Reynolds
Stanford University
~ “January 1979
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Substances Ordered by
- Saturation Temperature at 1 Atmosphere

Values as ngen by the computanonal equauons in Section 3; these may differ slightly from the true values.

Molal Critical Critical Saturation
. Chemical Mass, Temperature, Pressure, Temperature
Substance ‘ Formula ‘ kg/kmot K MPa atlatm., K
Helium-4 - .~ Het 4.0026 5.20 0.2275 4.22
Hydrogen (para) H.(p) 2.0159 32.94 1.28 20.3
Neon Ne 20.18 44.4 2.65 27.1
Nitrogen N, - 28.01 126.2 3.4 77.4
Air ‘ - 28.96 132.5 3.77 78.8
Argon A 39.95 150.7 4.86 87.3
Oxygen ‘ 0, 32.00 154.6 5.04 90.2
Methane CH, 16.04 190.6 4.60 111.6
Refrigerant 14 - CF, 88.01 227.5 3.75 145.2
~ Ethylene C,H, 28.05 282.7 5.08 169.4
Ethane C.Hg 30.07 305.9 5.01 184.3
Refrigerant 503 ) 87.5 : 292.6 4.33 184.4
Refrigerant 23 CHE 70.02 299.1 4.84 191.1
Refrigerant 13 CCIF, 104.5 £ 302.0 3.87 191.7
Carbon Dioxide - CO, 44.01 304.2 7.38 194.6*
Propylene ‘ C;H, 42.08 364.9 4.61 2254
Refrigerant 502 ()] 111.64 355.3 4.07 227.7
Propane - - C,H, 44.09 369.8 4.24 231.3
Refrigerant 22 CHCIF, 86.48 369.2 4.98 232.4
~ Atica O3 —Refrigerant 500 3) 99.31 378.7 4.43 239.6
Ammonia NH, 17.03 - 406.8 11.6 239.8
A£3ca OpRefrigerant 12 ~ CCLE, 120.9 385.2 4.12 243.4
- Isobutane . CHy 58.12 409.1 3.68 261.3
Refngetam c-318 CF, 200.04 388.5 2.78 267.3
Butane ~ CH, 58.12 424.0 372 272.7
Refrigerant 114  G,CLF, 170.94 418.9 3.27 276.9
Ataea O3 —Refrigerant 11 - CCL,F 137.4 4712 4.41\ 297.0
© 7 Isopentane - - . CsHje 72.15 461.0 3.41 301.1
Pentane CsHy, 72.15 467.0 3.24 309.0
Hexane - o CeHiq 86.18 506.1 2.93 342.4
- Propyl Alcohol C,H,0H 60.09 536.9 5.08 370.6
Heptane CH;e 100.20 537.7 2.62 371.6
Water H0O  18.016 647.3 22.1 373.1
Octane . , CH,e 11422 561.5 2.40 398.4
Mercuryt Hg 200.6 1763 153 629.9
Cesiumt Cs 132.9 2048 11.7 942
Rubidiumt Rb 85.48 2106 13.4 965
Potassiumt K 39.10 2173 16.7 1030-
Sodiumt Na 22.99 2573 34.1 1155
Lithiumt Li 6.940 3800 97 1614

* (1) Azeotrope 40.1% (by mass) CHE, and 59.9% CCIF;.
(2) Azeotrope 48.8% (by mass) CHCIF, and 51.2% C,CIK,.
(3) Azeotrope 73.8% (by mass) CCLF; and 26.2% C;H R .

* Solid-gas.
¥ Critical values from sources referenced in Table 2.6.
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- Section 1
Graphs and Tables

The substances are listed in alphabetical order. For each a saturation table and a skeleton superheat
table are given, and a graph. For air a low-density table and several graphs are included. For Refrigerant 11,
Refrigerant 22, ammonia, and water, the superheat tables are more extensive. P-h, T-s, h-s, and u-v diagrams
are given for water. The datum state for each substance is indicated by the saturation table.
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PROPERTIES OF SATURATED AIR

P temperature, K volume, m3skg enthalpy, kJskg entropy, kJs(kg*K)
MPa T+ Tg v§ g hi ~ hg S¢ Sg
0.0800 76.5 79.9 0.001126 0.2774 30.56 237.28 0.6143 3.2579
08.09040 77.6 80.8 0.001132 0.2489 - . 31.86 238.03 3.6324 3.2345
0.1013 78.8 81.8 0.001133 0.2231 - .33.28 238.79 80.6517 3.2111
0.1200 80.4 83.3 0.001148 0.1908 35.51 239.89 0.63811 3.1778
0. 1400 82.0 §4.7 0.001158  0.1654 37.75 240.89 06.7097 3.1474
0.1600 83.3 86.0 0.00116%6 0.1461 39.87 241.75 0.7359 3.1212
0.1800 84.6 87.1 0.001175 0.1310 41.87 242.52 0.7601 3.0980
0.2000 85.7 88.1 0.001182 6.1188 . 43.76 243.19 0.7826 3.0773
0.2500 38.1 50.5 0.001200 0.09642 48.14 244.60 0.8330 3.0333
0.3000 90.2 92.4 0.001216 0.08125 52.08 245,71 0.8769 2.9971
0.3500 92.0 94.2 0.001230 0.07024 55.70 246.61 0.9159  2.9663
0.4000 93.6 95.8 0.001244 0.06188. 59.04 - 247.35 0.9512 2.9394
0.4500 95.1 97.2 0.001257 D.05530 62.15  247.96 0.9834 2.9154
0.5000 96.5 93.5 0.001270 0.043997 65.08 248.47 1.0131 2.8937
0.6000 98.9 100.9 0.001284 0.04188 70.48  249.24 1.0665 2.8556
0.7000 101.0 103.0 0.801317 0.03600 75.39 - 249,75 1.1137 2.8226
0.8000 103.0 104.9 0.001339 0.83153  79.92 250.07 1.1561 2.7933
1.0000 106.3  108.2 0.001382 _ 0.02515 88.09 . 250.26 1.2305  2.7423
1.2000 109.2 111.1 0.001424 0.02080 - 95.4%1 ° 249.99 1.2948  2.6981
1.4000 111.8  113.6 0.001466 .0.01762 - 102.10 249.34 1.3520 2.6584
L 1.6000 114.2 115.9 0.001510 0.01519  108.34 - 248.38 1.4040 2.6215
;Q 1.8000 116.4 117.9 0.001555 0.81327 114.25 247.13 1.4521 2.5865
o 2.0000 118.4  119.8 0.001603 0.01170 119.81 - 245.60 1.4973  2.5526
i 2.5000 122.9  124.0 0.001739 0.008746 -+133.53 : 240.44 1.6030 2.4639
5 3.0000 127.0 127.7 0.001919 0.006608 - 147.47 .- 232.75 1.7077 2.3775%
L PROPERTIES OF GASEOUS AIR
I '
i P, MPa N ]
(Teat K) 200 300 400 508 600 700 800 © 900
0.050 v,m3/kg 1.147 1.722  2.297 2.87 3.445 4,020 4.594 5.168
(76.24) h,kJ/kg 359.56 459.96 560.79 662,81 766.71 872.87 981.41 1092.23
s,kJs (kg *K) 4.3298 4.7368 5.0269 5.2544 5.4438 5.6074 5.7523 5.8828
u,kJskg 302.22 373.86 445.95 519.25 594.44 671.89 751.72 833.83
0.101325 v,m3/kg 0.5653 0.8497 1.133 1.417 1.701 1.984 2.267 2.55%
(81.82) h,kJskg 359.31 459.85 560.73 . 662.79 766.70 872.88 981.43 1092.26
s, kJ7 (kg +K) 4.1261 4.5337 - 4.8239 5.0516 5.2410 §5.4046 5.5495 5.6800
u,kJskg 302.03 373.75. 445.88 519.20 594.40 671.86 751.69 833.31
0.14 v,m3/kg 0.4088 0.6149 0.8204 1.0626 1.231 1.436 1.641 1.846
(84.78) h.kJ/ki 359.12 459.76 560.69 662.77 766.70 872.89 981.44 1092.238
s, kJ7 (kg +K) 4.0326 4.4407 4.7310 4.9587 5.1481 5.3118 §.4567 5.5872
u,kdskg 301.90° 373.67 445.83 519.16 594.37 671.84 751.67 833.79
0.20 v,m3/kg 0.2857 0.4304 0.5744 0.7182 0.8619 1.006 1.149 1.293
(88.14) h,kJ/kz 358.83 459.63 560.62 662.74 766.70 872.90 981.47 1092.31
s, kJ7 (kg *K) 3.9291 4.3379 4.6284 4.8562 §5.0457 5.2093 5.3543 5,4843
u,kJskg 301.68 373.55 445.75 518.11 594.32 671.80 751.65 833.77
0.30 v,m3/kg 0.1900 0.2868 0.3330 0.4789 0.5748 0.6706 0.7663 0.8621
(92.45) h.kJ/kE 358.34 459.40 560.51 662.69 766.69 872.92 981.50 1092.36
s, kJs (kg-+K) 3.8110 4.2208 4.5116 4.7396 4,9291 5.0928 5.2378 5.3684
u,kJskg 301.33 373.35 445.61. 519.01 594.25 671.74 751.60 833.73
0.40 v,m3/kg 0.1422 0.2151 0.2873 0.3593 0.4313 0.503%1 0.5750 0.6468
(95.78) h.kJ/kE 357.85 459.18 560.40 662.64 766.68 872.94 981.54 1092.41
s, kJdz (kg *K) 3.7266 4.1375 4.4287 4.6568 4.8464 5.0102 5.1552 5,2857
u,kdskg 300.97 373.15 445.48 '518.91 594.17 671.68 751.55 833.70
0.70 v,m3kg 0.08069 0.1228 0.1643 0.2056 ©0.2467 0.2878 0.3289 0.3700
(103.0) h,kJ/ka 356.37 458.50 560.07 662.50 766.65 872.99 981.65 1092.56
s, kJs (kg *K) 3.5606 3.9749 4.2671 4.4956 4.6854 4.3493 4.9943 5.1250
u,kJskg 299.89 372.54 445.07 518.61 593.95 671.51 751.41 833.58
Copyright Department of Mechanical Engineering, Stanford University
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PROPERTIES OF GASEOUS AIR

P, MPa T,K

(Tsat,K) 200 300 400 500 600 700 800 300
1. m3skg 0.05609 0.08590 0.1151 0.1440 0.172% 0.2017 0.2305 0.2592

(108. 2) h kJ/k

E 354.89 457.83 559.74 662.36 766.63 873.04 931.76 1092.72
s,kJs (kg *XK) 3.4527 3.8705 4.1637 4.3926 4.5326 4.7466

. . 4.8918 5.0224
u,kJ/kg 298.80 371.94 444.66 518.32 593.72 671.33 751.27 833.47

1.4 v,m3/kg 0.03969 0.06130 0.08227 0.1030 0.1237 0.1443 0.1643 0.1854
(113.6) h kJskg 352.89 456,95 559.31 662.17 766.60 873.12 981.91 1092.92
s, kJ/(kg K) 3.3488 3.7712 4.0657 4.2952 4.4856 4.6497 4.7950 4.9257
u,kJskg 297.33 371.13 444.12 517.93 593.43 671.10 751.09 833.32

2.0 v,m3/kg 0.02739 0.04285 0.05767 0.07228 0.08679 0.1012 0.1157 0.1301
(119.8) h kJ/kE 349.87 455.63 558.67 661.90 766.56 873.23 982.14 1093.23
s,kJd7 (kg +K) 3.2353 3.6643 3.9614 4.1917 4.32324 4.5468 4.6922 4.3230
u,kJdskg 295.09 369.92 443.32 517.34 592.98 670.75 750.81 &33.10

3.0 v,m3skg 0.01784 0.02852 0.03855 0.04836 0.05308 0.06775 0.07739 0.08701
€(127.7) h kJ/kg 344.78 453.46 557.62 661.46 766.50 873.43 982.52 1093.75

s,kd/ (kg +K) 3.0999 3.5419 3.8417 4.0734 4.2648 4.4296 4.5753

. 4.7062

u,kJskg 291.26 367.91 441.98 516.37 592.24 670.18 750.35 832.73
5.0 v,m3/kg 0.01022 0.01707 0.02326 0,.02924 0.03513 0.04097 0.045677 0.05256
h kJsk 334.39 449.26 555.63 660.66 766.43 873.86 G83.31 1094.80

s kJ/(zg'K) 2.9142 3.3824 3.6887 3.9230 4.1153 4.2814 4.4275 4.5588
u,kdskg 283.27 363.91 439.34 514.46 590.73 669.04 749.44 832.00

7.0 v,m3/kg © 0.00701 0.01219 0.01672 0.02105 0.02529 0.02949 0.03365 0.03780
h,kJdsk 323.93 445.27 553.77 659.93 766.41 874.33 984.12 1095.838

s,kJ/(ag'K) 2.7776 3.2734 3.5859 3.8228 4.0169 4.1832 4.3298

: ) . 4.4614
u,kJskg 274.89 359.96 436.75 512.58 589.36 667.31 743.55 831.27

10. v,m3/kg 0.00468 0.00855 0.01183 0.01492 0.01792 0.02088 0.02382 0.02673
h,kJ/k 308.87 439.71 551.23 659.00 766.50 875.11 985.40 1097.53

s, kJ/(ﬁgoK) 2.6169 3.1534 3.4747 3.7152 3.9112 4.0786 4.2258 4.3579
u,kJskg 262.09 354.16 432.96 509.82 587.26 666.26 747.22 830.20

P, MPa T.K

200 300 400 500 600 700 800 900
14. v,m3/kg 0.00328 0.00617 0.00859 0.01084 0.01302 0.01515 0.01726 0.01936
h, kJ/kﬁ 292.25 433.18 548.32 658.05 766,80 876.27 987.19 1099.30
s,kJ/(kg°K)  2.4561 3.0353 3.3672 3.6121 3.8104 3.9791 4.1272 4.2598
u,kJskg 246.28 346.76 428.10 506.28 584.54 664.12 745.50 828.81
20. v,m3/kg " 0.00244 0.00444 0.00618 0.00780 0.00935 0.01086 0.01235 0.01383
b kdlki 277.13 425.39 544.95 657.23 767.64 378.29 990.07 1103.34
s,kds(kg+K)  2.2967 2.9053 3.2501 3.5008 3.7021 3.8727 4.0219 4.1553
u.kJskg 1228.33 336.54 421.27 501.25 580.66 661.04 743.02 826.73

30. v,m3/kg 0.00193 0.00318 0.00436 0.00546 0.0065% 0.00753 0.00854 0.00953
h, kJ/ka 267.96 417.41 '541.77 657.30 769.98 882.29 995.34 1109.58
s,kd/(kg+K)  2.1437 2.7549 3.1136 3.3716 3.5771 3.7502 3.9012 4.0357
u,kJskg 209.97 322.16 411.12 493.61 574.68 656.26 739.13 823.59

50. v,m3/kg 0.00159 0.00226 0.00295 0.00362 0.00426 0.00489 0.00550 0.00610
h,kJ/ki 269.73 414.72 542.54 661.80 777.54 892.28 1007.28 1123.10
s,kd/tkgeK)  1.9797 2.5706 2.9392 3.2055 3.4166 3.5935 3.7470 3.3334
u,kJzkg 190.47 301.91 395.05 480.91 564.45 647.89 732.23 817.86

70. v,m3/kg 0.00143 0.00139 0.00237 0.00235 0.00331 0.00376 0.00420 0.00464
h, kdlki 279.48 421.23 549.50 670.41 737.92 904.27 1020.66 1137.67
s,kJs(kg+K)  1.8784 2.4554 2.8252 3.0952 3.3095 3.4383 3.6442 3.7821
u,kJskg 179.21 288.78 383.32 471.01 556.16 640.94 726.38 312.93

100. v,m3/kg 0.00131 0.00162 0.00195 0,00228 0.00260 0.00292 0.00323 0.00354
h,kJ/kﬁ 298.89 438.15 566.11 687.97 806.89 924.73 1042.54 1160.85
s,kds(kg*K)  1.7710 2.3377 2.7064 2.9785 3.1953 3.3770 3.5343 3.6736
u,kJzkg 168.38 275.91 370.94 459.94 546.51 632.61 719.21 306.78

200. v,m3/kg 0.00112 0.00128 0.00145 0.00161 0.00177 0.00193 0.00209 0.00225
h, kJ/kg 374.30 512.21 639.81 762.39 882.84 1002.71 1122.77 1243.39
s,kds(kg-K)  1.5507 2.1118 2.4794 2.7530 2.9727 3.1575 3.3178 3.4593
u,kJ/kg 151.20 255.87 350.61 440.54 528.59 616.37 704.70 793.94
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PROPERTIES OF SATURATED AMMONIA

entropy, kJs/(kg+K)

St

enthalpy, kJs/kg

volume, m3/kg
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33 1397
74 1393
75 1389
82 1382
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63 1579.23
33 1582.69
73 1585.75
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60 12838
36 1278
02 1268

69 1311
50 1299

.....
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275
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304
317
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.....

.....
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4
4
4
4
4

833.30 73
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PROPERTIES OF GASEOUS

P, MPa

(Tsat»K)

0.020
211.8)

0.05
(226.6)

0.07
(232.7)

0 3

. 101325
(239.8)

6.14
(246.5)
0.20
(254.3)
0.30
(263.9)

P, MPa

(Tsat,K)

0.020
(211.&)

0.20
(254.3)

0.30
(263.9)

v,m3/kg
h,kJdskg :
s,kJs (kg *K)

v,m3skg
h,kJdskg
s,kJd/ (kg *K)

v,m3/kg
h,kJdskg
s,kJs (kg *K)

0 v,m3/kg

h,kJskg
s,kJs (kg *K)

0 v,m3/kg

h,kJskg
s,kJs kg *K)

v:
h,kJdskg
5,kJ7 (kg *K)

v,m3/kg
h,kJskg -
s,kJs (kg *K)

v,m3/kg
h,kJd7kg
s, kJ7 (kg *K?

v,m3skg
h,kJzkg
s,kJd’7 (kg *K)

v,m3skg
hij/ka
s,kJ7 (kg *K)

h,kJs/kg
s,kJ7 (kg *K)

0 v,m3/kg

h,kJ/kg
s,kJs (kg *K)

v,
h,kJskg
5,kJd7 (kg *K)

v,.m3skg
h,kJskg
s,kJ/(kg°K)

v,m37kg
h,kdlkg
s,kJ/ (kg *K)

v,m3/kg
h,kJdskg
s, kJ/ (kg *K)

AMMONIA

sat

5.123
1498.44
7.0825

3.506
1509.43
6.9377

2.679
517.46
6.8356

2.17%
1523.82

1

6.7567.
1.588.

1533.61
6.6382

1.124
1544.59
6.5084

0.8307
1554.33
6.3954

300

7.308
1681.28
7.8036

4.867
1680.69
7.6041
3.647
1680.10
7.4622

2.915
1679.51
7.3518

2.078
1678.33
7.1846

1.431
1676. 46
6.9993

1.031
1674.14
6.8357

0.7173
1670.48
6.6523

0.4731
1664.26
6.4386

-1.068
1696.12
6.9077

0.7432
1692.90
6.7258

0.4908
1687.42
6.5146

-

-t
ANO OV O

-

2

30

5.%79
1535.79
7.2517

3.708
1534.21
7.0484

2.772
1532.61
6.9025

2.210
1531.00
6.7881

3

20

7.799
1723.77
7.9407

5.195
1723.30
7.7416

3.894

| 1722.83
- 7.6001

3.112
1722.36
7.4901

Py LYY
~UIsl D00

* -
>nowm

7,

240

5.828
1556. 37
7.3392

3.875
555.00
7.1369

2.899
1553.63
6.9920

2.313
1552.25
6.8785

1.643
1549.46
6.7052

1

250

T,K

330

8.044
1745.22
8.0067

5.359
1744.30
7.8078

4.017
1744,38
7.6664

3.2
1743.96
7.5565

2.29¢0
1743. 11
7.3%04

1.579
1741.78
7.2068

1.140
1740.13
7.0453

0.7943
1737.54
6.8654

0.5257
1733.18
6.6576

260

6.324
1597.68
7.5046

4,208
1596.67
7.3036

3,150
1595.65
7.1601

2.515
1594.63
7.0432

1.790
1592.58
6.87738

1.229
1589.32
6.6875

350

8.534
1788.59
8.1343

5.686
1788.25
7.9356

4,262
1787.90
7.7944

3.408
1787.54
7.6847

1.211
1784.37
7.1755

0.8448
1782.24
6.9969

0.5599
1778.65
6.7914
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PROPERTIES OF GASEQUS AMMONIA

P, MPa

’ T,
(TsatrK) 400 420 440 - 460 480 500 520 540 560
0.020 v,m3skqg 9.758 10.25 10.74 11.22 11.71 12.20 12.69 13.18 13.67
(211.8) h,kJrskg 1900.02 1945.37 1992.50 2039.92 2088.12 2137.13 2186.92 2237.50 2288.87
s,kJd/ (kg *K) 8.4317 8.5436 8.6520 8.7574 8.3600 8.9600 G.0576 9.1531 9.2465
§.030 v,m3/kg 6.503 6.829 7.155 7.481 7.807 8.133 8.459 8.785 9.111
(218.1) h,kJdskg 1899.78 1945.66 1992.31 2039.75 2087.97 2136.99 2186.80 2237.40 2288.78
s,kJs (kg K) 8.2333 8.3453 8.4538 8.5592 3.6618 8.7618 8.8595 8.9550 9.0484
0.040 v,m3/kg 4.875 5.120 5.365 5.610 5.854 6.099 6.343 6.588 6.832
(222.8) h,kJdskg 1899.53 1945.45 1992.12 2039.58 2087.82 2136.85 2186.68 2237.29 2288.68
s, kJs (kg *K) 8.0924 8.2044 8.3130 8.4185 8.5211 8.6212 8.7189 8.8144 8.9078
0.050 v,m3/kg 3.899 4.095 4.291 4.4387 4.633 4.878 5.074 5.270 5.465
(226.6) h,kJskg 1899.29 1945.23 1991.93 2039.40 2087.66 2136.71 2186.55 2237.18 2288.59
s,kJ/ (kg *K) 7.9831 8.0951 8.2037 8.3092 8.4113 8.5120 8&.6098 8.7053 8.79838
0.070 v,m3skg 2.783 2.923 3.064 3.204 3.344  3.4384 3.623 3.763  3.903
(232.7) h,kJskg 1898.81 1944.80 1991.55 2039.06 2087.36 2136.44 2186.31 2236.97 2288.40
s.kJs (kg *K) 7.8179 7.9301 8.0338 8.1444 8.2472 8.3474 8.4452 8.5407 8.6343
0.161325 v,m3/kg 1.921 2.018 2.115 2.212 2.309 2.405 2.502 2.599 2.696
(239.8) h,kJskg 1898.04 1944.13 1990.95 2038.52 2086.88 2136.01 2185.93 2236.63 2288.18
s,kJs (kg *K) 7.6360 7.7484 7.8573 7.9630 8.0659 8.1662 8.2641 8.3597 8.4533
0.14 v m3/kg 1.388 1.459 1.529 1.600 1.670 1.740 1.810 1.880 1.950
(246.5) h,kJskg 1897.10 1943.30 1990.21 2037.86 2086.28 2135.48 2185.45 2236.21 2287.73
s,kJz (kg *X) 7.4764 7.5891 7.6982 7.8041 7.9072 8.0076 8.1056 8.2013 8.2950
0.20 v,m3/kg 0.9697 1.019 1.069 1.118 1.168 1.217 1.266 1.315  '1.364
(254.3) h,kJ/ka 1895.64 1942.00 1989.05 2036.83 2085.36 2134.65 2184.72 2235.56 2287.16
s,kJs (kg *K) 7.2996 7.4127 7.5222 7.6283 7.7316 7.8322 7.9304 8.0263 8.1202
0.30 v,m3/kg 0.6442 0.6776 0.7108 0.7440 0.7770 0.8100 0.8429 0.8758 0.9086
(263.9) h,kJs/kg 1893.19 1939.84 1987.13 2035.11 2083.82 2133.28 2183.50 2234.47 2286.21
s,kJs (kg *X) 7.0972  7.2110 7.3210 7.4277 7.5313 7.6323 7.7307 7.8269 7.921%0
P,MPa T,K :

(Teat:K) sat 300 310 320 330 340 350 360 370
0.40 v ,m3/kg 0.3094 0.3508 0.3646 0.3780 0.3913 0.4045 0.4175 0.4304 0.4433
(271.3) h,kJskg 1585.75 1657.87 1681.81 1705.40 1728.74 1751.93 1775.02 1798.07 1821.14
s,kJ/ (kg *K} 6.0291 6.2820 6.3605 6.4354 6.5072 6.5764 6.6433 6.7083 6.7715
0.50 v,m3/kg 0.2503  0.2774 0.2888 0.2998 0.3107 0.3214 0.3320 0.3425 0.3529
(277.3) h,kJskg 1592.06 1651.30 1676.07 1700.34 1724.23 1747.87 1771.34 1794.71 1818.05
s,kJ7 (kg *K} 5.9508 6.1563 6.2375 6.3145 6.3881 6.4586 6.5267 6.5925 6.6564
0.70 v,m3/kg 0.1815 0.1933 0.2020 0.2103 0.2185 0.2265 0.2343 0.2420 0.2497
(287.0) h,kJdskg 1600.96 1637.54 1664.16 1689.88 1714.96 1739.57 1763.84 1787.88 1811.79
s,kJs (kg *K) 5.8319 5.9566 6.0439 6.1256 6.2027 6.2762 6.3466 6.4143 6.4798

1.0 v,m3%/kg 0.1285 0.1299 0.1366 0.1430 0.1492 0.1551 0.1609 0.1666 0.1721
(298.1) h,kJskg 1609.08 1615.15 1645.04 1673.31 1700.40 1726.63 1752.22 1777.35 1802.16
s,kJs (kg *K) 5.7037 5.7240 5.8221 5.9118 5.9952 6.0735 6.1477 6.2185 6.2865
1.4 v ,m3/kg 0.09231 0.09263 0.09785 0.1027 0.1074 0.1119 0.1162 0.1204
€369.4) h,kJs/kg 1614.71 1616.69 1649.24 1679.58 1708.34 1735.95 1762.72 1788.89
s,kds(kg+*K) .5.5794 5.5858 5.6892 5.7825 5.8684 5.9485 6.0239 6.0956
2.0 v,m3skg 0.0644S 0.06751 0.07132 0.07487 0.07825 0.08149
(322.5) h,kJdskg 1617.18 1644.51 1678.22 1709.62 1739.35 1767.90
s,kJs (kg *X) 5.4414 5.5252 5.6259 5.7169 5.8007 5.8789
3.0 v,m3skg 0.04215 0.04252 0.04561 0.04839 0.05096
(338.9) h.kdlkﬁ 1612.79 1617.68 1658.82 1695.57 1729,42
s,kJ7 (kg *K) 5.2713 5.2857 5.4050 5.5086 5.6013
4.0 v,m3/kg 0.03069 0.03299 0.03539
(351.6) h,kJ/ka 1602. 10 1642.96 1685.05
s,kJs (kg *K) 5.1364 5.2513 5.3666
5.0 v,m3/kg 0.02365 8.02565
(362.0) h,kJdskg 1587.00 1631.46
s,kJ7 (kg *K) 5.0186 5.1402
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PROPERTIES OF GASEOQOUS AMMONIA

P, MPa . T,K
(TsatrK) 380 390 400 410 420 430 440 460
0.40 v,m3/kg 0.4561 0.4688 0.4815 0.4941 0.5067 0.5193 0.5318 0.5568
(271.3) h kdskg 1844.25 1867.44 1890.72 1914.13 1937.67 1961.35 1985.20 2033.38
s,kJ/(kg*K)  6.8331 6.8934 6.9523 7.0101 7.0668 7.1226 7.1774 7.2845
0.50 v,m3/kg 0.3633 0.3736 0.3838 0.3940 0.4042 0.4143 0.4244 0.4445
(277.3) h,kJskg 1841.39 1864.78 1888.24 1911.80 1935.48 1959.30 1983.26 2031.65
s.kJs(kg*K) 6.7187 6.7795 6.8339 6.8970 6.9541 7.0101 7.0652 7.1728
0.70 v,m3/kg 0.2572 0.2647 0.2722 0.2796 0.2870 0.2943 0.3016 0.3162
(287.0) h,kJskg 1835.61 1859.42 1883.24 1907.12 1931.09 1955.16 1979.36 2028.18
s,kJs(kg*K)  6.5433 6.6051 6.6655 6.7244 6.7822 6.8388 6.8945 7.0030
1.0 v,m3/kg 0.1776 0.1831 0.1834 0.1938 0.1991 0.2043 0,2095 0.2199
(298.1) h,kJskg 1826.76 1851.23 1875.63 1900.02 1924.43 1948.91 1973.47 2022.93
‘ s,kJs(kg*K)  6.3521 6.4156 6.4774 6.5376 6.5965 6.6541 6.7105 6.8204
: .4 v,m3/kg 0.1245 0.1286 0.1326 0.1365 0.1404 0.1443 0.1481 0.1557
| (309.4) h,kJskg 1814.62 1840.04 1865.26 1890.36 1915.41 1940.45 1965.51 2015.86
E A s,kdstkg*K)  6.1642 6.2302 6.2941 6.3561 6.4164 6.4753 6.5330 6.6449
2.0 v,m3/kg 0.08462 0.08766 0.09064 0.09356 0,09644 0.09927 0.1021 0.1076
t (322.5) h,kJskg 1795.57 1822.62 1849.21 1875.49 1901.56 1927.50 1953.38 2005.12
! - s,kJstkg+*K)  5.9527 6.8229 6.0903 6.1552 6.2180 6.2790 6.3385 6.4535
’ 3.0 v,m3/kg 0.05338 0.05569 0.05791 0.06005 0.06214 0.06419 0.06613 G.07011
i (338.9) h,kJskg 1761.25 1791.62 1820.95 1849.53 1877.55 1905.18 1932.54 1986.80
§ s,kJs(kg+K) 5.6862 5.7651 5.8394 5.9100 5.9775 6.0425 6.1054 6.2260
. 4.0 v,m3/kg 0.03755 0.03954 0.04142 0.04321 0.04493 0.04659 0.04821 0.05134
: (351.6) h,kd/kg  1722.78 1757.63 1790.46 1821.86 1852.22 1881.82 1910.88 1967.92
. s.kJs(kg*K) 5.4673 5.5578 5.6410 5.7185 5.7917 5.8613 5.9281 6.0549
1 5.0 v,m3/kg 0.02780 0.02969 0.03141 0.03302 0.03453 0.03599 0.03738 0.04005
Y 1362.0) h,kJdskg 1678.50 1719.69 1757.18 1792.15 1825.35 1857.28 1883.28 1948.44
% s.kJs(kg*K)  5.2657 5.3727 5.4676 5.5540 5.6340 5.7091 5.7804 5.9141
: P, MPa T,K
(Tgat K) 500 520 540 560 530 600 620 640
0.40 v,m3/kg 0.6066 0.6314 0.6561 0.6808 0.7054 0.7300 0.7546 0.7791
t (271.3) h,kJskg 2131.90 2182.27 2233.39 2285.26 2337.87 2391.22 2445.30 2500.09
s g s,kds(kg+K)  7.4898 7.5885 7.6850 7.7793 7.8716 7.9621 8.0507 8.1377
b 0.50 v,m3/kg 0.4845 0.5044 0.5243 0.5441 0.5638 0.5835 0.6032 0.6228
i (277.3) h,kJskg 2130.51 2181.04 2232.30 2284.30 2337.04 2390.51 2444.70 2499.60
~ s,kds(kgeK)  7.3788 7.4773 7.5746 7.6692 7.7617 7.8523 7.9412 8.0283
0.70 v,m3/kg 0.3450 0.3594 0.3736 0.3879 0.4020 0.4162 0.4303 0.4443
S (287.0) h,kJdskg 2127.74 2178.57'2230.11 2282.38 2335.37 2389.08 2443.49 2498.60
i s,kJstkg+K)  7.2105 7.3101 7.4074 7.5024 7.5954 7.6864 7.7756 7.8631
Fr 1.0 v,m3/kg 0.2404 0.2506 0.2606 0.2707 0.2807 0.2906 0.3005 0.3104
i (298.1) h,kdskg 2123.56 2174.84 2226.81 2279.48 2332.84 2386.90 2441.65 2497.07
: , s,kds(kgK)  7.0302 7.1307 7.2288 7.3246 7.4182 7.5098 7.5996 7.6876
i 1.4 v,m3/kg 0.1707 0.1780 0.1853 0.1926 0.1998 0.2069 0.2141 0,2212
o (309.4) h,kJ/ka 2117.94 2169.84 2222.38 2275.58 2329.44 2383.97 2439.16 2495.01
s,kJs(kg*K) 6.8576 6.9594 7.0585 7.1553 7.2498 7.3422 7.4327 7.5213
2.0 v,m3skg 0.1183 0.1236 0.1288 0.1340 0.1391 0.1442 0.1492 0.1542
(322.5) h,kdskg 2109.42 2162.26 2215.66 2269.66 2324.27 2379.50 2435.36 2491.83
s,kJs7(kg+K) 6.6709 6.7745 6.8753 6.9735 7.0693 7.1629 7.2545 7.3441
3.0 v,m3skg 0.07764 0.08130 0.03489 0.08844 0.09194 0.09540 0.09882 0.1022
(338.9) h,kJskg 2094.98 2149.42 2204.27 2259.60 2315.46 2371.86 2428.82 2486.33
"~ s,kJs(kg*K)  6.4515 6.5583 6.6618 6.7624 6.8604 6.9560 7.0493 7.1406
4.0 v,m3/kg 0.05728 0.06013 0.06292 0.06566 0.06836 0.07101 0.07362 0.07620
(351.6) h,kJ/kﬁ 2080.24 2136.32 2192,64 2249.32 2306.42 2363.99 2422.04 24380.59
s,kd/(kg+K)  6.2890 6.3990 6.5053 6.6084 6.7086 6.8061 6.9013 6.9942
5.0 v,m3/kg 0.04505 0.04743 0.04974 0.05200 0.05421 0.05639 0.05852 0.06062
(362.0) h,kJ/ki 2065.18 2122.96 2180.79 2238.83 2297.18 2355.91 2415.05 2474.62
s,kJs(kg+K)  6.1575 6.2708 6.3799 6.4855 6.5879 6.6874 6.7844 6.8789
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PROPERTIES OF GASEQUS AMMONIA

T,K

P,MPa
(Tsat;K)

370 380 390 400 420 440 460 430

sat

s,kJds (kg *K)

5.0 v,m3skg
(362.0) h,kJskg

0.01883
1567.99
4.9092

s,kJ7 (kg +*K)

8.0 v,m3skg

6.0 v,m3/kg
(386.1) h,kJskg

(371.1) h,kJrskg

s,kJd7 (kg *K)

Js (kg *K)

k

v,m3/kg
12. v,m3/kg

(398.3) h,kJskg
s,

10.

kJdskg

’

h

s.kJ7 (kg *K)

kJd/kg
s,kJd7 (kg *K)

v,m3skg
16. v,m3skg

3

h

14.

h,kJskg
kJs (kg +K)
18. v,m3/kg
k

S,

4.9736

08.44 1737.32

080677 0.00831
.6990

O T

J/

v

h kg
s,kJ/ (kg *K)
20. v,m3/kg

kJ/kg
kJs (kg *K)

’

h
s,

660

640

1,K

MPa
(Tsat;K)

P,

530 608 620

540 560
04974 0.05200 0.
80.79 2238.83 2
.3799

520

500

LR ¥ ]

kJdskg

*

5.0 v,m3*/kg
s, kJz (kg +*K)
6.0 v,m3/kg
1 h

(362.0) h

04479 0.04664

.4867

6.4855

6.5882

Ll

kJ/kg

"7 sl kdz (kg *K)
8.0 v.m3/kg
(386.1) h,kJdskg

an

s, kJ7 (kg *K)

10. v,m3/kg

5.

0.02053 0.
1984.94 20
5.6969

L kJsk
kJ/(ag'K)

s,

(393.3) h

9

kJsk
8,kJ7 (kg *K)

v,m3/kg

h

*

20.
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PROPERTIES OF SATURATED ARGOM

Mechanical Engineering, Stanford University

T P volume, m3skg: , enthalpy, kJdskg entropy, kJs(kg*K}
K MPa Vi ~vg . hg htg hg St Sty Sg
83.80 0.06871 0.000708  0.2475 0.0 165.65 165.65 0.0 1.9767 1.9767
87.29 0.101325 0.000718  0.173% 4.83 162.17 167.00 0.0562 1.8578 1.9140
38 0.1092 0.000720  0.1619 5.77 161.49 167.26 0.0669 1.835%1 1.5020
92 0.1624 0.000734  0.1124 10.88 157.75 168.63 0.1233 1.7146 1.8379
96 0.2331 0.000748 0.08654 15.70 154.13 169.83 0.1740 1.6055 1.7795
100 0.3245 0.000763 . 0.05925  20.37 150.45 170.82 0.2209 1.5046 1.7255
104 0.4400 0.000779 0.04455  25.01 146.58 171.53 0.2656 1.4094 1.6750
108 0.5833 0.000797 0.03412  29.73 142.39  172.12 0.3091 1.3184 1.6275
112 0.7577 0.000816 0.02654  34.58 137.79 172.37 0.3518 1.2303 1.5821
116 0.9670 0.000838 0.82092  39.57 132.74 172.31 0.3%941 1.1443 1.5384
120 1.215 0.000862 0.01666  44.74 127.17 171.91 0.4361 1.0598 1.4959
124 1.505 0.000883 0.01337  50.11 120.99 171.10 0.4781 0.9757 1.4538
128 1.842 0.000920 0.01079  55.77 114.04 169.81 0.5205 0.8910 1.4115
132 2.228 0.000957 0.008737  61.83 106.10 167.93 0.5643 0.8039 1.3682
136 2.670 . 0.001002 0.007062  68.42 96.86 165.28 0.6104 0.7121 1.3225
140 3.170 0.001059 0.005666  75.76 85.78 161.54 0.6598 0.6127 1.2725
144 3.736 0.001141 0.004452  84.27 71.74 156.01 0.7153 0.4982 1.2135
148 4.378 0.001291 0.003279  95.82 50.47 146.29 0.7890 0.3410 1.1300
150.70 4.365 0.001949 0.001949 122.33 0.0 122.39 0.9615 0.0 0.9615
PROPERTIES OF GASEOUS ARGON ‘
P,ﬂPa , ; ) . T,K
(TsatrK) sat 100 200 300 400 500 600 700 800
0.101325 v,m3/kg 0.1734 0.2008 ' 0.4096 0.6158 0.8216 1.027 1.233  1.438 1.644
: (87.29) h.kJ’kg 167.00 173.92 226.87 279.10 331.21 383.29 435.35 487.40 539.45
P . s.kystkg+K)  1.9740 1.9881 2.3557 2.5676 2.7175 2.8337 2.9286 3.0088 3.0783
: 0.20 v,m3/kg - 0.09278 0:09931 0.2069 0.3118 0.4162 0.5205 0.6247 0.7289 0.8330
(94.26) h.kJ/kg 163.33 .172.60 226.49 273.92 331.11 383.23 435.32 487,39 539.45
T sikuztkgek)  1.8043 1.8379 2.2129 2.4255 2.5757 2.6920 2.7870 2.8672 2.9368
0.30 v,m3/kg 0.06374-0,06451 0.1376 0.2077 ©.2775 0.3471 0.4166 0.4860 0.5555
(99.02) -h . kJsk - Y70.60 171.18 226,108 278.73 331.00 383.17 435.28 487.37 539.44
s.ku((§g~x) ©1.7383 1.7442 2.1272 2.3407 2.4311 2.6075 2.7025 2.7828 2.8523
0.40 v,m3/kg 34873 0.1029 0.1557 ©.2081 0.2603 0.3125 0.3646 0.4167
(102.7) h.kdskg - 225.71 278.54 330.90 383.10 435.25 487.35 539.44
, s.kql(§g°x) 1 20660 2.2803 2.4309 2.5474 2.6425 2.7228 2.7924
0.50 v,m3/kg  0.08205 0.1245 0.1665 0.2083 0.2501 0.2918 0.3335
(105.8) h.kJ/kg , 525.32 278.36 330.79 383.04 435.21 487.34 533.44
, s,kdllggﬁK) : 2.0182 2.2334 2.3842 2.5008 2.5959 2.6763 2.7459
ol8 pmdde o ouss To,geels 91037 933387 0:173% 38038 %7035 335 34
’ s:kdltaé'x)ﬂrrigﬁiiﬁ 1.9789 2.1949 2.3460 2.4627 2.5579 2.6383 2.7079
0.80 v,m3/kg 0.02518 '0.05083 0.07767 0.1040 0.1303 0.1564 0.1825 0.2086
(112.9) h.kJ/ka 172.39 224.15 277.80 330.47 382.85 435.11 487.29 539,44
s.kJ7(kg*K)  1.5725 1.9163 2.1341 2.2856 2.4025 2.4978 2.5782 2.6479
10. v,m3/kg N 0.80297 0.00597 0.00836 0.01062 0.01281 0.01498 0.01712
hokJdzk = . 181.09 261.74 321.76 377.84 432.39 486.18 539.50.
s.kJ7{kg *K) 7 1.2308 1.5649 1.7380 1.8633 1.9628 2.0457 2.1169
20. v,md/kg 0.00143 0.00297 0.00427 0.00545 0.00659 0.00770 0.00880
" hokJdskg ¢ 147.80 247.36 314.42 373.85 430.46 485.67 540,07
, s,kJ7(§g~x) 0.9681 1.3738 1.5736 1.7064 1.8097 1.8948 1.9675
30. v,m3/kg 0.00116 0.00207 0.00295 0,00376 0.00454 0.00529 0.00603
hokdzkg 140.03 237.65 309.30 371.31 429,55 485.91 541.19.
s, kJ/z(kg *K) 0.8653 1.2657 1.4729 1.6115 1.7177 1.8047 1.8785
0. v,m¥/k 0.00105 0.00167 0.00232 0.00294 0.00352 0.00410 0.00466
4, b,kJ/kg e 138,79 232.43 306.27 370.10 429.58 486.86 542.85
"kJ7tkg *K) 0.8042 1.1868 "1.4002 1.5429 1.6515 1.7398 1.8146
. v.m/kg 0.00098 0.00145 0.00196 0.00245 0.00292 0.00339 0.00334
50 b ,kg ' '139.98 230.35 304.99 370.04 430.47 488,47 545.03
7(kg *K)  9.7598 1.1283 1.3439 1.4893 1.5996 1.6890 1.7646
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Stg Sg

entropy, kJs(kg+K)

St

enthalipy, kJskg

volume, m3/kg

V¢

FROPERTIES OF SATURATED BUTANE
MPa

PROPERTIES OF GASEOUS BUTANE

s~
~

580

P9 IS ,\)

540.

W=to
500

FYETES
460

N 2
-
i

Neo gk 13
420

-/

z3 N=
340

300

sat

P,MPa
(T'.t:K)

.657

1

3.8836

1.542
3.6860

. 427

1

3 1031.65 1136.26 1246.91
3,4848

1,312
33.2
.2798

3 9
8 3.
0.1599

746.95 834.39- 927.72 1
2.9737

879 0.06987 0.07986 6.0892

96
.05 738.62 823,11

41,33
-07

0
0.1444
2.7616
2.6708
2.6083

380
729.47 821.48

0.1284
2.5429
2.3731

2.4469
0.04624 0.05396 0.

16
95
50

0.11
. 664,
2.3
653
2.2091

6.0

0.05802
0.04032°

kJ/(ﬁg°K)

kJ/kgA

kJ7 (kg *K)
Jkdzkg
K7k

2.0 v,m3/kg

*

v,m3/kg

0 v.m3skg
Jh
s,
70
4) h
1.0 v,m3skg
1) h
s,

-

o
-

0.05
(%~255.3
- 0.
3 (337,
T <1353

—

0.01855

.9) h,kdlka
s, kJs7 (kg *K)
4.0 v,m3/kg"

(387

~
e
h

736.64 905

0.00354 0,005
2.2303

kJ/ka
kdJds (kg *K)

h
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PROPERTIES OF SATURATED CARBON DIOXIDE

T P volume, m3/kg . ' .enthalpy, kJskg entropy, kJds(kg-K)
; K MPa vE Vg hs htg hg St Sfg Sg
216.54 0.5173 0.000847 0.07278 8.0 351.87 351.87 0.0 1.6250 1.6250
220 0.6000 0.000857 0.06314 7.0 346.12 353.12 0.0318 1.5732 1.6050
225 0.7366 0.000871 0.05181 17.52 337.21 354.73 0.0785 1.4987 1.5772
230 0.8949 0.000885 0.04287 28.07 328.02 356.09 0.1243 1.4262 1.5505
235 1.077 0.000901 0.03573 38.52 318.87 357.19 0.1685 1.3561 1.5246
240 1.285 0.000918 0.02997 48.90 309.10 358.00 0.2114 1.2879 1.4993
245 1.521 0.000936 0.02527 59.32 299.16 358.48 0.2535 1.2210 1.4745
250 1.788 0.000956 0.02140 69.85 288.74 358.59 0.2950 1.1550 1.4500
255 2.087 0.000977 0.013820 80.57 277.72 358.29 0.3363 1.0891 1.4254
260 2.421 0.001001 0.01552 91.49 266.04 357.53 8.3774 1.0233 1.4007
265 2.792 0.001027 0.01325 102.66 253.57 356.23 0.4186 0.9568 1.3754
270 3.204 0.001056 0.01133 114.16 240.13 354.29 0.4600 0.8893 1.3493
275 3.659 0.001090 0.009675 126.12 225.45 351.57 0.5020 0.8199 1.3219
280 4.160 0.001129 0.008242 138.72 209.16 347.88 0.5455 0.7470 1.2925
285 4.711 0.001177 0.006982 152.21 190.69 342.90 0.5910 0.6691 1.2601%
290 5.314 0.001239 0.005854  166.95 169.14 3356.08 0.6397 0.5832 1.2229
295 5.977 0.001324 0.004308 183.67 142.61 326.28 0.6939 0.4835 1.1774
300 6.706 0.001471 0.003749 205.06 104.89 309.95 0.7624 0.3496 1.1120
304.21 7.383 0.002155 0.002155 257.31 0.0 257.31 0.9312 0.0 0.9312
PROPERTIES OF GASEOUS CARBON DIOXIDE
b P,MPa T.K
. " (Tgat-K) sat 300 400 500 600 700 800 900 1000
1.0 v,m3/kg 0.03344 0. 05379 0. 07418 0.09376 0.1130 0.1322 0.1513 0.1703 0.1893
4 (233.08) h,kJskg 356.78 19.95 513.65 613.22 718.90 829.90 945.34 1064.46 1186.61
L s,kJ/(kg'K) 1.5350 1 7737 2.0430 2.2649 2.4574 2.6284 2.7825 2.9228 3.0515
;5f 2.0 v,m3/kg 0.01903 0.02535 0.03640 0.04654 0.05638 0.06608 0.0757) 0.08529 0.09484
. (253.6) h,kJskg 358.42 409.41 508.45 B£10.01 716.73 828.37 944.25 1063.68 1186.07
g s kd/(kg'K) 1.4323 1.6174 1.9025 2.1289 2.3233 2.4954 2.6500 2.7907 2.9196
5.0 v,m3/kg 0.0064%1 0.00779 0.01374 0.01824 0.02241 0.02643 0.03039 0.03429 0.03817
(287.5) h kJsk 339.84 366.98 492.26 600.43 718.37 823.93 0841.10 1061.45 1184.53
s, kJ/(ﬁg~K) 1.2426 1.3351 1.6993 1.9407 2.1410 2.3160 2.4724 2.6141 2.7438
10. v,m3/kg 0.00620 0.008385 0.01112 0.01325 0.61530 0.01731 0.01929
 h,kJsk 463 19 584.73 700.24 816.97 936.20 1058.02 1182.21
- 8.%kJ7 (kg *K) .5127 1.7846 1.9952 2.1751 2.3343 2.4777 2.6086
20. v,m3/kg 0.00262 0,.00426 0.00554 0.00670 0.00779 0.00885 0.00988
h, kdlka 403.03 555.30 681.94 804.67 927.73 1052.23 1178.42
i s,kJ7 (kg *K) 1.2634 1.6054 1.8366 2.0258 2.1901 2.3367 2.4697
~§f;f )
sq‘ PROPERTIES OF LIQUID CARBON DIOXIDE
] P T.X
b MPa 220 230 240 250 260 270 280 290 300
I ' . L
; " Psat.lPa 0.6000 0.8949 1,285 1.788 2.421 -3.204 4.160 5.314 6.706
sat p,kg/m? 1167.5 1129.5 1089.2 1046.2 999.36 946.94 885.60 807.37 680.04
a ﬂ kd/kg 7.00 28,07 48.90 69.85 91.49 114.16 138.72 166.95 205.06
ol s,kJ7 (kg *K) 0.0318 0.1243 0.2114 0.2950 0. 3774 0.4600 0.5455 0.6397 0.7624
= 2.0 p.kg/m3 11707 1132.4 10916 1047.1
L h, kJ/kﬁ 36 8.25 48.93 69.83
R s, kJ7(kg *K) 0. 0279 0.1208 0.2088 0.2941
| '
o 5.0 p,kg/m3 1177.7 1140.1 1101.0 1059.1 1012.9 960.20 895.48
o ﬁ kJ/kE 8.15 28.81 49.18 69.64 90.67 112.85 137.37
o s,kJs7(kg°K) 0.0199 0.1118 0.1984 0.2820 0.3644 0.4481 0.5373
L 10. p.kg/m3 1187 1152.0 1115.3 1076.7 1035.2 989.97 939.00 878.96 802.05
E ﬁ kd/kg 29.94 49,88 69.75 89.87 110.59 132.36 155.97 183.07
S s,kJds (kg *K) 0. 0073 0.0977 0.1826 0.2637 0.3426 0.4208 0.4999 0.5827 ©0.6746
R :
o Copyright DBepartment of Mechanical Engineering, Stanford University
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3.0
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0.20
; (1019.)

.40
)

o oO0oeo

.05 0.

(Tsat:K),

0.050
(873.8)

s, kds

s, kJ7s

s, kJds

h,kdsk

PROPERTIES OF SATURATED

P
MPa

.02024
.02801
.03801
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.06642

.08578
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PROPERTIES OF GASEOUS

v,m3skg
h,kJskg

(kg *K)

v,m3/kg
h,kJ/k% )
(kg *K)

(ig'K)

CESIUM

volume, m3skg

enthalpy, kJskg

-1.8
(1266.)

v,m3/kg

h.kJ/ka :
s, kJ7 (kg *K)

v,m37kg
h.kJ/ka i
s,kJ/7 (kg *K)

AR Vg hy htg hg
0.000639 2.378 0.0 516.22 516.22 0.
0.000645 1.762 5.96 512.39 518.35 0.
0.000652 1.338 11.99 508.37 520.36 0.
0.000658 1.020 18.10 504.16 522.26 0.
0.000665 0.7949 24.27 489.79 524.06 0.
0.000672 0.6279 30.51 495.25 525.76 O.
0.8008677 0.538% 34.79 492.08 526.87 0.
0.000679 0.5024 36.80 480.57 527.37 0.
0.000686 0.4068 43.12 485.77 528.83 0.
0.000694 0.3329 49.49 480.85 530.34 0.
0.000702 0.2753 55.87 475.87 531.74 0.
0.000710 0.2297 62.26 470.82 533.08 0.
0.000718 0.1934 63.64 4565.74 534.38 0.
0.000726 0.1642 75.02 460.64 535.66 0.
0.000735 0.1404 81.38 455.55 536.93 0.
0.000744 0.1218 87.72 450.48 538.20 0.
0.000753 0.1049 94.03 445.45 539.48 0.
0.000763 0.09160  100.32 440.46 540.78 0.
0.000773 0.08044 106.61 435.49 542.10 0.
0.000783 0.07102 112.90 430.55 543.45 0.
0.000794 0.06303 119.23 425.59 544.82 Q.
0.000805 0.05621 . 125.61 420.58 546.19 0.
0.000816  0.05034 132.09 415.47 547.56 0.
0.000828 0.04527 1338.69 - 410.22 548.91 0.
0.000840 0.04085 145.45 404.75 550.20 0.
0.000852 0.0369%9 152.33 399.02 551.40 0.
0.000866  0.03358 159.51 392.98 ©552.49 0.
0.000879 0.03657 166.81 386.61 553.42 0.
0.000893~ 0.02730 174.21 379.97 554.18 0.
0.000508 0.02553 181.56 373.20 554.76 0.
0.000923 0.02344 188.62 366.58 555.20 0.
0.000939 §.02162 195.02 360.57 555.59 0.
CESIUM

T,K
sat 1025 1100 1175 1250 1325
1.033 1.252 1.353 1.452 1.549 1.645
522.18 555,60 569.52 582.65 595.32 607.71
0.5985 0.6339 0.6470 0.6585 0.6690 0.67386
0.5386 0.6023, 0.6558 0.7070 0.7566 0.8053
526.87 547.82° 563.95 578.51 592.13 605.18
0.5623 ©0.5836 0.59838 0.6116 0.6229 0.6330
0.2879 0.2905 0.3209 0.3491 0.3760 0.4018
531.41 533.18 553.30 570.55 586.00 600.32
0.5280 0.5297 0.5487 0.5639 0.5766 0.5878
0.1521 0.1657 0.1807 0.1948
536.28 554.66 573.69 590.55
0.494¢0 0.5101 0.5258 0.5389
0.09105 0.09723 0.1063
540.384 555.77 576.17
0.4678 0.4800 0.4958
0.06573 0.07103
544.33 562. 31
0.4519 0.4658
0.03477
552.11
0.4226
8.02366
555.15
0.4053"

entropy, kJs(kg+K}

Copyright Department of Mechanical Engineering, Stanford University

S¢ Stg Sg
0 0.6453 0.6453
0073 0.6211 0.6234
0145 0.5981 0.6126
0216 0.5762 0.5578
0285 0.5554 0.5839
0354 0.5354 0.5708
0399 0.5224 0.5623
0421 0.5163 0.5584
0486 0.4982 0.5468
0550 0.4809 0.5359
0613 0.4643 0.5256
0674 0.4484 0.5158
0734 0.4333 0.5067
0792 0.4183 0.4980
0849 0.4045 0.4398
0904 ©0.3917 0.4821
0958 0.3791 0.4749
1010 0.3671 0.4681
1062 0.3555 0.4617
1112 0.3444 0.4556
1161 0.3338 0.4499
1210 0.3235 0.4445
1258 0.3136 0.4394
1306 0.3033 0.4345
1355 0.2944 0.4299
1404 0.2850 0.4254
1453 0.2758 0.4211
1502 0.2667 0.4169
1552 0.2576 0.4128
1600 0.2488 0.4083
1645 0.2403 0.4048
1685 0.2326 0.4011
1400 1475 1550
1.741  1.836  1.931%
619.92 632.03 644.08
0.6876 0.6960 0.7040
0.8534 0.9011 0.9485
617.87 630.33 642.64
0.6423 0.6510 0.6591
0.4271 0.4519 0.4764
613.93 627.06 639.88
0.5877 0.6069 0.6154
0.2083 0.2214 0.2342
605.99 620.48 634,33
0.5502 0.5603 0.5695
0.1147 0.1227 0.1305
594.26 610.74 626.11
0.5091 0.5206 0.5308
0.07739 0.08339 0.08911
582.80 601.17 618.01
0.4308 0.4936 0.5048
0.03755 0.04092
570.24 591.46
0.4352 0.4492
0.02461
564.03
0.4111
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PROPERTIES OF SATURATED ETHANE

T p

K MPa

150 0.009591
168 0.02153
176 0.04329
180 0.07963
184.32 0.101325
190 0.1364
200 0.2200
210 0.3376
220 0.4968
230 0.7057
240 0.9730
250 1.308
260 1.720
270 2.221
280 2.822
290 3.541
300 3.2409
305.88 5.010

PROPERTIES OF GASEOUS

P,MPa

(TsatrK)

0.070
(177.8

0.10132
184.3

5
( )

v,m3skg
h,kJ/kﬁ
s, kJ7 (kg *K)

20 v,

g.
(187.93
0.490
(214.3)
0.70
(229.8)
1.0
(240.9)
2.
(265.8)

4.0
(295.5)

700
10.
20.

30.

0 v,m3/kg

h,kJdskg
8,kJ/7 (kg *K)

v,m3skg
h.kJ/kg
s, kJz (kg *K)

v,m3/kg
h,kJsk
s, kJ/71kg *K)

v,m3/kg
h,kJ/kﬁ
s, kJ/ (kg *K)

velume, m3skg
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4
429
6.7

.306

1
5

0.03451 0
720.03
3.0353

0.01183 0.018
644.02 766,
2.6418 3.0271

0.00727
678,32
2.6637

0.00397
589.90
2.3579

0.00277
532.36
2.0966

0.00252
526.36
2.0017

Woo
[~2 -}

0

[onRXe ROS RN

enthalpy, kJskg

h¢

entropy, kJ/(kg+K)

htg hg S+ Stg Sg
.0 539.18 539.13 0.0 3.5945 3.5945
17 523.99 551.16 0.1752 3.2750 3.4502
61 5069.29 ©562.90 0.3353 2.9959 3.3312
62 494.67 574.29 0.4336 2.7482 3.2318
80 488.28 579.08 0.5448 2.64971 3.1939
51 479.72 585.23 0.6230 2,5249 3.1479
50 464.11 595.61 0.7555 2.3206 3.076}
69 447.64 605.33 0.8822 2.1316 3.0138
13 430.15 614.28 1.0037 1.9553 2.9530
90 411.44 622.34 1.1208 1.7889 2.9097
21 391.10 629.31 1.2346 1.6296 2.8642
47 368.49 634.956 1.3470 1.4739 2.8209
21 342.70 638.91 1.4599 1.3181 2.7780
97 312.59 640.56 1.5753 1.1577 2.7330
34 276.44 638.78 1.6948 0.9873 2.6321
71 230.25 630.96 1.8228 0.7939 2.6167
.52 156.97 607.49 1.9828 0.5232 2.5060
.03 0.0 532.03 2.2441 0.0 2.2441
T.K
380 420 460 500 540 58
1.499 1.658 1.816 1.975 2.134 2.2
919.15 1006.11 1099.55 1199.46 1305.74 1418,
4.5245 4.7419 4.9543 5.1625 5.3669 5.56
1.034 1.144 1.254 1.364 1.474 1.5
918.77 1005.80 1099.29 1199.24 1305.56 1418.
4.4214 4.6390 4.8516 5.0598 5.2643 5.46
0.5222 0.5783 0.6342 0.6901 0.7458 0.80
917.58 1004.83 1098.49 1198.56 1304.93 1417.
4.2310 4.4492 4.6621 4.8706 5.0753 5.27
0.2592 0.2877 0.3160 0.3441 0.3721 0.40
915.14 1002.86 1096.86 1197.19 1303.80 1416.
4.0347 4.2541 4.4677 4.6768 4.8818 5.0
0.1465 ©0.1632 0.1796 0.1958 0.2120 0.22
911.44 99988 1094.40 1195.12 1302.04 1415,
3.3730 4.0942 4.3090 4.5189 4.7245 4.9
0.1015 0.1133 0.1250 0.1365 0.1480 0.15
507.68 996.87 1091.93 1193.05 1300.27 1413,
3.7673 3.9904 4.2064 4.4171 4.6234 4.82
0.04882 0.05520 0.06135 0.06736 0.07326 0.079
894.73 986.63 1083.53 1186.08 1294.36 1408,
3.5512 3.7811 4.0015 4.2151 4.4233 4.62
0.02243 0.02614 0.02957 0.03283 0.03597 6.039
866.58 065,16 1066.43 1171.98 1282.52 1398,
3.3054 3.5520 3.7823 4.0022 4.2148 4.42
0.01106 0.01374 0.01604 0.01812 0.02009 0,021
817.80 030.66 1039.90 1150.64 1264.88 1383.
3.0531 3.3357 3.5841 3.8149 4.0347 4.24
0.00672 0.00892 0.01074 0.01235 0.01383 0.015
764.34 894.94 1013.29 1129.67 1247.78 1369,
2.8446 3.1719 3.4411 3.6837 3.9109 4.1
0.00342 0.00429 0.00521 0.00609 0.00691 0.007
668.78 808.21 941.97 1071.47 1199.79 1329,
2.4756 2.8246 3.1289 3.3989 3.6458 3.87
0.00287 0.00332 0.00384 0.00438 0.00492 0.005
646.92 774.99 905.97 1037.43 1169.40 1302.
2.3367 2.6570 2.9549 3.2290 3.4829 3.72
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PROPERTIES OF SATURATED ETHYLENE

T P volume, m3rskg enthalpy, kJskg entropy, kJs/(kg-+K)
K MPa Ve Vg ) hf hfg hg S¥ ng Sg
150 0.02734 0.001683 1.604 0.0 510.19 510.19 0.0 3.4012 3.4012
155 0.03973 0.001702 1.136 12.68 £02.79 515.47 0.0830 3.2438 3.3268
160 0.05622 0.001722 0.8241 25.31 495.31 520.62 0.1631 3.09%56 3.2587
165 0.07768 0.001743 0.6114 37.79 487.82 525.61 0.2396 2.9565 3.1961
169.38 0.101325 0.001762 0.4782 48.58 481.27 529.85 0.3039 2.8413 3.1452
170 0.1050 0.001765 0.4625 50.09 480.35 ©530.44 0.3127 2.8256 3.1383
1758 0.1394 0.001788 0.3560 62.24 472.84 535.08 0.3829 2.7019 3.0848
180 0.1817 0.001811 0.2783 74.32 465.19 539.51 0.4505 2.5844 3.0349
185 0.2332 0.001836 0.2205 86.41 457.32 543.73 0.5162 2.472%1 2.9883
180 0.2952 0.001862 0.1769 98.58 449.14 547.72 0.5805 2.3639 2.9444
185 0.3687 0.0018%90 0.1435 110.88 440.58 551.46 0.6437 2.2594 2.9031
200 0.4552 0.0061919 0.1175 123.36 431.58 554.94 0.7061 2.1579 2.8640
205 0.5558 0.001948 0.03709 136.04 422.08 558.12 0.7677 2.0590 2.8267
210 0.6720 0.001982 0.08085 148.92 412.08 561.00 0.8287 1.9623 2.7910
215 0.8051 0.0020186 0.06780 162.01 401.54 563.55 0.8880 1.8677 2.7567
220 0.9564 0.002053 0.05720 175.32 390.41 565.73 0.9488 1.7746 2.7234
225 1.127 0.002083 0.04851 188.88 378.62 567.50 1.0082 1.6827 2.6909
230 1.319 0.002136 0.04132 202.73 366.10 568.83 1.0672 1.5918 2.6590
235 1.534 0.002183 0.03532 216.94 352.70 569.64 1.1264 1.5008 2.6272
240 1.773 0.002235 0.03027 231.61 338.25 569.86 1.1859 1.4094 2.5853
245 2.037 0.002293 0.02598 246.85 322.5% 569.40 1.2463 1.3165 2.5628
2580 2.329 0.002359 0.02231 262.77 305.33 568.10 1.3079 1.2213 2.5292
255 2.650 0.002435 6.01914 279.50 286.28 565.78 1.3711  1.1227 2.4938
260 3.002 0.002525 0.01637 297.20 264.93 562.13 1.4364 1.0190 2.4554
265 3.387 0.0026306 0.01391 316.13 240.53 556.66 1.5048 0.9076 2.4124
270 3.808 0.002781 0.01166 336.88 211.56 548.44 1.5781 0.7835 2.3616
275 4.271 0.002992 0.009522 361.13 174.17 535.30 1.6621 0.6334 2.2955
282.65 5.075 0.004615 0.004615 450.95 0.0 450.95 1.9730 0.0 1.9730
PROPERTIES OF GASEOUS ETHYLENE
P,MPa T.K
(Tsat K) sat 250 275 300 325 350 375 400 425
0.101325 v,m3/kg 0.4782 0.7239 0.7983 0.8725 0.9464 1.020 1.094 1.167 1.241
v (169.4) h,kJ/kg 529.85 636.60 672.44 710.12 749.81 791.63 835.64 881.87 930.30
: s,kJds (kg *K) 3.1452 3.6592 3.7958 3.9269 4.0539 4.1778 4.2993 4.4186 4.5360
E, 0.20 v,m3/kg 0.2545 0.3630 0.4015 ©6.4395 0.4774 0.5151 0.5526 0.5901 0.6275
] (181.9) h,kJskg 541.13 634,30 670.58 708.57 748.50 790.50 834.66 881.00 929.53
! s,kdJd7 (kg *K) 3.0169 3.4514 3.5896 3.7218 3.8496 3.9741 4.095% 4.2155 4.3332
: ‘
1 0.30 v,m3/kg 0.1742 0.2395 0.2656 0.2913 0.3168 0.3422 0.3674 0.3925 0.4175
I (190.4) h,kJ/kz 548.00 631.93 ' 668.66 706.99 747.16 789.35 833.66 880.12 928.75%
; s,kJd/z(kg+K) 2.9414 3.3247 3.4647 3.5981 3.7266 3.8517 3.9739 4.0938 4.2117
i‘ 0.50 v,m3/kg 06.1074 0.1406 0.1569 0.1728 0.1884 06.2039 0.2192 0.2344 0.2496
L (202.3) h,kJ/kﬁ 556.45 627.07 664.76 703.78 744.46 787.04 831.65 878.36 927.19
gf s,kJ7(kg *K) 2.8465 3.1599 3.3036 3.4393 3.5695 3.6957 3.8188 3.9394 4.0577
' 0.70 v,m3/kg 0.07772 0.09813 0.1102 0.1219 0.1333- 0.1446 0.1557 ©0.1667 0.1776
(211.1) h,kJskg 561.60 622.01 660.76 700.50 741,72 784.70 829.63 876.59 925.62
s, kJz (kg *K) 2.7833 3.0461 3.1938 3.3321 3.4640 3.5914 3.7153 3.8365 3.9554
1.0 v,m3/kg 0.05471 0.06616 0.07520 0.08377 0.09204 0.1001 ©.1081 0.1159 0.1%237
(221.3) h,kJskg 566.24 614.02 654.54 695.48 737.54 781.16 826.57 873.91 923.25
s,kJs (kg *K) 2.7147 2.9178 3.0723 3.2147 3.3494 3.4787 3.6039 3.7267 3.8453
2.0 v,m3/kg 0.02652 0.02809 0,03402 0.03912 0.04379 0.04822 0.05249 0.056565 0.06072
(244.3) h,kJskg 569.50 581.93 631.43 677.50 722.94 768.96 816.15 864.87 915.31
s,kJ7 (kg *K) 2.5673 2.6176 2.8065 2.9668 3.1123 3.2487 3.3789 3.5047 3.6270
; 3.0 v,m3/kg 0.01638 ‘ 0.01978 0.02404 0.02764 0.03090 0.03397 0.0369) 0.03976
i (260.0) h,kJskg 562.15 602.41 657.05 707.11 756.09 805.37 855.64 907.27
~ , s,kJ7(kg *K) 2.4556 2.6063 2.7967 2.9571 3.1022 3.2382 3.3680 3.4932
5.0 v,m3/kg 0.00580 0.01137 0.01454 0.01700 0.01917 0.02116 0.02304
(282.0) h,kJ/ka 483.54 602.17 670.35 727.99 782.62 836.57 890.92
s,kJz (kg +K) 2.0898 2.5021 2.7208 2.8%18 3.0425 3.1818 3.3136

7 Copyright Department of Mechanical Engineering, Stanford University
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enthalpy, kJrskg entropy, kJ/(kg+K)
hfg St ng Sg

h¢

volume, m3/kg
Vg
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PROPERTIES OF SATURATED HELIUM-4
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PROPERTIES OF SATURATED HEPTANE

T P volume, m3/kg enthalpy, kJdskg entropy, kJds(kg+K)
K MPa V$ Vg hf hfg hg S# ng SQ

300 0.006637 0.001476 3.728 " 0.0 364.96 364.96 0.0 1.2165 1.2165
310 0.01065 0.001496 2.393 22.32 359.23 381.55 0.0732 1.1588 1.2320
320 0.01650 0.001517 1.589 45.17 353.32 398.49 0.1457 1.1041 1.2498
330 0.02477 0.001539 1.087 68.68 347.07 415.75 0.2180 1.0517 1.2697
340 0.03613 0.001561 0.7632 82.84 340.47 433.31 0.2300 1.0014 1.2914
350 0.05134 0.001584 0.5491 117.61 333.55 451.16 0.3618 0.9530 1.3148
360 0.07124 0.0015608 0.4036 142.88 326.40 469.28 0.4329 0.9066 1.3395
370 0.09677 0.001632 0.3024 168.60 319.03 487.63 0.5032 0.8623 1.3655
371.56 0.101325 0.001636 0.2895 172.66 317.86 490.52 0.5141 0.8555 1.3696
380 0.1289 0.001658 0.2305 194.70 311.52 506.22 0.5727 0.8198 1.3925
390 0.1688 0.001684 0.1783 221.17 303.83 525.00 0.6413 0.7790 1.4203
400 0.2175 0.001712 0.1398 248.01 295.95 543.96 0.7080 0.7399 1.4489
410 0.2764 0.001742 0.1109 275.25 287.81 563.06 0.7760 0.7020 1.4730
420 0.3466 0.001773 0.08887 302.96 279.33 582.29 0.8425 0.6651 1.5076
430 0.4295 0.001807 ; 0.087183 331.16 270.43 601.59 0.3085 0.6289 1.5374
440 0.5267 0.001843 - 0.05849 359.91 261.02 620.93 0.9742 0.5932 1.5674
450 0.6395 0.001883 0.04792 389.21 251.04 640.25 1.0395 0.5579 1.5974
460 0.7696 (.001926 0.03945 419.07 240.42 £59.49 1.1046 0.5227 1.6273
470 0.9187 0.001975 0.03257 449,51 229.06 678.57 1.1695 0.4873 1.6568
480 1.089 0.002031 0.02692 480.57 216.78 697.35 1.2342 0.4516 1.6858
490 1.282 0.002096 0.02222 512.43 203.21 715.64 1.2990 0.4147 1.7137
500 1.502 0.002177 0.01824 545.43 187.73 733.16 1.3647 0.3755 1.7402
510 1.751 0.002282 0.01481 580.26 169.11 749.37 1.4326 0.3316 1.7642
520 2.032 0.002434 0.01176 618.28 144.94 763.22 1.5051 0.2788 1.783%
530 2.350 0.002720 0.008817 662.90 108.73 771.63 1.5885 0.2052 1.7937
537.68 2.628 0.005061 0.005061 747.84 0.0 747.84 1.745%6 0.0 1.7456

i PROPERTIES OF GASEOUS HEPTANE

. P,MPa T,K e ™

T (TeatrK) . sat 400 440 480 520 560 600 640 630

P 0.101325 v, m3/kg 0.2895 0.3153 0.3507 0.3853 0.4195 0.4534 0.4870 0.5205 0,5538

£ (371.6) h,kJsk

I

0
, 490.52 549.1 637.13 731.41 831.87 938.29 1050.40 1167.90 1290.48
s,kJ/(%g'K)

: 2.1371 2.3342 2.5275 2.7170 2.9028
. ) 3k 0.1516 0.1533 0.1727 0.1912 0.2093 0.2270 0.2445 0.2618 0.2790
o (39%.%? K:Ed/kg 537.54 544,78 633.72 728.68 829.63 936.41 1048.80 1166.53 1289.29
- s kJz(kg+K) . 1.4392 1.4573 1.6691 1.8756 2.0775 2.2753 2.4691 2.6530 2.8450
i 3 ' ) .09138 0.1013 ©.1107 0.1200 0.1290 0.1379
o (42222? K'?Jﬁﬁg ' 0383?5% 0623?32 0722.83 824.91 932.51 1045.51 1163.71 1286.85
. s:kJ/(%g°K) 1.5273 1.5992 1.8093 2.0135 2.2128 2.4076 2.5983 2.7849

i ) 3, . 04361 0.04820 0.05477 0.06081 0.06654 0.07204 0.07740

% (452.334;:EJ/§9 0649.55 713.04 217.30 926.35 1040.39 1159.37 1283.12

i s,kJ/(39~K) 1.6119 1.7477 1.9563 2.1583 2.3549 2.5468 2.7344

5 » X 3, ). 02965 0.03044 0.03597 0.04074 0.04512 0.04924 0.05319

: (474392 KZ?J/ﬁg 0687.89 701.37 808.85 919.75 1035.02 1154.89 1279.30
i s,kdl(gg‘K) 1.6712 1.6994 1.9145 2.1193 2.3187 2.5120 2.7006

) 3 .01208 0.01227 0.01681 0.01992 0.02255 0.02493

(518?9? ;I?Jfﬁg 0751.39 , 765.80 892.97 1014.87 1138.72 1265.86

s kJs(kg*K) 1.7820 1.7896 2.0253 2.2356 2.4354 2.6281

,m3 0.00340 6.00675 0.00908 0.01082

4.0 ;'QJ;EQ 774.78 956.10 1099.31 1235.68

sIkJ/(ﬂg-K) 1.7846 2.0980 2.3292 2.5359

3 0.06245 6.00316 0.00421 0.00529

7.O~K’EJ;EQ 737.76 888.80 1041.80 1190.19

sIkJ/(§g~x) , 1.7040 1.9643 2.2112 2.4362

,m3 0.00226 0.00261 0.00313 0.00374

10. K'?Jf&g : 729.89 868.71 1014.34 1161.60

s:kJ/(ag~K) . : 1.6773 1.9167 2.1516 2.3748

3 0.00202 0.00216 0.00234 6.00254

20. K’?Jf&g : 725.59 854.88 989.563 1129.26

s:kaxtﬁgox) 1.6318 1.8548 2.0722 2.2837
Copyright Department of Mechanical Engineering, Stanford University
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PROPERTIES OF SATURATED HEXANE

T P
K MPa
250 0.001520
260 0.002891
270 0.005159
280 0.008728
290 0.01411
300 0.02192
310 0.03289
320 0.0478%
330 0.06787
340 0.09392
342.44 0.101325
350 0.1273
360 0.1692
370 0.2213
380 0.2850
390 0.3619
400 0.4540
410 0.5630
420 0.6309
430 0.8400
440 1.013
450 1.211
460 1.439
470 1.700
480 1.995
490 2.326
500 2.690
506.13 2.927

PROPERTIES OF GASEOUS

P,MPa
(TeatrK

(304 3)
0.70
(420.7)
1.0
(439.3)

2.0 v
(480.2)

4.0 v
7.0 v

10.

Copyright Department of
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)

m3/kg
h . kJskg
s, kJ/(kg'K)

v,m3skg
h,kJ’kg
s,kdJds7 (kg *K)

m3/kg
h kdskg
s, kJ/(kg'K)

v,m3skg
h kJskg
s kJ/(kg'K)

m3skg
h kJ/ka
s,kJdz7 (kg K}

,m3skg
h kJ/k
s kJ/(kg*K)

m3/kg
h kJ/kz
s, kJ7 (kg *K)

v,m3/kg
h,kJzkg
s kJ/(kg'K)

v,m3/kg
h kJskg
s kJ/(kg-K)

volume, m3/kg

V¥ Vg
0.001407 15.83
0.001428 8.646
0.001450 5.0280
0.001473 3.068
0.001496 1.959
0.001520 1.298
0.001545 0.8382
0.00157% 0.6251
0.001587 0.4509
0.001625 0.3322
0.001632 0.309
0.001653 0.249
0.001633 0.190
0.001744 0.147
0.001746 0.115
0.001781 0.0913
0.001817 0.0729
0.001857 0.0588
0.001900 0.0476
0.001948 0.0388
0.002G604 0.0317
0.002070 0.0259
0.002152 0.0211
0.002261 0.0171
0.002418 0.0137
0.002684 0.0308
0.003311 0.00796
0.005218 0.00521
HEXANE
sat 400

.3093 0.3701 0,

0
?55.25 671.13 7

L7327 2.0450 2.

.1622 0.13818

0 0.
?96.04 666.98 Z

.7865 1.9717

QoW WOOUIW WNINW WNWH W

— O~ S

— OV B N

0.08277 0.08468 0.09733
645.18 657.78 749 40

1.8559 1.8876 2.1058
0.04703 0.05128
690.93 : 738.03
1.9227 2.0322
©0.03217 0.03230
722.62 724.40
1.9694 1.9734
0.01374
783.18
2.0556

NN SWw \QU‘INOO'

enthalp
hy h

.0 408.
1 395.
& 385.
.20 376.
0
3

T
480

0.4505
853,87
2.4606

0.2249
851.38
2.3912

0.03894
828.45
2.1997

367.

360.
.40 352.
.05 345,
.78 338,
.62 331,

.46 329,
.65 324.
.95 317,
.61 310.
.75 302.

Y kJ/kg
fg h

»K
520

0.4900
954.60
2.6621

0.2456

0.01880
907.21
2.3040

0.00347
768.76
2.0011

.9093

0.00229
720.54
1.8787

29 408.
66 422.

.96 782.

71 792,
.16 - 795.
.0 772.

-]

IPRYRPSYN
—_—dUT OHNOUT W—OOW N—e~O]

Dbt
OO ORI V0L O
P —e -

560

0.5291
1061.32
2.8597

0.2659
1859.67
2.7919

0.1308
1056. 26
2.7205

0.07281
1050.98
2.6594

0.00336
883,40
2.1945

0.00271%
858.94
2.1350

Mechanical Engineering, Stanford University

—~000D OOQO0 0000
labatabadad

—h b b
v s e e e

— ot e ok
« v

entropy, kJs/(kg+K)

S¥ Sfqg
0 1.6331 1
1071 1.5218 1
2033 1.4267 1
2921 1.3433 1
3759 1.2685 1
4561 1.2005 1
5335 1.1378 1
6086 1.0787 1
6815 1.0256 1
7525 0.9750 1
7696 0.9631 1
8220 0.9272 1
8903 0.8817 1
9576 0.8381 1
0243 0.7958 1
0907 0.7542
1569 0.7133
2230 0.6726
2889 0.6321
3547 0.5316
4204 0.5506 1.
4865 0.5084 1.
5533 0.4637 2.
16239 0.4142 2.
16992 0.3561 2.
.7838 0.2831 2.
18850 0.1764 2.
0160 0.0 2.
600 640
0.5680 0.6067
1173.79 1291.71
3.0537 3.2439
0.2860 0.3059
1172.41 1290.54
2.9863 3.1769
0.1412 0.1515
1169.57 1288.15
2.9159 3.1072
0.07917 0.08535
1165.22 1284.50
"2.8564 3.0488
0.05433 0.05887
1160.75 1280.78
2.8163 3.0099
0.02528 0.02796
1144.83 1267.83
2.728% 2.9273
0.01061 0.01251
1107.08 1239.23
2.6117 2.8249
0.00476 0.00615
1043.14 119295
2.4701 2.7119
0.00336 0.00416
1007.27 1157.55
2.3967 2.6332
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PROPERTIES OF SATURATED

HYDROGEN (PARA)

T P volume, m3/kg enthalpy, kJskg
13.80 0.007042 0.012983 7.952 0.0 447.2 447.2
14 0.007896 0.013011 7.185 1.2 447.9 449 1
15 0.01343 0.013158 4.491 7.4 450.6 458%.0
16 0.02153 0.013314 2.960 14.4 452.2 466.6
: 17 0.03284 0.013481 2.038 21.9 452.7 474.6
i 18 8.04807 0.013660 1.454 30.1 452.0 482.1
; 19 0.06796 0.013854 1.068 38.9 450.0 4388.9
20 0.09326 0.014065 0.8045 48.3 446.8 495.1
L 20.28 0.101325 0.014127 0.7466 51.0 445.6 496.6
§ ; 21 0.1247 0.014296 0.6185 58.4 442.0 500.4
? i 22 0.1632 0.014550 0.4837 69.2 435.7 504.9
o 23 0.2094 0.014831 0.3837 80.8 427.5 508.3
o 24 0.2642 0.015147 0.3081 93.3 417.4 510.7
; 25 0.3284 0.015503 0.2496 106.7 405.1 511.8
; 26 0.4029 0.015911% 0.2038 121.2 380.2 511.4
27 0.4885 0.016386 0.1672 137.0 372.3 509.3
. 28 0.5861 0.016951 0.1374 154.4 350.7 505.1
: 29 0.6967 0.017644 0.1129 173.7 324.4 498 .1
: 30 0.8214 0.018532 0.09207 185.8 291.6 487.4
: 31 0.9615 0.019760 0.07387 222.2 248.6 470.8
} 32.94 1.284 0.031888 0.03189 - 346.5 0.0 346.5 1
PROPERTIES OF GASEOQOUS HYDROGEN (PARA)
4 P,MPa T,K
2 (Tgat K sat 100 300 400 600
P
Li' 0.101325 v,m3/kg 0.7466 4.070 8.147 12.22 16.29  24.43
v (20.28) h,kJdskg 496.6 1399.8 2971.3 4509.6 5976.6 8880.9
‘7f s, kJs (kg *K) 24.885 42.689 53.475 59.729 63.952 69,840
' 0.20 v,m3/kg 0.4006 2.061 4.130 6.194 8.257 12.38
(22.813 h,kJskg 507.7 1398.3 2971.3 4510.1 5977.3 8881.7
s,kJs7 (kg *K) 22.936 39.869 50.667 56.924 61.147 67.035
L - 0.50 v, ,m3/kg 0.1631 0.824% 1.656 2.482 3.307 4.957
SR (27.12) h,kJdskg 508.9 1393.6 2971.5 4511.6 5979.4 8884.2
P - s,kJdz7(kg*K} 19.986 36.046 46.880 ©53.143 57.367 63.257
1.0 v,m3/kg 0.06946 0.4119 0.8308 1.245 1.658  2.483
€(31.26) h,kJskg 465.1 1386.0 2971.7 4514.1 5982.8 83838.4
s,kJz (kg *K) 16.664 33.114 44,008 50.280 54.507 60.398
2.0 v,m3/kg ,0.2059 0.4184 0.6261 0.8328 1.245
h,kJzkg 1371.4 2972.3 4519.1 5989.7 8896.7
s,kJ7(kg *K) 30.114 41.122 47.413 51.645 57.539
4.0 v,m3/kg 0.1034 0.2123 0.3168 0.4204 0.62638
h,kdskg 1345.2 2 .1 4529.3 6003.5 8913.3
s,kJ7 (kg *K) 26.993 3 13 44.538 48.781 54.681
7.0 v,m3/kg 0.06019 0 0 0.1843 0.2436 0.3616
h,kJskg 1313.9 2 .3 4544.9 6024.2 8933.1
s,kJs (kg *K) 24.349 35.834 42.207 46.465 52.374
10. v,m3/kg 0.04345 0.08877 0.1312 0.1729 0.2556
h,kJ/kﬁ 1292.9 2984.2 4561.0 6045.1 8962.9
s,kJz (kg *K) 22.615 34.299 40.715 44.987 50.904
20. v,m3/kg 0.02528 0.04795 0.06945 0.09043 0.1318
h,kJ/ka 1281.7 3015.9 4617.9 6115.4 9045.0
s,kJs(kg *K) 19.291 31.274 37.794 42.105 48.047
50. v,m3/kg 0.01551 0.02401 0.03257 0.04097 0.05751
h.kJ/k% 1456.2 3185.6 4316.6 6336.4 9290.7
s, kJs(kg *K) 15.362 27.268 33.906 38.282 44.275
100. v,m3/kg -0.01192 0.01608 0.082031 0.02448 0.03272
Lkdzkg 1850.1 3553.2 5192.3 6725.3 9700.6
s,kJs(kg *K) 12.618 24.314 30.983 35.397 41.433
Copyright Department of Mechanical Engineering, Stanford University
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entropy, kJs(kg*K)

s

f Stg
0 32.408 32
082 31.994 32
508 30.042 30
850 28.264 29
400 26.628 2
856 25.110 2
316 23.686 2
781 22.337 2
910 21.975 2
251 21.047 2
728 19.801 2
214 18.586 2
709 17.391 2
216 16.202 2
740 15.006 2
284 13.787 2
855 12.525 1
467 11.186 1
140 2:719 1
916 8§.020 1
536 0.0 1
800 1200
32.57 48.385
11806.0 17833.5
74.046 80.146
16.51 24.75
11806.9 17834.3
71.242 77.342
6.607 9.906
11809.5 17836.9
67.463 73.563
3.307 4.957
11813.8 17841.3
64.605 70.705
1.658 2.482
11822.6 17850.1
61.747 67.847
0.8329 1.245
11840.0 17867.6
58.890 64.990
0.4793 0.7146
11866.0 17893.8
56.584 62.685
6.3379 0.5025
118%2.0 17920.0
55.116 61.217
0.1729 0.2551
11978.2 18007.0
52.265 58.367
0.07391 0.1066
12233.9 18265.8
48.508 54.5614
0.04036 0.05708
12655.0 18692.0
45.682 51,794
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FPROPERTIES OF SATURATED ISOBUTANE

T P

K MPa’
200 0.003750
210 0.067527
220 0.61400
230 0.082442
240 0.04034
250 0.06360
260 0.09632
261.28 0.101325
270 0.1409
280 0.1999
290 0.2762
300 . D.3727
310 "~ 0.4927
320 B.6395
330 0.8166
340 1.027
350 1.276
360 1.566
370 1.901
380 2,284
390 2.718
400 3.204
409.07 3.685

PROPERTIES OF GASEOUS

P,MPa
(Tsa{rx)

0.101325 v,m3/kg
(261.3) h,kJskg

s,kJ7(kg *K)

0.20 v,m3/kg
(280.0) h,kJskg
' s,kJs(kg+K)

0.40 v ,m3/kg .
(302.5) h,kJdskg
s,kJ7 (kg *K)

0.70 v,m3/kg .
(323.6) h,kJskg
s,kJ7(kg*K)

1.0 v,m3/kg
(338.8) h,kJdskg
s.kJ7 (kg *K)

2.0 v,m3/kg
(372.7) h,.kJskg
s, kJs kg +K)

4.0 v,m3/kg
h,kJ/ka
s, kJ7 (kg *K)

7.8 v,m3/kg
h,kJ/kg
s,kJ7 (kg *K)

10. v,m3skg
h,kdskg
s, kJd/ (kg *X)

20. v,m3/kg
h,kJd7kg
s,kJ7kg *K)

Copyright Department of Mechanical Engineering, Stanford University
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volume, m3/kg

,’féfjéﬁthalpy, kJdskg

entropy, kJs(kg-*K)

vE VYgr';' hs hig hg. s Stg Ss
0.001524 7.603 0.0 421.70 421.70 0.0 - 2.1685 2.1085
0.001548 37968 ©  22.40 411.50 433.90 ©0.1093 1.9595 2.0688
0.001571 2.227 44.26 402.11 446.37 0.2109 1.8278 2.0387
0.001595 1.328 £5.88 393.20 459.08 £.3069 1.7096 2.0165
0.001622  0.8337  87.47 - 384.55 472.02° 0.3987 1.6023 2.0010
0.001648 . 0.5463 - 109.18 375.98 485.16  0.4872 1.5039 1.9911
B.001677 0.3713  131.14 367.33 498.47 0.5731 1.4128 1.9859
0.001681 0.3542  133.99 366.20 500.19  0.5840 1.4015 1.9855
0,.001707 0.2604 153.44 358.46 511.90 0.6570 1.3276 1.9846
0.001739 0.1875° 176.17 349.27 525.44 0.7393 1.2474 1.9867
0.001774 0.1381  199.41 339.61 539.02 0.8203 1.1711 1.9914
0.001813  -0,1037 . 223.26 329.35 552.61 0.9006 1.0979 1.9985
0.901855, 0.07916" 247,81 318.33 566.14 ©.9804 1.0269 2.0073
0.001904 0.06125 273.18 306.37 - 579.55 1.0600 0.9575 2.0175
0.001959° 0.04792 = 299.47 293.27 592.74 1.1399 0.8887 2.0286
0.002025 0.03781 326.87 278.72 605.59 1.2204 0.8198 2.0402
0.002103  0.83002 355.58 262,36 517.94 1.3022 0.7496 2.05138
0.002202- 0.02398 335.97 243.59 529.56 1.3860 0.6766 2.0626
0.082330 - 0.01902 418.58 221.5% $40.09 1.4732 0.5987 2.0719
0.002508 ©0.01504 454.31 194.63 648.94 -1.5660 0.5122 2.0782
0.002780 0.01171 494.74 160.22 654.96 1.6681 0.4108 2.0789
0.003289 0.008751 543.73 111.3%9 655.12 1.7883 0.2785 2.0668
0.005141 0.005141  623.01 0.0 623.01 1.9793 0.0 $.9793
ISOBUTANE '
sat 300 340 - 380 4290 460 - 5090 540 530
0.3542 0,4129 0.4720 0.5303 0.5830 0.6454 0.7026 0.7597 0.8166
500.19 562,86 634.57 713.55 .799.68 892.71 992.32 1098.16 1209.89
1.9855 2.2089 2.4331 2.6525 2.8679 3.0793 3.2869 3.4905 3.6900
0.1874 ©0.2036 0.2350 0.2655 0.2954 0.3249 0.3543 0.3835 0.4125
525.46 559.30 631.95 711.52 798.05 891.37 991,19 1097.20 1209.06
1.9867 2.1034 2.3305 2.5516 2.7679 2.9800 3.1880 3.3919 3.5917
0.69689 0.1132 0.1294 0.1451 0.1604 0.1754 0.1903 0,2051
555,95 626.38 707.28 794.69 888.562 988.39 1095.24 1207.37
2.0005 2.2198 2.4446 2.6632 2.8767 3.0856 3.2902 3.4904
8.05597 0.06060 0.07098 0.08060 0.08981 D.09876 0.1075 0.1162
584.36 617.21 700.55 789.45 884.38 985,38 1092.27 1204.81
2.6214 2.1204 2.3520 2.5743 2.7901 3.0006 3.2062 3.4072
0.03890 0.03918 0.04745 §.05475 0.06156 0.06808 0.07441 0.08062
604.05 606.65 693.28 783.95 880.01 981.78 1089.24 1202.22
2.0388 2.0464 2.2872 2,.5140 2.7324 2.9444 3.1511 3.3529
0.01786 0.01907 0.02428 0.02848 0.03225 0.03578 0.03915
642.70 662.11 763,09 864.25 969.18 1078.83 1193, 41
2.0748 2.1256 2.3784 2.6084 2.8270 3.0379 3.2426
' 0.00709 D.01160 0.01426 0.01648 0.01848
684,71 824.61 940.64 1056.42 1175.03
12,1237 2.4432 2.6851 2.9078 3.1197
0.00283 0.00456 0.00671 0.00839 0.00930
, §75.94 742.33 890.12 1020.08 1146.62
. 1.8389 2.2171 2.5256 2.7758 3.0019
‘ " © 0.00251 0.00326 §.00436 0.00553 0.00659
. 560,78 702.81 848.49 986.96 1120.35
1.7839 2.1067 * 2.4105 2.6770 2.9153
-0.00215 0.00242 0.00277 0.00318 0.00362
548.46 670.39 .799.93 933.75 1069, 65
1.7600 1.9772 2.2471 2.5045 2.7473
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PROPERTIES OF SATURATED ISOPENTANE

T P volume, m3skg enthalpy, kJskg entropy, kJs/(kg+K)
K MPa v § Yg hf hfg hQ S¥ Stg Sqg
200  0.0003494 0.001393 65.95 0.0 410.41 410.41 0.0 2.0521 2.05
210 0.0008130 0.001419 29.74  16.05 406.32 422.37 0.0783 1.9348 2.01
220 0.001738 0.001440 14.56  33.60 401.18 434.7% 0.1599 1.8235 1.98
230 0.003447 0.001462 7.662  52.36 395.26 447.62 0.2432 1.7186 1.96
240 0.006404 0.001484 4.294  72.06 388.81 460.87 0.3271 1.6200 1.94
250 0.01123 0.001507 2.543  92.52 381.98 474.50 0.4105 1.5280 1.93
260 0.01873 06.001530 1.579  113.57 374.91 488.48 0.4931 1.4413 1.93
270 0.02986 0.001554 1.023  135.15 367.64 502.79 0.5744 1.3617 1.93
280 0.04580 0.001578  0.6863 157.16 360.24 517.40 0.6544 1.2865 1.94
290 0.06788 0.001604  0.4761 179.60 352.67 532.27 0.7330 1.2161 1.94
300 0.09759 0.001630  0.3392  202.46 344.91 547.37 0.8103 1.1497 1.96
301.08 0.101325 0.001633  0.3275 204.96 344.06 549.02 0.38186 1.1428 1.96
310 0.1366 0.001657 - 0.2475 225.75 336.93 562.68 0.8865 1.0868 1.97
320 0.1866 - 0.001686° - 0.1844 249.50 328.66 578.16 0.9616 1.0271 1.98
330 0.2497 0.001716. 0.1399 273.74 320.05 593.79 1.0359 0.9698 2.08
340 0.3277 0.001747  ©0.1078 298.52 311.060 609.52 1.1094 0.9147 2.02
350 0.4229 0.001781 0.08423  323.86 301.46 625.32 1.1824 0.8613 2.04
360 0.5374 0.001818 0.06658 349.80 291.35 641.15 1.2549 0.8093 2.06
370 0.6736 0.001858 ©0.05314 376.39 280.55 656.94 1.3270 0.7583 2.08
380 0.8340 0.001903 0.04275 403.66 268.97 672.63 1.3990 0.7078 2.10
390 1.021 0.001953  0.03453 431.69 256.45 688.14 1.4708 0.6576 2.12
» 400 1.238 0.002010 0.02810. 460.61 242.71 703.32 1.5430 0.6067 2.14
' 410 1.487 0.002078 0.02286 490.61 227.40 718.01 1.6158 0.5546 2.17
: 420 1.773 ©0.002162 0.01856  522.02 209.90 731.92 1.6900 0.4997 2.18
‘ 430 2.098 0.002270 0.01495  555.41 189.15 744.56 1.7669 0.4398 2.20
3 440 2.468 0.002423 ©0.01185 591.83 163.17 755.00 1.8486 0.3708 2.21
e 450 2.887 0.002676 0.009026 633.77 127.11 760.88 1.9404 0.2825 2.22
T 460.98 3.409 0.004622 0.004622 728.67 0.0 728.67 2.1444 0.0 2.14
?‘; PROPERTIES orréAstous 1SOPENTANE
s P,MPa o T.K
. (Teat,K) sat 300 380 420 460 500 540 580
L 0.050 v,m3/kg 0.6331 0.6767 0.7728 0.8676 0.9616 1.055 1.148 1.241 1.334
i (282.2) h,kd/kg' ' 520.58 549.88 620.72 698.67 783.61 875.33 973.61 1078.20 1188.83
o s,kJs7(kg K)  1.9424 .2.0431 2.2645 2.4811 2.6935 2.9020 3.1067 3.3079 3.5055
i 0.101325 v,m3/kg ~ 0.3275 0.3757 0.4238 0.4711 0.5179 0.5643 0.6105 0.6566
G (301.1) h,kJdskg 543,02 618.78 697.21 782.47 874.41 972.86 1077.57 1188,29
L s,kdz(kg+K)  1.9614 2.1791 2.3970 2.6101 2.8191 3.0243 3.2257 3.4234
s 0.20 v,m3/kg 0.1727 0.1846 0.2104 0.2353 0.2597 0.2837 0.3075 0,3311
£ (322.3) h,kJ/kE 581.77 614.89 694.33 780.23 872.63 971.40 1076.35 1187.25
[ s,kJs(kg+K)  1.9925 ©2.0925 2.3132 2.5280 2.7381 2.9439 3,1457 3.3433
3 0.50 v,m3skg 8.07149 0.07852 0.08983 0.1005 0.1107 0.1207 0.1305
* (356.9) h,kJ/kg 636.28 684.88 773.11 867.02 966.84 1072.56 1184.05
Iy s,kds(kg*K)  2.0578 2.1897 2.4104 2.6238 2.8318 3.0352 3.2343
e 1.0 v,m3sk 0.03537 0.04034 0.04722 0.05296 0.05839 0.06363
& (388.9) h,kaxkﬁ 686,51 759.73 856.92 958.34 1066.01 1178.57
s,kdstkg+K)  2.1261 2.3072 2.5282 2.7406 2.9467 3.1477
2.0 v,m3/kg 0.01593 0.02006 0.02336 0.02715 0.03016
(427.1) h,kd/ka 741,08 832.42 940,82 1051.84 1166.97
s, kdsCtkg*K)  2.2022 2.4083 2.6342 2.8478 3.0534
5.0 v,m3/kg 0.00526 0.00813 0.01006
h.kdlka 847.92 996.83 1126.56
s,kJ/(kg *K) 2.3764 2.6634 2.3952
10. v,m3/kg 0.00265 0,00339 0.00428
h.kJ/ka : 771.7%  917.46 1061.98
$,kJ7 (kg *K) 2.1909 2.4713 2.7295
20. v,m3skg 0.00221 0.00245 0.00274
h.kdlkz 754.34 833.40 1018.40
s,kJ7 (kg *K) 2.1087 2.3569 2.5980

Copyright Department of Mechanical Engineering, Stanford University
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entropy, kJs/(kg*K)

he

hfg

enthalpy, kdskg

volume, m3/kg
v hs

PROPERTIES OF SATURATED LITHIUM
MPa

NTe= TOO0 W0 DO
© L4 e +C (M 80 D <60 00 I~ - e B R U L.
o MY MO LN O =N AN NOO T MO
o N TN N MO O OMOM O=MNN oMn N WD + MID . S ¢ INT ¢+ NO o o T e Y~ o .
WINONT O ~ownM T~ Me e NTO ™ r- o NI e toin NIT —O% OWOM M= ND™
MMM NN W N QSN MO0 TNO o ~— A e g~ -~ - - [ Lol oN—
.................... « s 0. o~ o~ o~ o~ o~ o~ o~ o~
OOV LT OINNN 1 Lol ol odi b bl
——r—e Y=ty PRI St at e Al ekt 0~ MTN TN WOMIN NOLWD WOITL 0OV DoLD
o o e D 00 N M O O D N © N o e
. o eI~ DoV oD~ el DD 0T NOO —r~m
oMo WD oTN BOINTS0 MO ADMNOD — I~ . N M + TO ¢+ N o O e cv= s e
OOINMIn ONNOW MOWVOW THNOOS Oy N NENRT O T NV —\OM DN MNe NO ™
C~r—DOV TN OO OO WM e - o - o — (32X od N M~ N o
................ . s - .« v ® o~ o~ o~ o~ o~ o~ o~ o~
OV T WM N0 oY OV
« . 21D 10 N T O O ™M N w .M 0w O
5 . s o ‘oonn oo Dl D vem ) TN OVOW
NN oI DOMoI P 10 S IO+ wev= o IS e N » =0 . N e o .
I e OOYNLOT oYM T OOV O M ~ovn N NN —OVO TSt N —={) WO ONOOe
OGmMmT OO —NMITLWD OO~ MITW - P o e - ) — N ——
..... . . s e 0 e L L3 . ] o~ o~ o~ o~ o
OO0 OOy Tvree —rere NN DNOIKN s R
4 NS =T =OMS
LI O O D N Tl
oM N oM b
. . —eh « D0 o ) . o+
~OVO NS OOV T esriDD oOr 0 Aok K o O =M Do o
..... . . T I .. * . . 4 & i Lol o~N— ——— 0
COMNOYT OV OMD NDOT0O VOTOM o OV o~ o~ o~ [
MO0 O M OO oI O o T i . @
60 00 0D 00 OV OO YOO~ NANM T O gD o >
oMo OO0 OO rmveem e e rees o ‘e e OV v v oD ™~ M -
NNV NCYONONSS CICNEN NN NN TN <y, WO oYM DN B O =
. 00 Viwme—s o CION ¢+ YLD . oM . D . =1
NONOONT  WOIN0OO ouyeor-om OMNOT o — NP Y TOND ~NINYg hood
R . . . . . . . K MR . 154 My N L N~ N - o
OoOV~O— WGy T i TN QOTO - o~ o~ o~ o~ () [N
SINST VDM FNMOW M= e ooy - e °
00 WOLM — AT AOT N (h0O ~IT O ~uneM MDD OO D0 oML b
o0 OO OO0 000000 00T~ P~ o e 4 s O v WD D =
NV N ————re—- e e O OO O« + 00 00 »1OD 5]
» ~ O+ OM .« O . 0N o -+
ONONM M-I DM INOOIT fand s 23 — NS 0D T —oM 172
. = . « o o & @ P I e s N s @ s 2 & . N N o O — -y
SO M OO Memed™M e LMD O M N o~ ~ o~ -
— TN TN WINI DY O Me CvON U o
—eNID eV G0N TN ~— oT WO Wein | =
—r—r— e NN NNNMM T [} » +00 v 20 PN OV U
GOt~ peeoD 0 [
) O eped b ™ s DT e o
, - e—imp. N T @
MTmonww tnowsin o) T IVOHOWD O N N - [=3
..... WOOTM NOMMD TROT U N ~N N o~ ot
T Te=N e s o+ . OV NOOODODM T O - : S o>
NN hoToT WVOT— s .. ’ o o e Moty Mo c
OT N DOTON ———e00 SINTTM NN @ s 00 13 .M [F¥]
o oY 0T
N -~ . mnuy . -
- ey OD - i d
[ L Lok ad [4)
VO NT~ CMOOT OTT oMo YTM C e ) c
OO~ M ~OoNWCS, D ONT~ QNNINOO Moo = MUON MMM 0—ID - (N PO N MM o
NI M MmoTTYe Tnnnn OOWOOrS NS = - v oek= WD O WO O T T e N M D T D IS L
NI G NI (NI IO NOINING NN — © e 000 O 00 D WL RO WOT OO 7}
oo ODOOO ODOoo oo 000 x @ T s MO o N o DT N v o~ . T s e G @
0O GDOOO OODOoOo oDooo 000 [ —-a NOT MM Ot Ot TMe— NN~ N &=
. » . . . . . . s s 0 * [ ] o L) - o o) e— —— L aad ond Ll o -
oOCOoODOO [ =Y o Yo Y o e ] OOl LOOOD [—-2—-1—4 - | o™~ ™~ o ™~ o~ ™~ o~ o~ 801
0 )
[ 372X 1t X o o000 T COINMONN YCIT O DON - ~ - "~ ~ ~ ~ ”~ ~ ~ L
Nl VMM T DI T RIN TN 00 © . b4 h74 4 b¥4 74 b4 » b4 =4
oMt SO0 — PN W= OTO W , . . . . L3 . - . Q
NN W= T NMLDO CremememN NOIAT 0 o v L. DYl B | o o™ o o™ o e
coono oo ©9 - i ¢ el < i | g [~ Y - oma i ;o D Lol
OO0 ¢+ o+ s v ¢ OO o000 OO0 © M | N km( v R e kﬂ( Aﬂ( ﬂk( [
L e e O DOODOO © - . NSNN NSNS ONANN SNN O SNENN NSNS N NN o
o000 o o aSS 883 nem a2 0273 2797 e S B M i o
o BExx Exx g Exx Bxx Exy Bxx EMXX @
. un e ‘s & - o & . & » - & - o » . & » - - = ~
“, w ~ »oW  >L0 sc® >0 >L0 s >0 >LW0 -»
+ L - F- 2 - 1o cay <~ W~ O~ [ 2o ¥ [~ Tt (T8 L
coo0O DOOBO YLD coona o0 [ 0B o o o ™ e w . o o~ < . r~ K o
OCTOND OTOND OwTON WVOTON DOT o O+ OO0 om om M -3 Y o~ - —
NN ™ T TN OA\OADOS 00000 oo tak n s 34 L= - - o~ o ow < [R
—————— - e - e 030N 0. - N oM o ot oW ™~ o0 [, o S
o a. b~ - L Ll Lok ad L d [ oud L o~ o
(-4 -~ -~ - ~ o - -~ -~ ~r o
& c 3 2

B NIRRT St o S




B ‘s
ooom,_.hp 91 Gl SO__ /e ] § cl L o 6
VA VIR AV S AR AV Vi
A7 \\ yaw: \\ ,N»/\v\\ Vi wﬁ/ m“xww \ \\
A U717 Tl ¥ / /s .\,b%. /| 1 /
yAV. SN/ R Ay e A i,
00061 a7 iy, S VAW RV AW v Y Vi avi
- ’ “\ ) 4 . / \\\/ Y -, / //\‘ ,\P.*\\:\
A 17 |.|.\\\ .l”.\l.lr:il Nl Vi \\~\ ANQ.Q \ \P\n\.\;\\..\
AV AV:AV.ENAR AV 2888y, NV /i
AR A, SV A CI VA T AW A
00002 A ALY LA S A LA avi
p v O VAV AW A
174N /AW AW ARV, &V TH LN Y )
7 S Am v VAU A A Wi
yay/avuavanvBee e e d A AL /LY
00012 \\ \\/H\ \\M\\\ g \\\\\\‘\\\lwmm\a\ \\ \\\\ »\0 \ﬁu/ \ \“N, ll\r .N
i 24 B AR AR ATl Al S <AV A A
B/ ‘U B i e W o o i e
QO 00\\800\“0\00(%»\ 2 \\ /Wa\ﬂu\IO..VQ.Mll\OI \\ \NNWI\: —— /
SR ) A | N T L \\c S LAV N L
o0z AT 27 o] 2 L A S )
1L Y Y oo / L] A BTV A A
I AT A sV s g LA LAY A AT
/AT A O el | SOV 4 LA LA LA AL
i e B L W S 2 N B
oss L A 2 s A AT T AT
7 LT LA LA ST s A
AT A S TS T |
i m\\\‘%ﬂnm\ 5] A5 W.oﬂoﬂ}\\ ~
S ST S T T A TIHAT L o | WNIHLI
00042 —r /] T VT 0%y . 40 S31LHId0Hd OINVNAQOWHIHL
Ajsiealun piojuels ‘Buussuibug eojueyosyy jo juswuedsg ®

47



PROPERTIES OF SATURATED MERCURY

T P volume, m3/kg enthalpy, kJdskg entropy, kJs(kg-+K)
! K MPa v§ Yg h+ htg hg S§ St¥g Sg
|
l 400 0.0001397 0.0000752 118.7 0.0 301.91 301.91 0.0 0.7548 0.7548
E 425 0.0004G71 0.0000756 43.27 3.43 301.07 304.50 0.0083 0.7084 0.7167
x 450 0.00105% 0.0000759 17.75 6.79 300.30 307.09 0.0160 0.6673 0.6833
: 475 0.002450 0.0000762 8.033 10.08 299.60 309.68 0.0231 0.6308 0.6539
i 500 0.005241 0.0000766 3.953 13.34 298.92 312.26 0.0298 0.5978 0.6276
: 525 0.01041 0.0000769 2.089 16.56 298.28 314.84 0.0361 0.5681 0.6042
550 0.01941 0.0000773 1.174 19.77 297.64 317.41 0.0421 0.5411 0.5832
575 0.03424 0.0000777 0.6852 22.97 297.01 319.98 0.0478 0.5165 0.5643
600 0.05757 0.0000780 0.4312 26.19 296.34 322.53 0.0532 0.4939 0.5471
625 0.09278 0.0000784 0.27385 29.42 295.64 325.06 0.0585 0.4730 0.5315
! 629.85 0.101325 0.0000785 0.2569 30.06 295.49 325.55 0.0595 0.4692 0.5287
650 0.1440 0.0000788 0.1864 32.69 294.88 327.57 0.0636 0.4537 0.5173
i 675 0.2163 0.0000792 0.1287 36.01 294.05 330.06 0.0686 0.4357 0.5043
i 700 0.3154 0.0000796 0.09139 39.38 293.14 332.52 0.0735 0.4188 0.4923
725 0.4479 0.0000800 0.06653 42.81 292.13 334.94 0.0783 0.4029 0.4812
750 0.6212 0.0000804 0.04952 46.30 291.02 337.32 0.0830 0.3881 0.4711
! 775 0.8431 0.0000808 0.03760 49,88 289.78 339.66 0.0877 0.373% 0.4616
300 1.122 ©0.0000812 0.02907 53.52 288.42 341.984 6.0923 0.3605 0.4528
825 1.468 ©0.0000816 0.02284 §7.25 286.93 344.18 0.0968 0.3478 0.4446
859 1.890 0.0000821 0.01822 61.06 285.30 346.36 0.1014 0.3356 0.4370
875 2.397 0.0000825 0.01472 64.95 283.52 348.47 0.1058 0.3240 0.4298
900 2.999 0.0000830 0.01205 68.92 281.61 350.53 0.1102 0.3129 0.4231
925 3.708 0.0000834 0.009967 72.97 279.55 352.52 0.1146 0.3022 0.4168
950 4.532 0.0000833 0.008330 77.10 277.34 354.44 0.1189 0.2920 §.4109
975 5.481 0.0000843 0.007029 81.31 274.98 356.29 0.1232 0.2821 0.4053
1000 6.565 0.0000848 0.0059382 85.59 272.48 358.07 0.1275 0.2725 0.4000
1025 7.7%4 0.0000853 0.005131 89.94 269.84 359.78 0.1317 0.2632 0.3949
1050 9.177 0.0000858 0.004434 94.35 267.06 361.4) 0.1358 0.2543 0.3901%
1075 10.72 0.0000863 0.003359 83 264.14 362.97 6.1399 0.2457 0.3856
1100 12.44 0.0000863 0.003379 103.36 261.10 364.46 0.1439 0.2374 0.3813
1125 14.33 0.0000873 0.002876 107.95 257.93 365.88 0.1479 0.2293 0.3772
; PROPERTIES OF GASEQUS MERCURY
‘ P.MPa T.K
i (Tsat:K) ] sat 900 1000 1100 1200 1300 1400 1500 1600
‘ f 0.20 v,m3/kg £ 0.1382 0.1861 0.2069 0.2277 0.2484 0.2692 0.2899 0.3107 0.3314
i (670.0) h,kJskg 329.57 -353.51 363.91 374.29 384.68 395.05 405.43 415.80 426.17
s s,kJ7(kg *K) 0.5068 0.5375 0.5434 ©0.5583 0.5674 0.5757 0.5834 0.5905 0.5972
i 0.50 v,m3/kg 0.06024 0.07422 0.08258 0.09091 0.09924 0.1076 0.1159 10,1242 0.1325
(733.2) h,kJdskg 335.72 353.20 363.65 374.07 384.48 394.89 405.28 415.67 426.06
s.kJs(kg*K) 0.4778 0.4993 0.5103 0.5202 0.5293 0.5376 0.5453 0.5525 0.5592
1.0 v,m3/kg 0.03225 0.03692 0.04113 0.04532 0.04951 0.05368 0.05785 0.06202 0.06618
(789.7) h.kJ/ka 341.01 352.68 363.2% 373.70 384.16 394.61 405.04 415,46  425.87
- ‘ s,kJs (kg °K) 0.4564 0.4702 0.48313 0.4913 0.5004 0.5087 0.5165 0.5237 0.5304
i 2.0 v,m3/kg 0.01731 0.01827 0.02040 0.02253 0.02464 0.02674 0.02884 0.03093 0.03302
: (855.8) h.kJ/ki 346.86 351.62 362.32 372.95 383,52 394.05 404.55 415.02 425.48
3 s,kJ7z (kg *K) 0.4353 0.4407 0.4520 0.4621 0.4713 0.4797 0.43875 0.4948 0.5015
3 5.0 v,m3/kg 0.00763 . 0.00796 0.00885 0.00072 0.01053 0.01143 0.01228 0.01313
(962.8) h,kJ/ka 355.39 359.56 370.63 381.54 392.34 403.06 413,71 424.32
s,kJztkg*K} ~ 0.4080 - 0.4122 0.4228 0.4323 0.4409 0.4489 0.4562 0.4630
10. v,m3/kg 0.00411 0.00428 0.00474 0.00518 0.00563 0.00606 0.00650
(1064.) h,kJskg 362.27 ' T 366.56 378.11 389.40 400.51 411,48 422.34
' s, kJ7(kg*K) 0.3876 : 0.3916 0.4017 0.4107 0.4189 0.4265 0.4335

Copyright Department of Mechanical Engineering, Stanford University
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PROPERTIES OF SATURATED METHANE

T p volume, m3/kg:
K MPa V¥ Vg
90.6% 0.01174 0.002215 3.972 0
95 0.01991 0.002243 2.445 14
160 0.03451 0.002278 1.477 30
105 0.05657 0.002314 0.9393 47.
110 0.08340 0.002353 0.6241 65
111.63 0.101325 0.002366 0.5507 70.
115 0.1326 0.002394 0.4303 82
120 D.1319 0.002438 0.3061 100
125 0.2694 0.002485 0.2236 118
130 0.3681 0.002536 0.1670 136
135 0.4913 ©.002591 /0.1272 155
140 0.6423 0.002652 0.09842 174
145 0.8245 0.002718 0.07718 193
150 1.041 0.002732 0.06118 213
155 1.297 0.002875 0.04890 234
160 1.594 0.002971 0.03932 256
165 1.937 0.003083 0.03171 278
170 27331 0.003218 0.02557 302
175 2780 0.003383 0.02050 328
180 3.289 0.003618  0.01621 357
185 3.865 0.003979 0.01235 392
190.55 4.593 0.006233 0.0606233 490
PROPERTIES OF GASEOUS METHANE
P,MPa
(Tgat:K) sat 150 175
0.101325 v,m3skg 0.55067 ©0.7559 0.8366
(111.86) h,kdlkﬁ 581.49 663.93 716.70
s kJs(kg+K) 5.2743 5.91062 6.2353
0.20 v,m3/kg 0.2946 ©0.3772 0.4450
(120.6) h,kJskg 595.71 660.72 714.27
s kJs(kg*K) 5.0606 5.5435 5.8737
0.50 v,m3/kg 0.1251 0.1435 0.1727
(135.3) h,kJskg 614.75 650.00 706.57
s kJ/(kg+K) 4.7731 5.0206 ©5.369%6
1.0 v,m3/kg 0.06373 0.06441 0.08157
(149.1) h,kJdskg 625.83 628.36 692.55
s kJz(kg+K)  4.5422 4.5592 4.9558
PROPERTIES OF LIQUID METHANE
p
MPa 100 110 120
Peat,MPa 0.03451 0.08840 0.1919
sat p.kgsm3 439.05 425.00 . 410.15
h.kJdskg 30.89 65.04 100.14
s.kJz(kg*K) ©6.3236 0.6478 0.9511
0.101325 p,kg/m?3 439.10 425.01
h,kJ/kg, 31.01  65.06
s.kds(kg+K) 0.3232 0.6478
0.50 p.kg/m3 439.39 425.36 410.49
h.kJ/kE 31.65 65.72 100.64
s.kJstkg*K) 0.3206 0.6453 0.9490
2.0 ﬂ.k9/m3 440.50 426.69 412.10
“kJskg 34.62 68.01 102.78
s.kJz(kg*K) 0.3102 0.6341 0.9366

50

enthalpy, kJskg

h¢ hg hq
.0 543.01 543.01 O
'y 537.20 551.33 0
83 529.95 560.84 O
85 522.12 569.97 O
‘04 513.69 578.73 O
70 510.79 581.49 O
46 504.57 587.03 O
14 494.69 534.83 O
"11 483.94 602.05 1
39 472.21 608.60 1
04 459.37 614.41 1
10 445.27 619.37 1
64 429.72 623.36 1
74 412.52 626.26 1
52 393.35 627.87 1
.12 371.84 627.96 2
95 347.45 626.20 2
73 319.38 622.11 2
.62 286.25 614.87 2
‘50 245.43 602.93 2
.30 189.97 582.27 2
61 0.0 490.61 3
1,K
200 225 250
1.016 1.146 1.275
769.30 822.08 875.36
6.5162 6.7649 6.9894
0.5117 0.5779. 0.6437
767.37 820.51 874.05
6.1574 6.4077 6.6333
6.2007 0.2280 0.2550
761.38 815.65 870.02
§.6625 5.9181 6.1473
0.09685 0.1114 0.1254
950.92 807.33 863.19
§.2677 5.5335 5.7689
T1,K
130 140 150
0.3681 0.6423 1.041
394,30 377.13 358.16
136.39 174.10 213.75
1.2376 1.5118 1.7777
394,48
136.58
1.2366
396.51 379.51 360.46
138.52 175.48 214.19
1.2226 1.4963

1.7632
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entropy, kJdz(kg
S¢ Sfg
.0 5.9882 5
.1526 5.6548 5
.3236 5.2996 &
.4886 4.9726 5
.6478 4.6699 5§
.6987 4.5756 S
.80318 4.3876 5
.9511 4.1224 5
.0962 3.8715 4
.2376 3.6324 4
.3760 3.4028 4
.5117 3.1806 4
.6455 2.9636 4
L7777 2.7581 4
.9092 2.5377 4.
.0408 2.3240 4
L1737 2.1058 4
.3094 1.8787 4
.4509 1.6357 4
.6036 1.3634 3
.7822 1.0268 3
.2853 0.0 3
300 350
1.532 1.788

984.69 1099.70
7.3878 7.7421

8.7748 0.9053
983.74 1099.01
7.0331 7.3882

0.3083 0,361}
930.87 1096.92
6.5513 6.9088

0.1529 0.1797
976.05 1093.43

6.1303 6.5420
160 170
1.504  2.331

336.58 310.77
256.12 302.73
2.0408 2.3094

338.04
255.86
2.0318

*K)
Sqg

.9882
.8074
.6232
.4612
L3177

.2743
.1894
.0735
.9677
.8700

L7788
.6923
.6091
.5278
4469

.3648
L2785
. 1881
. 0866
.9670

.8030
.2853

-

-
RS N
. D

" N -

-
oo

180
3.289
276.41

357.50
2.6035
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PROPERTIES OF GASEQUS N

v,m3/kg
h,kJskg
s,kJ7 (kg +*K)

v,m3/kg
h,kJskg
s,kJ7 (kg *K)

v,m3/kg
h,kJ/ka
s,kJz (kg *K)

0 v,m3/kg

h,kJsk
s, kJd/ (kg +K)

v,m3/kg
h.kJ/ki
s,kJ7 (kg *K)

v,m3/kg
h,kJskg

s,kJz7(kg *K)

h, kJ/k
s.kJ/(ag'K)

PROPERTIES OF SATURATED NEON

volume, m3/kg

Y¥ Vg hf hfg h
£00801 0.2281 0.0 89.13  89.
000817 0.1434 2.81 87.47 90.
000829 0.1073 4.81 86.18 90
000330 0.1046 4.99 86.06 91
000842 ©0.08196 6.86 84.76 91

.000855 0.06365 8.93 83.18 92
000869 0.05016 11.15 81.44 92
000885  0.04004 13.37 79.55 92.

.000901 0.03231 15.64 77.43  93.
000919  0.02631 17.96 75.23  93.

.000938 0.02160 20.33  72.78 93,

.000959 0.01785 22.75 70.10  92.
.000982. 0.01482 25.21  67.19  92.

.001008 06.01236 27.73  64.62 91
.001038. 0.01033 30.31  60.54 90
.001072 0.008651 32.98 56.71  89.
.001113 0.007243 35.77 52.46  88.
.001164 0.006049 38.78 47.61  86.

.001231 0.005013 42.20 41.85 84
.001329 0.004066 46.54 34.27 80

.002070 0.002070 64.50 0.0 64

NEON
T,K

sat 40 80 120 160

0.1468 0.2324 0.4701 0.7061 0.9418
90.22 105.03 146.57 187.86 229.10

3.4826 3.9390 4.6593 5.0780 5.3745

0.1046 0.1596 0.3245 0.4878 0.6508
91.05 104.78 146.48 187.82 229.08

3.3681 3.7828 4.5062 4.9253 5.2220

0.05574 0.07931 0.1641 0.2471 0.3298
82.41 103.97 146.20 187.70 229.02
3.1546 3.4901 4.2234 4.6441 4.9414
0.02879 0.03804 0.08170 0.1236 0.1651
93.18 102.24 145.64 187.44 228.90
2.9257 3.1766 3.9326 4.3565 4.6547
0.01643 0.02023 0.04640 0.07060 0.09443
92.68 99.30 144.81 187.06 228.72
2.7208 2.8963 3.6943 4.1229 4.4226
0.01123 0.01297 0.03229 0.04942 0.06619
91.30 95,80 143.99 186.69 228.55
2.5718 2.6881 3.5386 3.9729 4.2741
0.00479 0.01587 0.02472 0.03324
© 83,41 141.34 185.50 228.00
2.1909 .3,2288 3.6775 3.9833
' 10.60772 0.01240 0.01677
7 136.42 183.34 227.01

2.8959 13,3737 3.6830

0.060430 0.00715 0.00972
129,72 180.61 225.79
2.5991 3.1188 3.4442

'0.00298 6.00507 6.00691
123.77 178.37 224.85
0 2.3914 2.9506 3.2855

enthalpy, kJskg

0.00169 0.00271 0.00367
113.86 173.7
‘ 21‘.9984i

223.42

z.aiso 2.9693

-]
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—_— s O U~ OO~
WWRNWOWOY PO W
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OOWNOY QI h 00—
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-_Oh HO®X OCQ

.

HNOD HNNO »
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0.02104
269.58
3.9256

0.01221

0.00868
269.03
3.5321

0.00457
269.44
3.2263
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entropy, kJsz(kg+K)

S§ Sfg
0 3.6320 3.
1102 3.3644 3.
1848 3.1919 3.
1916 3.1765 3.
2586 3.0269 3.
3316 2.8681 3.
4037 2.7148 3.
4748 2.5662 3.
5449 2.4213 2.
6139 2.2797 2.
6819 2.1405 2.
7489 2.0029 2.
8149 1.8664 2.
8800 1.7301 2.
9445 1.5931 2.
0087 1.4543 2.
738 1.3115 2.
417 1.1614 2.
170 0.9963 2.
107 0.7969 2.
7040 0.0 1.

240 280

1.413 1.648
311.52 352.72
5.7923 5.9510
0.9763 1.139
311.52 352.72
5.6393 5.7987
0.4949 0.5773
311.52 352.74
5.3595 5.5184
0.2477 0.2890
311.53 352.78
§.0736 5.2325
0.1418 0.1654
311.53 352.83
4.8424 5.0015
0.09942 0.1160
311.54 352.389
4.6948 4.8541
0.04998 0.05829
311.57 353.08
4.4071 4.5670
0.02526 0.02944
311.66 353.47
4.1174 4.2785
0.01465 0.01707
311.87 354.08
3.8810 4.0437
0.01041 0.01212
312.17 354.73
3.7288 3.8928
0.00545 0.00632
313.81. 357.28
3.4286 3.5962

Sg

6320
4746
3767
3681
2855

.4
Yo
w

—_oWwWwh IO~
W= WO V=i h oY

OO0 W — QU
NWWUIW NN

~
o
o
o

0.06658
394.50
4.7053

0.03362
395.10
4.4175

0.01947
396.02
4.1837

0.01381
396.94
4.0337

0.00718
400.19
3.7394
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PROPERTIES OF SATURATED NITROGEN

T P volume, m3/kg
K MPa v Vg
63.15 0.01254 0.001153 1.4
65 0.01742 0.001162 1.0
70 0.03858 0.061190 0.52
75 0.07612 0.001221 0.28
77.35 0.101325 0.001237 0.21
80 0.1370 0.001256 0.16
85 0.2291 0.001295 0.10
90 0.3608 0.001340 0.066
95 0.5411 0.001392 0.044
100 0.7790 0.001452  0.031
105 1.084 0.001524 0.022
110 1.467 0.001613 0.016
115 1.940 0.001729 0.011
120 2.513 0.001904 0.0080
126.20 3.400 0.003184. 0.0031
PROPERTIES OF GASEOUS NITROGEN
P:MPQ
(Tsat:K) sat 200
0.101325 v,m3/kg 0.2168 D.5845
(77.35) h.kJskg 227.20 357.00
s, kJs(kg*K)  2.9729 3.9829
0.50 v,m3/kg 0.04848 0.1174
(93.98) h.kJsk 236.65 355.05
s.kJs(kg*K)  2.6487 3.5019
1.0 v,m3/kg 0.02425 0.05810
(103.7) h.kJskg 238.02 352.58
s, kJs(kg*K) 2.4918 3.2870
2.0 v,m3/kg 0.01105 0.02844
(115.6) h.kJskg 231.91 347.60
s,kds(kg+K)  2.28381 3.0626
5.0 v,m3/kg 0.01071
h.kJskg . 332.45
s,kJs (kg *K) 2.7330
10. v,m3/kg 0.00502
h.kJskg 308.56
s.kJ/ (kg *K) 2.4341
20. v,m3/kg 0.00269
h.kJ/kg 280.28
s,kJstkg *K) 2.1168
- 40. v,m3/kg 0.00183
h,kJ/ka 272.71
s.kJ7z (kg *K) 1.8614
70. v,m3/kg 0.00156
h kJskg 287.71
s.kJs (kg *K) 1.6820
100. v,m3/kg 0.00142
h,kJ/kﬁ 309.67
s.kJz (kg *K) 1.5689
200. v,m3/k 0.00121
- h,kJ/kg 393,19
s,kdz (kg *K) 1.3371

- OO~ 0O NWO L

RWHARON (WON—DL OVNOVWWO0e

£ WO 00
— —

300

0.8786
461.14
4.4051

0.1779
460.25
3.9236

0.08890
459.16
3.7195

0.04440
457.00
3.5070

0.01775
450.83
/3.2154
0.00895
441.78
2.9797

0.00470
428.93
2.7261

0.00278
421,05
2.4664

0.00204
331.56

0.00138
534.36
1.9118

0

3

13.
23.
28.
33

43.
54.
65.
76.

8
01.
15.
3
]

OoNUT— 0

enthalpy, kJskg

h h
.0

-9
w
— kb h s —_RIROPON

W= (W Oy~ WO —s—

oL
o
— ot

‘ T
400
1.172

565. 30
4.7048

0.2378
564.89
4.2297

0.119
564.37
4.0222

0.05971
563.37
3.8131

0.02413

0.00368
550.24
2.8389

0.00254
562.23
2.6442

0.00209
582.06
2.5222

0.00155
664.90
2.2878

——s O UT WO WD

oY LD
O MO OG s

fa

.83
.32

[Ty

~Nn—oa I
w
0

-~ TV OY
QOO WoohWUT UlWwsh
—
w
CoCOOOO COCOOO0O

=S RIMMNN RRRINR RN
MWW WWWWN RN —e s

QNN ~IOCVUTN D.

wr
w
——h ot —b

»K
500

1.465
670.20
4.9388

0.2974
670.03
4.4643

0.1490
669.384
4.2575

6.07431
669.47
4.0499

0.063031
668.43
3.7722

0.01551
667.31
3.5578

0.00815
666.60
3.3365

0.00453
670.61
3.1078

0.00302
685.58
2.9197

0.00243
7066.35
2.7997

0.00172
790.06
2.5673

600

1.758
776.59
5.1327

0.3569
776.59
4.6585

0.1788
776.60
4.4521

0.089380
776.62
4.2452

0.03640
776.77
3.9696

6.01861
777.34
3.7582

0.00975
779.54
3.5425

0.00535
787.47
3.3209

0.00350
805. 40
3.1382

6.00276
827.54
3.0208

0.00139
12.85
2.7912
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entropy, kJs(kg-+K)

St

.0 3
.0510 3
-1948 2
.3352 2
.3981 2
.4668 2
.5908 2
.7098 2
.8256 1
.9392 1

.0510 1
-1634 1
.2822 1.
-4171 0.
.7903 0

800

2.344
995. 91
5.4479
g.

4758
3996.10
4.8739

0.2384
996.33
4.7679

0.1197
996. 81
4.5616

0.04843

Sg

.4019
.2817
.9734
.6951
.5748
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FROPERTIES OF SATURATED OCTANE

T p volume, m3/kg enthalpy, kJ/kg entropy, kJ/(kg+K)
K MPa \&i Vg . hy hig hg St Sfg Sgq

300 0.002055 0.001440 16.59 © 0.0 366.29 366.29 0.0 1.2210 1.2210

310 0.003522 0.001455 6.378  22.72 360.20 332.92 0.0745 1.1619 1.2364

320 0.005732 0.001470 3.994  46.10 353.86 399.96 0.1487 1.1058 1.2545

330 6.009176 0.001486 2.593  69.99 3a7.39 417.38 0.2222 1.0527 1.2749

340 0.01406 0.001502 1.737  94.32 340.85 435.17 0.2048 1.0025 1.2973

350 0.02083 0.001518 1.197  119.02 334.29 453.31 0.3664 0.9551 1.3215

360 0.03022 0.001535  0.8467 144.00 327.68 471.77 0.4368 0.9103 1.3472

370 0.04265 0.001552 0.6123 168.53 321.01 460.5%54 0.5066 0.8676 1.3742

380 0.05887 0.001570 0.4519 195.34 314.25 509.59 0.5754 0.8269 1.4023

390 0.07965 0.001588  0.3395 221.53 307.36 528.83 0.6433 0.7881 1.4314

398.44 0.101325 0.001604  0.2701 243.92 301.44 545.36 0.7000 0.7566 1.4566

400 0.1053 0.001607  0.2592 243.10 300.33 543.43 0.7105 0.7508 1.4813

410 0.1333 0.001627  0.2008 275.03 293.15 568.13 0.7763 0.7150 1.4918

420 0.1780 0.001648  0.1575 302.32 285.80 588.12 0.8424 0.6805 1.5229

430 0.2260 0.001671  0.1243 329.36 278.25 603.21 0.9073 0.6471 1.5544

440 0.2834 0.001695  0.1000 357.94 270.48 628.42 0.9714 0.6147 1.5361

450 0.3514 0.001722 0.08077 336.26 262.46 648.72 1.0343 0.5832 1.6180

460 0.4314 0.001753  0.06563 414.97 254.08 669.05 1.0975 0.5524 1.6499

470 0.5247 0.001788  0.05373 444.12 245.26 639.33 1.1539 0.5218 1.6817

430 0.6328 0.001829 0.04414 473.84 235.78 709.62 1.2220 0.4913 1.7133

490 0.7574 0.001879  0.03638 504.31 225.40 729.71 1.2844 0.4600 1.7444

500 0.9000 0.001941 0.03002 535.79 213.72 749.51 1.3474 0.4275 1.7749

510 1.062 0.002023 0.02477 '568.61 200.30 768.91 1.4118 0.3927 1.804%

520 1.246  0.002135 0.02040 603.22 184.47 787.69 1.4783 0.3547 1.8330

530 1.451 0.002300 0.01672 640.22 165.35 805.57 1.5473 0.3113 1.8598

540 1.678 0.002567 0.01357 680.60 141.50 822.10 1.6223 0.2620 1.8843

. 550 1.926 0.003082 0.01082 726.67 109.72 836.39. 1.7055 0.1995 1.9050

P 560 2.192 0.003575 0.008265 789.60 56.36 845.96 1.8171 0.1006 1.9177

s 567.51 2.400 0.005523 0.005523 834.22 0.0 834.22 1.8944 0.0 1.8944

é PROPERTIES OF GASEQUS OCTANE
| P,MPa T.K
e (TgatrK) sat 400 440 430 520 560 600 640 680

| 0.101325 v,m3/kg 0.2701 0.2714 0.3040 0.3354 0.3661 0.3963 0.4261 0.4558 0.4853
; (398.4) h kJskg 535.36 548.71 637.53 732.66 833.78 0940.74 1053.28 1171.14 1294.01
\ s.kJ/(kg*K)  1.4566 1.4650 1.6766 1.8833 2.0856 2.2837 2.4778 2.6679 2.8541
- 0.20 v,m3/kg 0.1406 0.1476 0.1650 0.1816 0.1977 0.2134 0.2289 0.2442
i (424.8) h kdskg 597.79 632.80 728.96 830.83 938.34 1051.29 1169.46 1292.57
1 " s kJs(kg+K)  1.5380 1.6190 1.8281 2.0319 2.2310 2.4258 2.6164 2.8029
L 0.40 v,m3/kg 0.07092 0.07712 0.08670 0.09563 0.1041 0.1124 0.1204
P (456.3) h.kJ/kg 661.45 720.79 824.51 933.28 1047.14 1165.99 1239.63
L s.kJ7(kg*K)  1.6380 1.7648 1.9723 2.1737 2.3700 2.5618 2.7491
Don 0.70 v,m3/kg 0.03963 0.04565 0.05171 0.05721 0.06239 0.06733
o (485.6) h.kJ/kg 720.82 813.90 925.11 1040.60 1160.61 1285.12
: s kd7(kg*K)  1.7306 1.9158 2.1218 2.3210 2.5146 2.7032
L 1.0 v,m3/kg 0.02660 0.02874 0.03395 0.03836 0.04235 0.04608
- (506.3) h.kJ/k 761. 80 : 801.16 916.06 1033.61 1154.99 1280.46
o s kus(hg-K)  1.7937 , 1.8704 2.0833 2.2860 2.4818 2.6719
D 2.0 v,m3/kg 0.01009 0.01157 0.01590 0.01880 0.02123
L (552.8) "h.kJ/k 839.77 869.93 1005.49 1134.07 1263.86
i s kus(kg-K)  1.9098 . 1.9640 2.1980 2.4055 2.6022
! 4.0 v,m3/kg 0.00374 0.60660 0.00871
i h’KJ7k 900.25 1076.15 1224.65
} . 8 KJ7 (kg *K) 1.9954 2.2795 2.5046
: 7.0 v.m3/kg 0.00238 0.00308 0.00402
h kJ/k 860.81 1012.59 1168.07
s kI’ Chg *K) 1.9155 2.1603 2.3960
10. v,m3/kg 6.00210 0.00243 0.00290
hkJ7k 851.52 992,54 1140.88
o kU7 (kg *K) 1.8889 2.1164 2.3412
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PROPERTIES OF SATURATED OXYGEN

T P volume, m3rskg © enthalpy, kJ/kg entropy, kJs/(kgK)
K MPa V¢ Vg hf hfg hg S§ Stg Sgq

. .0001453 0.000764 97.12 0.0 242.37 242.37 0.0 4.4602 4.4602
28 34 3.0307249 0.000788  21.49 9.23 238.26 247.49 0.1615 3.9710 4.1325
65 0.002331 0.800794 7.229  17.54 234.43 251.97 0.2945 3.6066 3.901)
70 0.006253 0.000808 2.896  25.88 230.50 256.38 0.4182 3.2928 3.7110
75 8.01453 0.000824 1.331  34.22 226.47 260.69 0.5331 3.0196 3.5527
.03009 0.000840 0.681 42.56 222.30 264.86 0.6405 2.778%8 3.4193
gg 3.35679 0.000857 0.3805  50.92 217.92 268.84 0.7417 2.5637 3.3054
90 0.09932 0.000876  0.2279  59.36 213,23 272.59 0.8377 2.3692 3.2069
©90.19 ©0.101325 0.000877  0.2237  59.6S 213.03 272.72 0.8413 2.3621 3.2034
95 0.1631 0.000896 0.1434  7.91 208.14 276.05 0.9296 2.1909 3.1205
.2540 0.000917 0.09590  76.61 202.57 279.1% 1.0179 2.0258 3.0437
}gg g.%?&% 0.000940 0.06612  85.47 196.45 281.92 1.1033 1.8709 2.9742
110 0.5434 0.000966 0.04701 = 94.52 189.69 284.21 1.1860 1.7244 2.9104
115 0.7554 0.000994 0.03426  103.79 182.17 285.96 1.2666 1.5840 2.8506
120 1.022 0.001027 0.02546 113.34 173.75 287.03 1.3455 1.4480 2.7935
.351 0.001064 0.01921 123.24 164.24 287.48 1.4236 1.3139 2.7375
}%3 1.349 0.001108 0.01463 132.65 153.30 286.95 1.5018 1.1793 2.6811
135 2.225 0.001161 0.01120 144.77 140.50 285.27 1.5817 1.0407 2.6224
140 2.788 0.001230 0.008562 156.91 125.11 282.02 1.6650 0.8937 2.5587
145 3.448 0.001324 0.006458 170.52 105.93 276.45 1.7547 0.7305 2.4852
? 50 4.216 0.001479 0.004671 186.90 79.53 266.43 1.8583 0.5302 2.3885
}54.58 5.043 0.002293 0.002293 226.53 0.0 226.53 2.1080 O. 2.1080
PROPERTIES OF GASEOUS OXYGEN
P,MPa T.K
(Tsat K) sat 200 300 400 500 600 700 300 1000
0.020 v,m3/kg 0.9916 2.597 3.897 5.196 6.496 7.795 9.094 10.39 12.99
(77.11) h kdskg 262.47 374.80 466.17 559.04 654,65 753.40 855.13 959.42 1174.07
s.kJstkg K)  3.4938 4.3661 4.7365 5.0035 5.2167 5.3967 5.5534 5.6926 5.9320
: 0.050 v,m3/kg 0.4276 1.038 1.558 2.079 2.598 3.118 3.638 4.158 5.197
: (33.94) h,kdskg 268.02 374.65 466.10 559,00 " 654.63 753.40 855.13 959.43 1174.09
\ s.kJs7Ckg K} 3.3281 4.1275 4.4982 4.7653 4.9786 5.1586 5.3153 5.4546 5.6939
\ 0.101325 v,m3/kg - 0.2237 0.5113 0.7688 1.026 1.282 1.539 1,795 ~ 2.052 2.565
{ (90.19) h kdskg 272.72 374.39 465.97 553.94 654.60 753.39 855.14 959.45 1174.11
: s,kJ/7Ckg*K)  3.2034 3.9431 4.3143 4.5816 4.7950 4.9750 5.1318 5.2710 5.5104
i 0.20 v,m3/kg 0.1196 0.2583 0.3893 0.5197 0.6498 0.7798 0.9098 1.040  1.300
: (97.24) h.kJ/ka 277.50 373.83 465.73 558.82 654.54 753.38 855.15 959.48 1174.17
i s,kds(kg+K)  3.0851 3.7647 4.1370 4.4047 4.6181 4.7982 4.9551 5.0944 5.3337
' 0.50 v,m3/kg 0.05087 0.1024 ©0.1554 0.2079 0.2601 0.3122 0.3642 0.4162 0.5201
(103.8) h kJ’kg 283.71 372.35 464.99 558.44 654.37 753.33 855.19 959,57 1174.33
s,kJs(kg*K)  2.9252 3.5212 3.8969 4.1656 4.3796 4.5599 4.7169 4.8562 5.00857
1.0 v,m3/kg 0.02602 0.05039 0.07749 0.1039 0.1302 0.1563 0.1823 0.2083 0.2603
(119.6) h,kJskg 287.03 369.73 463.76  557.81 654.09 753.25 855.25 959.73 1174.59
s,kJs7tkg+K) . 2.7977 3.3320 3.7135 3.9840 4.1987 4.3794 4.5366 4.6760 4.9156
2.0 v,m3/kg 0.01264 0.02439 0.03853 0.05198 0.06520 0.07832 0.09137 0.1044 0.1304
(132.7) h,kJskg 286.19 364.33 461.29 556.57 653.52 753.11 855,38 960.04 1175.13
s,kJs(kg*K)  2.6493 3.1328 3.5266 3.8007 4.0169 4.1984 4.3560 4.4958 4.7358
5.0 v,m3/kg 0.00276 0.00876 0.01516 0.02082 0.02624 0.03156 0.03681 0.04204 0.05244
(154.4) h,kJskg 239.04 346.74 453.93 552.90 651.36 752.69 855.78 961.00 1176.75
s,kds(kg-K)  2.1897 2.8310 3.2684 3.5533. 3.7740 3.9578 4.1167 4.2571 4.4977
: 10. v,m3/kg 0.00361 0.00743 0.01046 0.01327 0.01598 0.01864 0.02126 0.02647
: h,kJ/kg 313.19 442.21 547.14 649.30 752.12 856.53 962.66 1179.50
{ s.kJ7 (kg *K) 2.5239 3.0559 3.3582 3.5861 3.7736 3.9345 4.0762 4.3180
T ' : )
: 20. v,m3/kg ~0.00173 0.00370 0.00534 0.00682 0.00822 0.00957 0.01089 0.01350
h,kJ/kg 268.46 422.72 537.55 645.22 751.58 858.40 966.22 1185.16
s, kJd7 (kg *K) 2.1834 2.8202 3.1515 :3.3919- 3.5858 3.7505 3.8944 4.1386

S it bhicig :~r~;m'\§
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PROPERTIES OF SATURATED PENTANE

T P volume, m3skg enthalpy, kdskg entropy, kJds/(kg+K)
K MPa \Z g - he hg hg St Stg Sq
250 0.007604 0.001509 3.764 . 0.0 406.46 - 406.46 0.0 1.6258 1.6258
260 0.01306 06.001531 2.271 23.85 397.16 421.01 0.0935 1.5275 1.6210
270 0.02136 B.001553 1.436 47.54- 388.28 435.82 0.1829 1.4380 1.6209
280 0.03346 0.001576 0.9452 - 71.24 379.63 450.87 0.2690 1.3558 1.6248
290 0.05050 0.801600 0,6541 ©95.00 371.15 466.15 0.3523 1.2798 1.6321
300 0.07376 0.001625 0.4523 118.83 362.79 481.62 0.4329 1.2093 1.6422
309.04 0.101325 0.001649 ‘0.3360- 140.44 355.32 495.76 0.5038 1.1497 1.6535
310 0.1047 0.001651  0.3259 142.75 354.52 497.27 0.5112 1.1436 1.6548
320 0.1443 0.001678 0.2402 166.82 346.25 513.87 0.5874 1.0820 1.6694
330 0.1960 0.001707 0.1304 191.13 337.86 528.99 0.6619 1.0239 1.6858
340 0.26801 0.0081737 . ©0.1379 215.77  329.23 545.00 0.7352 0.9683 1.7035
350 0.3390 0.001763 - -0.1068 240.86 320.20 561.06 6.8075 0.9148 1.7223
360 0.4349 0.001804 - 0.08334 - 266.52 310.61 577.13 0.8793 0.8628 1.7421
370 0.5501 0.001841 '0.06649 292.81 300.34 6593.15 0.9507 0.8118 1.7625
380 0.6869 0.001882 0.05318 319.76 289.31 609.07 1.0219 0.7614 1.7833
390 0.8478 0.001928 . 0.04284 347.40 277.41 624.81 1.0929 0.7113 1.8042
400 1.036 0.00198¢ 0.03467 375.74 264.51 640.25 1.1637 0.6613 1.8250
4190 1.253 0.002041% D.02813 404.91 250.32 655.23 1.2347 0.6105 1.8452
420 1.505 0.802115 0.02281 435.22° 234.29 669.51% 1.3065 0.5578 1.8643
430 1.7%4 0.002210 0.01341 467.34 215.36 682.70 1.3806 0.5008 1.8814
440 2.124 6.002340 0.01470 502:43 191.70 694.13 1.4595 0.4357 1.8952
450 2.500 0.002542 - 0.01146 542.58 159,87 702.45 1.5476 0.3553 1.9029
460 2.921 0.002962 0.008427 592.55 111.20 703.75 1.6549 0.2417 1.8966
467.00 3.240 ©.005085 0.005085 673.30 0.0 673.30 1.8263 0.8 1.8263
PROPERTIES OF GASEQUS PENTANEQ ,
P,MPa - T,K
(Tgat K) sat - 328 360 400 440 430 520 560 600
0.101325 v,m3/kg 0.3360 0.3498 0.39389 0.4468 0.4939 0.5407 0.5871 0.6334 0.6795
(309.0) h,kdskg 495.76 515.28 590.46 672.08 760.26 &54.93 955.93 1063.06 1176.06
s,kJs (kg *K) 1.6535 1.7156 1,9368 2.1516 2.3616 2.5674 2.7695 2.9679 3.1627
0.20 v,m3/kg 0.1770 0.1966 0.2221 0.2469 0.2713 0.2953 0.3191 0.3427
(330.7) h,kd/ka 530.09 586.76 668.27 753.03 853.12 954.43 1061.79 1174.97
s, kJds(kg *K) 1.6869 7 7 1.8511 2.0683 2.2796 2.4864 2.6890 2.8879 3.0830
0.40 v ,m3/kg 0.09099 - 0.09228 0.1066 0.1200 0.1329 0.1454 0.1577 0.1658
(356.6) h,kJ/k&; 571.62 578.65 663.27 753.37 849.36 951.33 1059.18 1172.74
s,kJ7 (kg *K) 1.7352 1.7548 1.9776 2.1922 2.4009 2.6049 2.8046 3.0004
0.70 v,m3skg 0.05217 0.05674 0.06545 0.07348 0.08111 0.08849 08.09570
(380.9)_h,kJ/ka 610.47 653.34 745,92 3843.49 946.54 1055.18 1169.34
s, kJs (kg +K) 1.7385% 1.8950 2.1155 2.3276 2.5338 2.7350 2.9318
1.0 v,m3/kg 0.03599 0.03635 0.04345 0.04964 0.05536 0.06080 0.06605
(398.2) h,kdlka 637.52 641.77 737.80 837.28 941.56 1051.07 1165.87
s,kJs (kg *K) 1.8213 1.8320 2.0608 2.2771 2.4857 2.6885 2.8865
2.0 v,m3/kg 0.01597 0.01655 0.02143 0.02516 0.02843 0.03145
(436.4) h,kJ’kg 690.26 701.10 813.15 923.36 1036.52 1153.83
s, kJds (kg *K) 1.8907 1.9154 2.1593 2.3798 2.5894 2.7917
4.0 v,m3/kg 0.00423 0.00954 0.01212 0.01415
h,kJ/kﬁ 688.44 874.48 1002.41 1127.35
5,kJ7 (kg *K) 1.8509 2.2255 2.4627 2.6782
7.0 v,m3skg 0.00256 0.00376 0.00546 0.00699
h,kJ/kﬁ 625.29 787.04 942.55 1084.07
s,kJ7 (kg +K) 1.7008 2.0243 2.3126 2.5568
10. v,m3/k 0.00234 0.00288 0.00372 0.00465
h,kJska 614.09 755.36 903.48 1048.76
s,kJ7 (kg *K) 1.6623 1.9448 2.2192 2.4698
20. v,m3¥skg 0.00208 0.00228 0.00255 0.00287
h.kJ/kg 606.02 730.27 862.32 1000.06
s,kJ/ (kg *K) 1.6000 1.8485 2.0930 2.3306
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entropy, kJs/(kg-+K)
hg S¥f Stg Sq

enthalpy, kJskg
hig

Vg

volume, m3/kg
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PROPERTIES OF SATURATED PROPANE
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PROPERTIES OF GASEOUS

P,MPa
(TsatrK)

0.20
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v,m3/kg
h,kJskg
s,kJs (kg °K)

v,m3/kg
h,kJ/k%
s, kJs (kg *K)

0 v,m3/kg

h,kJzkg
s,kJ/(kg'K)

v, m3zkg
h,kJ/ki
s, kJ7 (kg *K)

v,m37kg
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s ,kJ/ (kg *K)

volume, m3skg
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" 0.04581

£567.88
2.0485

0.02158
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enthalpy, kJskg
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entropy, kJ/(kg+K)
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$2.2794
0.07064
580.20
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DLW
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.0 456.24

446.46
436.25
425.57
424.19

414.42
402.82
390.63
377.6%
363.74

T,K

456.24
468.11
479.94
491.869
493.15

0

0

0

0

0
503.32 0
514.80 O
526.06 O
537.06 O
547.72 0
557.95 O
567.63 0
576.61 1
584.61 1
591.24 1
1

1

1

1

£95.78
596.81
590.74
539.78

1
.2
.3

3

692.49
2.8427

0.3238
690.32
2.7100

0.1586

2.5700

0.08763
678.70
2.4498

0,.05915
671.19
2.3669

0.02534
641.60
2.1723

o
[«
w
~J
o

400

1.505
795.32
3.2496

0.7404
794.51
3.1149

0.3728

a’c\b C s it —
O oV~
o 00 N~

450

1.695
908.02
3.5148

0.8347
907.40
3.3806

0.4211
906.21
3.2503

0.2088
903.77
3.1157

0.1178
900.06
3.0042

0.08135
896.28
2.9308

0.03882
883.12
2.7788

0.01745
853.84
2.5994

0.00822
800, 36
2.4019

6.00495
746.96
2.2400

0.00237
673.63
2.00938
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St ng 59
.0 2.2812 2.2812
.1055 2.1260 2.2315
078 1.9830 2.1908
073 1.8502 2.1575%
195 1.8343 2.1538
.4038 1.7268 2.1306
.4975 1.6113 2.1088
.5888 1.5024 2.09312
.6783 1.3989 2.0772
.7668 1.2990 2.0658
.8547 1.2019 2.0566
.9426 1.1061 2.0487
L0305 1.0110 2.0415
L1189 0.9152 2.0341
.20388 0.83164 2.0252
.3030 0.7098 2.0128
.4071 0.5861 1.9932
.5339 0.4232 1.95NM
.8042 0.0 1.8042
500 550 600
1.885 2.074 2.263
1031.20 1164.24 1306.49
3.7742 4.0277 4.27%9
0.9286 1.022 1.116
1630.72 1163.85 1306.17
3.6402 3.8938 4.1414
0.4691 0.5169 0.5645
1029.78 1163.09 1305.54
3.5105 3.7645 4.0123
0.2332 0.2574 0.2814
1027.87 1161.55 1304.27
3.3770 3.6317 3.8799
0.1321 0.1462 0.1601%
1024.98 1159.23 130236
3.2672 3.5230 3.7720
0.69163 0.1017 0.1116
1022.05 1156.89 1300.45
3.1957 3.4526 3.7023
0.04444 0.04979 0.05497
1012.06 1148.99 1294.01
3.0504 3.3113 3.5635
0.02085 0.02389 0.02673
990.91 1132.70 1280.98
2.8382 3.1584 3.4164
0.01080 0.01288 0.01473
956.60 1107.49 1261.33
2.7303 3.0179 3.2856
0.00697 0.00862 0.01005
921,77 1082.57 1242.27
2.6088 2.9154 3.1933
0.00355 0.00431 0.00506
849,71 102%1.44 1192.46
2.3702 2.6976 2.9952
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PROPERTIES OF SATURATED PROPYL ALCOHOL

T 4

K MPa

275 0.0004998
285 06.001072
285 0.002163
305 0.004128
315 0.007497
325 0.01302
335 0.02170
345 0.034387
355 0.05417
365 0.08163
370.57 0.101325
375 0.1186
385 0.1708
3395 0.2382
405 0.3251
415 0.4350
425 0.5715
435 0.7383
445 0.9390
455 1.177
465 1.457
475 1.782
485 2.155
495 2.581
505 3.064
515 3.610
525 4.229
536.85 5.075

PROPERTIES OF GASEOUS

P,MPa
(T,;t'K

0.101325
(370.96)

0.60
(426.9)

0.80
(438.3)

2.
£481.0)

4.
(521.4)
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)

v,m3/kg
h,kJzk
s, kJ7 (kg *K)

v,m3skg
h.kJ/ka
s, kJ7tkg *X)

v,m3skg
h,kJ7kg
s,kJ7/ (kg *X)

v,m3/kg
h,kJzkg
s, kJ/tkg *K)

v,m3/kg
h,kJdskg
s,kJ7(kg *K)

0 v,m3/kg

h,kJ/ki
s,kJ7 (kg *K)

0 v,m3%kg

h,kJ/ka
s,kJ7 kg *X)

volume, m3skg

vE

Vg

enthalpy, kJskg
hf hfg

entropy, kJ/(kg-K)

hg St Sfqg
0.001225 76.08 0.0 832.75 832.75 0.0 3.0282 3
0001235 J0°334  25.18 820.95 $46.13 0.0899 2.8806 2
0.001246 39784 51,05 808.84 859.83 0.1731 2.7419 2.
0.001258 10799 F7.e3 796.31 873.99 0.2679 2.6108 2
0.001270 82335  105.13 783.26 888.39 0.3564 2.4866 2
0.001283 3.428 133.48 769.56 903.04 0.4450 2.3679 2
0001298 5192 162,79 755.10 917.83  0.5338 2.2540 2
0.001313 2-347 103,11 739.75 932.86 0.6229 2.1442 2.
0-001338  0.8367 224.53 723.36 947.89 0.7126 2.0376 2
0-001338  0.6003 257.07 705.84 962.91 0.8023 1.933% 2
0.001358  0.4885 275.71 695.53 971.24 0.8535 1.8769 2.
0001387 0.4160 29076 637.08 977.84 0.893% 1.8322 2
0001388  0.2962 325.61 667.00 992.61 0.9853 1.7325 2
0-001237  0.2148  361.60 645.54 1007.14  1.0774 1.6342 2
0001436 0.1586 398.70 622.66 1021.36 1.1638 1.5374 2
0.001463  0.1191 436.88 598.32 1035.20  1.2625 1.4418 2
0-091453  0.09070 476.06 572.52 1048.58  1.3553 1.3472 2
0001928  ©0.06996 5i16.18 545.24 1061.42  1.4430 1.2535 2
D-001282  0.05456 557.15 516.46 1073.61  1.5405 1.1606 2
0001202 - 0.04204 593.33 486.16 1085.05 1.6324 1.0685 2
0.001645 0.03405 641.31 454.27 1095.58  1.7236 0.9769 2.
0001585 0.02713 684.34 420.66 110500 1.3140 0.8856 2
0001581 0.02167 727.92 385.08 1113.00  1.9035 0.7939 2
0-001234 0.01729 772.05 347.04 1119.09  1.9920 0.7011 2
0391333 001371 816.84 305.60 1122.44 2.0797 0.6052 2
0.002041 0.01069 862.74 258.62 1121.36  2.1676 0.5022 2
0-005217 0.007988 911.30 200.13 1111.43  2.2585 0.3812 2
0005658 0.003658 1022.32 0.0 1022.82 2.4638 0.0 2
PROPYL ALCOHOL
OT.K
sat 400 425 450 475 500 525 550
0.4885 0.5326 0.5691 0.6051 0.6407 0.6760 0.7111 0.7460
051253 1025.14 1073.08 1122.99 1174.84 122860 1284.21 1341.62
377304 2.3703 2.3865 3.1006 3.2128 3.3230 3.4315 3.5384
0.2543 0.2628 0.2826 0.3019 0.3207 0.3391 0.3574 0.3754
053742 101924 1068,32 1119.10 1171,62 122589 1281.9) 1339.64
2.7147 2.7649 2.8839 3.0000 3.1135 372249 3.3332 3.4416
©0.1294 0.1352 0.1460 0.1562 0.1661 0.1757 0.1852
1031.17 1058-30 1110.86 1164.86 1220.26 1277.15 1335.57
2.7050 29694 2.8900 3.0068 3.1204 3.2314 3.3401
0.08636 0.09382 0.1013 0.1084 0.1181 0.1217
1051.01 1102.06 1157.78 1214.43 1272,26 1331.41
2.7022 2.8188 2.9392 3.0554 3.1683 3.2783
0.06443 0.06756 0.07373 0.07942 0.08480 0.08995
1065. 48 1595 84 1150.32 1208.37 1267,23 1327.186
2.7013 2 7625 2.8872 3.0063 3.1212 3.2327
0.05108 0.05162 0,05709 0.06201 0.06657 0.07089
1676. 81 1083.35 1142.42 1202.05 1262.04 1322.81
2.7010 23132 '2.8433 2.9656 3.0827 3.1958
0.02370 0.02663 0.02982 0.03259
1110.00 1165.08 1233.15 1299.28
2.6985 2.3108 2.9437 3.0668
0.00893 0.00971 0.01283
1116.55 1137.62 1237.75
2.6531 2.6934 2.8800
Stanford University
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PROPERTIES OF SATURATED PROPYLENE

T P volume, m3/kg " enthalpy, kJskg entropy, kJ/(kg+K)
K MPa v Yg hf hfg hg S+ ng Sy
200 0.02685 0.0801558 1.454 0.0 469.31 469.31 0.0 2.3466 2.3466
210 0.04738 0.001587 0.8595  23.30 457.27 480.57 0.1135 2.1775 2.291¢p
220 0.07868 0.001618 0.5373  46.14 445.63 491.77 0.2196 2.0256 2.2452
225.41 0.101325 0.001636  0.4250  58.37 439.41 497.78 0.2743 1.9494 2.2237
230 0.1242 0.001652 0.3517  58.69 434.14 502.83 0.3195 1.8875 2.2070
240 0.1879 0.001688 - 0.2391 91.23 422.45 513.68 0.4150 1.7602 2.1752
250 0.2740 0.081727 0.1679 114.05 410.20 524.25 0.5075 1.6408 2.1433
260 0.3870 0.00176% 0.12186  137.34 397.11 534.45 0.5380 1.5274 2.1254
270 0.5313 0.001815 0.08916 161.20 383.00 544.20 0.6871 1.4185 2.1056
280 0.7135 0.001866  0.066%2 185.70 367.68 553.38 0.7750 1.3131 2.0831
290 © 0.9374 0.001923 . 0.05097 210.83 350.99 561.87 0.8618 1.2104 2.0722
300 1.209 0.001987 « 0.03927 236.86 332.65 569.51 0.9481 1.1089 2.0570
310 1.534 0.002061 . 0.03050 263.87 312.18 576.05 1.0345 1.0071 2.0416
320 1.919 0.002148 0.02378 292.24 288.92 581.16 1.1220 0.9029 2.0249
330 2.371 0.002255 0.01854 322.35 261.96 584.31 1.2116 0.7938 2.0054
340 2.897 0.0023%4 0.01433 354.74 229.76 584.50 1.3046 0.6758 1.9804
350 3.508 0.002598 0.01080 390.79 188.68 579.47 1.4047 0.5391 1.9438
360 4.219 0.003006 0.307451 437.27 123.26 560.53 1.5299 0.3424 1.8723
364.90 4.613 0.004405 0©.004405 503.72 0.0 503.72 1.7092 0.0 1.7092
PROPERTIES OF GASEOUS PROPYLENE
P,MPa : ’ T,K
(TsatsK) sat 260 300 340 380 420 460 500 540
0.070 v,m3/kg 0.5988 0.7229 0.8385 0.9533 1.068 1.181 1.295 1.400 1.522
(217.6) h.kJskg 489,09 545.62 604.29 668.62 738.90 815.18 897.33 985.06 1078.00
s, kds(kgK)  2.2554 2.4924 2.7021 2.9032 3.0984 3.2892 3.4759 3.6587 3.8375
0.101325 v,m3/kg 0.4250 0.4960° 08,5767 0.6566 0.7359 0.8150 0.8937 0.9724 1.051
(225.4) h,kJ/kg 497.78 544.60 603.51 668.01 738.40 814.77 896.98 984.75 1077.73
s,kdztkgK)  2.2237 2.4167 2.6273 2.8289 3.0245 3.2154 3.4023 3.5852 3.7640
0.20 v,m3/kg 0.2256 0.2456 0.2880 0,3295° 0.3703 0.4109 0.4512 0.4913 0.5314
(241.6) h.kJ/ka 515.39 541.28 601.00 666.04 736.81 813.45 895,387 933.80 1076.91
s,kdstkgK)  2.1706 2.2738 2.4873 2.6906 2.8872 3.0789 3.2662 3.4495 3.6285
8.48 v,m3/kg ©0.1172 0.1396 0.1614 0.1826 0.2034 0.2240 0.2444 0.2646
(261.0) h,kJdsk 535,45 595.69 661.96 733.55 810.77 893.61 981.87 1075.23
s, kJstkg*K)  2.1233 - 2.3383 2.5454 2.7444 2.9375 3.1258 3.3097 3.4893
0.70 v,m3/kg 0.06819 0.07576 0.08933 0.1021 6.3145 0.1266 0.1385 0.1503
(279.3) h,kJ(ka §52.78 . '587.03 655.54 728.51 806.67 890.19 978.96 1072.72
s, kdz(kg*K)  2.0893 2.2075 2.4218 2.6246 2.8200 3.0099 3.1949 3.3752
1.0 v,m3/kg . 0.04774 ", 0.04991 0.06039 0.06989 0.078%91 0.08764 0.09613 0.1046
(292.5) h,kJ/ka '563. 85 ©577.25 648.73 723.31 802.50 886.73 976.03 1070.20
- 's,kd7(kg+K)  2.0684 . 2.1136  2.3372 2.5445 2.7425 2.9340 3.1201 3.3012
2.0 v,m3/kg 0.02269 . 0.02608 0.03212 0.03734 0.04219 0.04681 0.05129
(321.9) h.kJ/kg : 581.93 621.71 704.43 787.93 874.92 966.15 1061.76
: s,kJstkg+K)  2.0215 ©2.1417 2.3718 2.5807 2.7784 2.9686 3.1525
1 3.0 v,m3/kg 0.01366 0.01929 0.02343 0.02703 0.03036 0.03353
; (341.8) h,kJskg 584.09 © . $682.20 772.17 862.63 956.09 1053.28
: . s,kds(kg*K) 1.9750 o : 2.2479 2.4730 2.6787 2.8735 3.0604
4.0 v,m3/kg 0.00847 ' 0.01256 0.01641 0.01944 0.02215 0.02467
€357.1) h,kJ/kﬁ ~ 568,95 654.01 754.88 849.80 945,84 1044.76
s, kdstkgK)  1.9007 ) , . - 2,1325 2.3852 2.6011 2.3013 2.9915
'7.0 v,m3/kg . , : 10.00314 0.00716 0.00970 0.01164 0.01334
u h,kdlkak o 490.13 689.17 807.70 914,06 1019.08
 s,kdztkg *K) o , 1.6498 2.1504 2.4205 2.6422 2.8443
10. v,m3/kg L } 0.00263 0.00399 0.00536 0.00756 0.00891
h,kdlka ' . . 463.63 618.60 762.41 881.75 993.83
s,kJ7 (kg *K) . A $.5578 1.9449 2.2726 2.5216 2.7372

Copyright Department of Mechanical Engineering, Stanford University
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PROPERTIES OF SATURATED REFRIGERANT 11

T P volume, m3/kg : enthalpy, kdzkg entropy, kJs(kg-+K)
K MPa \R Vg h¢ htg hg S¢ Sfg Sg
200 0.0004374 0.000591 27.66 6.0 214.90 214.90 0.0 1.0745 1.0745
210 0.001012 0.000598 12.54 8.43 211.13 219.61 0.0414 1.0053 1.0467
220 0.002142 0©0.000606 6.201 16.94 207.47 224.41 0.0807 0.9431 1.0238
230 0.004203 0.000614 3.300 25.39 203.91 229.30 0.1183 0.8866 1.0049
240 0.007721 0.000622 1.870 33.85 200.41 234.26 0.1543 0.8350 0.9893
250 0.01340 0.000631 1.119 42.33 196.94 239.27 0.1889 0.7877 0.9766
260 0.02215 0.000639 0.7011 50.83 193.48 244.31 0.2222 0.7441 0.9663
2790 0.03505 0.000649 0.4576 59.37 189.99 249.36 0.2544 0.7037 0.9531
280 0.05341 0.000659 0.3094 67.95 186.46 254.41 0.2856 0.6659 0.9515
290 6.07871 0.000669 0.2157 76.58 182.85 259.43 0.3158 0.6305 0.9463
296.97 0.101325 0.000676 0.1705 82.62 180.29 262.91 0.3363 0.6071 0.9434
300 0.1126 0.000680 0.1545 85.26 179.16 264.42 0.3451 0.5972 0.9423
310 0.1570 0.000691 0.1133 94.00 175.36 269.36 0.3737 0.5657 0.9394
320 0.2138 0.000703 - 0.08474 102.79 171.44 274.23 0.4015 0.5357 0.9372
330 0.2852 0.000716 0.06456 111.65 167.36 279.01 0.4286 O0.507%1 0.9357
340 0.3735 0.000730 0.04995 120.59 163.11 283.70 0.4551 0.4797 0.9348
350 0.4810 0.000744 0.03918 129.62 158.65 288.27 0.4810 0.4533 0.9343
360 0.6102 0.000760 0.03109  138.77 153.94 292.71 0.5065 0.4276 0.9341
370 0.7638 0.000778 ©8.02492 148.06 148.93 296.99 0.5317 0.4025 0.9342
380 0.9446 0.000797 0.02014  157.53 143.55 301.08 0.5565 0.3778 0.9343
390 1.155 0.000818 ©0.01639 167.23 137.71 304.94 0.5813 0.3531 0.9344
400 1.399 0.000842 0.01340  177.21 131.31 308.52 0.6060 0.3283 0.9343
410 1.679 0.000870 0.01098 187.56 124.20 311.76 0.6310 0.3029 0.9339
420 1.999 0.000902 0.009010 198.38 116.17 314.55 0.6564 0.2766 0.9330
: 430 2.363 0.000940 0.007372 209.82 106.91 316.73 0.6825 0.2486 0.9311
: 440 2.774 0.000988 0.005987 222.14 95.91 318.05 0.7099 0.2180 0.9279
! 450 3.237 0.001654 0.004782 235.76 82.25 318.01 0.7394 ©0.1828 0.9222
P 460 3.756 0.001157 0.003672 251.73 63.59 315.32 0.7733 0.1382 0.9115
% 471.15 4.409 0.001806 0.001806 288.78 0.0 288.78 0.8507 0.0 0.8507
E PROPERTIES OF GASEOUS REFRIGERART 11
i
; P,MPa’ v T.K ~ '
i (Tsat,K) sat 300 350 400 450 500 550 600 650
P . .
4 0.050 v,m3/kg 0.3290 0.3566 0.4192 0.4310 0.5423 0.6033 0.6642 0.7250 0.7858
51 (278.4) h,kJsk 253.59 265.93 295.68 326.90 359.35 392.79 427.04 461.97 497.48
2 s.kJ/(ig°K) 0.9524 0.9951 1.0868 1.1701 1.2465 1.3170 1.3823 1.4430 1.4999
% 8.101325 v,m3/kg 0.1705 0.1725 0.2046 0.2357 0.2664 0.2968 0.3270 0.3572 0.3872
: (297.0) h,kJsk 262.91 264.70 294.87 326.34 358.93 392.47 426.79 461.76 497.30
; S s,kJ/(ag~K) 0.9434 0.9494 1.0424 1.1264 1.2031 1.2738 1.3392 1.4000 1.4569
{ : « ,
; 0.20 v, m3/kg 0.09024 0.1013 0.1178 0.1337 0.1494 10.1649 0.1803 0.1957
j (317.8) h,kJsk 273.15 - 293.26 . 325.23 358.12 391.85 426.29 461.35 496.95
! s.kdl(gg'K) 0.9376 0.9979 1.0832 1.1607 1.2318 1.2974 1.3584 1.4154
| 0.40 v,m3/kg 0.04678 6.04819 0.065720 0.06563 0.07375 0.08170 0.08955 0.09734
(342.6) h,kJdsk 284.93 289.79 322.90 356.44 390.57 425.27 460.51 496.25
.. s,kJ/(ﬂg°K) 0.9346 . 0.9487 1.0371 1.116% 1.1880 1.2542 1.3155 1.3727
i 0.70 v,m3/kg 8.02717 0.03113 0.03639 0.04130 0.04603 0.05064 0.05519
o (366.0) h,kJsk 285.32 319.14 353.81 388.59 423.72 459,23 495.17
o s.kJ/(ag'K) 0.9341 0.9964 1.0780 1.1513 1.2183 1.2801 1.3376
o 1.0 v,m3/kg 0.01901 ~ 0.02059 0.02465 0.02830 0.03175 0.03508 0.03833
- (382.8) h,kJskg, -.-302.17 A 314.98 351.02 386.54 422.12 457.94 494.08
il s,kJ/(ﬂg*K) 0.9343 0.9670 1.0519 1.1268 1.1946 1.2570 1.3148
i 2.0 v,m3/kg 0.00901 0.01076 0.01307 0.01507 0.01691 0.01867
B (420.0) h,kJsk 314.55 340.14 379.07 416.48 453.45 490.37
i s,kdz(kg+K)  0.9330 0.9918 1.06739 1.1453 1.2096 1.2687
ié 5.0 v,m3/kg 0.00341 0.00494 0.00600 0.00690
i: h, kJsk

. h ’ ' 343.97 395.74 438.28 478.38
s.kJ/(ag'K) ~ - 0.9621 1.0611 1.1351 1.1994

cﬁbyright Department of Mechanical Engineering, Stanford University
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entropy, kJs/(kg*K)

enthalpy, kJskg
St

volume, m3/kg
v Vg
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entropy, kJ/(kg+K)
s ¢

enthalpy, kJskg

volume, m3/kg
Vg
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PROPERTIES OF GASEOUS REFRIGERANT 12

P,MPa
(T,;t’K)

0.020
(211.1)

0.04
(223.6)

0.050
(228.0)

0.14
(251.3)

0.20
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(272.3)

P, MPa
(T;.{yK)

0.020
(21n.n
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0.070
(235.0)

.~ 0.20
(260.6)
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s,kJ7 (kg *K)

v,m37kg ’
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PROPERTIES OF GASEOUS REFRIGERANT 12

P, MPa

0.020
(211. 1)

0.040
(223.6)

0.050
(228.0)

6.07
(235.0)

0.30 v
(272.3)

P,MPa

(Ts‘t;K)

0.40
(281.3)

0.50
(238.8)

0.70 v
(300.38)

1.
(314.3)

1.4 v
(329.3)

2
(346

2.
(357.4

5 .
)

3.0 v
(367.1)

4.0
(383053

(TS;{yK)

v,m3skg
h,kJ/kﬁ
s, kJz(kg*K)

v,m3/kg
h,kJskg
s,kJ/ (kg *K)

v,m3skg
h kJ/k
s kJ/(kg'K)

v,m3skg
h,kJskg
s, kJ/ (kg *K)

0 v,m3/kg

h,kJskg
s,kJs (kg +*K)

v,m3/kg
h,kJskg
s, kJ/(kg'K)

v,m3/kg
h,kJ/kE
s,kJds (kg *K)

m3/kg
h kJskg
s, kJ/(kg'K)

.m3/kg
h kJskg
s kd/(kg~K)

s, kJ/(kg K)

v,m3skg
h,kJdskg
s, kJ/(kg'K)

v,m37kg
h kJszkg
s, kJ/(kg K)

v,m3skg
h,kJzkg
s,kJs(kg *K)

v,m3/kg
h kJ/kg
s, kJs (kg *K)

s kJ/(%g *K)

.m3skg
h kJ/k
s kJ/(kg'K)

v,m3/kg
h kJ/k
s, kJ/(kg K)
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0.03482
222.87
6.8232

0.02501

0:00470
2431.03
0.7877

0.00239
225.75
0.7379

— Y

440 460
1.511  1.580

331.00 345,35
1.3419 1.3738

1.2297 1.2617
0.2145 0.2244
330.35 344.77
1.2071  1.2392
0.1496 0.1567
330.03 344.47
1.1821 1.2142
0.09922 0.1040
329.48 34398

1.1533

300 310

0.04730 0.04939
232.32 238.99
0.8691 0.8910

0.03690 0.03367
230.64 237.49
0.8496 0.8721

0.02632
234.29
0.8412

0.3244
359.56
1.2927

0.2344
1359.38
1.2703

- 358.66
1.2168

500
1,718
374.69
1.4350

1.145

- 374.65

1.4070
0.8582
374.60
113872

0.6863

374.56-

1.3718

0.4899
374.48
1.3485

0.3381
374,35
1.3229

0.2444
374.19
1.3005

©0.1707
373.94
1.2756

0.:1134
373.52
1.247

T,K

320

0. 05144
245.67

0. ]

0.8933

0.02768
241.49
8.8641

0.01802
236.70
0.8282

330
0.05343
252.37
0.9328

.04205
5

520

1.786
389.64
1.4643

1.191%
389.60
1.4364

0.8927
389.56
1.4165

0.7139
389.52
1.4011

0.5096
389.45
1.3779

0.3518
389.32
1.3523

0.2543
389.18
1.3299

0.1777
338.94
1.305¢0

0.1181
388.56
1.2766

340

0.05540
259.11
0.9529

0.04368
258.01

- 0.9352
-0.03024

255.71
0.9072

0.02009
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1.855
404.76
1.4928

1.237
404.73
1.4649

0.9271
404.63
1.4451

0.7415
404.65
1.4297

0.5294
404.58
1.4065

0.3654
404.47
1.3809

0.2642
404.33
1.3585

0.1347
404. 11
1.3336

0.1228
403.75
1.3053

350

0.05733
265.388
0.9725

0.04527
264.838
0.9551

0.03146
262.78
6.9277

0.02105

0.01400
254,38
0.8621

0.00846
244. 81
0.8160

0.05924
272.70
0.9917

0.04685
271.77
0.9746

0.03266

269.385-

0.9476
0.02197
266. 80
0.9169

0.01476

530

1.993
435.49
1.5477

1.328
435.46
1.5198

. 9961
435 42
1.5000

0.7967
435,39
1.4846

0.5688
435.33
1.4614

0.3927
435.23
1.4358

0.2840
435.11
1.4134

0.1986
434.92
1.3887

0.1321
434.60
1.3604

0.03382
276.93
0.9670

0.02286
274.14
8.9370

0.01549
270.10
0.9058

0.00984
263.07
0.8667

0.00707
255.74
0.8356

0.00497

245.34
0.7994
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PROPERTIES OF GASEGUS REFRIGERANT 12

P, MPa . T.K
(Tsat: KD 380 390 400 410 420 430 440 450 460
0.40 v,m3/kg 0. 05301 0. 05487 0. 06672 0. 06855 g. 07038 0.07220 0.07401 O. 07581 0. 07761
(281.3) h,kJrskg 286.47 293.42 308 307.4 .58 321.74 328.94 336.18 34
s,kJz (kg *X) 1. 0290 1.0470 1. 0648 1. 0822 1 0993 1.1161 1. 1327 1.1490 1. 1650
.50 v,m3skg 0.04993 0.05145 0.05296 0.05445 0.05593 0.05741 0.05888 0.06034 0.06179
(288 8) h kJskg 285.67

. . 292.68 299.73 306.83 313.97 321.15 328.38 335.66 342.98
s,.kJs (kg +K) 1.0121 1.0303 '1.0482 -1.0657 1.0829 1.0998 1.1164 1.1328 1.1489

v,m3/kg 0.03497 0.

0.70 03610 0.03722 0.03832 0,03942 0.04050 0.04158 0.04265 0.04372
(300.8) h.kJska 284.03 291.16 298.31 305.49 312.71 319.97 327.26 334.59 341.96
s.kJs(kg*K)  0.9858 1.0044 1.0225 1.0403 1.0577 1.0747 1.0915 1.1080 1.1242
.0 v,m3/kg 0.02372 0.02457 0.02540 0.02622 0.02702 0.02782 0.02860 0.02933 0.03015
(314 8) h,kJ/kg 281.46 288.78 296.10 303.43 310.77 318.14 325.54 332.96 340.41
s,kJs(kg=K)  0.9565 .0.9755 0.9940 1.0121 1.0298 1.0472 1.0642 1.0809 1.0972
1.4 v,m3/kg 0.01618 0.01685 0.01749 0.01812 0.01874 0.01935 0.01994 0.02053 0.02111
(329.3) h.kJskg 277.79 285.41 292.99 300.54 308.08 315.62 323.16 330.72 338 29
s.kJs(kg*K) 0.9263 0.8461 0.9653 0.9839 1.0021 1.0198 1.0372 1.0541 1.0708
2.0 v,m3/kg 0.01044 0.01099 0.01151 0.01202 0.01250 0.01297 0.01343 0.01387 0.01431
(346.0) h.kJdskg 271.55 279.80 287.89 295.87 303.77 311.61 319.42 327.21 334.98
s kJ/(kg*K) 0.8894 0.9108 0.9313 0.9510 0.9700 0.9885 1.0064 1.0239 1.0410
2.5 v,m3/kg 0.00766 0.00813 0.00863 6.00913 0.00956 0.00998 0.01037 0.01076 0.01113
(357.4) h.kJskg 265.38 274.44 283.14 291.53 299,37 303 03 316.11 324.12 332.10
s, kJ/(kg°K) 0.8614 0.8849 0.9069 0.9278 0.9477 0.9663 0.9855 1.0035 1.0210
3.0 v,m3skg 0.00570 0.00626 0,00674 0.00718 0.00759 0.00797 0.00833 0.00867 0.00901
A (367.1) h kJ/kg 257.66 268.13 277.75 286.86 295,64 304.20 312.60 320.88 329.09
- s, kJ/(kg'K) 0.8323 0.8595 0.8839 0.9063 0.9275 0.9477 0.9670 0.9856 1.0036
3 4.0 v,m3/kg , ' 0.00343 0.00416 0.00465 0.00505 0.00541 0.00575 0.00605 0.00634
; (383.5) h. kJ/k% 248.64 263.62 275.37 285.83 295.57 304,88 313.87 322.66
; s.kJ7 (kg +K) - 0.7972 0.8351 0.3642 0.3394 0.9123 0.9337 0.9539 0.9732
bl P, MPa T.K :
P (Tgat KD ~ 470 480 500 520 540 560 530 600 620
3 0.40 v,m3/kg 0.07940 0.08119 0.08476 0. 08831 0.09185 0.09538 0.09891 0.1024 0.1059
: (281.3) h kJrke 350.82 358.20 373.10 388.17 40 ?18.76 434.28 449.93 465.72

3.39° .
! 8, kJ/(ﬁg?K) 1.1808 1.1963 1.2267 1.2563 1.2850 1.3136 1.3402 1.3667 1.3926

oy 0.50 v,m3/kg - - 0.06324 0.06469 0.06757 0.07043 0.07329 0.07613 0.07897 0.08180 0.08463

Sl (288.8) h’kd/ks 350,34 357.74 372.68 387.77 403.02 418.42 433.96 449.63 465.44

§ s kJ/(ﬁg°K) 1.1647 1.1803 1.2108 1.2404 1.2692 1.2972 1.3244 1.3510 1.3769

? 0.70 v,m3/kg 0.04478 0.04583 0.04792 0.050081 0.05208 0.05414 0.05619 0.05823 0.06027

; (300.8) h, kJsk 349.37 356.82 371.83 386.99 402.29 417.74 433.32 449.03 464.87

o s kJ/(gg°K) 1.140% 1.1558 1.1864 1.2162 1.2450 1.2731 1.3005 1.3271 1.3531
1o : , ;

o 1.0 37k 0,03092 0.03168 0.03319 0.03468 0.03617 0.03764 0.03910 0.04056 0.04201

) (314.8) ; aJlkg ‘ 347.89 355.41 370.54 - 385.80 401,19 416.71 432.35 448.12 464,01

: s kd/(ﬁg’K) 1.1133  1.1292 1.1600 1.1900 1.2190 1.2472 1.2747 1.3014 1.3275

1.4 v,m3/k 0.02168 0.02225 0.02337 0.02447 0.02556 0.02664 0.02771 0.02878 0.02984

(328.3) ﬁ,ﬁdlkg 345.88 353.49 368.79 334,19 399.70 415.32 431.06 446.91 462.87

s kd/(&g*K) 1.0871 1.1031 1.1343 1.1645 1.1938 1.2222 1.2498 1.2767 1.3029

2.0 v,m3/k 0.01474 0.01517 0.01600 0.01681 0.01761 0.01840 0.01918 0.01995 0.02071

(346.0) h,?d/k 342.75 350.52 366.10 381.73 397.43 413.22 429.10 445.08 461.16

L s,kJ/(ig'K) 1.0577 1.0741 1.1059 1.1365 11,1662 11,1949 1.2227 1.2498 1.2762

s 2.5 v,m3/k 0.01150 0.011386 0.01256 0.01324 0.01390 .0.01455 0.01520.0.01583 0.01646

ol (357.4)"h,kJ/k9 340.04 347,97 363.80 379.64 395 51 411.45 427.46 443.55 459,72

Lo s.kd/(ig‘K) 1.0381 1.0548 1.0871 1.1182 1.1481 1.1771 1.2052 1.2325 1.2590

i

S 3.0 v,m3sk 0.00933 0.00965 0.01026 0.01086 0.01143 0.01199 0.01254 0.01309 0.01362

3 i (367.1 )-h.QJ/kg 337.23 345.33 361.44 377.51 393,57 "409.66 425.81 442.01 458.29

g ; s.kJ/(Eg'K) 1.0211 1.0382 1.071%1 1.1026 1.1329. 1.1622 .1.1905 11,2179 1.2446

- 4.0 v,m3/k 0.00662 0.00689 0.00740 0.00788 0.00835 0.00880 0,00924 0.00967 0.01009

(383.5) hokdsks 331,28 339,79 356.57 373.15 389.62 406,05 422,48 438,93 455,42

s kJ/(gg'K) 0.9918 1.0097 1.0439 1.0764 1.1075 1.1374 1.1662 1.2212
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SROPERTIES OF SATURATED REFRIGERANT 13

T P volume, m3/kg enthalpy, kJskg entropy, kJs/(kg+*K)
K MPa \&i Vg hy htg hq St S+g Sq
150 0.005238 0.000598 2.268 0.0 166.90 166.90 0.0 1.1127  1.1127
155 0.008225 0.000604 1.490 3.90 165.09 168.99 0.0255 1.0652 1.0907
160 0.01251 0.000611 1.008 7.85 163.24 171.08 0.0506 1.0203 1.0709
165 0.01849 0.000617 0.7012 11.87 161.32 173.19 0.0753 0.9778 1.0531%
170 0.02663 0.000624 0.4997 15.96 159.34 175.30 0.0997 0.9373 1.0370
175 0.03746 0.000631 0.3640 20.11  157.29 177.4¢ 0.1238 0.8987 1.0225
180 0.05158 0.000639 0.2704 24.35 155.13 179.48 0.1476 0.8618 1.0094
185 0.06864 0.000646 0.2044 67 152.87 181.54 0.1712 0.8263 0.9975
150 0.09238 0.000654 0.1571 33.07 150.51 183.58 0.1946 0.7921 0.9867
191.70 0.101325 0.000657 0. 1441 34.59 149.67 184.26 0.2025 0.7808 0.9833
195 0.1205 0.000663 0.1225 37.55 148.03 185.58 0.2177 ©0.7592 0.9769
200 0.1550 0.000672 0.09677 42.11 145.43 187.54 0.2407 0.7272 0.9679
205 0.1965 0.000681 0.07736 46.75 142.70 189.45 0.2635 0.6961 0.9596
210 0.2461 0.000690 0.06252 51.46 139.85 191.31 0.2861 0.6659 0.9520
215 0.3045 0.000700 0.05101 56.26 136.85 193.11 0.3084 0.6366 0.9450
220 0.3729 0.000711 0.04200 61.12 133.73 184.85 0.3306 0.6078 0.9384
225 0.4521 0.000722 0.03485 66.07 130.44 196.51 0.3525 0.5798 0.9323
230 0.5431 0.000734 0.02912 71.08 127.01 198.09 0.3743 0.5522 0.9265
235 0.6470 0.000747 0.02449 76.17 123.40 198.57 0.3959 0.525% 0.9210
240 0.7647 0.000761 0.02071 81.34 119.62 200.96 0.4173 0.4984 0.9157
245 0.8972 0.000776 0.01759 86.59 115.65 202.24 0.4385 0.4720 0.9105
250 1.046 0.000792° 0.01501 91.92 111.46 203.38 0.4595 0.4459 0.9054
255 1.211 0.000810 0.01285 §7.35 107.04 204.39 0.4805 0.4198 0.9003
260 1.395 0.000829 0.01103 102.88 102.35 205.23 0.5014 0.3937 0.8951
265 1.598 0.000851 0.009477 108.53 97.34 205.87 0.5223 0.3673 0.8896
270 1.821 0.000876 0.008148 114.34 91.94 206.28 0.5433 0.3405 0.88338
275 2.066 0.000905 0.006998 120.33 86.07 206.40 0.5645 0.3129 0.8774
280 2.335 0.000940 0.005990 126.58 79.56 206.14 0.5861 0.2841 0.8702
: 285 2.630 0.000982 0.005094 133.20 72.15 205.35 0.6085 0.2532 0.8617
: 290 2.952 0.001038 0.004278 140.40 63.37 203.77 0.6324 0.2186 0.8510
3 295 3.306 0.001120 0.003496 148.70 52.05 200.75 0.6595 0.1765 0.3360
: 302.00 3.870 0.001731 0.001731 177.26 0.0 177.26 0.7524 0.0 0.7524
: % PROPERTIES OF GASEOUS REFRIGERANT 13
P,MPa T.K ‘
i (Tgat: K ’ sat 250 300 350 400 450 500 550 600
é 0.0850 v,m3/kg 0.2783 0.3946 0.4754 0.5557 0.6358 0.7157 0.7955 0.8753 0.9551
h (179.5) h,kJskg 179.27 217.37 248.13 281.82 318.04 356.41 396.55 438.07 480.58
: s,kJ7 (kg *K) 1.0107 1.1886 1.3008 1.4046 1.5012 1.5915 1.6761 1.7552 1.8292
% 0.101325 v,m3/kg 0.1441 0.1930 0.2335 0.2735 0.3132 0.3528 0.3924 0.4318 0.4713
L (191.7) h,kJskg 184.26 216.71 247.74 281.55 317.83 356.25 396.42 437.96 480.49
P s, kJd/7 (kg K} 0.9833 1.1307 1.2436 1.3478 1.4446 1.5350 1.6197 1.6988 1.7728
1 ii . R
: 0.20 v,m3/kg 0.07608 0.09606 0.1172 0.1379 0.1582 0.1784 0.1986 0.2187 0.2388
(205.4) h,kJskg 189.60 215.54 246.98 281,01 317.43 355.93 396.16 437.75 480.31
s,kJs(kg+K) 0.9590 1.0732 1.1877 1.2925 1.3897 1.4804 1.5651 1.6444 1.7184
‘ 0.40 v,m3,kg 0.03924 0.04621 0.05750 0.06820 0.07863 0.08891 0.09911 0.1093 0.1194
: (221.8) h,kJskg 195.45 213.05 245.41 279.92 316.61 355.29 395.64 437.32 479.95
{~ s,kJ7 kg *K) 0.9362 1.0108 1.1287 1.2350 1.3330 1.4240 1.5090 1.5885 1.6627
i 0.70 v,m3/kg 0.02263 0.02470 0,.03187 0.03834 0.04451 0.05054 0.05647 0.06236 0.06820
S (237.3) h,kJskg 200.23 208.93 242.96 278.24 315.38 354.33 394.87 436.68 479.42
- s,kJ7 (kg *K) 0.9185 0.9542 1.0782 1.1870 1.2861 1.3778 1.4632 1.5429 1.6172
: i 1.0 v,m3/kg 0.01573 0.01593 0.02159 0.02639 0.03086 0.03518 0.03942 0.04359 0.04773
¢ (248.5) h,kJskg 203.06 204.18 240.38 276.53 314.12 353.36 394.09 436,04 478.89
: s,kJs (kg *K) 0.9069 0.9114 1.0435 1.1549 1.2553 1.3477 1.4335 1.5134 1.5880
k
§ 2.0 v,m3/kg 0.00728 0.00943 0.01241 0.01493 0.01727 0.01952 0.02171 0.02386
i (273.7) h,kJskg 206.40 230.48 270.49 309.84 350.10 391.49 433.82 477.13
}i : s, kJs (kg K} 0.8792 0.9633 1.0868 1.1919 1.2867 1.3739 1.4547 1.5299
i
F 3.0 v,m3/kg 0.00417 0.00506 0.00770 0.00961 0.01130 0.01289 0.01441 0.01589
‘ €290.7) h,kJskg 203.45 216.59 263.83 305.39 346.783 388.89 431.81 475.38
s,kJ7 (kg *K) 0.8492 0.8937 1.0399 1.1509 1.2484 1.3371 1.4189 1.4948
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PROPERTIES OF SATURATED REFRIGERANT 14

T p volume, m3/kg ’ enthalpy, kJskg entropy, kJs/(kg+K)
K MPa v§ Vg hs htg - hg S+ Sfg Sgq
125 0.01854 0.000575 0.6284 0.0 144.76 144.7%6 0.0 1.1581 1.15681
130 0.02984 0.000583 0.4037 4.28 142.42 146.70 0.0335 1.0956 1.1291
135 0.04616 0.0600592 0.2690 8.68 139.92 148.60 0.0667 1.0364 1.1031
140 0.06837 0.000602 0.1851 13.22 137.23 150.45 0.0996 0.9802 1.0793
145 0.08987 0.000612 0.1310 17.88 134.34 152.22 0.1322 0.9264 1.058%6
145.20 0.101325 0.000612 0.1292 18.08 134.2%1 152.29 0.1335 0.9243 1.0578
150 0.1407 0.000622 0.09497 22.67 131.24 153.91% 0.1645 0.8749 1.0394
155 0.1933 0.000634 0.07038 27.59 127.92 155.51) 0.1965 0.8253 1.0218
160 0.2597 0.000646 0.05316 32.61 124.40 157.01 0.2281 0.7775 1.0056
165 0.3420 0.000659 0.04082 37.74 120.65 158.39 0.25%4 0.7311 0.9905
170 0.4425 0.000673 0.03181% 42.93 116.66 159.64 0.2902 0.6863 0.9765
175 0.5632 0.000689 0.02510 48.31 112.44 160.75 0.3206 0.6425 0.9631
180 0.7064 0.000705 0.02002 53.73 107.97 161.70 0.3506 0.5998 0.9504
185 0.8745 0.000724 0.01611 59.25 103.22 162.47 0.3802 0.5579 10.9381%
190 1.070 0.000745 0.01306 64.87 98.16 163.03 0.4094 0.5166 0.9260
185 1.295 0.000768 0.01064 70.60 92.74 163.34 0.4383 0.4756 0.9139
200 1.553 0.000796 0.008694 76.49 86.87 163.36 0.4671 0.4343 0.9014
205 1.846 0.000828 0.007104 82.59 80.39 162.93 0.4961 0.3921 0.8882
‘ 210 2.179 0.000867 0.005731 39.00 73.06 162.06 0.5256 0.3479 0.8735
: 215 2.556 0.000918 0.004650 95.95 64.36 160.31 0.5567 0.2994 0.8561
,; 220 2.984 0.000992 0.003638 103.97 53.12 157.09 0.5917 0.2414 0.8331
) 225 3.473 0.001132 0.002610 115.03 34.87 149.90 0.6391 0.1549 0.7940
é 227.50 3.745 0.001598 0.001598 132. 41 0.0 132.41 0.7142 0.0 0.7142
i PROPERTIES OF GASEOQUS REFRIGERANT 14
3
g P,MPa T,K
% (Tsat,K) sat 150 200 250 300 350 400 500 600
4 0.050 v,m3/kg "0.2497 0.2778 0.3752 0.4708 0.5659 0.6607 0.7554 0.9447 1.134
i (136.0) h,kJdskg 148.96 155.76 182.10 212.01 245.46 282.26 322.16 410.08 ©506.54
s, kJs (kg *K) 1.0984 1.1460 1.2971 1.4303 1.5520 1.6654 1.7718 1.9676 2.1433
! 0.101325 v,m3/kg 0.1292 0.1342 0.1837 0.2315 0.2787 0.3257 0.3726 0.4661 0.5596
H (145.2) h,kJskg 152.29 154.73 181.61 211.73 245.27 282.12 322.06 410.02 506.49
i o s,kJ/ (kg *K) 1.0578 1.0743 1.2286 1.3627 1.4849 1.5983 1.7049 1.9008 2.0765
é 0.20 V,m3/kg‘ ' ' 0.06813 0.09172 0.1165 0.1407 0.1647 0.1886 0.2361 0.2336
(155.6) h,kJskg 155.69 180.65 211.19 244.92 281.87 321.856 409.89 506.41
s,kJz (kg *K) 1.0199 1.1609 1.2969 1.4197 1.5335 1.6403 1.8363 2.0121
! 0.30 v,m3/kg 0.04630 - 0.06020 0.07717 0.09351 0.1096 0.1256 0.1574 0.1891
y (162.6) h.kd/kﬁ‘ 157.74 . 179.65 210.63 244.55 281.61 321.66 408.76 506.32
s,kJs (kg *K) 0.9977 , 1.1180 1.2570 1.3806 1.4947 1.6015 1.7977 1.9736
0.50 v,m3/kg 0.02822 0.03493 0.04566 0.05572 0.06553 0.07522 0.09443 0.1135
: .(172.5);h,kJ/kg : 160.21 177.57 209.50 243.82 281.08 321.26 409.50 506.15
i s,kJ7 (kg *K) 0.9697 1.0631 1.2055 1.3305 1.4452 1.5525 1.7480 1.9250
i 0.70 v,m3/kg 0.02020 0.02405 0.03215 0.03952 0.04664 0.05363 0.06744 0.03114
H (179.8) h,kJdskg 161.66 175.35 208.34 243.09  280.56 320.86 409.25 505.98
é s,kJs (kg *K) 0.9509 1.0232 1.1703 1.2969 1.4123 1.5199 1.7167 1.8929
: 1.0 v,m3/kg 0.01402 0.01581 0.02201 0.02738 0.03247 0.03744 0.04720 0.05685
(188.3) h,kJ/kﬁ 162.86 171.7% 206.55 241,97 279.77 320.26 408.86 505.72
s,kJs (kg *XK) 0.9302 0.9758 1.1314 1.2604 1.3769 1.4849 1.6822 1.8586
2.0 v,m3skg 0.00644 ) 0.01012 0.01320 0.01594 0.01855 0.02360 0.02852
(207.4). h,kJskg 162.62 '200.07 238,12 277.10 318.26 407.60 504.89
:8,kJ7 (kg *K) 0.38814 1.0466 1.1853 1.3054 1.4153 1.6143 1.7915
3.0 v,m3/k 0.00360 0.00608 0.00847 0.01044 0.01227 0.01573 0.01908
(220.2) h;kJ/ka 156.92 192,52 234.08 274.39 316.26 406.37 504.09
- s,kJdsz(kg*K)  0.8321 0.9850 1.1368 1.2611 1.3728 1.5736 1.7515
5.0 v,m3/kg 0.00265 0.00469 0.00606 0.00726 0.00946 0.01154
- h,kJskyg " 171,29 225.43 268.89 312.29 403.97 502.54
g,kJ/(kng)" i 0.8672 1.0663 1.2004 1.3162 1,5205 1.7001
Copyright Department of Mechanical Engineering, Stanford University
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entropy, kJ/(kg-+K)
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enthalpy, kJrskg
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P,MPa

T,K
(Tsat K) sat 220 230 240 250 260 270 230 290
0.020 v,m3/kg 0.9639 1.049 1.098 1.147 1.195 1.244  1.293  1.341 1.390
(202.8) h.kJdskg 252.32 261.78 267.43 273.19 279.07 285.06 291.16 297.39 303,72
s.kJ/7(kg*K)  1.2445 1.2893 1.3144 1.3389 1.3629 1.3864 1.4095 1.4321 1.4543
0.030 v,m3/kg 0.6608- 0.6962 0.7292 0.7620 0.7948 0.8274 0.8600 0.8925 0.9250
(209.3) hlkiske 255.54 261.47 267.15 272.94 278.84 284.85 290.98 297.22 303.57
s kJz(kg*K)  1.2217 1.2493 1.2746 1.2992 1.3233 1.3463 1.3700 1.3827 1.4150
0.040 v,m3/kg 0.5056 0.5199 0.5449 0.5697 0.5945 0.6191 0.6437 0.6682 0.6926
(212.3) hlkdske 257.96 261.16 266.87 272.69 278.61 284.65 290.79 297.05 303.41
s.kJztkg+K)  1.2059 1.2207 1.2460 1.2708 1.2950 1.3186 1.3418 1.3646 1.3869
0.050 v,m3/kg 0.4108 0.4141 0.4343 0.4543 0.4743 0.4941 0.5139 0.5336 0.5532
(218.4) h kJrkg 259.91 260.85 266.59 272.44 273.39 284.44 290.61 296.88 303.26
s.kdz(kg*K)  1.1939 1.1982 1.2237 1.2486 1.2729 1.2966 1.3199 1.3427 1.3651
6.070 v,m3/kg 0.3002 0.3079 0.3224 0.3369 0.3512 0.3655 0.3797 0.3938
(224.8) h.kdskg 262.99 266.02 271.93 277.93 284.03 290.23 296.53 302.94
s.kJ/(kg+K)  1.1763 1.1896 1.2147 1.2392 1.2631 1.2865 1.3095 1.3320
0.101325 v,m3/kg 0.2126 0.2205 - 0.2307 0.2408 0.2508 0.2608 0.2707
(232.4) h,kJ/kﬁ 266.55 271.11 277.20 283.37 289.63 295.99 302.45
s.kds(kg*K) 1.1574 1.1767 1.2015 1.2258 1.24934 1.2725 1.2952
.14 v,m3/kg 0.1571 0.1575 0.1651 0.1726 0.1808 0.1874 0.1946
(239.6) h’kdskg 269.82. 270.09 276.28 282.55 288.89 295.32 301.84
s.kJstkgK)  1.1414 1.1425 1.1678 1.1924 1.2163 1.2397 1.2626
\ 0.20 v,m3/kg 0.1124 0.1135 0.1189 0.1243 0.1296 0.1349
: (243.0) h.kJ/ka 273.57 274.82 281.24 287.71 294.25 300.87
é s.kdz(kg-K>  1.1243 1.1293 1.1544 1.1789 1.2027 1.2259
: 0.30 v,m3/kg  0.07657 0.07713 0.08094 0.08467 0.08833
: (258.6) h,kJ/kg ‘ 277.99 278.96 285.68 292.42 299.21
; s.kJs(kg+K)  1.1053 1.1091 1.1344 1.1589 1.1828
B P, MPa ‘ T.XK
A (TsatsK) 300 310 320 330 340 350 360 370 380
% 0.020 v,m3/kg 1.438 1.487 1.535 1.583 1.631 1.680 1.728 1.776 1.824
(202.8) hikdska 310.17 316,73 323,40 330,18 337.07 344.06 351.16 358.37 365.67
. , s kJs(kg+K) 1.4762 1.4977 1.5189 1.5397 1.5603 1.5806 1.6006 1.6203 1.6398
i ~0.030 v,m3/kg 8.9574 0.9897 1.022 1.054 1.087 1.119 1.151 1.183 1.216
: (209.3) hik/ka 310.03 316.60 323.28 330.07 336.97 343.97 351.07 358.28 365.59
X s kdztkg+K)  1.4369 1.4584 1.4796 1.5005 1.5211 1.5414 1.5614 1.5312 1.6007
T ,
o 0.040 v,m3/kg 0.7170 0.7414 ©0.7657 0.7900 0.8142 0.8385 0,.3627 0.8869 0.9111
; (214.3) h,kdlkﬁ 309.89 316.47 323.16 329.96 336.86 343.87 350.99 358.20 365.52
i ' ‘s kdz(kg+K)  1.4089 1.4305 1.4517 1.4726 1.4932 1.5135 1.5336 1.5533 1.5729
E 0.050 v,m3/kg . 0.5728 0.5923 0.6118 0.6313 0.6508 0.6702 0.6896 0.7090 0.7284
; (218.4) h,kJ/kg 309.74 316.34 323.04 329.85 336.76 343.78 350.90 358.12 365.44
: ‘ s,kdz(kg+K)  1.3871 '1.4087 1.4300 1.4509 1.4716 1.4919 1.5119 1.5317 1.5513
0.070 v,m3/kg 0.4080 0.4220 0.4360 0.4500 0.4640 0.4779 0.4918 0.5057 0.5196
(224.8 h.kJ/kg 309.46 316.08 322.80 329.62 336.55 343.58 350.72 357.95 365.28
‘ s.kdsCkg+K)  1.3540 1.3757 1.3971 1.4181 1.4388 1.4592 1.4792 1.4991 1.5186
0.101325 v,m3/kg 0.2805 0.2904 0.3001 0.3099 0.3196 0.3293 0.3390 0.3486 0.3533
: (232.4) h,kJ/kE 309.01 315.66 322.42 329.27 336.23 343.28 350.43 357.69 365.04
s s kdz(kg+K) 1.3174 1.3392 1.3607 1.3818 1.4025 1.4230 1.4431 1.4630 1.4826
! 0.14 v,m3/kg 0.2019 0.2091 0.2162 0.2234 0.2305 0.2375 0.2446 0.2516 0.2587
‘ (239.6) h,kJ/kg 308.45 315.15 321.94 328.83 335.82 .342.91 350.09 357.36 364.73
; s.kdstkgeK)  1.2850 1.3070 1.3285 1.3497 1.3706 1.3911 1.4114 1.4313 1.4509
: ©0.20 v,m37kg 0.1400 0.1452 0.1503 0.1554 0.1604 0.1654 0.1704 0.1754 0.1804
= (248.0) hkd/kg 307.56 314.34 321.20 328.15 335.19 342.32 349.54 - 356.85 364.26
B ‘s.kds(kg+K)  1.2486 1.2708 1.2926 1.3140 1.3350 1.3556 1.3760 1.3960 1.4158
- 0.30 v,m3/kg 0.09192 0.09547 0.09898 0.1025 0.1059 0.1093 0.1127 0.1161 0.1195
(258.6) hke/kg 306.06  312.96 319.94 326.99 334.12 341.33 348.62 356.00 363.46
o s.kJ7(kg*K)  1.2060 1.2286 1.2508 1.2725 1.2938 1.3145 1.3352 1.3554 1.3753
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p, MPa

T.K
(TsatrK) 400 420 440 460 480 500 520 540 560
0.020 v,m3/kg  ~ 1.921 2.017 2.114 2.210 2.306 2.402 2.499 2.595 2.691
(202.8) h.kJ/kg 380.58 395.89 411.56 427.61 444.00 460.73 477.78 495.15 512.30
s,kJs(kg*K)  1.6780 1.7154 1.7518 1.7875 1.8223 1.8565 1.8899 1.9227 1.9548
0.030 v,m3/kg 1.280 1.344  1.409 1.473 1.537 1.601 1.665 1.730 1.794
(209.3) h'kdskg 380.52 395.82 411.51 427.56 443.95 460.69 477.74 495.11 512.77
s,kJstkg+K)  1.6389 1.6763 1.7127 1.7434 1.7833 1.8174 1.8509 1.8337 1.9158
0.040 v,m3/kg 0.9594 1.008 1.056 1.104 1,152 1.201 1.249 1.297 1,345
(214.3) hikdskg 380.45 395.76 411.45 427.51 443.91 460.64 477.70 495.07 512.74
s,kJs(kg+K)  1.6111 1.6485 1.6850 1.7207 1.7556 1.7897 1.8232 1.8560 1.8831
0.650 v,m3/kg 0.7671 0.8058 0.8445 0.8831 0.9217 0.9603 0.9989 1.037 1.076
(218.4) h.kJ/kg 380.38 395.70 411.40 427.46 443.86 460.60 477.67 495.04 512.70
s,kJs(kg*K)  1.5896 1.6269 1.6635 1.6991 1.7340 1.7682 1.8017 1.8345 1.8666
0.070 v,m3/kg 0.5474 0.5751 0.6027 0.6304 0.6580 0.6856 0.7132 0.7407 0.7683
(224.8) h kJ/ka 380.24 395.58 411.29 427.36 443,77 460.52 477.59 494.97 512.64
s,kds(kg+K)  1.5570 1.5944 1.6309 1.6666 1.7016 1.7357 1.7692 1.8020 1.8341
0.101325 v,m3/kg 0.3775 0.3967 0.4159 0.4350 0.4542 0.4733 0.4924 0.5114 0.5305
(232.4) hlkskg 380.02 395.38 411.11 427.20 443.63 460.39 477.47 494.85 512.53
s,kJstkgK)  1.5210 1.5585 1.5951 1.6308 1.6658 1.7000 1.7335 1.7663 1.7984
0.14 v,m3kg 0.2727 0.2866 0.3006 0.3145 0.3283 0.3422 0.3560 0.3699 0.3837
(239.6) h.kJ/ka 379.75 395.15 410.90 427.00 443.45 460.23 477.32 494.72 512.40
s,kJs(kg*K)  1.4895 1.5270 1.5637 1.5994 1.56344 1.6687 1.7022 1.7350 1.7672
0.20 v,m3/kg 0.1902 0.2001 0.2099 0.2197 0.2294 0.2392 0.2439 0.25386 0.2683
(248.0) hikiske 379.33 394.77 410.57 426.70 443.18 459.97 477.09 494.50 512.20
s,kdsCkg k)  1.4544 1.4921 1.5288 1.5647 1.5997 1.6340 1.6676 1.7004 1.7326
0.30 v,m%/kg 0.1261 0.1328 0.1394 0.1460 0.1525 0.1591 0.1656 0.1721 0.1786
(258.6) h.kJskg 378.63 394.15 410,01 426.20 442,72 459.55 476.70 494.14 511.87
s.kdz(kg*K)  1.4142 1.4521 1.4889 1.5249 1.5601 1.5944 1.6281 1.6610 1.5932
P.MPa T,K
(Tsat,K) sat 290 300 310 320 330 340 350 360
0.40 v,m3/kg 0.05817 0.06502 0.06783 0.07059 0.07331 0.07599 0.07864 0.08126 0.08386
(266.6) h.kJ’kg 281,20

297.50 304.51 311.56 318.66 325.81 333.03 340.33 347.69
$,kJ7 (kg *K) 1.0922 1.15068 1.1746 1.1977 1.2202 1.2422 1.2638 1.2849 1.3057 °

0.50 v,m3/kg 0.04691 0.05100 0.05335 0.05564 0;05789 0.06010 0.06227 0.06442 0.06654
(273.3) h,kJsk

. ﬁ 283.71 295.73 302.91 310.11 317.34 324.61 331.93 339.31 346.75
s,kJs (kg *KJ 1.0822 1.1249 1.1492 1.1728 1.1958 1.2182 1.2400 1.2614 1.2823

0.70 v,m3/kg 0.03377 0.03490 0.035674 0.03851 0.04023 0,04190 0.04354 0.04515 0.04673
(284.1) h,kJsk

. ﬁ 287.43 291.96 299.56 307.09 314.61 322.12 329.66 337.22 344.82

s,kJs (kg *K) 1.0671 1.0829 1.1086 1.1333 1.1572 1.1803 1.2028 1.2247 1.2461

1.0 v,m3/kg . 0.02354 0.02414 0.02556 0.02691 0.02820 0.02945 0.03066 0.03184
(296.6) h,kJskg 291.16 294.01 302.19 310.23 318.18 326.07 333.94 34%.31
s, kJ7(kg+K) ‘1.0509 1.0604 1.0873 1.1128 1.1372 1.1608 1.1836 1.2058

1.4 v,m3/kg 0.01668 0.01674 0.01790 08.01897 0.01998 0.02095 0.02188
(309.5) h,kJ/ka 294.18 294.67 303.69 312.40 320.90 329.28 337.57
s,kJ7€kg *K) 1.0347 1.0363 1.0649 1.0917 1.1171 1.1414 1.1648

; 2.0 v,m3/kg 0.01129 ' ) 0.01184 0.01274 0.01356 0.01433
(324.4) h,kJ/ka 296.23 302.06 311.99 321.43 330.56
s,kJ7 (kg *K) 1.01583 1.0331 1.0628 1.0901 1.1158

2.5 v,m3/kg 0.00868 ) . 0.00919 06.0100% 0.01073
(334.5) h,kJsk 296.31 : 302.81 313.75 323.93
S.kJ/(ﬁg'K) 1.0005 1.0198 1.0515 1.0802

3.0 v,m3/kg 0.00688 - ) ) 0.00749 0.00825
(343.2) h,kJ/kﬁ '295.08 : 304.30 316.23
- s,kJdz7(kg K2 - 0.9855 1.0121 1.0457

4.0 v,m3/kg 0.00443 , ’ 0.00472
(357.7) h.kJ/kz 287.84 : ) 293.22
s,kJ7 (kg *K) 0.9490 . 0.9640
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P, MPa T,K
(Teat KD 370 380 390 400 410 420 430 440 450
0.40 v,m3/kg 0,08644 0.08900 0.09155 0.09409 009662 0,09913 0.1016 0.1041 0.1066
(266.6) h’ kJ’kg 355,13 362,05 '370.25 37792 '385.68 39357 4d1.44 409 .44 41783
s kds(kg oK)  1.3261 22407 373633 371528 3%5:%% 393:3% 1.4420 1.4604 1.4735
0.50 v,m3/kg 0.06364 0.07073 0.07280 0.07485 0.07690 0.07894 0.03096 0.03298 0.08499
(273.3) h'kJrkg 354.25 361.83 369.48 377.21 385.01 392.83 400.84 408.88 416.99
s.kdz(kg+K)  1.3029 1.3231 1.3430 1.3626 1.3818 1.4008 1.4195 1.4380 1.4562
0770 v,m3/kg 0.04829 0.04983 0.05135 0.05286 0.05436 0.05585 0.05733 0.05880 0.06027
(284.1) h kdJrk 352.47 360.17 367.93 375.76 383.65 391.61 399.64 407.74 415.91
s kur(RgK)  1.2671 1.2876 1.3078 1.3276 1.3471 1.3663 1.3852 1.4038 1.4222
1.0 v,m3/kg 0.03300 0.03414 0.03526 0.03636 0.03745 0.03853 0.03960 0.04066 0.04172
(296.6) h'kJ’skg 343,69 357.60 365.54 373.53 381.56 383.65 397.79 406.00 414.26
s.kJz(kg k)  1.2274 1.2485 1.2691 1.2893 1.3092 1.3286 1.3478 1.3667 1.3852
1.4 v,m3skg 0.02278 0.02365 0.02451 0.02535 0.02617 0.02698 0.02778 0.02857 0.02935
€(309.5) h kJ’kg 345,81 -354.02 362.23 370.45 378.69 386.97 395.27 403.62 412.02
s;kdz(kg+K)  1.1873 1.2092 1.2306 1.2514 1.2717 1.2917 1.3112 1.3304 1.3493
2.0 v,m3/kg 0.01505 6.01575 0.01641 0.01706 0.01763 0.01830 0.01890 0.01949 0.02007
(324-3) h Kd7k 339.43 348,27 356.96 365.59 374.19 382.77 391.36 399.95 408.57
s‘kdl(gg'K) 1.1403 1.1637 1.1863 1.2082 1.2294 1.2501 1.2703 1.2900 1.3094
2.5 v, m3/kg. 0.01140 0,.01202 0.01261 0.01317 0.01371 0.01424 0.01475 0.61525 0.01573
(334.5) h kJrkg 333,64 343.04 352.23 361.28 370.22 379.11 387.95 396.73 405.59
S kus(RgK)  1.1068 1.1319 1.1558 1.1787 1.2008 1.2222 1.9430 1.9633 1 283
3.0 v,m3/kg 0.00890 0.00950 0.01004 0.01056 0.01105 0.01152 0.01197 0.01241 0.01284
; (343.2) h'kJskg 327.08 337.30 347.13 356.68 366.04 375.27 384.41 393.49 402.53
. o kJ/(RgK)  1.0755 1.1027 1.1282 1.1524 1°1756 1.1378 31.2193 1.3402 1 3602
Pl 4.0 v,m3/kg 0.00559 0.00623 0.00677 0.00725 0.00769 0.00810 0.00849 0.00836 0.00922
. (357.9) ' KJ7rko 310.25 323,59 335,43 "3d6.43 '356.90 367.01 37687 38655 39611
L S'KJ/(Rg*K)  1.0107 1.0483 1.0971 1.1043 121308 11581 3 1783 31o9602 31 9331
; § P, MPa | T.K
' (Tsat K) 460 480 500 520 540 560 580 600 620
0.40 v,m3/kg 0.1091 0.1141 0.1190 0.1239 0.12838 0.1337 0.1386 0.1435 0.1484
(266.6) h' KJske 425.69 442.26 459.13 476.31 493.78 511.54 520.56 547.85 566.38
" s,kJds(kg+K)  1.4985 1.5317 1.5662 1.5333 1.6328 1.6651 1.6967 1.7277 1.7581
0.50 v,m3/kg 0.08700 0.09099 0.09497 0.09393 0.1029 0.1068 5.1107 0.1147 0.1186
: (273.3) hlkaskg 42818 '441.79 "458,71 "475.97 433.47 5i1.20 529.25 547.55 Sé6. 10
| 's,kds(kg*K)  1.4742 1.5096 1.5441 1.5779 1.6109 1.6432 1.6749 1.7059 1.7363
; 0.70 v.m3/kg 0.06172 0.06462 0.06750 0.07036 0.07321 0.07605 0.07889 0.08171 0.08453
: (28421 hlkdskg 424.15 440.86 457.86 475.14 492.70 510.53 528.62 546.97 565.55
R s.kJ7(kg*K)  1.4403 1.4758 1.5105 1.5444 1.5775 1.6100 1.6417 1.6728 1.7033
, 1.0 v,m3/kg 0.04277 0.04484 0.04690 0.04894 0.05097 0.05299 0.05499 0.05700 0.05899
: €296.6) hikdskg . 422.89 "439.45 '456.57 '473.96 49161 509.52 527.68 546.09 564,72
] s.kJs(kg*K)  1.4035 1.4394 1.4744 1.5085 1.5418 1.5743 1.6062 1.6374 1.6679
1.4 v,m3/kg 0.03012 0.03166 0.03317 6.03466 0.03614 0.03761 0.03907 0.04052 0.04197
: €309.5) h kd’kg 420.47 437.54 454.83 472.37 490.15 508.16 526.42 544.91 563.62
: .kJ/(kg-K) 1.3679 1.4042 1.4395 1.4739 1.5074 1.5402 1.5722 1.6035 1.56342
i 2.0_v,m3/kg 0.02064 0.02177 0.02287 6.62395 0.02502 0.02608 0.02713 0.02817 0.02921
: (324.4)7h. kaskg 417.21 434.61 452,19 469.95 487.93 506.12 524.52 543.14 561.97
i s,kds(kgeK)  1.3284 1.3654 1.4013 1.4361 1.4700 1.5031 1.5354 1.5670 1.5973
- 2.5 v,m3/kg 0.01621 0.01715 0.01807 0.01896 0.01984 0.02071 0.02157 0.02241 0.02326
5 (334.5) h’ kJ/ka 414.42 432.12 449.94 467.92 486.06 504.40 522.93 541.66 560.59
; s.kdsCkg K)  1.3025 1.3401 1.3765 1.4118 1.4360 1.4793 1.5119 1.5336 1.5746
L 0 v.m3/kg 0.01326 0.01408 0.01486 0.01563 0.01639 0.01713 0.01786 0.01858 0.01930
i (343°%9 he kJ/ki 411,55 429.58 447.66 465.85 484.18 502.67 521.34 540.18 559.21
B o sikJsCkgeK) . 1.2803 1.3187 1.3556 1.3313 1.4258 1.4595 1.4922 1.5242 1.5554
§:i © 4.0 v,m3/kg 0.00957 0.01023 0.01087 0.01143 0.01208 0.01266 0.01323 0.01380 0.01435
5 351D kd/kg 405.58 424.34 443.00 461.66 480.38 499.20 518.14 537.22 556.46
E s.kdzCkg+K)  1.2429 1.2828 1.3209 1.3575 1.3928 1.4270 1.4603 1.4926 1.5242

Copyright Department of Mechanical Engineering, Stanford University



00§ oSt By/PY ‘U
v0°0 - Wc% \omm 00e 0s¢e 002 1218 00} 0S 0
AT 1=ea e
I A= = | 21 AA ) Nz RV AVAVENINIVIIDE - . 7 F
900 11~ VAR A= Ry =i ] :Q I 1T —17 A ]
T ” = At A A 7 -o T feT iy ] — 7 1A + I
m . \\ 3 /\1\\\ P: 7 YR P V4 - nA/.bN \ M—\;\J y m / \ " 1 MM — 7 yAl|
0°0 > ~ T e / A A1 ‘\ / S \a«w\ / onw kx/ﬂmv\“ow nWVRIO!v\.O S 2 \R
. (] \7 \m / /] 7] / 7 4 n\\ \ r 1t A @ e\ \ \ o
104 S | )4 \\ 7 ] oHaf; \\b fid i — 71 - 4
. _\ J ) DU VO 1 Ov(ll SN \ \ / -\\.\ A \ \ %\% [/ / \\ \ - \ d i 7 ..va
anm ..\ ‘\ \O~ - ;O.I\XHI\\\.. / 7 \~ / m\\\dv [ \\ \\\ / 4 /1] \Jn
A \\H\ g01S 7 4 .\N o8 / J AT Yy prd 1 \\\ s %
LA ).~ A eI\ T - 41 4 ) av/ Q
20 AT 9.uﬁﬂn I oy A A\ VLR W T L2 L A
P = ~N " 1 \ A i - 1A n
| \\\\4“ T4 M.\A_u\\ K\ .%p nc/.\T T 2 M\JT Y \ \m\ \¥\\ \Aq / \ 71/ Y
11/ ’ JARNA //n‘TQ-I.zl,&.w 5 VAN Y dy A A -
IV AL PR A Lo e LA LE £y ~t P AR VAR
\ A il g gt ag e T ET T DFT VAN A /s
N . & (s S T LT IR AVAV. 4174V
0 A WA AR UACY, srA e T K% A1
=TT 1 7] 7 AN AT H LY P& T O L \\\ - Sav 3
9°0 +4 4 ‘bo.w_.\k { L3 N— \h\\\ <~ \ \ M%NLMM‘“‘\ \\ 7 < a \%/.
—_ H I~ £ 1 2. p— 7 2] .0 7 A g 4 A A i
-0 11 \\ 7 \\ A ~\ T \V—.M f kw.—T. ot & / \\.A\ 737 \ \.\\\\\\ |*\ i
80/ 60074 <A T AT ine= i f
/ Tt Hw/eW 3 71/ [ ] 4 7 - 4 N
Vi pEsE \ , S/ N VAT T 71704 [/ +H ¢ , A7 /IR
L3~ 4 W 4 U N Y X ‘ T AT AV L Z1°
/ 7 % o T = , /1 7 17 =1 ; e v A
AR RRA AR ) B A =ar A= aREaRe Ay d=d
edW ‘d 7 RPN A WA W TR E Y] A A A
A ‘ mm AR R u% = 1 AT SN PAVANE:
U\P Y ’ / \ J \ \Iw. - i V\ 1 4\ AN e P [ \\\\ / w
PA V17 W THZ1 Lo N.OO LA\ LA | AT 7 \\ A
; AN AN 2EXT b At L7 g/
AN AN AR AR S A AAws
AT A Vs X7 A7 A AN 8
: .~ - L1 1T s A
f \-— oA o=t .Q F ‘_\ \ \\‘?& \\ / \\\\\\\.ﬁ\
-l ;%\ Q \ \(O \/ f ] 2
Q v / \\ / ;\40 AK_\ g ! r_f , \v S— .Vﬂ‘ ‘\ \ \1\ \\\\\ \\\ W
\ y\\.\/ \QM.\ / \/ X O@.O\ Ay Nj / ‘\\\\\\\ \\\\\v\ i@
I A W e W W S Z P
\WAEAN VA A - 7 W OO\\J[ W A7
g LA LR INEZNT /N N S 1T &
e 7 VAV @ WA DN WA BB e = N | < , 1
RS AN e I Vs o - T v
8 +—o—d 7INAT TN TN 3O g Az ~ N ,
o1 ,AT\\W = N7 NN ;JN\\ Lm..wOOOﬁl:OO.,_O , - NN .—-z<mm0—mmmm
i VA B S A W) A 40 S31LHIJOHd JINVNAQOWHIHL
Ayisienjun piojueys ‘Bupiesuibug [eojusyoei o wewuedeq ®

87




PROPERTIES OF SATURATED

REFRIGERANT 23

T p volume, m3skg enthalpy, kJskg entropy, kJ/(kg+*K)
K MPa \& Vg b htg hg S+ Sty Sg
150 0.004367 0.0600643 4.058 0.0 269.59 269.59 0.0 1.7973 1.7973
18% 0.007111 0.000648 2.569 6.67 265.40 272.07 0.0437 1.7123 1.7%60
169 0.01117 0.000654 1.634 13.02 261.49 274.51 0.0841 1.6343 1.7184
165 0.01698 0.000659 1.138 19.13 257.78 276.91 0.1217 1.5623 1.6840
170 0.02510 0.000665 0.7900 25.07 254.20 279.27 0.1571 1.4852 1.6523
175 0.03616 0.000672 0.5616 30.91 250.65 281.56 0.1909 1.4323 1.6232
180 0.05090 0G.000678 0.4079 36.69 247.09 283.78 0.2234 1.3727 1.5961
185 0.07016 0.000686 0.3020 42.47 243.45 285.92 0.2550 1.3159 1.5709
199 0.09490 0.000693 0.2275 48.28 239.69 287.97 0.2859 1.2615 1.5474
191.13 0.101325 0.000695 0.2139 49.60 238.82 288.42 0.2928 1.2495 1.5423
185 0.1261 0.00070% 0.1741 54,16 235.77 1289.93 0.3163 1.2091 1.5254
200 0.1650 0.000710 0.1351 60.13 231.65 291.78 0.3464 1.1583 1.5047
285 0.2128 0.000719 0.1062 66.20 227.33 293.53 0.3762 1.1090 1.4852
210 0.2706 0.000729 0.08443 72.40 222.77 295.17 0.4059 1.0608 1.4667
215 0.3400 0.000740 0.06786 78.72 217.96 296.68 0.4354 1.0138 1.4492
220 0.4221 0.000751 0.ﬁ5506 85.17 212.90 298.07 0.4648 10,9677 1.4325
225 0.5186 0.000763 0.04507 91.75 207.59 299.34 0.4940 0.9226 1.4166
230 0.6309 0.0600777 0.03719 98.44 202.03 300.47 0.5231 0.8783 1.4014
235 0.7604 0.0080791 0.03090 105.25 196.20 301.45 0.5519 0.8349 1.3868
240 0.9087 0.0060807 0.02583 112.15 190.13 302.28 0.5805 0.7922 1.3727
245 1.078 0.000824 0.02171 119.16 183.78 302.94 0.6088 0.7501 1.3589
250 1.268 0.000844 0.01833 126.27 177.13 303.40 0.6369 0.7085 1.34%4
255 1.483 0.000865 0.01552 133.49 170.15 303.64 0.6647 0.6673 1.3320
260 1.724 0.000889 0.01318 140.84 162.78 303.62 0.6925 0.6261 1.3186
265 1.994 0.000917 0.01120 148.38 154.89 303.27 0.7203 0.5845 1.3048
270 2.293 0.000948 0.009519 156.18 146.33 302.51 0.7484 0.5420 1.2904
275 2.627 0.000986 0.008064 164.37 136.84 301.21 0.7773 0.4975 1.2748
280 2.998 0.001031 0.006791 173.20 125.94 299.14 0.8077 0.4498 1.2575
285 3.409 0.001089 0.005654 183.04 112.91 295.95 0.8410 0.3962 1.2372
290 3.867 0.001168 0.004602 194,69 96.16 290.85 0.8797 0.3316 1.2113
295 4.377 0.001298 0.003547 210.19 71.39 281.58 0.9305 0.2420 1.1725
288.07 4.836 0.001905 0.0019065 245.68 0.8 245.638 1.0475 0. 1.0475
PROPERTIES OF GASEOUS REFRIGERANT 23
P,MPa ‘ , ~ UK
(Tsat K) sat 250 300 350 400 450 500 550 600
0.070 v,m3/kg 01362? 0.4199 0.5064 0.5920 0.6773 0.7625 0.8476 0.9326 1.018
(185.0) h,kdlki - 285.90 328.01 363.46 402,37 444.76 490.35 538.57 588.63 6£39.50
s, kJs(kg+K) 1.5711 1.7658 1.8949 $2.0147 2.1278 2.2351 2.3367 2.4321 2.5206
0.101325 v,m3/kg 0.2139 0.2887 0.3490 0.4085 08.4676 0.5265 0.5353 0.6441 0.7029
(181.1) h,kd/ka . 288.42  327.48 363.17 402.18 444.62 490.24 538.48 588.55. 639.43
s,kJs7Ckg+K)  1.5423 1.7203 1.8503 1.9704 2.0837 2.1911 2.2927 2.3881 2.4766
0.20 v,m3/kg 0.1126 0.1441 0.1756 0.2061 0.2363 0.2663 0.2962 0.3261 0.3560
(203.8) h,kJ/kg 293.11 325.78 362,25 401.59 444,19 489.90 538.20 588.32 639.23
s,kJs (kg *K) 1.4899 1.6345 1.7673 1.8885 2.0021 2.1097 2.2115. 2.3070 2.3956
0.40 v,m3/kg 0.05801 0.06981 0.08649 0.1022 '0.1175 0.1327 ©0.1478 10,1629 0.1779
(218.7) h,kdlki . 297.73 322.20 360.34 400.37 443.31 489.21 537.64 587.84 638.82
s, kdsz(kgK) 1.4367 1.5413 1.6803 1.8037 1.9182 2.0263 2.1283 2.2240 2.3127
0.70 v,m3/kg 0.03355 0.03782 0.04828 0.05765 0.06664 0.07547 0.08420 0.09288 0.1015
(232.8) h,kJ/kﬁ 301.83 316.41 357.40 398.52 441.99 488.17 536.79 587.13 638.21
's,kJs (kg *K) 1.3933 1.4571 1.6067 1.7334 1.84%4 1.9581 2.0605 2.1565 2.2453
1.0 v,m3/kg 0.02343 0.02487 0.03297 0.03983 0.04629 0.05257 0.05876 0.06490 0.07100
(242.8) h,kdlka 302.67 309.97  354.33 396,64 440.64 487.13. 535.93. 586.41 637.60
s,kJs (kg *K) 1.3650 1.3946 1.5567 1.6871 1.8046 1.9140 2.0168 2.1130 7'27.2021
2.0 v,m3skg 0.01116 ©0.01499 0.01901 0.02254 0.02587 0.02909.0.03226 0.03539
(265.1) h,kdlkﬁ : 303.26 343.04 390.06 436.06 483.62- 533.09 584.04 635.59
. s,kdstkgK)  1.3044 1.4459 .1.5910 1.7138 - 1.8258 .1.9300 2.02717 2.1163
4.0 v,m3/kg 0.00432 ) 3.00544'0.00855 0.01067 0.01254 0.01429 0.01598 0.01762
(291.4) h;kd/kg 288.93 310.40 375.30  426.41 476,43 527.38 579,34 631.64
) s,kJdsz(kg*K) . 1.2027 -1.2754 1.4769 1.6134 11,7313 1.9376 2.0287
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PROFERTIES OF SATURATED

T P volume, m3/kg enthatpy, kJskg
K MPa V¥ Vg h¢ htg hyg
200 0.001385 0.000583 7.017 0.0 157.07 157.07
210 0.002975 0.000597 3.426 7.96 154.73 162.69
220 0.005504 0.000600 1.805  16.12 152.34 168.46
230 0.01095 0.000609 1.0815  24.48 149.37 174.35
240 0.01915 0.000618  0.6031 33.08 147.27 180.35
250 0.03181 0.000628  0.3761  41.90 144.54 186.44
260 0.05052 0.000639  0.2445  50.98 141.62 192.60
270 0.07714 0.000650  0.1648  60.32 138.49 198.31
276.83 0.101325 0.000658  0.1277  66.94 136.13 203.13
280 0.1138 0.000662  0.1146  69.91 135.14 205.05
2990 6.1627 0.000675 0.08182  79.75 131.54 211.29
300 0.2264 0.000689 0.05982  83.84 127.66 217.50
310 0.3075 0.000705 0.04463 100.16 123.51 223.67
320 0.4088 0.000721 0.03387 110.71 119.06 229.77
330 0.5330 0.000740 0.02608 121.47 114.28 235.75
340 0.6831 0.000761 0.02033 132.44 109.16 241.60
350 0.8622 0.000784 0.01533 143.61 103.64 247.25
360 1.074 0.000811 0.01266 155.00 97.65 252.65
370 1.321 0.000843 0.01006 166.63 91.07 257.70
380 1.609 0.000381 0.007986 178.56 83.71 262.27
390 1.943 0.000930 0.006293 190.94 75.17 266.11
300 2331 0.000938. 0.004860 204.11 64.61 268.72
410 2.785 0.001112 0.003557 219.22 49.44 268.66
418.86 3.268 0.001719 0.001719 249.17 0.0 . 249.17
PROPERTIES OF GASEOUS REFRIGERANT 114
P,MPa. ) T7,K
(TsatrK) sat 325 350 375 400 4
0.040 v,m3/kg 0.3039 0.3916 0.4226 0.4534 0.4842 0.
(254.8) h’ kJ/kg 189.42 238.31 257.15 276.64 296.70 31
s, kJs(kg*K)  0.7655 0,9345 0.9903 1.0441 1.0959 1.
0.070 v,m3/kg 0.1804° 0.2222 0.2401 0.2579 0.2757 O.
(267.6) h kJskg 197.34 237.96 256.85 276.38 296.47 31
s.kd/(kg+K) 0.7632 0.9065 0.9625 1.0164 1.0683 1.1
0.181325 v,m3/kg 0.1277 0.1523 0.1649 0.1773 0.1897 'O.
(276.9) hkaskg 203.13 237.59 256.53 276.10 296,22 316
s.kJs(kg+K) 0.7732 0.8378 0.9439 0.9379 1.0498 1.0
0.20 v,m3/kg  0.06730 0.07521 0.08188 0.083844 0.09450 0.1
(296.2)‘h,kJ/ki . 215.12 236.38 255.50 275.21 295.44 316
s.kJz(kg+K) 0.7836 0.8521 0.9088 0.9632 1.0154 1.0
0.30 v,m3/kg 0.04570 0.04876 0.05344 0.05799 0.06244 0.06
(309.2) h,kdlka 223.16 235.10 254.42 274.28 294.63 315
s.kdz(kg*K)  0.7920 0.8297 0.8369 0.9417 0.9342 1.0
.40 v,m3/kg 0.03459 0.03548 0.03919 0.04275 0.04620 0.04
(319.2) h,kJ/ka 229.29 233.75 253.29 273.32 293.81 314
s.kJs(kg+K) 0.7989 ©0.8127 0.8706 0.9259 0.9788 1.0
.70 v,m3/kg | 0.01983 0.02072 0.02307 0.02527 0.02
(341.0) h.kJ/ka 242.18 249,56 270,23 291.19 312
s.kJz(kg*K) 0.8144 0.8357 0.8923 0.9469 0.9
" 1.0 v,m3/kg 0.01367 © 0.01508 0.01683 0.01
(356.7) h;kazkﬁ 25039 266.74 288.33 310
s.kJ/tkg k)  0.8253 0.8686 0.9243 0.
2.0 v,m3/kg 0.00606 0.00660. 0.00
(391.6) h.kJ/ka 266.61 . 275.68 -300
8.kdz7(kg*K)  0.8432 0.8661 0.9
3.0 v,m3/kg 0.00298 5.00
(414.2) h,ku/ki 266.58 - 285
s,kJ/(kg*K)  0.8324 0.8

Copyright Department df Mechanical Engineering, Stanford University
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REFRIGERANT 114

entrppv, kJdz (kg *K)
S+ . Sfgq Sq

. 7667
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25 450
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0.5456 0.5762
.27 338.27
1.1938 1.

500
0.6068

0.2143 0.2265 0.2387
337.89

1.1479 1.1942 1.2387

0

4

3

3 0.1140 0.

5 337.28 358.74

6 1.1139 1.1603 1.2049
2

4

7

8

0.07115 0.07544 0.07969
- 358.18 379.99
1.1397

0.05290 0.05617 0.05941
357.61 379.48
1.1249 1.1697

0.03139 0,03334
334.03  355.86 '377.92
1.0478  1.0950 1.1402

845 ﬁ.01999,0;02147 0.02290
.06 331,96 354,05 376.31
1.0271  1.0749 1.1205

787 0.00892 0.00985 0.01071
48 324.16 347.46 370.62
0.9804 1.0308 1.0783

396 0.00510 0.00592 0.00662
.41 314.26 339.80 364.31

773 0.9434 0.9986 1.0439

336,01
1.0782

2
5
7 0.02941
6
5

1.1845
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PROPERTIES OF SATURATED REFRIGERANT C-318

cdﬁvkigﬁt Department of Mechanical Engineering, Stanford University

:;-92,

rT p volume, m3/kg "~ enthalpy, kJskg entropy, kJz(kg-+K)
K MPa v§ Vg h¥ htg hg St Sfg Sg
250 0.04660 0.000599  0.2165 0.0 121.86 121.86 0.0 0.4874 0.4874
255 0.05905 0.000605  0.1733 475 120.40 125.15 0.0188 0.4722 0.4910
260 0.07406 0.000611  0.1400 953 118.87 128.46 0.0375 0.4572 0.4347
265 0.09197 0.000617  0.1141 14.52 117.25 131.77 0.0563 0.4424 0.4987
267.31 ©.101325 0.000620  0.1041 16.83 116.47 133.30 0.0643 0.4358 0.5007
270 0.1132 0.000623 0.09376  19.55 115.54 135.09 0.0750 0.4279 0.5029
275 0. 1330 0.000630 0.07762  24.67 113.73 138.40 0.0938 0.4135 0.5073
280 0.1670 0.000637 0.06471 29789 111.83 141,72 0.1125 0.3994 0.5119
285 0.2005 0.000645 0.05430  35.20 109.83 145.03 0.1312 0.3854 0.5166
290 0.2390 0.000653 0.04583  40.60 107.73 148.33 0.14399 0.3715 0.5214
295 0.2829 0.000661 0.03890  46.09 105.53 151.62 0.1686 0.3577 0.5263
300 0.3327 0.000670 ©0.03313  51.68 103.22 154.90 0.1873 0.3440 0.5313
305 0.3389 0.000679 0.02845 . 57.35 100.80 158.15 0.2059 0.3305 0.5364
310 0 4518 0.000680 0.02443  63.12 98.26 161.38 0.2245 0.3170 0.5415
315 0.5222 0.000700 . 0.02116 . 68.97 95.61 164.58 0.2431 0.3035 0.5466
320 0.6004 0.000711 0.01835  74.92 92.83 167.75 0.2616 0.2901 0.5517
325 0.6869 0.000723 0.01595  80.95 89.92 170.87 0.2801 0.2767 0.5568
330 0.7822 0.000736 0.01391 387.07 86.87 173.94 0.2986 0.2633 0.5619
335 0.8369 0.000751 ©0.01215  93.28 83.67 176.95 0.3171 0.2497 0.5668
340 1,001 0.000767 0.01063  99.58 80.30 179.88 0.3355 0.2362 0.5717
345 1.127 0.000784 0.009309 105.99 76.74 182.73 0.3539 0.2224 0.5763
350 17263 0.000803 0.008151 112.50 72.96 185.46 0.3723 0.2085 0.5308
355 1.410 0.000825 0.007131 119.13 68.92 188.05 0.3908 0.1941 0.5849
360 17571 0.00085] 0.006225 125.91 64.55 190.46 0.4094 0.1793 0.5887
365 1744 0.000831 0.005412 132.86 59.76 192.62 0.4281 0.1638 0.5919
370 1.932 0.000817 0.004672 140.05 54.37 194.42 0.4473 0.1469 0.5942
375 2°13% 0.000964 0.003985 147.61 48.09 195.70 0.4670 0.12383 0.5953
380 3358 0.001029 ©0.003321 155.80 40.25 196.05 0.4832 0.1059 0.5941
388.48 2.783 0.001613 0.001613 181.64 0. 181.64 0.5539 0.0 0.5539
PROPERTIES OF GASEOUS REFRIGERANT C-318
: P,MPa T.K
5 (TsatsK) sat 300 340 380 420 460 500 540 550
: 0.101325 v,m3/kg 0.1041 0.1191 0.1367 0.1538 0.1707 0.1874 0.2041 0.2207 0.2373
: (267.3) h,k.;/k?(~ 133.30 158.70 191.79 227.02 264.26 303.34 344.08 386.32 429.88
‘ ~ s kys(kg+K) 0.5007 . 0.5303 0.6937 0.7916 0.3348 0.9736 1.0585 1.1398 1.2176
: 0.20 v,m3/kg 0.05443 0.05825 0.06780 0.07686 0.03567 0.09434 0.1029 0.1114 0.1199
(284.9) h.kJsk 144.98 157.16 190.75 226.26 263.68 302.87 343.70 385.99 429.60
. s,kJ/(§9°K) 0.5165 0.5582 0.6632 0.7619 0.3555 ©0.9446 1.0297 1.1110 1.1889
: 0.30 v,m3/kg 0.03674 0.03733 0.04419 0.05052 0.05657 0.06247 0.06828 0.07404 0.07975
§ (296.8) h,kdlkg , 152.79 155.48 189.64 225.47 263.07 302.39 343.30 385.66 429,3)
i s.kJs(kg+K)  0.5281 0.5371 0.6440 0.7435 0.8376 0.9270 1.0122 1.0937 1.1717
. 0.40 v,m3/kg 0.02766 0.03236 0.03733 0.04201 0.04653 0.05096 0.05533 0.05966
: (305.9) h.kJskg 158.75 '188.49  224.66 262.47 301.91 342.91 385.32 429,02
: T sikJs(kgeK)  0.5373 0.6295 0.7300 0.8246 0.9143 0.9997 1.0813 1.1593
: 0.60 v,m3/kg  0.01836 0.02045 0.02412 0.02744 0.03059 0.03364 0.03663 0.03958
: . (320.0) h.kJskg 167.73 186.00 222.97 261.21 300.93 342,10 384.65 428.44
. s.kJs(kg*K) . 0.5517 0.6071 ©0.7099 0.8055 0.8358 0.9816 1.0635 1.1417
- 8.80 v,m3/kg 0.01358 0.01440 0.51748 0.02015 0.02262 0.02499 0.02728 0.02954
= . (330.9) h;kJ/kg 717448 183.19 221.18 259.92 299.93 341,29 383.97 427.85
A s.kJ7(kg*K)  0.5628 0.5887 0.6944 0.7913 0.8822 0.9684 1.0505 1.1289
1.0 v,m3/kg 0.01065 0.01065 0.01347 0.01576 0.017383 0,01979 0.02168 0.02352
(339.9)~h.kJ/kgA 179.85 179.91 - 219.26 258.57 298.90 340.47 383.28 427.27
"7l s kJztkgeK)  0.5716 0.5718 0.6812 0.7736 0.8713 0.9579 1.0403 1.1188
2.0 v,m37kg 0.00443 0.00506 0.00691 0.00824 0.00940 0.01047 0.01149
(371.7) h,kJ/kg 194,93 206.04 250.90 293.40 336.18 379.78 424.32
, s;kJstkgeK)  0.5948 0.6243 0.7367 0.8333 0.9225 1.0064 1.0859
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PROPERTIES OF SATURATED REFRIGERANT 500

T P volume, m3/kg . enthalpy, kJskg entropy, kJs(kg+*K)
K MPa v§ Vg hs htg hg S§ S§g Sg
200 0.01219 0.000697 1.360 8.0 215.44 215.44 0.0 1.0772 1.0772
205 0.01672 0.000703 - 1.013 4,23 213.89 218,12 0.0209 1.0434 1.0643
210 0.02258 0.000709 0.7664 8.53 212.28 220.381 0.0416 1.0109 1.0525
215 0.03002 0.000716 0.5880 12.92 210.58 223.50 0.0622 0.9795 1.0417
220 0.03936 0.000722 0.4571 17.39 208.80 226.19 0.0827 0.9491 1.0318
225 0.05094 0.000729% 0.3596 21.95 206.91 228.8% 0.1032 0.9196 1.0228
230 0.06511 0.000736 0.2861 26.59 204.94 231.53 0.1235 0.8%911 1.0146
235 0.08230 0.000743 0.2300 31.32 202.85 234.17 0.1438 0.8632 1.0070
239.64 0.101325 0.000750 0.1894 35.80 200.871 236.61 0.1626 0.8380 1.0006
240 0.1029 0.000751 0.1866 36.15 200.65 236.80 0.1641 0.8360 1.0001%
245 0.1274 0.000759 0.1528 41.06 198.34 239.40 0.1843 0.8095 0.9938
250 0.1563 0.000767 0.1261 46.06 185.91 241.97 0.2044 0.7836 0.9830
255 0.1901 0.000775 0.1049 51.16 163.35 244.51 0.2245 0.7582 0.9827
260 6.2293 0.000784 0.08787 56.34 190.68 247.02 0.2445 0.7333 0.9778
265 0.2745 0.000793 0.07408 61.62 187.87 249.49 0.2645 0.7089 0.9734
270 0.3262 0.000802 0.06233 67.00 184.81 251.9% 0.2844 0.6849 0.9693
275 0.3851 0.000812 0.05359 72.47 181.82 254.29 0.3043 0.6612 0.9655
280 0.4517 0.000823 0.04584 78.04 178.59 256.63 0.3242 0.6378 0.9620
285 0.5267 0.000834 0.03957 83.71 175.19 258.90 0.3440 0.6148 0.9588
290 0.6107 0.000845 0.03422 89.47 171.65 261.12 0.3638 0.5919 0.9557
295 0.7042 0.000857 0.02972 95.35 167.92 263.27 0.3836 0.5693 0.9529
300 0.8081 0.000870 0.02590 101.32 164.03 265.35 0.4034 0.5468 0.9502
) 305 0.9229 0.000884 0.02264 167.41 159.94 267.35 0.4232 0.5244 0.9476
. 310 1.049 0.000898 0.019385 113.61 155.65 269.26 0.4430 0.5021 0.9451
‘ 315 1.188 0.000914 0.01744 119.94 151.12 271.06 0.4629 0.4797 0.9426
; 320 1.340 0.000931 0.01535 126.39 146.36 272.75 0.4828 0.4573 0.9401
: 325 1.506 0.000949 0.01353 132.98 141.33 274.31 0.5027 0.4348 0.9375
H 330 1.686 0.000969 0.01184 139.73 135.97 275.70 0.5228 0.4120 0.9348
: 335 1.881 0.000991 0.01054 146.64 130.28 276.92 0.5430 0.3889 0.9319
ot 340 2.093 0.001016 0.009303 153.75 124.15 277.90 0.5634 0.3652 0.9286
Eé 345 2.322 0.001044 0.008199 161.08 117.54 278.62 0.5841 0.3407 0.9248
;i 350 2.570 0.001077 0.007208 168.69 110.30 278.99 0.6053 0.3151 0.9204
. 355 2.837 0.001115 0.006310 176.65 102.26 278.91 0.6270 0.2881 0.9151
i 360 3.125 0.001162 0.005485 185.10 93.12 278.22 0.6497 0.2587 0.9084
“ 365 3.436 0.001223 0.004713 194.27 82.34 276.61 0.6740 0.2256 0.8996
i ‘
i 370 3.772 - 0.001307 0.083963 204.67 68.78 273.45 0.7012 0.1859 0.8871
T4 378.66 4.426 0.002014 .0.002014 244.28 0.0 244.28 0.8040 Q. 0.8040
§§ PROPERTIES OF GASEOUS REFRIGERANT 500
ti P.MPa B - T.K
{ (Tgat:K) sat 280 320 360 - 400 440 480 520 560
:§ 0.050 v,m3/kg 0.3659 0.4634 0.5320 0.5999 0.6675 0.7349 0.8023 0.8695 0.9367
H (224.6) h,kJskg 228.67 265.68 294.76 325.77 358.60 393.13 429,20 466.65 505.32
;§ s,kJs (kg *K) 1.6234 1.1705 1.2675 ’1.3587 1.4452 1.5274 1.6058 1.6808 1.7524
; 0.101325 v ,m3/kg 0.1894 0.2259 0.2606 0.2946 0.3283 0.3618 0.3952 0.4285 0.4618
H . (239.6) h,kJskg 236.61 264.63-294.06 325.26 353.22 392.82 428.94 466.43 505.13
s,kJ7 (kg *K) 1.0006 1.1086 1,2067 1.2936 1.3854 1.4678 1.5463 1.6213 1.6930
:. .0.20 v,m3skg 0.1000 0.1116 ©0.1301 0.1478- 0.1652 - 0.1824 0.1995 0.2165 0.2335
i (256.3) h,kJdskg 245.18 262.52 292.68 324.29 357.48 392.24 428.46 466.02 504.77
i s, kJ7 (kg *K) 0.9314. 1.0461 1.1467 }.2397 1.3271 1.4099 1.4887 1.5638 1.6356
f 0.50 v,m3/kg 0.04162 0.04957 0.05737 0.06476 0.07192 0.07897 0.08593 0.09285
i (283.3). h,kJsk 258.13 288.24 321.21 355.19 390.42 426.96 464.74 503.66
=3 s.kJ/(ﬂg*K) 0.9598 N 1.0598.. 1.1569 .1.2463 1.3303 1.4097 1.4853 1.5574
E . 1.0 v,m3/kg 0.02086 0.02246 0.02712 0.03122 0.03507 0.03878 0.04240 0.04597
- (308.1) h,kJsk 268.55 ) 279.75 315.69 351.13 387.31 424.42 462.59 §501.30
% Son ) Srkuz(Rg oK) 0.9481 0.9318 1.0876 1.1811 1.2672 1.3473 1.4242 1.4969
¥ ' 2;0‘v,h3/kg 0.00982 0.01172 0.01437 0.01661 0.01867 0.02064 0.02254
(337.8) h,kJs/ka 277.51 ) 302.45 342.36 380.70 419.14 458.20 493.04
ST - 8,kJ7(kg *K) 0.9300 1.0016 1.1068 1.1982 1.2818 1.3599 1.4337

COpyright Department of Mechanical Engineering, Stanford University
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entropy, kJds(kg-+K)
Sfg

enthalpy, kJrskg
St

volume, m3skg
Vf' VS

PROPERTIES OF SATURATED REFRIGERANT 502
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PROPERTIES OF SATURATED REFRIGERANT 503

T P

K MPa

150 0.009838
155 0.01475
160 0.02154
165 0.03072
170 0.04289
175 0.05871
180 0.07895
184.44 0.101325
185 0.1044
190 0.1361
195 0.1750
200 0.2222
205 0.2783
210 0.3462
215 0.4256
220 0.5183
225 0.625%9
230 0.7497
235 0.8915
240 1.053
245 1.235
250 1.440
255 1.669
260 1.925
265 2.208
270 2.520
275 2.863
280 3.238
285 3.646
292.59 4.326

PROPERTIES OF GASEQUS

P,MPa

(Tsat’K)v

0.050
(172.4)

0.101325
(184.4)
0.20
(197.8)

0.40
(213.5)

70

0.
(228.1)

1.0
(238.4)

2.0
(261.4)

3.0
(276.9)

v, m3rzkg
h,kJ/kg
s ,.kJ/7 (kg *K2)

v,m3/kg
h,kJskg
s,kJs/ (kg *K)

v,m3/kg
h,kJdzkg

s,kJds (kg *K)

v,m3skg

'h,kJ/ka
s,kJz (kg *K)

g
s,kJs (kg *K)

v, m3/kg
h,kJsk

4s.kJ/(ag~K)‘

volume, m3/kg

Y

200. 44
1.0358

0.04669
207.03
1.0061

0.02721

0.01906
. 215.75
0.9678
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378.63 422.35 467.55
1.4832 1.5753 1.6614

0.04199 8.04696 0.05189
377.71 421.60 466.92
1.4478 1.5402 1.6266

0.02056 0.02316 0.02571
374.59 419.06 464.82
2760 1.3768 1.4704 1.5577

1154 0.01343 0.01524 0.01699
7.74 371.44  416.54 462.75
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entropy, kJs(kg-*
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PROPERTIES OF SATURATED RUBIDIUM

T P volume, m3/kg enthalpy, kJzkg entropy, kJs{kg-+K)
K MPa v Vg hs hfg hg St S¥g Sgq
1000 0.1406 0.000850 0.6216 0.0 783.4% 788.4%3 0.0 0.7885 0.7885
1020 0.1678 0.000856 0.5272 4.63 785.00 789.63 0.0046 0.7696 0.7742
1040 0.1992 0.000862 G.4498 9.73 780.98 790.71 0.0095 0.7509 0.7604
1060 0.2349 0.000869 0.3858 15.25 776.48 791.73 0.0147 0.7325 0.7472
1080 0.2754 0.000875 0.3328 21.15 771.56 782.71 0.0202 0.7144 0.734¢
1100 0.3211 0.000882 0.2885 27.40 766.27 793.67 0.0259 0.6966 0.7225
1120 0.3724 0.0008388 0.2514 33.96 760.65 794.61 0.0318 0.6791 0.7109
1140 0.4297 0.000895 0.2202 40.81 754.76 795.57 0.0378 0.6620 0.6993
1160 0.4933 0.000902 0.1937 47.92 748.63 796.55 0.0439 0.6454 0.6893
1180 0.5637 0.000909 0.1712 55.27 742.30 797.57 0.0501 0.6291 0.6792
1200 8.6412 0.000915 0.1519 62.85 735.79 798.64 0.0564 0.6132 0.6696
1220 0.7263 0.000922 0.1354 70.65 729.11 799.76 0.0628 0.5977 0.6605
1240 0.8191 0.000929  §.1211 78.67 722.27 800.94 0.0693 0.5825 0.6518
1260 0.9202 0.000936 . 0.1088 86.92 715.25 802.17 0.0758 0.5677 0.6435
1280 1.030 0.0003943 ©0.09306 65.41 703.04 803.45 0.0824 0.5532 0.6356
1300 1.148 0.000951 0.08868 104.17 700.60 804.77 0.0891 0.5389 0.6280
1320 1.276 0.000858 0.08046 113.22 692.83 806.10 0.0959 0.5249 0.6208
1340 1.412 0.000965 0.07321 122.59 684.83 807.42 0.1029 0.5110 0.6139
1360 1.559 0.000873 0.06679 132.32 676.37 808.69 0.1100 0.4973 0.6073
1380 1.715 0.000981 0.06108 142.44 667.44 809.83 0.1173 0.4836 0.6009
1400 1.881 0.000989 0.05598 153.00 657.94 810.94 0.1247 0.4700 0.5947
1420 2.057 0.000997 0.05140 164.03 647.78 811.81 0.1324 0.4562 0.58386
1440 2.243 0.001005 0.04726 175.55 636.86 812.41 0.1404 0.4422 0.5826
1460 2.439 0.001014 0.04351 187.60 625.08 812.68 0.1485 0.4282 0.5767
1430 2.646 0.001022 0.04010 200.17 612.35 812.52 0.1569 0.4138 0.5707
1500 2.863 0.001031 0.03697 213.21 598.61 811.82 0.1655 0.3991 0.5646
1520 3.090 0.001041 0.03411 226.59 583.90 810.49 0.1742 0.3842 0.5584
1540 3.327 0.001050 0.03148 240.06 568.41 3808.47 0.1829 0.3691 0.5520
1560 3.575 0.001060 ©.02910 253.15 552.66 805.81 0.1912 0.3542 0.5454
; 1580 3.833 0.001070 0.02698 265.08 537.75 802.83 0.1986 0.3403 0.5339
; 1600 4.100 0.001081 0.02516 274.96 525.25 800.21 0.2046 0.3283 0.5329
? PROPERTIES OF GASEOUS RUBIDIUM
P,MPa ‘ V T,K
o (Tsat:K) ‘ sat 1075 1150 1225 1300 1375 1450 1525 1600
g 0.101325 v,m3/kg 0.8421 0.9810 1.066 1.146 1.224 1.3060 1,375 1.449 1.523
: (964.9) h.kdlka 786.24 836.31 862.76 886.18 907.84 928.43 948.34 967.30 986.97
s s.kJs(kg*K) 0.8150 0.8643 0.8881 0.9078 0.9250 0.9404 0.9545 0.9676 0.9798
s ' 52
o 0.20 v,.m3/kg 0.44 0.4725 0.5213 0.5660 0.6082 0.6487 0.6882 0.7270 0.76
B (1040.) h.kdlkg 790.%2 800.57 843.85. 872.27 897.24 920.11 941.65 962,30 982.37
i s.kJs(kg*K)  0.7601. 0.7779 0.8088 0.8327 0.8525 0.8696 0.8349 0.89838 0.9116
[ 0.30 v,m3/kg 0.30 0.3354 0.3677 0.3977 0.4260 0.4533 0.4793 0.5059
; (1091.) h.kJ/ka 793.%3 825.05 858.37 886.63 911.78 934.94 956.79 977.74
s,kJ7(kg*K)  0.7278 ' 0.7563 0.7844 0.8063 0.8256 0.8420 0.8567 0.8701
0.40 v,m3/kg 0.2 0.2428 0.2688 0.2925 0.3147 0.3359 0.3564 0.3764
(1130.) h.kdlka : 795?3%  806.79 844.73 876.18 .903.55 928.31 951.33 973.17
s,kds(kg*K)  0.7054 ‘ 0.7156 0.7476 0.7726 0.7931 0.8106 0.8261 0.3401
0.70 v,m3/k 0. ‘ 0.1425 0.1579 0.1721 ©0.1853 0.1978 0.2039
(1214.) h.kJ/k§ 79;?35 805.97 845.93 879.61 908.93 935.34 959.75
s,kJs7(kg*K)  0.6631 0.6635 0.7003 0.7254 0.7462 0.7640 0.7796
1.0 v,m3/k 0. 0.1046 0.1153 0.1253 0.1346 0.1435
(1275.) h.kJ/kg 80;?2% 817.87 856.90 390.38 0919.95 946.73
. B.kdltag'K) 0.6376 0.6491 0.6783 0.7020 0.7219 0.7391
2.0 v,m3/kg 0. 0.05570 0.06126 0.06639
(1414.) h;kJ/kg 82??%2 "832.91 872.04 906.21
: 8.kdl(z9'K) 0.5905 0.6054 0.6318 0.6536
4.0 v,m3/k 0.02580 ) 0.02630
€1593.) h,kdlké 801?07 sus.sg
s, kds(kg*K) 0.5350 0.539
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volume, m3/kg enthalpy, kd/kg entropy, kJ/(kg K)
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PROPERTIES OF SATURATED SODIUM
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PROPERTIES OF SATURATED WATER

entropy, kJs(kg-+K)
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PROPERTIES OF GASEOUS WATER

P,MPa T7,K

(Tgat:K) sat 350 400 450 500 550 600 650 700

0.0010 v,m3/kg 129.2 161.5 184.6  207.7 230.7 253.8 276.9 300.0 323.1
(280.1) h,kJdskg 2513.7 2644.4 2739.0 2834.7 2931.8 3030.2 3130.1 3231.7 3334.38
s,kJd/7 (kg *K) 8.9748 9.3913 9.643% 9.8693 10.0737 10.2614 10.4353 10.5978 10.7506
u,kJzkg 2384.5 2482.9 2554.4 2627.1 2701.0 2776.4 2853.2 2931.7 3011.7
0.0020 v,m3/kg 67.00 80.73  92.28 103. 8 115.4 126.3 138.4 150.0 161.5
(2%0.7) h,kJ/k% 2533.0 2644.3 2738.9 2834 2931.7 3030.2 -3130.1 3231.6 3334.8
s,kJs (kg *K) 8.7228 9.0710 9.32338 9. 5493 9.7538 9.94314 10.1153 10.2779 10.4307
u,kJdskg 2399.0 2482.8 2554.4 2627.0 2701.0 2776.4 2853.2 2931.7 3011.7
0.0040 v,m3/kg 34.80 40.35 46.13 51.91 57.68 63.45 69.22 74.99  80.76
(302.1) h,kdskg 2553.9 2644.0 2738.8 2834.6 2931.7 3030.1 3130.71 3231.6 3334.8
s, kJ7 (kg *K} 8.4738 8.7504 9.0035 9.2292 9.4338 9.6215 9.7954 9.9579 10.1108
u,kJds/kg 2414.7 2482.6 2554.2 2627.0 2700.9 2776.3 2853.2 2931.6 3011.7
0.0070 v,m3/kg 20.53 23.04 26.35 29.66 32.96 36.25 39.55 42.85 46.15
(312.2) h,kJskg 2572.0 2643.5 2738.5 2834.4 2931.5 3030.6 3130.0 3231.6 3334.7
s,kJs (kg +K) 8.2750 8.4911 8.7447 8.9707 G6.1753 9.3631 9.5371 9.6996 9.8525
u,kJskg 2428.3 2482.2 2554.0 2626.8 2700.8 2776.3 2853.2 2931.6 3011.7
8.010 v,m3skg 14.67 16.12 18.44 20.75 23.07 25.38 27.69 29.99 32.30
(319.0) h,kJskg 2584.2 2643.0 2738. 2834.2 2931.4 3030.0 3130.0 3231.5 3334.7
s,kJz7 (kg *K) 8.1494 8.3254 8.5796 8.8058 9.0106 9.1984 9.3724 9.5349 9.6878
u,kJskg 2437.5 2481.8 2553.8 2626.7 2700.8 2776.2 2853.1 2931.6 3011.7
0.020 v,m3/kg 7.649 8.044 9.210 -10.37 11.53 12.68 13.84 14.99 16.15
(333.2) h,kJskg 2609.3 2641.4 2737.3 2833.7 2931.0 3029.7 3129.7 3231.3 3334.5
s,kJ7s (kg *K) 7.9077 8.0019 8.2579 8.4849 8.6901 38.8781 9.0522 9.2148 9.3678
u,kJskg 2456.3 2480.6 2553.1 2626.3 2700.5 2776.0 2852.9 2931.4 3011.6
8.040 v,m3/kg 3.993 4.005 4.595 5.179 5.759 6.33%3 6.917 7.495 8 073
(349.0) h,kJ/ka 2636.3 2638.2 2735.5 2832.5 2930.3 3029.1 3129.3 3231.0 3334.3
s,kJ7z (kg *K) 7.6692 7.6747 7.9344 8.1631 8.3690 §&.5574 8.7318 8.8945 9.0476
u,kJdskg 2476.6 2478.0 2551.7. 2625.4 2699.9 2775.6 2852.6 2931.2 3011.3

P, MPa T,K

(TsatrK) 750 800 850 300 950 1000 1050 1100 1150
0.0010 v,m3/kg 346.1 369.2 392.3 415.4 438.4 461.5 434.6 507.7 530.7
(280.1) h,kJskg 3439.6 3546.1 3654.3 3764.3 3876.0 3989.5 104.7 4221.7 4340.5
s,kds7(kg*K) -10.8952 11.0327 11. 1639 11.2896 11.4104 11.5268 11.6392 11.7481 11.8536
u,kJdskg 3093.5 3176.9 3262.0 3348.9 3437.6 3528.0 3620.2 3714.1 3809.7
0.0020 v,m3/kg 173.1 184.6 196.1 207.7 219.2 230.8 242.3 253.8 265.4
(290.7) h, kJ/ka 3439.6 3546.1 3654.3 3764.3 3876.0 3989.5 4104.7 4221.7 4340.5
s,kJs(kgK) 10.5753 10.7128 10.8440 10.9697 11,0905 11.2069 11.3193 11.4282 11.5337
u.kJskg 3093.5 3176.9 3262.0 3348.9 3437.6 3528.0 3620.2 3714.1 3809.7
0.0040 v,m3/kg 86.53  92.30 98.07 103.8 109.6 115.4  121.1 126.9 132.7
(302.1) h,kdlki 3439.6 3546.1 3654.3 3764.3 3876.0 3989.5 4104.7 4221.7 4340.5
s,kJds(kg+K) 10.2554 10.3929 10.5241 10.6498 10.7706 10.8870 10.9994 11.1083 11.2138
u,kJskg 3093.4 3176.9 3262.0 3348.9 3437.6 - 3523.0 3620.1 3714.1 3309.7
0.0070 v,m3/kg 49.45 52.74 56.04 59.34 62.63 65.93 69.23 72.52 75.82
(312.2) h,kJ/ki 3439.5. 3546.0 3654.3 3764.3 3876.0 3989.5 4104.7 4221.7 4340.5
s,kJz7{kg *K) 9.9971 10.1346 10,2653 10.3915 10.5123 10.6287 10.7412 10.8500 10.9556
u,kJdskg 3093.4 3176.9 3262.0 3348.9 3437.6 3528.0 3620.1 3714.1 3809.7
0.010 v,m3/kg 34.61 36.92 39.23 41.54 43.84 46.15 48.46 50.77 53.07
(319.0) h,kJ/ki 3439.5 3546.0 3654.3 3764.2 3876.0 3989.5 4104.7 4221.7 4340.4

s,kJ7 (kg *K) 9.8324 9.9699 10.1011 10.2269 10.3477 10.4641 10.5765 10,6854 10.7910
u,kJskg 3093.4 3176.8 3262.0 3348.9 3437.5 3528.0 3620.1 3714.1 3809.7
: 0.020 v,m3/kg 17.30 18.46 19.61 20,77 23.92 23,07 24.23 25.38 26.54
: (333.2) h,kJ/ki 3439.4 3545.9 3654.2 3764.2 3875.9 3989.4 4104.7 4221.7 4340.4
: s,kJs (kg *K) 9.5124 9.6499 9.7812 9.9069 10.0277 10.1442 10.2566 10.3655 10.4710
: ) u,kJskg 3093.3 3176.8 3261.9 3348.8 3437.5 3527.9 3620.1  3714.0 3809.7
: ; 0.040 v,m3/kg 8.650 9.228 9.805 10;38 10.96 11.54 12.11 12.69 13.27
! (349.0) h, kJ/ka 3439.2 3545.7 3654.0 3764 3875.8 3989.3 4104.6 4221.6 4340.3
, s,kJs (kg *K) 9.1923 9.3299 9.4611 9.5869 9.7077 9.8242 9,9366 10.0455 10.1511
: u,kJdskg 3093.1 3i76.6 3261.8 3348.7 3437.4 3527.8 3620.0 3714.0 3809.6
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P)”Pa . ‘ T)K
(Tsat:K) sat 400 450 500 550 600 650 700 750
0.070 v,m3/kg 2.365 2.617  2.953 3.287 3.619 3.950 4.281 4.612 4.942
(363.1) h,kJskg 2659.6 2732.7 2830.8 2929,1 3028.3 3128.7 3235.5 3333.8 3438.8
s,kJ7 (kg *K) 7.4789 7.6707 7.9019 8.1090 8.2980 8.4727 8.5357 8.7889 8.9337
u,kJskg 2434.0 2549.5  2624.1 2699.0 2774.9 2852.1 2%38.8 3011.0 3092.9
8.101325 v,m3/kg 1.673  1.802 2.036 2.268 2.498 2.727 2.956 3,185 3.433
(373.1) h,kJskg 2675.6 2729.7 2829.0 2927.9 3027.4 3128.0 3229.9 3333.4 3438.4
s,kJs (kg *K) 7.3541 7.4942 7.7281 7.9365 '8.1261 8.3012 &.4544 8.6177 8.7627
u,kdskg 2506.0 2547.2 '2622.7 2698.1 2774.3 2851.6 2930.4 3016.7 3092.6
0.20 v,m3/kg 0.8857 0.9024 1.025 1.144 1.262 1.379 1.495% 1.612 1.728
(393.4) h,kJds/kg 2706.2 2720.2 2823.2 2924.0 3024.6 3125.8 3228.2 3332.0 3437.3
s,kJ/(kg*K)  7.1263 7.1616 7.4044 7.6168 7.8085 7.9847 8.1486 8.3024 &.4477
u,kJdskg © 2529.0 2539.7 2618.3 2695.2 2772.2 2850.1 2929.1 3009.7 3081.8
0.40 v,m3/kg 0.4625 0.5053 0.5671 0.6273 0.6866 0.7455 0.8040 0.8624
(416.8) h,kdskg 27381 2811.0 2916.0 3018.8 3121.5 3224.8 3329.2 3435.0
‘ s,kJs (kg *K) 6.395%. 7.0634 7.2848 7.4808 7.6594 7.8248 7.9795 8.1255
u,kJskg 2553.1. 2608.9 2689.1 2767.9 2846.8 2926.6 3007.6 3090.0
0.70 v,m3/kg 0.2729 0.2822 0.3197 0.3552 0.3899 0.4240 0.4579 0.4915
(438.1) h,kJdrskg 2763.1 2791.3 2903.4 3010.0 3114.8 3219.5 3325.0 3431.5
' s,kJdstkg*K) 6.7072 6.7709 7.0073 7.2104 7.3928 7.5605 7.7168 7.8637
u,kJzkg 2572.1 2593.7 2679.6 2761.3 2841.9 2922.7 3004.4 3087.4
1.0 v,m3/kg 0.1944 0.2206 ©0.2464 0.2712 0.2955 0.3194 0.3432
(453.1) h,kJdskg 2777.6 2890.2 3000.9 3108.0 3214.2 3320.7 3428.0
s,kJ7 (kg +*K) 6.5857 6.8223 7.0333 7.2198 7.3898 7.5476 7.6956
u,kJzkg 2583.2 2669.6 2754.5 2836.8 2918.8 3001.3 3084.8
2.0 v,m3/kg 0.09963 0.1044 0.1191 0.1326 0.1454 01578 0.1701
(485.6) h,kJskg 2799.1 2340.5 2968.4 3084.5 3196.1 3306.2 3416.1
s,kJs (kg *K} 6.3401. 6.4242  6.6683 6.8704 7.0491 7.2122 7.3639
u,kJzkg 2599.8 2631.8 2730.2 2819.4 2905.3 2990.5 3075.9
P, MPa T,K
(Tsat:K) 800 850 900 9590 1000 1050 1100 1150 1200
0.070 v,m3/kg 5.272 5.602 5.932 6.262 6.592 6.922 7.251 7.581 7.911
363. 1) h,kdlkg 3545.4 3653.8 3763.8 3875.6 398%9.1 4104.4 4221.5 4340.2 4460.7
s,kJds (kg *K) 9.0713 9.2027 9.3284 9.4493 9.5658 9.6783 9.7872 9.8927 9.9953
u,kJdskg 3176.4 3261.6 3348.6 3437.3 3527.7 3619.9 3713.9 3809.5 3906.9
0.101325 v, ,m3/kg 3.641 3.870 4.098 4.326 4.554 4,781 5.009 5.237 5.465
(373.1) h,kJdskg 3545.1 3653.5 3763.6 3875.4 3989.0 4104.3 4221.3 4340.1 4460.6
s,kJ7 (kg *K) 8.9004 9.0317 9.1576 9.2785 9.3950 9.5075 9.6164 9.7220 9.8245
u,kJskg 3176.2 3261.4 3348.4 3437.1 3527.6 3619.8 3713.8 3809.4 3906.8
0.20 v,m3/kg 1.844 1.959 2,075 2.19% 2.306 2.422 2.537 - 2.653 2.768
(393.4> h,kJ/kg 3544.2 3652.7 3762.9 3874.8 39388.5 4103.3 4220.9 4339.7 4460.3
s,kJ/ kg *K) 8.5856 8.7172 38.8432 8.9642 9.0808 ~9.1933 9.3023 9.4079 9.5105
» u,kJskg 3175.5 3260.8 3347.9 3436.7 3527.2 3619.4 3713.4 3809.1 3906.6
0.40 v,m3/kg 0.9206 0.9737 1.037 1.095 1.153 1.210 1.268 1.326 1.384
(416.8) h,kJds/kg 3542.2 3651.1 3761.5 3873.6 3987.4 4102.9 4220.1 4339.0 4459.6
s,kJ7 (kg *K) 8.2639 8.3959 8.5221 8.6433 8.7601 8.8728 8.9818 9.0875 9.1901
u,kJzkg 3174.0 3259.6 3346.8 3435.8 3526.4 3618.7 3712.8 3308.6 3906.0
0.70 v,m3/kg 0.5250 0.5584 0.5917 0.6249 0.6581 0.6912 0.7244 0.7575 0.7905
(438.1) h.kJ/ka ’ 3539.3 3648.6 3759.4 3871.8 3985.8 4101.5 4218.9 4337.9 4458.56
s,kJ/ (kg *K) 8.0029 8.1354 8.2621 8.3836 8.5006 8.6135 8.7226 8.8284 8.9312
u,kJdskg 3171.8 3257.7 3345.2 3434.4 3525.2 3617.7 3711.8 3807.7 3905.2
.0 v,m3/kg 0.3668 0.3902 0.4137 0.4370 0.4603 0.4836 0.5068 0.5300 0.5532
(453.1) h,kJdskg 3536.4 3646.1 3757.3 3870.0 3984.3 4100.1 4217.6 4336.8. 4457.6
s,kJs (kg *K) 7.8356 7.9686 8.0957 8.2175 8.3348 8.4478 8.5571 8.6631 8.7659
u,kJdskg 3169.6 3255.9 3343.6 3433.0 3524.0 3616.6 3710.8 3806.8 3904.4
2.0 v,m3/kg 0.1821 '0.194% 0.2060 0.2178 0.2295 0.2413 0.2530 0.2646 0.2763
(485.6) h,kJ/kﬁ 3526.5 3637.8 3750.2 3863.9 3979.0 4095.5 4213.5 4333.1 4454.2
- s,kdszlkg k) 7.5064 7.6413 7.7698 7.8928 8.0108 8.1245 8.2343 §.3406 8.4437
u,kJskg 3162.2 3249.6 3338.3 3428.3 3519.9 3613.08 3707.6 3303.8 3901.6
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P,MPa

TaK

(TsatsK) sat 600 650 700 750 800 900 1000 1100
3.0 v,m¥kg 0.06668 0.08628 0.09532 0.1040 0.1124 0.1206 0.1367 0.1526 0.1684
(507:1) b, K97k 2803.7 3059.6 3177.3 3291.3 3404.0 3516.5 3743.1 3873.7 4209.4
s.kJ7(kg-K)  6.1861 6.6516 6.8402 7.0091 7.1646 7.3098 7.5767 7.8196 8.0442
u kdzkg 2603.7- 2800.7 2891.4 2979.4 3066.9 3154.7 3332.8 3515.8 3704.3
4.0 v,m3/kg 0.04978 0.06304 0.07024 0.07699 0.08349 0.08981 0.1021 0.1142 0.126]
(523.6) h kJ/kg 2801.0 3033.0 3157.8 3276.1 3391.6 3506.3 3735.8 3968.3 4205.3
s.kJ7(kg+K)  6.0693 6.4847 6.6346 6.3600 7.0184 7.1674 7.4378 7.6827 7.9085
ukJzkg 2601.8 2780.8 2876.8 2968.1 3057.7 3147.0 3327.4 3511.7 3701.1
6.0 v,m3/kg 0.03244 0.03958 0.04507 0.04998 0,05459 0.05901 0.06750 0.07571 0.08375
(548.8) h kyskg 2783.9 2973.8 3116.3 3244.4 3366.3 3485.5 3721.2 3957.5 4197.0
s.kJz(kg-K)  5.8884 6.2201 6.4486 6.6335 6.3067 6.9605 7.2382 7.4872 7.7154
u kJdzkg 2589.3 2736.3 2845.9 2944.5 3038.8 3131.4 3316.2 3503.3 3694.5
8.0 v,m3kg 0.02352 0.02759 0.03239 0.03643 0.04011 004353 0,05018 0.05648 0.06260
(568.2) h.kJskg 2757.5 2904.1 3071.1 3210.3 3340.0 3464.0 3706.2 3946.6 4188.7
s.kJ7(kg-K) 5.7424 5.9938 6.2617 6.4691 6.6472 6,8073 7.0927 7.3459 7.5766

u kdzkg 2569.4 2683.3 2812.1 2919.5 3019.1 3i15.3 3304.8 3494.8 3687.8
10, v,m3/kg 0.01803 0.02008 0.02468 0.02825 0.03141 003434 0.03979 0.04494 0.04992
(584.2) hikdska 2724.3 2818.3 3021.4 3175.6 3312.6 3442.0 3631.0 3935.6 4180.3
s.kJ7(kg+K)  5.6133 15,7722 6.0983 6.3270 6.5162 6.6833 6.9767 '7.2344 7.467%
u kJzkg 2544.0 2617.5 2774.6 2893.1 2098.5 3098.7 3293.1 3486.2 3681.2
15, v,m3/kg 0.01034 0.01404 0.01723 0.01975 0.02196 0,02593 0,02956 0,03301
(615.4) h.kd/ka 2610.1 2868.5 30774 32396 33843 3652.0 3907.7 4159.4
s.ky/(kg-K)  5.3080 5.7192 6.0295 6.2536 6.4404 6.7559 7.0254 7.2653
u kJ7kg 2455.0 2658.0 2818.9 2943.5 3054.9 3263.0 3464.3 3664.3
20, v,m3/kg 0.00584 0,00790 0.01156 0.01386 0,01575 0.01900 0.02188 0.02456
(639.03 hikdska 2409.5 2625.1 2961.0 3159.4 3323.0 3611.7 3879.3 4138.5
s.kdz(kg+K)  4.9265 b.26i6 57622 5063 §.2477 5881 €.8702 71172
u.kd/kg 2292.3 2467.1 2729.9 2882.2 3007.9 3231.6 3441.8 3647.3

P, MPa T.K

(Tsat,K) 700 750 800 850 900 950 1000 1050 1100
30. v,m3/kg 0.00543 0.00786 0.00951 0.01087 0.01208 0.01313 0.01421 0.01518 0.01612
hkdskg 2633.3 2973.5 3189.4 3367.6 3528.0 3678.1 3821.6 3960.6 4096.5

s.kJz(kg+K) = 5.1776 5.6490 5.9280 5.1442 6.3276 6.4900 6.6373 6.7729 6.899
uskdzkg’ 2470.4 2737.6 2904.0 3041.4 3165.7 3282.8 3395.4 3305.1 3612.8
40. v.m3/kg ©  0.00260 0.00483 0.00640 000760 0.00863 0.00954 6.01039 0.01117 0.01192
hkd/kg 2221.6 .2752.8 30437 3258.4 3441.6 3607.8 3763.3 3911.6 4054.6
s.kJ/(kg*K)  4.5363 5.2720 5.6483 5.0089 5.1185 ©6.2982 6.4578 6.6025 6.7357
u.kJzkg 2117.4 2559.5 2787.8 2954.3 3096.4 3226.0 3347.9 3464.7 3577.8
50. v,m3/kg 0.00203 0.00323 0.00453 0.00567 0,00658 0.00738 0.00811 0.00878 000941
hk4/kg 2074.8 2535.1 2893.2 3147.2 3354.5 3537.3 3705.1 3862.8 4013.2
s.kds(kg-K)  4.2943 4.9293 5.3926 5.7000 5.9380 6,1358 6.3080 6.4613 6.6019
- uskdskg 15330 2373.7 2663.9 2863.5 3025.2 3168.1 3299.6 3423.8 3542.6
60. v,m3/kg 0.00183 0.00251 0.00350 0.00444 0,00526 0,00597 0.00661 0.00720 0.00775
hkd/ka 3013.6 2387.9 2754.9 3039.5 3260.1 3468.0 3647.8 3814.7 3972.3
siki/(kgek)  4.1705 46954 5.1637 5.5152 5.7779 5.9930 6 1776 6.3405 6.4872
u.kJzkg 1503.6 2337.5 2544.7 2772.6 2053.8 3109.9 3251.2 3382.7 3507.3
70. v,m3/kg 0.00172 0.00217 0.00287 0,00364 0,00435 0.00498 0.00556 0.00609 000658
hikd/ka 1977.8 2301.9 2644.3 2941.8 3188.5 3401.4 3592.2 3767.9 3932.5
sikis(kg-k)  4.1031 4.5458 4.9920 53530 3.6353 5,856 00613 6.2329 €386
u,kdzkg 1857.6 2150.3 2443.7 2687.2 2384.2 3052.6 3203.2 3341.9 3472.0
80. v,m3/kg 0.00164 0.00197 0.00248 0.00310 0,00371 0.00427 0.00479 0.00527 0,0057}
‘ h kdska 1953.8 2248.4 2563.0 2858.7 3115.3 3339.0 3539.4 3722.9 3893.9
; siki/(kgk) 40448 44510 4.8871 52159 55094 57514 5.9571 e.1362 6.2353.
| u,kJ7kg 1822.6 2090.5 2364.3 2610.8 2818.6 2997.2 3156.1 3301.5 3436.9
100. v,m3/kg 0.00153 0.00176 0.00207 0,00247 0.00291 000335 0.00377 0,00416 0.00453
hlkdskg 1923.7 2186.1 2461.2 2736.7 2995.5 '3230.7 3444.2 3640.0 3821.8
s.kd7(kg*K)  3.9567 4.3186 4.6735 5.0077 5.3037 5.5581 5.7772 5.9684 6.1375
u,kJzkg 1770.5 2010.4 2254.1 2489.8 2704.5 2895.7 3067.3 3325.7 3368.4
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PROPERTIES OF LIQUID WATER

P
MPa

sat

0.50

0.70

1.0

1.4

3.0

5.0

7.0

180.

14.

20.

30.

50.

100.

400
Psat,.MPa 0.2456
p.kg/m3 937.35
h,kJskg 532.69
s,kJs7(kg+<K) 1.60049
u,kJ7kg 532.43
p.kg/m3 937.51
h,kJskg 532.382
s,kJs7(kg+*K) 1.60020
u,kJskg 532.29
p,.kg/m3 937.62
h,kJskg 532.94
s, kJds(kg+K) 1.59999
u,kJskg 532.19
g,kg/m3 937.79
L kJskg 533.12
s, kJs{kgK) 1.59968
u,kJdskg 532.06
p,kg/m3 938.01%
h,kJ/kg 533.37
s,kJd7(kg+K) 1.59928
u,kJskg 531.88
,kg/m3 938.33
LkJzkg 533.76
s,kJds{kg*K) 1.59868
u,kJzkg 531.63
Jkg/m3 938.86
,kJzkg 534.42
s,kd7tkg+*K) 1.59771
u,kJdskg §31.23
ﬁ,kg/m3 939.90
kJ/kE 535.77
s,kJdsz(kg*X) 1.59579
u kdlkg 530.45%
kg/m3 940.93
.kJ/k% 537.13
s, kJz7(kg+*K) 1.59390
u,kJskg 529.69
,kg/m3 942.45
kJ/ka 539.18
s, kJs( g-K) 1.59110
u kJ/kg 528.57
kg /m3 944.45
,kJ/kg 541.93
s, kJsz(kg*K) 1.58742
u,kJskg 527.1%
LJkg/m3 947.40
kJ/ka 546.09
8,kJs7(kg+*K) 1.58199
u, kJzkg 524.98
ﬁ,kg/m’ 952.15%
kJdskg 553.10
s, kJds(kg*K) 1.57321
u,kJdskg 521.60
kg /m3 961.23
kJ/kg 567.28
s,kJ7(kg+K) 1.55640
u,kJzkg 515.27
p.kg/m? 982.01
h kJ/kg 603.30
s, kJ7(kg*K) 1,51781
u kJ/kg 501.47

425
0.4999

915.08
639.71
1.85933
639.17

915.08
639.71
1.85933
639.17

915.22
639.34
1.85914
639.07
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1.85454
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318.96
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643. 10
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926.15
651.88
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630.29

963.53
705.01
1.76443
601.22

450
0.9315

890.25
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747.93

890.30
749.01
2.10793
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890.538
749.20
2.10740
747.63

$90.99
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892.99
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394.30
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896.23
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908. 31
764.75
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T,K
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860.380
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854.64
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2.22248

802.43

500 525
2.637 4.098 6.1
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975.65 1094.63 1219,
3
1.

55

2.58128 2.80995 3.0
972.48 1089.49 121
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Section 2
Computational Equations and Methods

This section describes the basic methods for obtaining equations relating the various thermodynamic
properties. A general structure for computerization of these equations is recommended. The equations used
for the substances included herein are listed; the constants in these equations, for each substance, are given
in Section 3.






Section 2
Computational Equations and Methods

A General Approach

The calculation of the thermodynamic properties of a simple compressible substance requires expres-
sions of two types: (1) a P-p-T equation, and (2) an equation for ¢, at low density (ideal gas). generally denoted
by ¢y (T). The manner in which this information is used will now be outlined.

The internal energy of a simple compressible substance is generally expressible as

u=u(T,v) (n
Differentiating and using the definition ¢, = (9u/87T),.
ou
du = ¢, dT + (———) dv 2)
w/r

An important thermodynamic relationship, derived in most thermodynamics texts*, is

u oP
(50), = G- ®

Substituting Eqn. (3) in Eqn. (2), integrating over the path shown in Fig. 1, and using dv = —dp/p®, one finds

T, ?1 aP
u=| @dT + | —|P-T{=) {dp + u, @)
To o P T/,

Note that the first integration is carried out at zero density, allowing c, to be replaced by ¢?, and that the second

integration is carried out at constant temperature. T, is a chosen reference temperature. The constant u, is
simply a term used to set the datum for u as desired.

The P-p-T data are usually fit to an appropriate equation, or perhaps by a set of equations over con-
necting regions. In general, these are of the form
P = pRT + F(p. T) (5)

and F = 0(p?) as p =0, so that ideal-gas behavior is obtained at low densities. If F = 0(p?), then the second
integral in Eqn. (4) vanishes as p -0, giving the ideal-gas behavior for u.

T
P —»ﬁ( p' T)
% Fig. |
Note that the first integration is
T, + at zero density and the second is
0 at constant temperature.

* See, for example, Reynolds, W. C., and Perkins, H. C.. Engineering Thermodynamics, Second Edition, McGraw-Hill, 1977,
p. 266.
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The entropy is determined from the Gibbs equation,

1 P
=—du+ —dv ©
T T
Using Eqns. (2) and (3),
Co 1 BP)
ds=—dl — —|— ) d 7
Itis useful to add and subtract a term —Rdp/p from Eqn. (7). Then, integrating on the path of Fig. I,
T o o
s = dT —Rlnp+ | —|pR - (=] {dp + s, (8)
L T o P o/

Here s, is a constant that can be chosen to set the datum for s as desired. Since F = 0(p?), the second integral
in Eqn. (8) will vanish at zero density, and the ideal gas behavior for s is obtained as p—0.

Given analytical expressions for P (p, T) and ¢ (T), the values of P, u, s, and A can be calculated for
specified values of T and p. The equations used are given in Tables 2.1 and 2.2. The equation used for each

substance, and the constants for that substance, are given in Section 3. A short table of unusual integrals aris-
ing in the 4 and s integrations is given in Table 2.5.

B.  Fitting the Data

Various workers use different P-p-T expressions and obtain their fits in different ways. The equations
always involve a number of constants that are determined by a least-squares fit of P-p-T data.

Note that, from Eqn. (4), hy, = ug, + Py, involves only the P-p-T function and does not depend upon »

the specific heat data. Hence, in addition to the obvious use of P-p-T data, many workers also incorporate
hg, data in the P-p-T curvefit.

The least-squares P-p-T fits are usually subjected to some constraints. Values of the second virial
coefficient

- (24

9

p=0

at selected temperatures are often used as constraints on the fit. Most workers also use constraints at the

critical point,
~ h
P=P, (10a)

oP ‘ '
—} =0 aT=T1, = 10b
(ap)r ( ¢ P . Pe (100) ‘
3°P

(——;) =0 (10c)
op°/r ’ .

When these constraints are not imposed, the resulting P-p-T surface has a critical state slightly different from

the experimental point. Some workers accept this error in the interest of better fitting elsewhere. It is now gen-
erally believed that the critical point is a point of non-analyticity in the P-p-T surface, and so there is some
Justification for not imposing the derivative constraints. :

The author experimented with a variety of P-p-T fits and methods for a number of substances. Slight
changes in weighting can make significant changes in the resulting thermodynamié¢ tables and graphs, espe-
cially when one is attempting to fit the entire P-p-T surface with a single equation. It is particularly important
to have very smooth *‘data’ for the densities in the liquid region. For this reason, many workers have first fit

the saturated liquid density to appropriate equations and then used these equations to generate smooth liquid
density ‘“‘data’” accurate to six digits. e
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C. Saturation Data

Phase equilibrium points (saturated liquid/vapor) can be determined from the P-p-T surface by find-
ing those points which, at the same T and P, have the same value of the Gibbs function g = h — Ts. From Egns.
(4) and (6), one can see that the difference in Gibbs function between any two states at the same T and P de-
pends only upon the P-p-T surface, and is independent of ¢J. The author wrote a program to do this calcula-
tion, and developed saturation pressure-temperature information this way for several substances. However, it
is more convenient for graph and table construction, and for engineering calculations, to have separate equa-
tions for the saturation pressure and for the density of the saturated liquid. In cases where the original worker
did not give these expressions, the author developed them using the phase equilibrium program described
above to generate the **data,”” which was then used in a least-squares fit to an appropriate equation.

The enthalpy of vaporization, hy, is calculated from the Clapeyron equation*,

dF,
hy = Ty —= (1)
sat
The entropy of vaporization is given by
Sp = hg/T (12)

D. Summary: The Four Basic Equations
Four equations are given for each substance. These are:

(1) Pressure-density-temperature

P=P(p,T)
(2) Ideal gas specific heat )
¢ = ¢ (T)
(3) Sauration pressure
Py =P, (T.)
) (4) Saturated liquid density
pr = pr(Tw)

Tables 2.1-2.4 give the equations, and the Tables in Section 3 indicate which equation was used for each sub-
stance and the constants for that substance. All constants have been converted to SI from the values given
in the original papers. Numerous typographical errors in the constants in these papers have been corrected.
Note that P isin Pa, Tis in K, v is in m®/kg, ¢J is in J/(kg + K), and u is in J/kg.

E. Basic Computer Programs

Given the equations and values for the constants, it is a simple matter for any user to prepare computer
programs that will yield P, u, 5, and h as functions of T and v. It is useful to have three programs for each sub-
stance, and the author used the following (replace xxx by a substance identification code): '

(1) Pxxx(T,P,V,U,H,S)
When called for input 7, v, calculates P, u,7%, and s.
(2) Dxxx(T,DF) T o
When called for input T, calculates the saturated liquid density pr= DF.
(3) Sxxx(T,P,DPDT) .

When called for the input T, calculates the saturation pressure P and the derivative dP,,/dT,
= DPDT. '

* Reynolds, W. C., and Perkins, H. C., Engineering Thermodynamics, 2nd Ed., McGraw-Hill, 1977, p. 270. 119



The author also wrote a utility routine, PROP(T,P,V,U,H,S,NOP,PXXX), which may be called with
any two properties specified and with the trial values for T and v, to calculate the unspecified properties as indi-
cated by the option parameter NOP. This FORTRAN program is listed in the Appendix. A second utility pro-
gram, SAT(T,P,DPDT,NOP,SXXX), listed in the Appendix can be used to calculate P, (T or T, (P) and
dPgy/dT- '

In preparing a Pxxx program, it is convenient to write the P-p-T equation as

N ‘
P = pRT + Y, C(T) H, (p) (13)
i=1 7
Then, denoting
C! = dCy/dT ' (14a)
]
1
L= J — H,(p)dp (14b)
o P
Eqn. (4) becomes
T N
Te i=l .
and Eqn. (8) is
T o N '
T
s=fcv()dT—Rmp—ZC"I‘+so (16)
n I i=1

F. Special Treatment in the Liquid Region

In order to force the tabulated saturation tables to satisfy exactly the phase equilibrium condition
& = 8, the following procedure was used:

(1) The saturation pressure and dPs,,/dT; Were calculated at a given T using Sxxx.

(2) The saturated vapor properties vy, #g, fy, and s, were calculated using PROP for the specified T
and P.

(3) The liquid density was calculated using Dxxx.

* (4) hy,and s, were calculated using Eqps. (1 i) and (12), and then the properties of the saturated liquid
(hyand s,) were calculated by subtraction from h, and s,,.

In cases where the P-p-T equation is valid in the liquid regime, a call of PROP for vpand T so deter-
mined would not give precisely the same values for P, hy, and s, as calculated by the above process. In par-
ticular, P could be off considerably since P is very strongly dependent upon p in the liquid region. However,
a call of PROP for the saturation T and P and a trial liquid density will give a value of p,not very different
(perhaps in the third or fourth digit) from that determined from Dxxx, and the values of u, h, and s yielded by
this PROP call will be very close to those calculated for the saturated liquid by steps 1-4 above. For smooth-

ness in the liquid region, only a small correction is required, and the following was used in constructing the
tables:

P.—lnP '
f=.6+(fa—fu)('l£';c—_—1;'1;:) P<P; f=f P>P (17

Here f is any property (p, #, h, or s) in the compressed liquid region, f, is the value calculated from PROP
for the specified T and P, f;, is the value of £, at the saturation point at the specified 7, f., is the saturation value

at T, calculated by steps 1-4 above, P, is the critical pressure, and P, is the saturation pressure at T. Note that
the correction is zero at the critical pressure and above.
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Users requiring very accurate and consistent values, for example in availability analysis, may find
it desirable to make this correction. The compressed-liquid tables presented herein cannot be reproduced
exactly unless this correction is employed.

G. Datum States

For each substance, the constants u, and s, were chosen to make the saturated liquid enthalpy and en-
tropy zero at a convenient datum temperature 7. The values of Ty, ug, and s, are listed with the constants in
Section 3. The datum for the psychrometric chart is determined by the datum states for air and water, and hence
this chart is fully consistent with the air and water tables and graphs herein.

H. Graph and Table Preparation
All graphs presented here were drawn directly by computer programs using a CALCOMP plotter. Type

was added by hand before photo-reduction. In order to eliminate all errors of typesetting and proofreading, the

numbers in the tables were all set in type by computer, exactly as calculated by the various programs. Tabu-
lated equation constants are precisely as used in the computerized property programs.

I. Air Properties

The properties of air were developed by the author from those of N, O, and A using the principle of
corresponding states. Thus, at low densities the air properties agree with those calculated from the base com-
ponents using ideal gas mixture theory.

The properties of air at low densities (ideal gas with variable specific heat) are given in a separate table.
The functiorn ¢ (T) and (T are defined such that

s=¢{T)—Rlnp=¢T)-RInP (18)
The functions P, and V, are such that, for an isentropic process,

‘P, P

1N ' (19)
P, P,

AL (20)
v Vi, :

‘Note that the datum state for air is determined by those for N, O,, and A. Thus, the low density tables are con-

sistent with the other air graphs and tables herein, but do not have a datum of 0K.

J. Psychrometric Chart

The psychrometric chart was developed using the equations given by Reynolds, W. C., and Perkins,
H. C., Engineering Thermodynamics, Second Edition, McGraw-Hill, 1977, pp. 393-397.
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- Table 2.1
P-v-T Equations

Constants not given values in the tables in Section 3 are zero for that substance.

(P-1)

RT & 1 Ag + BeT + Cy e~
P= + ) (A + BT + C, e~ 4 L8 T Z61 T Co
v—b & v-b)! @ ¥ i€ ) e"(1 + ¢ e*)

Note: When using Eqn. (P-1), the term — R In p in Eqn. (8) is replaced by + R In (v — b), and the term
PR in the integrand is replaced by R/ (v — b).

(P-2)
C . Dy E) , d\ , d
= — Ay — ot — - — —-—a—-— —1 p°
P pRT+(BoRTAo PR T‘,)p+(bRTva T)p+a a+Tp
3
+c %(I + yp®) e
(P-3) 5 8
P=pRT + p* ), AT* ™ + p* Y AT ™™ + p* (AT + A)) + p¥ AT + Ap) + p°A,
i=1 i=6 '
16 18 .
+ [ps ZA‘sz—i + pszAngs—‘] e
i=14 {17
(P-4)
3 9 12
P =pRT + p’[AlT + AT + ZAJ"’“] + P Y AT + p Y AT 4 pA,
. i=3 i=6 =10
+ Ps (A,,/T + A15/T’) + P’Aie/T + Ps (A,/T + Am/Tz) + PQAm/Tz
+ [Ps (An/T* + Ay /T?) + p° (Aee /T + Ay /T*) + P {As/T® + Ay /T®)
+ 0% (Ass/T® + Ayt /T*) + p" (Ass/T? + Ay /T®)
+ p" (A /T + Ay, /T* + Au/T‘)] e
(P-5)

17 21 v 27
Z A,T"'“"om + p‘ Z A‘T””“'w + p"’ z A,T"z’“"”"‘
f=10 . i=18 i=22

9
P = pRT + pz‘ZAiT"“"m-i- p’
=1

+ p%(As + Age/T) + [p° (A + Agt/T + Ag[T?) + p®(Ags + Ay /T + A;,,,/T’)] e
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(P-6)
Gy
P = pRT [1 +pQ+p (——) ]
P P2+ p %0 /e
used with one of the @ equations below:

(Q-1) (used with P-6):

9 8
0= YA te-1)"" =TT
i=1 j=1

(Q-2) (used with P-6):

7 8 10
Q0=(r- Tc)z (r—19)7" [ Y Aulp — pa)' ™t + 7 ZAaPi_Q]

=1 i=1 i=9

r=T,/T
Tar = Tes Tas = 25, j >1

® P = pRT + p*B(T) + p°C(T) + p*D (T) + p°E(T)
= —T? exp (4, + A, /T)
C=TexpA; + A, /T + A /T
D = ~Texp(Ag + A; /T + Ag/T?)
E = A,T
(P-8)
p= RT a

v—b v(v + b)T*

Note: When using Eqn. (P-8), the term — R In p in Eqn. (8) is replaced by + R In (v — b), and the term
PR in the integrand is replaced by R/ (v — b).

(P-9)
P = pRT — p* Texp(A, + A, /T + A;InT)
(P-10) \ .
P = pRT + Pz ZAiTz“ + Ps ZA‘T"" +p' (AIOT + Ay) + p°Ap/T + PsAxa
i=1 i=5
+ A/ T + Ass/ Ta)Pa e+ A6/ T + A/ Ts)Ps e’
(P-11)

P = pRT + p’B,(T) + p°B, (T) + p*B, (T)
B, = (AT + A, T* + A, T + A, TY) &7
B, = (AsT + AgT? + A, T%) &7
By = (AsT + AsT") ™" )
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(C-0)

(C-1)

(C-2)

(C-3)

(€4

(C-5)

(C-6)

cn
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Table 2.2
co Equations

Constants not given values in the tables in Section 3 are zero for that substance.

c3=Gl

4
s =Y GT' " + G/T*

i=1

N
C: = Z G‘Tt‘l
i=1

T 2
Cg = Gl + Gngl3 + G’Tzn + GQT + GS CB!T[ B/ ]

AT — |

e R e

i=1 AT -1

¢ =G, T=T,

12
=G @M LsT=ST,

=]

=Y Gamamn? =g

i=13

[]
C: = Z G‘Ti-l

=}

e‘ﬂﬂ'

@=G6G+G—3
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Table 2.3
Saturation Pressure Equations

Constants not given values in the tables in Section 3 are zero for that substance.

S-1)

-T

(59)

(S-z) 8 11
- T. T -
In P/P,) = (—‘— 1) F, (——— 1)
ey =z -1 2 Az
(8-3) ,
: In (P/P)=FX+ FRX*+ FKX*+ FX(1 -X)*

X=(010-71/T)/Q - T/T.)

(S-4) ' ~
lnP=F]/T+F2 +F3T+F4(1'c _T)G+F5T3+F3T4+F1T5+F3Te +F9 InT
10 -
P =) FRT*"
fm]
(§8-6)
. . 8 i-1
In (P/P,) = (T./T—1) x zFi [a(T - Tp)]
=1
-7
(S-8) . :
. mP=F,+FK/T+FInT+F,T+FT+FT
(S-9) |
lnP=Fl +Fg/T+FalnT+F4/T2

(S-10) '

lnP = F‘ + Fz/T’i‘ F3T+ F'.‘T‘2
(S-11)

In (P/P,) = F,X + F,X* + F, In (I/T,)

o f1 1
X=|=-—
&%)
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Table 2.6

Equation Sources
Numbers refer to references given at the end of this table.
Substance P-p-T P Py c? ¢ range
Air T 1 i T : 50-2000 K
, Ammonia 2 2% 2* 3* 50-1500 K
Argon 4 4* 4* t ' i
i Butane 5 5* 5* 6* 200-1500 K
Carbon Dioxide 4 4* 4> 6* 50-1500 K
Cesium 7 7 i 8= 500-2500 K
Ethane 5 5% 5% 6* 100-1500 K
Ethylene 9 9 9 9 100-1000 K
Helium 10 10 10 ¥ 2
Heptane 5 5% 5% 6* 200-1000 K -
Hexane 5 5* 5% 6* 200-1000 K
Hydrogen (para) 11 11 11 11* 10-5000 K
Isobutane 5 5% 5+ 6* 200-1500 K
Isopentane 5 5+ - 5* 6* 200-1500 K
Lithium 12* 12* 12* 8* 800-3000 K
Mercury 12* 12* 2* 12* 400-1600 K
Methane 13 13 13 13 50-1700 K
Neon 14 14 14 S ¥
Nitrogen 15 15 15 15 50-2000 K
Octane 5 5* 5* 6* 200-1000 K
Oxygen 15 15 - 15 15 50-2000 K
Pentane 5 . 5% 5* ‘ 6* 200-1000 K
Potassium 16 16 16 8* 500-2500 K
Propane 5 5+ 5% 6* -~ 50-1500 K
Propyl Alcohol 17 17 17* 17 300- 700 K
Propylene 9 9 9 9 115- 800 K
Refrigerant 11 18,19 18,19 18,19 18,19 100- 700 K
Refrigerant 12 18 18 18 18 . 200~ 650K
Refrigerant 13 18 18 18 18 150- 600 K
Refrigerant 14 18 18 ‘ 18 18 125- 600 K
Refrigerant 22 18,20 18,20 18,20 18,20 100- 600 K
Refrigerant 23 18 18 18 18 200- 650 K
Refrigerant 114 21,18 21,18 21,18 21,18 200- S00 K
Refrigerant C-318 22,18 22,18 22,18 22,18 250- 600K
Refrigerant 500 18 18 18 .18 200- 600 K
Refrigerant 502 23 23 23 23 100~ 600 K
Refrigerant 503 24 24 24 24 150- 600 K
Rubidium 25 ‘ 26* 27 8* 300-3000 K
Sodium 28 28 28 8* 300-2500 K
Water 29 , 29 : 29+ 29 S 250-1600 K

* Data derived from the indicated reference was fitted by the present author. For saturation data this involved determination of
the phase equilibrium points from the P-p-T equation; the calculated points were then fit to an appropriate saturation equation.

T Constructed from Oy, N,, A eguations using the principle of comresponding states.

1 Monatomic gas with ¢§ = 1.5 R at all temperatures.
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Table 2.6 (continued)

1.

Din, F., Thermodynamic Functions of Gases, V. 2, Butterworth Scientific Publications, London, 1956.

2. Haar, L., and Gallagher, J. S., ‘“Thermodynamic Properties of Ammonia,’” J. Phys. Chem. Ref. Data,

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

27.

28.

29.

V.7, No. 30, 1978, p. 635.

. Haar, L., ““Thermodynamic Properties of Ammonia as an Ideal Gas,” J. Research NBS, V. 72A, 1968,

p. 207.

- Bender, E., ‘‘Equations of State Exactly Representing the Phase Behavior of Pure Substances,”’ Proc. 5th

Symposium on Thermophysical Properties, ASME, 1970, p- 227.

- Starling, K. E., Fluid Thermodynamic Properties for Light Petroleum Substances, Gulf Publishing Co.,

1973.

- American Petroleum Institute, Project 44, *‘Selected Values of Physical Properties of Hydrocarbons and

Related Compounds,’’ 1953.

- Ewing, C. T., Stone, J. P, Spann, J. R., and Miller, R. R., ‘*High Temperature Properties of Cesium,”’

J. Chem. Engrg. Data, V. 11, No. 4, October 1966, p. 473.
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Alkali Metals,”” J. Res. NBS, V. 55, No. 2, August 1955, p. 83.
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- McCarty, R. D., ““Thrmodynamic Properties of Helium 4 from 2 to 1500 K at Pressures to 10® Pa,”’

11.

J. Chem. Phys. Ref. Data, V. 2, No. 4, 1973, p. 923. :

Roder, H. M., and McCarty, R. D., ‘A Modified Benedict-Webb-Rubin Equation of State for Para-
hydrogen-2,”” NBS Report NBSIR 75-814, June 1975.

Vargaftik, N. B., Tables of the Thermophysical Properties of Liquids and Gases. Second Edition, Hem-
isphere Publishing Co., Washington, 1975.

McCarty, R. D., “‘A Modified Benedict-Webb-Rubin Equation of State for Methane Using Recent Ex-
perimental Data,” Cryogenics, V. 14, 1974, p. 276. :

McCarty, R. D., and Stewart, R. B., ‘“Thermodynamic Properties of Neon from 25 to 300 K between
0.1 and 200 Atmospheres,”” Third Symposium on Thermophysical Properties, ASME, 1965, p. 84.

Jacobsen, R. T., Stewart, R. B., and Myers, A. F., *‘An Equation of State for Oxygen and Nitrogen,”’
Advances in Cryogenic Engrg., V. 18, 1972, p. 248. '

Ewing, C. T., Stone, J. P., Spann, J. R., and Miller, R. R., *‘High Temperature Properties of Potassium,”’
J. Chem. Engrg. Data, V. 11, No. 4, October 1966, p. 460. '

Martin, J. J., Campbell, J. A., and Seidel, E. M., ““Thermodynamic Properties of N~Propyl Alcohol,”
J. Chem. Engrg. Data, V. 8, No. 4, October 1963, p. 560.

Downing, R. C., “‘Refrigerant Equations,”” ASHRAE Paper 2313, Trans. ASHRAE, V. 80. PartII, 1974,
p. 158.

E. 1. DuPont de Nemours & Co., Bulletin T-11, November 1972.
E. I. DuPont de Nemours & Co., Bulletin T-22, November 1972.

Martin, J. J., ““Thermodynamic Properties of Dichlortetrafluoromethane,”” J. Chem. Engrg. Data,
V. 5, No. 3, July 1960, p. 334. . ‘

- Martin, J. J., ““Thermodynamic Properties of Perfluorocyclobutane,”” J. Chem. Engrg. Data, V. 7,

No. 1, January 1962, p. 68.

- E. 1. DuPont de Nemours & Co., Bulletin T-502, August 1969.
24.

- Stone, J. P., et al., ‘‘Predicted High-Temperature Properties of Rubidium,” J. Chem. Engrg. Data,
26.

E. I. DuPont de Nemours & Co., Bulletin T-503, June 1968.

V. 12, No. 3, July 1967, p. 352.

Bhise, V. S., and Bonilla, C. F., *“The Vapor Pressure and Critical Point of Rubidium,”” Proc. 6th Sym-
Pposium on Thermophysical Properties, ASME, 1973, p. 362.

Chung, J-W, and Bonilla, C. F., ‘‘High Temperature Saturated Phase Densities of Rubidium, and the

Critical Properties of Rubidium,” Proc. 6th Symposium on Thermophysical Properties, ASME,
1973, p. 397.

Ewing, C. T., Stone, J. P., Spann, J.R., and'Miller, R. R., “‘High Temperature Properties of Sodium,”
J. Chem. Engrg. Data, V. 1, No. 4, October 1966, p. 468. : :

Keenan, J. H., Keyes, F. G., Hill, P. C., and Moore, J. G., Steam Tables, John Wiley and Sons, Inc.,
New York, 1969.

129






Fgogp b ot o a avn

Section 3
Constants in the Computational Equations

This section indicates which of the equations in Section 2 were used for each substance and gives the
constants for that substance. The computational equations should be used with great caution beyond the range
of the graphs and tables herein. In no case should the equations be used for densities greater than those covered
by the graphs for that substance. If property values are needed in the subcooled liquid region, and the equa-
tions are not valid in this region, use of the incompressible liquid approximation is recommended. At low
densities the equations can be used with fair confidence to temperatures above those covered by the graphs,
provided that the temperatures are within the range of the cj fit given in Table 2.6.
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The mixture model has the following mol fractions
Nz - 0.7809 0; - 0.2085 A - 0.0096
This is a single-substance approximation

M = 28.96 kg/ kmol

Te = 132.50 K
Pe = 3.77 NMPa
Pc = 343.3 kg/m3

The datum is fixed by Nz, 02, and A

Constants for T in K, p in kg/m3, P in Pa, ¢y in J/(kg*K)

P-p-T Eqn. P-4

R = 287.0686 Ay =-1.70388092279449x10-13
Ay = 1.55623098409137x10"1 Ayg = 5.91103444646786x10" 11
Az = 1.25283666202326x10! Ayg =-1.05363473794348x10" 1"
Az =-2.92541568638838x102 Azg =-7.32732651196379x10"
Ay = 4.29432480725523x103 Azq =-5.42674649924748x%10°5
As =-5.58450959675108x105 Azz =-4.48935466142735x10"}
R¢ = 3.92054480883008x10~" Aza = 2.81453138446295x102
Ay =-4.40985641881347x10"2 Azy =-8.83132042791851x10"7
Ag = 5.86387178724129x10~" Az =-1.32229814838386x10"%
A9 = 7.97411385439405x10" Azs =-2.16521865046609x10"12
Ao = 9.88045320906742x10"? Azy =-1.47835008246593x10"?
Aiy = 2.97999237261289x10°" Azg =-6.93219849301501x10"1?
Ayz =-6.81783040959070x10"2 Az9 = 6.06743598768355x10"17
A3 = 2.02551630992042x10"7 A3zp =-3.20538718135891x10"-2%
Aqy =-1.62724281849497x10"7 Azq =-4.73178337355130x10"23
Ays =-1.06340143152999x10°" A3z = 3.83950822306912x10-22
A1e = 3.51428501875049x10°19 7 = 5.97105475117183x10"6

Psat EGn.S-11 along dew line Pt Ean. D-2 along bubble line

Pe = 3.77436x10% : Dy = 3.43300000x102
Fy = 8.52176441x10! Dz = 3.01809400x102
F2 =-2.66657734x10" D3 = 4.96457200x102
Fa = 5.46923993 Dy = 5.01113000x102
Ds =-5.44617300x102
Psat Eqn.S-11 along bubble line
Pe = 3.77436x10% . .
Fi = 1.69881524x103 ¢y determined by mixture i
Fa = 4.40210939%10% The entropy of mixing is 174.519 J/(kg+K)
F3 =~7.61593848



AMMONIA

M = 17.03 kg/kmol
Te = 406.80 K

Pec = 11.627 MPa
Pec = 237.64 kg/m3
To = 200 K

Constants for T in K, p in kg/m3,

P-p=-T from Eqn.Q-1

= 488.20981

A1,1
Az,
Az,
Aﬁ"‘
Ag, 1
Ré,1
A7,1
A371
A’r‘l
A1,z
AZ:Z
Ra,2
Aw,2
As;z
Re,2
Ar,2
Aepz
R9,2
A1,3
Az,3
A3:3
Ay,3
As;a
A6y3
A7p3
AQ:Q
A9o3
A,y
AZ,‘
A3o~

=-6.453022304053x10"3
8.080094367688x10"-¢
1.032994880724x10"-°
-8.948264632008x10"-12
-6.692285882015x10" ¥
2.473417459954x10-16
~-3.065573854310x10-19
1.617910033375x10-22
-2.782168879368x1072¢
-1.371992677050x10-2
1.435692000561x10"5S
5.584395580933x10" ¢
-1.697777441391x10-10
-1.753943775320x10" 15
2.999839155475x 10~ 16
2.411655109855%x10-20
-5.074780704643x10-22
2.988129173133x10-.25
-8.100620315713x10-3
-4.505297669943x10-5
4.920166508177x10~-7
-1.236532371672x10~9
2.085533713355x10-13
4.509080578790x10~15
~9.323356799989x10- 18
8.139470397409x 10" 2"
==-2.772597352058x 10" 2%
=-4.880096421085x10"3
=-1.661889985705x 10"
= 1.737835999473x10"6

Huwumn ll LI L I P U T DN O ¥ TN 7 TN T DN £ T U (AN A VN £ B T A (1 { £}

P in Pa, cy in Js/(kg-K)

-‘Ulll [T (T u n H U0 oo ouu Il " ll H] ll it ll 1] H

[

-7.
2.
-3.
4.
~-2.
7.
~-1.
3.
-3.
1.
0.
0.
0.
0.
0.
6.
-4.
7.
-3.
0.
s.
]
0.
0.
0
.2

12161168317x10-2
34894661440x 10~ 11
9808498817910~ 1%

45871062656x10-20
68928677925x10-2"
02877562682x10-2
90895022932x10-5
87491526377x10-8
79548269140x10-12

06345929616x10-3
73020833373x10"5
48353041627x 108
97461095850x10-11

.

8
1
7
2
7
6
2
7
]
7
0
0
0
0
0
]
0
1
8
]
0
0
)
)

333498

72409853059x10-17

Psat Eqn. S-2
Fqy =-6.7232038
Fz =-1.4928492x10"3
Fa =-2.1966350
Fe = 1.8152441x10~?
Fs = 3.4255443x10"!
Fg =-1.2772013x10?
Fz =-5.8344087x10!
Fg =-6.5163169x10?
Te = 300,

P+ Eqn. p-2
Dy = 2.3763863x102
Dz = 2.2030340x102
D3 = 1.1999997x103
Dy =-1.9145612x103
Ds = 1.7358862x103
Ds =-5.5587491x102

tv Egn. ¢-2
Gy = 1.469259288x102
G2 = 2.411085448x10"?
Gy =-7.038236532x10-3
Gy = 5.157906857x10-5
Gs =-1.209815448x10"7
Ge = 1.440829341x10-10
Gy =-9.429402197x10- 1"
Gs = 3.229595395x10°17
Go =-4,528318341x10-21
Up = 1.3814023x106
Sp = 6.2092055x103
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ARGON

M = 39.948 kg/kmol

Te = 150.70 K

Pe = 4.8649 MPa

pe = 513.00 kgsm3
" Tp = 83.83 K

constants for T in K, p in kg/m3, P in Pa, cy in J7(kg*K)

P-p-T Eqn. P-3

Psat Ean. S-2 p¢ Eqn. D=2
R = 208.128 Fy =-5.340410 Dy = 5.129994x102
Ay = 1.9825921x10°Y" Aq4y =-2.1572754x10°19 Fp =-2.371280x10"! D, = 8.358137x102
Az =-8.1733119x10' A4z = 1.6544141x10°? Fs =-9.490142x10-% D3 = 1.195878x10?
Az = 1.7777470x102  A43 =-2.8142112x10"'! Fy = 1.187040 Dy =-3.196858x103
Ay =-8.2406544x10% Ay, = 8.2532059x10! Fg =-5.889895 Ds = 4.502276x103
Ag = 3.1666098x107 A45 =-9.1538377x103 Fe = 5.627790 De =-2.086375x107
Ag =-4.4202671x10°5 A4 =-1.8340752x106 Fy = 2.674117x10"
A; = 6.2161420x10"2 A4y =-3.3858136x10°3 Fs =-6.661814x10' Cv Eqn. C-0
Ag = 1.1443248 Ayg = 1.5532886 Tp = 100.
Ay = 4.7797520x10°7 Aq9 =-6.7479568x10? Pe = 4.86492x108¢ cy = 312.192
; Ao =-1.9645227x16°% ¥ = 3.5x10"¢ up = 1.4935540x105
: so = 2.2706700x103
z BUTANE
i M = 58.12 kg/kmol
i Te = 423.95 K
| Pe = 3.7183 MPa
: pc = 204.00 kg/m3
i To = 200 K
: tonstants for T in K, p in kg/m3, P in Pa, ¢y in J/(kg*K)
P~p-T Eqn. P-2 Psat Eqn. S-2 2§ Eqn. D-2 cy Eqn. C-6
' R = 1.430797x102 Fq1 =-6.4773780 Dy = 2.0399757x102 64 = 9.4817634x103
: Bo = 1.681913x10°3 F, =-3.0579064x10°2 D, = 5.0903116x102 Gz = 3.9633418x102
: Ap = 2.588747x102 —F3 =-2.0756011 D3 = 7.0925596x102 63 = 2.8576075
: Co = 3.374153x107 Fy = 9.3845364x10°%' Dy =-1.9959517x103 Gy = 4.8802965x10"3
: Do = 4.544053x10%®  Fg =-5.7943269 Dg = 1.7838737x103 65 =-6.4100047x10"¢
: Eo = 1.749633x10° —Fg =-5.2770385 D¢ =-3.6126335x102 G¢ = 2.0651236x10"?
3 b = 1.054551x10°5 —Fy = 2.6036457x10! : , Yo = 4.2760753x10%
: a = 6.081677x10"! Fg = 6.2752788x10! ' s¢ = 1.8916540x102
i d = 1.728889x102 Tp = 300. ) - : _
: ¢ = 1.846013x105 2 Pe = 3.7180959x106 - To = 200,
a = 4.968935x10"? : Te = 7a3.45
Y = .

-6 . .,
8.700251x10 fo= 01325 Ps (1xem)
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CARBON DIOXIDE

M= 44.01 kg7 kmol
304.21 K
7.3834 MPa
464.00 kg/m3
216.54 K

Te
Pe
Pc
To

1" o nn

Constants for T in K, p in kg/m3, P in Pa, ¢y in J7 (kg *K)

P-p-T Eqn. P-3
R = 188.918 , Psat Egqn. S-2 cy Eqn. C-6
Aqy = 2.2488558x10-? Ajg =~2.9186718x10?
Az =-1,3717965x102 Av7 = 2.4358627x10-2 Fq4 =-6.5412610 G4 = 8.726361x102
A3 =-1.4430214x10" A1 =-3.7546530x10? Fz =-2.7914636x10"! 62 = 1.840040x102
Ay =-2.9630491x106 R19 = 1.1898141x1g" Fa =-3.4716202 Gz = 1.914025
A =-2.0606039x108 Y = 5.0x10-¢ Fy =-3.4989637 Gy =-1.667825x10"3
Ag = 4.5554393x10-5 Fg =-1.9770948x 10" Gg = 7.305950x10"7
A, = 7.7042840x10-2 Fe = 1.3922839x102 Ge =-1.255290x10"-t0
Ag = 4.0602371x10! p¢ Eqn. D-2 F; =-2.7670389x102 Upg = 3.2174105x10°5
Re = 4.0028509x10-7 Fg =-7.0510251x103 S = 2.1396056%x103
Aro =-3.9436077x10"" By = 4.6400009x102 Pe = 7.38350x106
Ayqg = 1.2115286x10-10 D = 6.7938129x102 Te = 250.
Ayz = 1.0783386x10°7 Dy = 1.4776836x103
Ay3 = 4,3962336x10° 11 Dy =-3.1267676x103
A1y =-3.6505545x10"% Bs = 3.6397656x103
Ais = 1.9480511x107 De =-1.3437098x103
CESIUM
M = 132.91 kg7 kmo!
Te = 2047.79 K
Pe = 11.73 MPa
Pe = 420.5 kg/m3
To = 800 K
Constants for T in K, p in kg/m3, P in Pa, cy in J/(kg*K)
P-p-T Eqn. P-7 Az = 1.125708x10?
A = 0.0 cy Eqn. C-7
R = 62.5559 Ay = 1.826843x10-6 £+ Eqn. D-6
Ay =-1.127493x10" . G4 = 9.386710x10!
A2 = 5.116856x103 Psat Eqn. S-7 Dy = 1.865883x103 Gz = 1.804957x10'?
A3 =-3.465370 Dz =-5.051594x10-1 B 17383.33
Ay =-6.820129x103 Fq = 2.473601x10! By =-8.747735x10"5 u 4.7798663x105
As = 7.693051x10¢% F, =-9.006562x103 Tp = 255.370 K So = 6.0099922x102
Ag =-9.216489 Fa =-5.329000x10"-?
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ETHANE

M =30.07 kg/kmol
Te = 305.88 K

Pe = 5.0102 MPa
Pe = 217.59 kg/m?
To = 150 K

Constants for T in K, p in kg/m3

P~p=T Eqn. P-2 Psat
R = 2.767735x102 Fq
Bo = 1.716337x10"-3 Fa
Ao = 4,000173x102 Fs3
Co = 2.711853x107 Fy
Do = 1.314084x10? Fs
Eo = 4.162885x101'° Fe
b = 1.343479x10"$ Fy
a = 1.385571 Fg
d = 2.412543x10! Te
¢ = 1.301434x105 Pe
a« = 8,159501x10-?

Y = 1,293618x10"°%

ETHYLENE
= 28.054 kg/ kmol

Te = 282.65 K

Pe = 5.0750 MPa

Po = 216.67 kg/m?

To = 150 K

Constants for T in X, p in kg/m3

P-p-T Eqn. P-3

R = 296.367

At = 6.199009568x10°!
Az =-5.480331377x102
A3 = 5.939028162x10"
Ay =-2.978456992x10?
Ag = 1.410862498x10?
A¢ = 2.099253547x10-3
Ay =-3.023961281x10"!
As = 2.126582512x102
Ay = 4,064840279x10"¢
A1p 5-4.409410402x10"3
Aq1q = 4.569939966x10-10
Ayz = 6.188244460x10"¢
Aq3 = 5.116189590x10"-19
Aqy = 5.920592324x 10"
Ayy =-3.868585434x107

136

Eqn. S-2

A1 = 6.383210497x10°*

A4y =-3.452285470

Ajg = 2.067324621x103

Aye =-2.179125512x10%

Y = 2.1x10"8%

Pt Eqn. D-2
Dy = 2.1667533x102
Dz = 2.7238643x102
D3 = 6.7325682x102
Dy =-1.2879223x103
Ds = 1.3553807x103
D¢ =-4.6055649x102

Pf Eqn.
=-5.9040507 Dy =
= 2.6293983x10"-? Bz =
=~-1.6989361 Dy =
= 2.5761218x%10"1 Dy =
=-9,.6655814x10"! Dg =
= 3.7608925 Dg =
=-6.2752642
=-2.5027513x 10!
= 200
= 5. 0106051):106

» P in Pa, cy in J7(kg+K)

» P in Pa, ¢y in J/(kg+K)

D-2 cy Egqn
2.1758939x102 Gy =
3.9512352x192 6z =
4.1074978x102 63 =
2.0021645x102 Gy =
3.2750407x103 6s =
1.9447315x 103 6e =

Ug =
Sg =
P;.t Eqn. S-2

Fy =-5.8351826

Fz =-1.0535323x10"!

F3 =-1,4231237

Fy =~4,2199146x10~"

Fsg =-1.8385922

Fe = 1.1504786x10?

F7 =-1.5509321x10?

Fe =-1.0601457x10%

Pe = 5.07500x106

Tp = 200.

WANNO N WN

.6209109x10"
.9731855x% 102
.0372154
-3813897x10°3
.2185581x10"¢
.2048025x10-"
.9861617x105
.1934536x102?

¢y Eqn. ¢-2

1.0657565%103
2.5996503
3.0370139x10°3
7.5775277:10-!
-2. 1
3. [
-2,

5613127x10°7.
56995385x10" 19!
3618747x 10! ,Q
6.1095297x16"1
4.6760769x10% &
3.2657141x10% °
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Constants for T in K, p in kg/m3

P-p-T
R =

Regio

p >3
~
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»
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A3p

L U L L R { N T I |

Azs =
r =1

Fyo

M4

.0026 kg/kmol
5.2014 K
0.22746 MPa
69.64 kg/m3
2.177 K

Eqn. P-%
2077.22578699

nlI

-2.63717841606x10-"
~5.79620044301x10-2
6.04727743809
3.86500111589x 10"
-2.75796664744x 102
-4.96960774707x 102
2.04341052964x 103
-2.66595676810x 102
1.07968703317x103
2.33740311250%x10-1
-5.14034417722
3.08419481342x10!
-1.67047385071x102
5.24045883077x102
-8.07915654647x102
6.31099960781x102
~2.45791511511x 102
1.47668657398x10-2
~2.53062442742x10-1
7.33463898526x10- 1
2.92163822280x10-!
.07953759561x10-3
.73905300971x10-2
1.36171997779x 10"
.47415495892x 10"
+33727221372x10- 1
-44142746383%10-2
.72006192405x10-6
1.59283523218x10"5
.75248537108

40743659299x 10"
34172600153x10"-
-1.05413018834x10-3
-8.82580260817x10"Y
.56047072875x10-"

4
-3
-2
2
-9
-3
7
-4
5
5

Eqn. S-5

~3.9394635287
'1.3925998798x102
~1.6407741565x 103
1.1974557102x 10"
-5.5283309818x 10"
1.6621956504x105
-3.2521282840x10%
3.9884322750x10%
=2.7771806992x10%
8.3395204183x 10"

13169817472x 10" -

Region 11
Ay =-2.63717841606x50-4
Az =-5.79620044301x10-2
A3 T 6.04727743809
Ay = 3.86500111589x10"
As  =-2.75796664744x102
Rg¢ =-4.96960774707x102
Ay = 2.04341052964x103
Ag  =-2.66535676810x103
Ag = 1.07968703317x103
Ato = 3.23316248529x10-2
Ry3q = 2.01417823467
Aq2 =-3.20336592218x10"
Atz = 1.17952847254x102
Agy =-2.72064513304x102
ARys =, 8.06705554799x102
Ate =-6.34863771449x102
A1z = 4.23944026969x102
A1g.=-1.26804959063x10-2
Ar9 = 5.58960362485x10-2
Azo = 5.81328684698x108-!
Az2q4 =-1.03365680210
Rz2 =-1.01057001312x10"3
Az3 = 8.40859671873x10-2
Azy =-2.48181422872x1p-2
Azs = 3.24270326025x10-2
Rze =-1.04566294786x10-2
AR27 =-1.05412341221x10-2
Azg =-1.04201749588x10-6
Rze = 1.09726080203x10"5
Azo = 1.24933778088x10!
A3q =-1.41252424541x102
R3z =-2.38228039845x102
A3z = 2.65139980533x10-"
A3y =-3.33310756017x10-2
A3s =-2.41601688592x10-3
Y = 3.12094145751x10"-5
Pt Eqn. D-2
Dy = 6.9640000000x%10!
Dz = 1.2874326484x102
D3 =-4.3128217346x102
Dy = 1.7851911824x103
Ds =-3.3509624489x103
Bs = 3.0344215824x103
D; =-1.0981289602x103

» P in Pa, ¢y in Js kg *K)

15004i
Hij
15
10 H&iy 1& 11
T.K ]
2
Region 111
Ay =-2.63717841606x10-"
Az =-5.79620044301x10-2
Ay = 6.04727743309
Ay = 3.86300111589x10!
Ay  =-2.75796664744x102
Re =-4.96560774707x102
A; = 2.04341052964x103
Rg =-2.66595676810x103
Rs = 1.07968703317x103
Ayp =-5.69281410539x10"2
Ayq = 2.54082433493
R1z =-4.33612764494x 10!
Ag3 = 2.32901880818x102
A1y =-5.88289870860x102
A1s = 2.12493828516x103
A1g =-2.69258356337x103
A1y = 1.42625846393x103
A1g = 7.76178949940x10-"
A19 = 6.75967782095x10"2
Azo = 8.09992115812x10-2
Azq =-3.81211874106x10"!
Azz =-2.30068006523x10"5
Az3 = 4.029508256349x108-5
Azy = 1.07511466109x10-3
Azs =-4.93747339170x10-3
Aze = 1.11576934297x10-2
Azy =-1.23679512941x10-2
Azg =~3.64745210287x10-7
Az9 = 1.02807881652x10"5
R3zg = 8.98703364016
A3y =-2.28140026278x102
R3z = 5.33588707469
A3z = 1.06067862115x10-"
A3y =-4.46441499497x10-3
A3s = 3.80683087199x10-3
7 = 3.12094145751x10-5
cy Eqn. ¢-0
cy = 3115.85
Up = 1.8712207x10%
So = 1.0812833x10"
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PTANE

=-100.20 kg/kmo}
537.68 K
2.6199 MPa
197.60 kg/m3
300 K

Constants for T in K, p in

P-p-T Eqn. P-2

R = 8.299504x10!

Bo = 2.246032x10°3
Ao = 2.082990x102
Co = 5.085746x107
Do = 3.566396x107
Eo = 1.622168x10°
b = 1.065237x10°5
a = 5.987922x10°!
d = 7.736602

¢ = 1.929386x105
@ = 5.291379x10°°
y = 9.611604x10°6

HEXANE

M= 86.18 kg/kmol
Te = 506.13 K

Pe = 2.9265 MPa
pe = 191.63 kg/m?
To = 250 K

tonstants for T in K, p in

P-p-T Eqn. P-2

R = 9.650393x10!

Bo = 1.928741x10"3
Ap = 1.640433x102
Co = 5.875423x107
Do = 3.426013x10°?
Eo = 2.159373x101'}
b = 1.548178x10"5
a = 1.139100

d = 4.769149x%x10!

¢ = 2.576318x10%
a = 3.689017x10"?
¥y = 7.805367x10°6

138

Psat

Psat

Fy
Fa
Fa

kgs/m3, P in Pa, ¢y in Js(kg*K)

Eq

l‘l "
WS HOHWWw

(L]
[}

0o oo

n. $-2

.2298764
.8607475x10°?
.4216472
.6274432x10"!
.7926124
.2058094x10!
.5468678x 10"
.1758992x102
400.
2.6197435x106

Dy

D2
D3
Dy
Dg
D¢

[T 1]

Pt Eqn.

D = = = 00 -

D-2

.9760405x%102
.9451237x102
.1462908x 103
.7996947x103
.7250843x103
.7088329x102

kgsm3, P in Pa, ¢y in J/(kg*K)

Egqn. S-2

-
-

wou oWy

7.0231374 .
2.1827311x10"!
1.9928180
3.9897963x10"!
1.0736773x10!
1.5436086x102
4.7486454x102
5.0555122x102
400.
2.9263747x10%

P Eqn. D-2
Dy = 1.9162870x102
D, =-3.2794532x102
D; = 6.2017594x10°
Dy =-1.4823173x10%
Ds = 1.4904295x10""
Dg =-5

.1866270x103

cy Eqn. €~6
Gy = 1.1925213x105
G, =-7.7231363x102
63 = 7.4463527
Gy =-3.0888167x10-3
up = 3.4058439x10°%
So = 1.1080254x103
¢y Egn. C-6
Gy = 1.2149350x105
6, =-7.8379325x102
63 = 7.4139795
6y =-3.0234462x10"3
uo = 3.8436664x105
so = 1.3669737x103
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HYDROGEN (PARA)

M= 2.0159 kg/kmol

Te = 32.938 K

Pe = 1.2838 MPa
Pc = 31.36 kg/m3
To = 13.8 K

Constants for T in K, » in kg/m3, P in Pa, ¢y in Jsz(kg°K)

P-p-T Eqn. P-4

124.299539

R = 412

Ay = 1.150470519352900x10!
Az = 1.055427998826072x103
R =-1.270685949968568x10"
Ay = 7.287844527295619x10"
ARg =-7.448780703363973x10%
Rg = 2.328994151810363x10- 1,
A; =-1.6353083937392956x10!
Ag = 3.730678064960389x10?
Ay = 6.299667723184813x10%
A1o = 1.210920358305697x10-3
Ayqr = 1.7536510958843817

Ay2 =-1.367022988058101x102
Ay13 =-6.869936641299885x10"3

Ry = 3.644494201759974x10"2
Aqvs =-2.559784772600182
Ayg =-4.038855202905836x10""
= 1.485396303520942x10"¢
A1g = 4.243613981060742x10""
=-2.307910113586888x10"¢
Azo =-6.082192173879582x10%
ARz1 =-1.961080967486886x106
A2z =-5.786932854076408x102
" A2z = 2.799129504191752x10"
Azy =-2.381566558300913x10"1
Ay = 8.918796032452872x10-1
Az¢ =-6.985739539036644x10-5

Az
Azg
Azq
Azo
LYY
Ajz
7:

-7.339554179182899x10-3
-5.597033440289980x10-?
8.842130167884514x10"-*
~2.655507264539047x10"12
-4.544474518140164x10-12
9.818775257001922x10- 1!
1.008854772x10"3

L2 O I I 1)

Psat Eqn. S-3

Fi1 = 3.05300134164
Fz2 = 2.80810925813
F3 =-6.55461216567x10-?
Fy = 1.59514439374
a = 1,5814454423
Ty = 13.8
Pt = 7042.09

p+ Eqn. D-4
D1 = 4.8645813003x10¢!
Dz =-3.4779278180x10°
D3 = 4.0776538192x102
Dy =-1.1719787304x102
Ds = 1.6213924400x10%
De =-1.1531096683x103
D; = 3.3825492039x102
a = 0.3479 .

cv Eqn. ¢-5
G4 = 6.1934792x109
G2 = 2.9490437x102
G =-1.5401979x103
Gy =-4.9176101x107?
Gg = 6.8957165x10"
Ge =-2.2282185x105%
Gy = 3.7990059x105
Gg =-3.7094216x10%
6o = 2.1326792x10°%
G109 =-7.1519411x10"
Geq = 1.2971743x 10"
G12z =-9.8533014x102
G13 = 1.0434776x 10"
G1y =-3.9144179x102
Gig = 5.8277696x102
G1¢ = 6.5409163x102
G4y =-1.8728847x102
Ty = 35.0
Tz = 400.0
up 3 3.9275114x10%
$o = 2.3900333x10"
139
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ISOBUTANE

M = 58.12kg/ kmol

Te = 409.07 K

Pe = 3.6846 MPa
Pe = 194.51 kg/m?
Te = 200 K

Constants for T in K, p in

P-p~T Eqn. P-2

R = 1.430797x102
2.018128x10"3
2.964140x102
2.489763x107
1.163672x10°
6.371519x101¢
.906333x10-6
.100261x10~ 1
.029360x102
.072632x10°%
.253972x10-?
.208362x10~6

0w ouon

O Ul = = O

o un u unu

Bo
Ao
Co
Do
Eo
b
a
d
c
«
b4

ISOPENTANE

M =72.15 kg/kmol
Te 460.98 K

Pe 3.4089 MPa
Pc = 216.38 kg/m?3
To 200 K

Constants for T in K, p in

P-p~-T Eqn. P-2

R = 1.152638x102
1.105421x10"3
1.845091x102
3.639545x107
1.257944x10°
1.186733x1019
1.485342x10-%

9.127686x10" 1

8.666134x10!
1.779602x10%

3.991801x10"?
3.788781x10-%

<
o
0wuunu

<TROQN
0N u
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kg/m3, P in Pa, ¢, in J/(kg+K)

P"f Eqn. s-2 Pt Eqn. D-2 Cy Eqn- c-6
F1 =-6.3016457 Dy = 1.9450561x102 61 = 1.7563902x105
F2 = 2.1880736x10"" Dz =-9.1725345x10" 62 =-1.7524300x10°
Fa =-1.1288158 Dy = 2.4446128x103° 63 = 1,1642389x10!
Fy = 2.2391095 Dy =-2.7219989x103 Gy ==1.0197170x10-2
Fs = 1.0653363 Ds = 1.9324597x102 6s = 4.9006615x10°¢
Fe = 9.3322720 D¢ = 3.7037158x102 G¢ =-9.8234416x10°10
Fy = 2.4836848x10" up = 3.9342075x105
Fg = 3.7187854x10? Sp = 1.8189390x103
Tp = 300.
Pe = 3.6845470x10¢
kg/m3, P in Pa, cy in J/(kg*K) -
Psat Eqn. S$-2 Pt Eqn. D-2 ¢v Eqn. -6
F1 =~6.6220707 Dy = 2.1637787x102 6y = 2.4294906x10"%
Fz = 5.5018040x10"? D2 = 5.1544885x102 G2 =-2.4667775x102
F3 =-1.9645926 D3 = 1.8103369%102. 63 =6.4031034
Fy = 8.8295088x10-' Dy = 3.0133300x102 6y =-2.3405578x10"3
Fs =-1.0240822 Ds =-1.2696332x103 ug = 3.8740774x10%
Fe =-4.4620424 D¢ = 1.1035964x102 so = 1.5693410x103
Fy = 7.9209958
Fs =-8.6762249x10~?
Tp = 300,
Po = 3.4088951x10¢



LITHIUM

M = 6.940 kg/kmol

Te = 3800. K
Pe = 97. MPa
pc = 100.0 kg/m3
Te = 1200 K

Constants for T in K, p in kgs/m3, P in Pa, cy in Js/(kg*K)

P-p-T Eqn. P-11

13600.
-2.64858978
5.06645144x10"3
-3.62080009x10"¢
7.65377978x10-19
2.69807364
4.63946177x10"3
-2.
-2.
1.

> R
-l

0o
1

p -]
[A]
iton

62591228x10-¢
41803055x10"
14363000x10"2

>
~
(O T T T I 1

MERCURY

M = 200.6 kg/kmol
Te = 1763, K -

Pec = 153. MPa

pc = 5500.6 kg/m3
To 400 K

nu i

1198.03 Psat

F2
Fa
Fy

Eqn. S-9

= 6.6203879x10!
=-3.1762765x10"
=-4,9740144

= 4.5310417x106

Constants for T in K, p in kg/m3, P in Pa, ¢y in J/(kg*K)

P-p-T Eqn. P-9 Psat

R = 41.4453 Fa
A4 1.0333788x10!? Fz

Az =-3.1209537x102 Fa
A3 =-2.07949380 Fy

Eqn. S~-9

-
-
-

2.3632090x 10"
=-7.0426208x103

=-1.2074398x10-?
=-5.8060290x10"

600.

f Eqn D~8 Cv Eqn c-7

Dy = 4.4089743x102 61 = 1.7991x103

Dz =-1.0458647x10-1 0z = 1.6790x1012
Dy = 7.1186130x10-% B = 21458,

Tp = 1200. Upg = 2.0172606x107

So = 1.0090462x10%
P¥ Eqn, D-8 ¢v Eqn. Cc-0

= 1.2813607x10%Y Cv = 62.168
=-2.4530519 up = 2.8533557x105%
=-2.6672681x30°" So = 5.5681521x102
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METHANE

M= 16.043 kg/kmol
Te = 190.555 K

Pe = 4.5988 MPa

pe = 160.43 kg/m3
To = 90.68 K

tonstants for T in K, g in kg/m3,

P-p-T Egqn. P-4 Psat Egn. S-3
R = 5.18253475866x102 A7 = 1.33865662546x10° 19 Py = 11743.5675
A, =-7.25929210183 Aqg =-1.65439044196x10°7 Fi = 4.77748580
A, = 4.13766054566x102 Ay = 1.81030980110x10° 19 Fz = 1.76065363
A; =-6.32167316855x10%  Azo = 5.45753645958x10° Fy =-5.67888940x10""
Ay = 3.34015577724x10% Azq =-3.63192281933x107 Fy = 1.32786231
As =-1.68253379982x107 Azz = 4.81463473761 a = 1.5
Ag = 1.87884851902x10°2 Az3 = 1.56633022620x10%
A; =-1.18673201223x10" Azy = 7.89977010972x10°8
Ag = 2.09062618015x10%  Azs = 1.39993881210x10°2
Ay =-4.07532656958x105 R,¢ =-1.70656092212x10" 1}
Ayo =-5.73917603241x10°5 Az =-4.55256623445x10°° pf Eqn. D-3
Ryq = 4.37711441593x10°2  Apg =-2.29314170748x10° 'Y
Az =-4.38766500673 Azo = 8.31548137665x10°12 pt = 451.562
Asy = 1.13524630779x10°5  Ajp = 6.84673626259x1072° Dy =-1.78860165x10" 1
Ay, =-5.07028240949x10°5 Ayy =-4.70845544152x10" "7 D, = 4.83847500x10°2
Ays = 2.28002199522x10°2 Az, = 5.21465091383x10°'® Dy =-1.84898700x10°2
A1 = 9.25611329590x10°° 7 = 3.72992471469x10°5 @ = 0.36
Tt = 90.68
cy Eqn. C-3
63 =-2.93910458x10? B = 2009.152
G4 = 1.34740610x103 6y = 2.12774600 up = 4.9716032x10%
G, = 1.35512060x102 G = 2.44656600x103 So = 5.2782638x103
NEON
= 20.183 kg/kmol
Te = 44.40 K
Pe = 2.6537 MPa
pe = 483.00 kg/m3
To = 24.54 K
Constants for T in K, p in kg/m3, P in Pa, cy in J7(kg*K)
P-p~T Eqn. P-10 Psat Eqn. S-10
R = 411.9344 Fqy = 2.2072726x10!
Ay = 4.28769078x10°'  A;o = 8.69816636x1077 F2 =-2.4428125x102
Az =-4.17471396x10" Ayy =-8.65562359x10°5 Fy =-8.2113869x10"2
A; =-1.53675385x103 Aq2 =-8.49266257x10°7 Fy = 9.4657431x10°"
Ay = 2.17043833x10" Rva = 4.19873205x10°'Y o g2
As =-1.25523983x10°% A4y = 2.38547521x102 -
Rg = 5.237344033(‘0-5 A =-1,04435003x10% Dy = 4. 8300000%x102
A7 = 3.18297378)(10‘2 A15 ="1.98253591X10-3 DZ = 7. 2815914X‘02
Ag = 1.53034563 Aqy7 = 7.09558991x10°2 Dy = 4.9773532x102
A9 =-7.68816484x10" Y = 1.35894020X10-5 Dy =- -4. 3525200)(102
cy Egqn. C-0 ug = 7.9550895x10" Ds = 3.2839095x102
cy = 617.76 So = 4.2415156x103

P in Pa, ¢y in J7({kg*K)
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NITROGEN
M= 28.01
Te = 126.
Pe = 3.40
pe = 314.
Te = 63.1

Constants for T in K, p in kg/m3,

34 kg/kmol
200 K

00 MPa

03 kg/m3
5K

P in Pa, ¢y in J/(kg+K)

P-p-T Eqn. P-4
Az3 = 3.25760529488327x102
R = 2.96790515164171x102 A2y =-1.34659309828737x10"-¢© o+ Egn. D-2
Ay = 1.75889959256970x 10! Azs =-1.92036423064911x10"%
Az = 1.33197604384933x10! Azg =-3.94564337674524x10-12 Dy = 3.1402991x102
Rz =-3.14918412133921x102 A2y =-2.44388245328965x10~°9 Dz = 4.4111015x102
Ay = 4.40300150239380x1073 Azg =-1.50970602460077x10"- 18 D3 = 9.4622994x102
As =-5.45358971644916%x 105 ARzg9 = 1.25854885346038x10"16 Dy =-2.9067111x103
Ag = 4.84413320182919%x10-" Azo =-8.34271144923969x 10" 2% Dg = 4.4785979x103
A7 =-5,18964416491365x10-2 A3y =-1.17299202018417x10-22 Dg =-2.2746914x103
Ag = 6.57265859197103x10"" AR3zz = 9.06544823455730x10-22
A = 8.51299771713314x10" ¥ = 7.13602531283233x10"-¢ ¢y Eqn. C-4
A1p = 1.33459405162578x10-8
Ajq = 3.83381319826746x10°% Psat Eqn.S-4 Gy =-2.18203473713518x 105
Ayz =-8.35421151028455x10-2 G2 = 1.01573580096247x 10"
A1z = 2.84874912286101x10-7 Fq = 8.3944094440x107? G3 =-1.65504721657240x102
Aqy =-2.38296116270360x10"7 Fz2 =-1.8785191705x103 Gy = 7.43175999190430x102
~ Aqg =-1.48321912935764x10-" Fs =-7.2822291650 Gs =-5.14605623546025x10"3
Are = 5.62605853190540%x10-10 Fy = 1.0228509660%x10-2 Gs = 5.18347156760489x10~6
Aq7 =-2.98201050924595x10-13 Fg = 5.5560638250x10°* Gy =-1.05922170493616x10"?
Aig = 9.85319087685241x10- 1! Fe =-5.9445446620x10"¢ Gg = 2.98389393363817x102
Ay9+-=1.92002176056468x10-1" F; = 2.7154339320x10-8 B = 3353.40610
Azo =-7.82250103373122x10% Fg =-4.8795359040x10- ! up = 1.9662281x10%
Azy =-5.51801778744598x 105 Fe = 5.0953608240x102 Sg = 3.2882374x10%
A2z =-5.72781957607352x10~1 « = 1.95
OCTANE
M = 114.22 kgs kmol
Te = 567.51 K
Pe = 2.3997 MPa
Pc = 181.05 kg/m3
To = 300 K .
Constants for T in K, p in kg/m3, P in Pa, cy in J/(kgK)
P-p~T Eqn. P-2 Psat Eqn. S$-2 P+ Eqn. D-2 ¢y Eqn. C-6
R = 7.280376x10! Fq =-7.4537707 By = 1.8105379x102 Gy = 4.0859678x10"
By = 2.661451x10-3 F2 = 1.0592936 Bz =-2.3535183x103 G2 =-3.2250398x102
Rp = 1.682414x102 Fa =-2.7218674 Bz = 1.7830977x10" Gy = 6.6958265
Co = 6.334511x107 Fy = 2.4984120 Dy =-3.8108204x10" Gy =-2.6759063x10"3
Do = 2.791813x109 Fs = 5.0654375 Ds = 3.4999123x10" Up = 3.4468913x105
Eo = 6.796298%10? F¢ = 2.8024876x10! ‘De =-1.1666436x10" So = 1.0494787x103
b = 3.163488x10-6 F; = 5.0827052x10!
a = 1.481799x10"! Fa =-3.9836446x10!
d = 1.162525x102 Tp = 400.
¢ = 2.230527x10% Pe = 2.3996292x10°¢
& = 5.634268x10"°°?
Y = 6.568151x10"¢
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OXYGEN

M = 31.9984 kg/kmol

Te = 154.581 K

Pe = 5.0429 MPa
pe = 436.15 kgs/m3
To = 54.34 K

Constants for T in K, p in kg/m3
P-p-T Eqn. P-4

R = 2.598208534378377x102
Ay =-4.26396872798684x10"!

Az = 3.48334938784107x10!
A3 =-5.77516910418738x10%
Ay = 2.40961751553325x10"
As =-1.23332307855543x106
Ag = 3.73585286319658x10°"
Ay =-1.70178244046465x10°"
Ag =-3.33226903068473x10°"
As = 8.61334799901291x103
Aio =-6.80394661057309x10"7
Aqq = 7.09583347162704x10°"
Ayz =-5.73905688255053x10°2
Atz =-1.92123080811409x10"7
Aiy = 3.11764722329504x10"8
Ayg =-8.09463854745591x10°¢
Ayg =-2.22562296356501x 1011
A1y = 9.18401045361994x10"15
Atg = 5.75758417511114x10"-12
Ayg =-2.10752269644774x10" 15
Azo = 3.62884761272184x103
Azq =-1.23317754317110x106
Azz =-5.03800414800672x10°2
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» P in Pa, ¢y in J7(kg*K)

Az3
Azy
Azs
R2e
A2y
R2g
R29
A3o
A31
Azz

Psat

£

3.30686173177055x102

=-5.26259633964252% 10" 8 pt Eqn. D-2
= 5.53075442383100x10°6
=-2.71042853363688x10-13 Dy = 4.3615175x102
=-1.65732450675251x10"9 Dz = 7.5897189x102
=-5.82711196409204x 10" 20 Dy =-4.2576866x102
= 4.42953322148281x10"17 Dy = 2.3487106x103
=-2.95529679136244x10-25 Dg =-3.0474660x102
=~1.92361786708846x10-23 D¢ = 1.4850169x103
= 9.43758410350413x10-23

¥ = 5.46895508389297x10"6
qn.S-4 cy Eqn. C-4
-5.5819320390x 102 Gy =-1.29442711174062x10%
-1.0966262185x102 6z = 5.98231747005341x10"

=

0 aun

-8.3456211630x10°2 G3
2.6603644330x10°2 Gy
1.6875023830x10"5 Gs

~2.1262477120x10"7 1Y
9.5741096780x10- 10 )

-1.6617640450x10"12 Gs

2.7545605710x10! B =
1.91576 Uo
So

=-8.97850772730944x102
6.55236176900400x 102
-1.13131252131570x10°2
3.49810702442228x10"¢
4.21065222886885x10"7?
2.67997030050139x 102
2239.18105
2
3

"Hwououoinn

= 2.2826740x10%
= 3.2714925x103



PENTANE

M= 72.15 kg/kmol

Te = 467.00 K

Pc = 3.2396 MPa
pe = 196.67 kgrsm3
To = 250 K

Constants for T in K, p in kgs/m3, P in Pa, cy in J/(kg*K)

P-p-T Egqn. P-2 Psat Eqn. 5-2 pf Egn. D-2 cy Eqn. C~6
R = 1.152638x10%2 Fqy =-6.8086867 Dy = 1.9667315x102 Gy = 1.2766578x105%
Be = 2.114907x10"3 F2 =-8.1097531x10"! D = 2.7200889x102 G, =-8.2486411x102
Ag = 2.638332x102 Fa =-2.07380180 Dy = 2.2915110x103 Gy = 7.4242679
Co = 3.567863x107 Fy = 1.6335436x10" Dy =-5.6890395x10? Gy =-2.9601101x10"3
Do = 9.008177x108 Fg = 1.2800516x102 Dg = 5.4614858x103 ug = 3.7830502x105
Eg =»1.922074x10‘° Fe = 4.8994794x102 De =-1.7170116x103 So = 1.4741582x1073
b = 1.243400x10"3% F; = 8.6353004x102
a = 7.244518x10°!? Fg = 5.8111580x102
d = 9.641415x10! Te = 400.
c = 1.865119x10°% Pe = 3.2395335x106
a = 4.578423x10"9
v = 8.879302x10"°6

POTASSIUM

M = 39.10 kg/kmol

Te = 2173, K

Pe = 16.7 MPa
Pc = 202.0 kg/m3
To = 800 K

Constants for T in K, p in kas/m3, P in Pa, ¢y in Js(kg+K)

P-p-T Egn. P~7

R = 212.642 Pgsat Eqn. S-7 pf Eqn. D-6 cy Eqn. C€-7

Ay =-9.423507

Az = 6.256252x103 Fy = 2.534696x10! Dy = 8.452642x102 G4 = 3.190816x102
A3 =-6.167816 Fa =-1.040679x10% Dy =-2.161777x10"! 62 = 2.274636x1012
Ay = 8.168676x103 F3 =-5.356000x10-1 Dy =-2.727342x10°% B = 21875.

Ag = 0.0 Dy = 4.652311x10°? up = 1.9289316x106
Ag =-1.059937x10! Tp = 255.372 K So = 1.9189911x103
A7 = 1.005948x10"
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PROPANE
M= 44.09 kg/kmo!
Te = 369.82 K
Pe = 4.2362 MPa
pe = 197.38 kgs/m?
To = 200 K
Constants for T in K, p in kg/m3, P in Pa, cy in J/(kg-K)
P-p-T Eqn. P-2 Psat Eqn. S$-2 pf Eqn. D-2 ¢y Eqn., C-6
R = 1.887326x102 Fy =-6.2309993 Dy = 1.9738193x102 Gy = 2.0582170x105
Bo = 1.366892x10°3  F, =-4.4226860x10"" Dy =-2.1307184x10" 6, =-1.9109547x103
Ao = 2.579108x102 Fy =-1.8839624 D3 = 3.3522024x102 63 = 1.1622054x10"
Co = 3.401044x107 Foe = 3.6383362x10"! Dy =-7.7040243x103 Gy =-9.7951510x10"3
Do = 1.076728x10? Fe = 1.5177354x10? Dg = 7.5224059x103 6Gs = 4.5167026x10°6
Eo = 3.375879x1010 Fe = 1.1216551x102 Ds =-2.5663363x103 Ge =-8.6345035x10°1°
b = 1.096523x10-5 Fy = 2.7635840x102 up = 4.2027216x105
a = 7.856721x10"! Fg = 2.3585357x102 S = 2.1673997x103
d = 1.639769x102 T, = 300,
c = 1.661103x105 Pec = 4.2353300x10%
a = 5,728034x10"9
7Y = 9.157270x10°6
PROPYL ALCOHOL
M = 60.09kg” kmol’
Te = 536.85 K
Pc = 5.0751 MPa
pc = 273.38 kg/m3
Te = 275 K
Constants for T in K, p in kgs/m3, P in Pa, cy in.J/(kg*K)
P-p-T Eqn. P-1 Psat Egqn. S-1
R = 138.3559 Fa = 7.57783301x10!
b = 4.87267222x10-" Fa ==1.0499%0282x10"
Az =-5.42668549x102 F3 =-6.03916030
Az = 9.05495750x10"" Fy =-5.29345072x10"3 cy Eqn. C-1
Ay =-1.89466294x10-3 Fs = 7.26466630x10""!
Ag = 1.19052690x10"6 Y = 544.85 Gy =-2.990892915x102
Bz = 3.97987297x10-! 62 = 6.434660263
Ba =-4,27456287x10"5 63 =-4.040634960x10"-3
By = 0.0 pf Eqn. D-1 Gy = 9.853269426x10°7
Bs = 1.02623102x10-9 ‘up = 7.9479291x105
C, =-1.58392320x10" Dy = 2.733829339x102 Sp = 2.4290305x103
€3 = 5.93029373x10! Dz = 8.068327349x102
Cy = 6.0 D3 =-1.230356060x103
Cs =-9.12685005x10°5 Dy = 2.627253614x102
X = 5.0 Ds =-1.592222689x103
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PROPYLENE

M = 42.08 kg/kmol
Te = 364.90 X

Pe = 4.6130 MPa
Pe = 227.00 kgs/m?
Teg = 200 K

Constants for T in K, p in kg/m3, P in Pa, Cy in J/(kg K}

P-p~T

Eqn. P-3

O

1
(= W R S > AN BN

.578
.282876415x10"!
.915957872x102
.232721329x 105
.363598403x 1907
.704449163x10°
.144303984x10-3
.150332286
.358860432x10!

[

L2 L A T 1 T I £ N T S ¢ B J B

-7.396844590x10-3
-1.210690018x10"8
1.405082248x10"°%
-4,.328660394x10°°9
6.680314909x10"
3.816884968x107
-1.503361977x1010
-6.299803992x10"1
6.964578103x102
6.429702784x10%
.5x10-5

L T T T I T O T L B 1

1.072352773x10"5%

Psat Egn. $-2
F{ =-6.2416097
Fo = 7.8213066x10"1
F3 =-1.9298461
Fy = 1.1630011
Fs = 4.7498495
Fe =-2.0533619x10!
F; = 2.9972723x10?
Fg =-1.6098289x10"
Pe = 4.61300x106
Tp = 200.

2§ Eqn. D=2
Dy = 2.2699930x102
D, = 3.8189547x102
D3 = 4.5129350x102
Dy =-1.1201552x103
Ds = 1.54978393x103
Dg =-6.5810211x1012

N DWW~ BN

»
w
H NN "0 iHouonon

.31

.5548377x102
.5938490
.4360027x10"2
.8453395x10~-"
.6016319x10-7
.3232608x10-1¢
.1803270x19-13

05132x10%

.2741809x 103

M=
Te
Pe
Pec
To

LU E I I

37.38 kg/kmol
471.15 K
4.4092 MPa
553.76 kg/m3
200 X

Constants for T in K, p in kg/m3, P in Pa, ¢y in J/(kg K)

P-p-T

o
[ 1]

Eqn. P-1

60.5223
1.18612854x10"*
=-8.40175225x 10!
=-4.25086552x10-2
= 1.76692517x10""
=-1.54214418x10"7
= 7.29123628x101'!
6.37728282x10"2
1.47201258x10""
=-3.40248641x1g"7
2.88102877x10°10
=-1.17554178x10°
-9.61156884x102
2.04712363

wonon

nu

Cy =
Cs =-9.66486318x10-7
C¢ =-6.53078769x108
K= 4.5 '
* = 9290.73
P,ga't £qn . S-1
Fy = 9.8316515149%190!
Fz =-5.5485169388x103
~ F3 =-1.2845967530x10"
Fy = 1.6613313807x10-2
Fg = 3.1360535600%x10-2
Y = 478.93

0.0

P Eqn. D=1
B4 = 5.53759545x102
Dz = 9.23276065x102
Da = 6.98922396x102
Dy =-6.85969196x102
Os = 5.87985153x102
¢y Eqn. C-~1
64 = 9.97086420x10?
G2 = 2.10926018
Gy =-2.88089444x10-3
Gy = 1.46480528x10"¢
Gg =-4,35229529x%105
Up = 2.0281647x10%
So = 8.7360402x102
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REFRIGERAN;( 12 KC‘C’&FA)

Diclovo di Flwuorowmelane

M = 120.93 kg/kmol + =0,
Te = 385.17 K

Pe = 4.1159 MPa

po = 588.08 kg/m®

Teg = 200 K

Constants for T in K, p in kg/m3

P-p-T Eqn. P-1

, P in Pa, ¢y in J/tkg K) -

Psa{ Eqn. S-1
R = 68.7480 Fi1 = 9.33438056x10!
b = 4.06366926x10"" Fz =-4.39618785x103
Ay =-9.16210126x10! Fs =-1.24715223x10" cy Eqn. C-1
Az = 1.01049598x10"1 Fy = 1.96060432x10-2
Ay =-5.74640225x10°5 61 = 3.389005260x10°
As = 0.0 pf Eqn. D-1 62 = 2.507020671
B2 = 7.71136428x10"2 63 =-3.274505926x10"3
B3 =-5.67539138x10"-5 Dy = 5.530845400x102 Gy = 1.641736815x10~6
By = 0.0 D, = 8.544458040x102 up = 1.6970187x 105
Bs = 4.08193371x10- 1! Dy = 0.0 S¢ = 8.9448764x102
€2 =-1.52524293x103 Dy = 2.994077103x102
C3 = 2.19982681 Dg = 0.0
Cy = 0.0 D¢ = 3.521500633x102
Cs =-1.66307226x10-7 D; =-5.047418739x10!
X = 5.475

REFRIGERANT 13

M= 104.47 kg/ kmol

Te = 302.0 K

Pe = 3.8697.1MP4
pe = 577779 kgs/m3
To = 150 K

constants for T in K, p in kg/m3,

P-p~-T Eqn. P-1

P in Pa, ¢y in Js(kg+X)

Psaf Eqn. s-1
R = 79.5900 Fi = 6.4251423714x10"
b = 2.9965352561x 10" Fz =-3.4161026958x102
Az =-8.2852902033x10" Fg =-7.1723433130
Ay = 9.8725559035x10"2 Fy = 1.0548730505x10-2
Ay ==1.0744963678x10"" Fg = 2.8030109130x10-' ¢y Eqn. C-1
As = 3.4587476371x10°8 = 303.33 , ,
A¢ = 5.0873683031x101! 61 = 6.7072536000x10"
Bz = 1.1326045344x10° ! 6z = 2.1274805520
By =-1.7124042321x10"" ) 65 '=-1.5722103888x10"3
By = 2.5233687878x10-7 P Ean. D=1 uo = 1.5514713x10%
Bs =-8.7021612764x10° 1" So = 1.0479552x103
Be =-9.2279585051x108 Dy = 5.77786670x107 ’
¢, =-4.8938250202x102 gz = g 3’328290*‘0
= -1 3 =
ga : g 3943985617x10 D = 1 36361900x102
vz Ds = 0.0
—-— -7 5. .
bs Z-2.5327634649x10 De = 4.14557270x102
<= 4.0 " Dy = 1.53601492x102
@ = 10011.5625



REFRIGERANT 14

M= 88.01 kgskmol

Te = 227.50 K

Pc = 3.7450 Mpa
Pec = 625.68 kgsm?
To = 125 K

Constants for T in K, p in kg/m?, P

P-p~T Eqn. P-1%

in Pa, ¢y in J7 kg *K)

Psat Eqn. S$-1
R = 94.4698
b = 9.36417268x10-5 Fq = 5.33277810x10%'
Az =-5.81197516x10? Fz =-3.04975772x103 ¢y Eqn. C-1
A3 = 7.38765401x10-3 . F3 =-4.69017025
Ay = 2.01175650%x10-5 . Fy = 2.68565551x10-3 Gy = 1.258381602x102
Ag =-2,92947380x10-8 Fg = 7.70707795x10"? G2 = 1.786415576
Ag = 4.02572833x1011 ¥ = 235.56 Ga =—3.s7504521sxw-~
Bz = 1.03268777x10- ! Gy =-7.211410935x10-7
By = 3.87338946x10-5 Up = 1.3349388x105
By =-7.38580538x10"-8 So = 1.2037444x103
Bs = 1.06640391x10-10 Pf Eqn. D-1
Be =-~1.14970546x10°?
C2 =-5.083857326x102 ) D4 = 6.256826100x%102
C3 = 9.05455659x10- 1 Dz = 1.114382841x103
Cy = 0.0 D3 = 7.347063471x 101
Cg =-3.16196531x10-7 Dy = 5.794158350%x 102
Ce¢ = 0.0 Ds =-1.290928672x102
K =4.0
a = 10581.4322
REFRIGERANT 22
M = 86.48 kg/ kmol
Te = 369.17 K
Pc = 4.9776 MPa
Pe = 524.77 kg/m3 -
To = 200 K
Constants for T in X, p in ka/m3, P in Pa, Cyv in J/(kg+K)
P-p-T Eqn. P-1
Ps;t Eqn. S$-1
R = 96.1467 .
b = 1.24855636x10-" F1 = 7.1554148092x101
Az =-1.16981908x102 F2 =-4.8189575050x103
A3 =-2.92052588x10-2 Fa =-7.8610312200 cy Eqn. C¢-1
Ay = 2.41919261x10-% Fy = 9.0806824483x10-3 ,
As =-2,43458381x10°7 Fs = 4, 4574670300x10 1 G1 = 1.17767818x102
Re¢ = 9.40022615x101? = 381.17 G2 = 1.69972960
B2 = 1.16431240x10"? 63 =-8.83043292x10-"
‘B3 = 2.30319412x10-" Gy = 0.0
By =-6.79667708x10"7? Gs = 3.32541759x1¢05
Bs = 6.30201766x10-19 P¥ Eqn. D-1 Uo = 2.3237771x10%
Be =-2.07580650x10°9 So = 1.2436918x103
Cz =-1.18409710x103 Dy = 5.247660603102
€3 = 2.48896136 Dz = 8.75161285x%102
Cy = 0.0 By = 5.886525752102
Cs =-1.20619716x10-6 By =-3.57093464x102
C¢ = 0.0 Ds = 3.27951374%102
K= 4.2
o = 8781.3417
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REFRIGERANT 23

M = 70.02 kg/kmol

Te = 299.07 K
Pe = 4.8358 MPa
Pec = 525.02 kg/m3
To = 150 K
Constants for T in K, p in kg/m3, P in Pa, cy in Jz{kg+K)
P-p-T Eqn. P-1
Pgsat Eqn. S-8
R = 118.7482
b = 7.803477230x10"5 Fq = 6.81234858x102
Az =-1.25740395x102 Fz =-1.01732931x10%
Ay =-2.09263831x10°2 Fa =-1.44514230x102 ¢y Egn. C-1
Ay = 2.16566424x10°% o Fy = 1.00348278
As =-2.52905160x10-7 Fg =-1.58761756x10-3 64 = 3.193727465x102
Ag = 5.17269509x101!? Feg = 1.26688356x10°6 G, =-5.698757731x10"°2
B, = 1.67967396x10"" 63 = 5.299352295x10-3
By = 2.33504859x10°" Gy =-5.994244055x10"6
By =-6.94467544x10°7 pf Eqn. D=1 up = 2.5215188x105
Bs = 7.59664683x10° 10 so = 1.6322250x103
Bg =-1.38278797x10° Dy = 5.250191523x102
€z =-4.29323755x103 ’ D = 1.015217930x1903
Cs = 9.96617861 D3 =-4.053534286x102
Cy = 0.0 Dy = 2.309256114x10°2
Cs =-4.83394763x10"6 Dg =-1.700088257x103
! Ce = 0.0
! X = 5.5
: @ = 8329.62
H
REFRIGERANT 114
{ M = 170.94 kg/kmo)
i Te = 418.86 K
; Pe = 3.2675 MPa
2 Pec = 581.79 kg/m3
% To = 200 K
§ Constants for T in K, » in kg/m3, P in Pa, Cy in J7(kg*K)
? P-p~T Eqn. P-1 Pt Eqn. D=1
1
: R = 48.6567 Psat Eqn. $-1 Dy = 5.8179555x102
b =-3.6925473671x10"" ; Dz = 9.7947995x102
Az 3-6.4104114343x10? Fqy = 6.7005038032x10¢ By = 0.0
: A3 = 5.7127242624x10°2 F2 =-6.3454579033x103 Dy = 2.6299362x102
Ay =-4.0395739859x10"5 Fa =-6.3086761000 Ds = 0.0
Ag = 1.0471501742x10°8 Fy = 2.8651999780x10°2 . p. = 2.7995448x102
Bz = 5.2242055542x10-2 Fg = 7.8142111000x10"" Dy = 1.7938077x10¢?
By =-1.6104714461x10"5 426.86
By = 0.0 cy Eqn. C-1
Bs = 7.3702304644x10-12 ’
€2 =~1.7638764841x102 64 = 7.3269x10!?
€3 = 2.7453497239x10"? ‘ Gz = 2.6301 )
Cy = 0.0 : 63 =-2.2654x10-3
€5 =-6.6455468465x%10"8 ug = 1.4737318x10°%
X = 3.0 So = 6.9058908x102




REFRIGERANT C-318

M= 200.04 kg/ kmol

Te = 388.48 K

Pe = 2.7825 MPa
pe = 619.92 kg/m3
To = 250 K

tonstants for T in K, p in kgs/m3, P in Pa, cy in J7(kg+K)

P-p-T Eqn. P-1 Psat Eqn. S-1

R = 41.5628 Fy = 4.31929871x10!

b = 3.75279614x10"% Fp =-5.34749337x103

A, =-5.09125078x10" Fa =-2.12840100 ¢y Ean.
Az = 4.44191073x10°2 Fy =-4.96359519x10"3

Ay =-2.57248397x10°% Fs = 6.62589800x10°! 64 =
Ag = 3.98047697x10"° y = 396.67 6, =
B, = 4.76339868x10"2 63 =
By =-2.07196888x10°5 Gy =
By = 0.0 p£ Eqn. D-1 ug =
Bs = 9.73125201x10°12 so =
€, =-7.66941499x102 Dy = 6.199159500x102

¢y = 1.11357942 D; = 1.135043967x103

Cy = 0.0 Dy = 3.781929245x102

Cg =-2.51636825x107 Dy = 2.561227119x102

XK = 5.0 Ds =-1.429552707x102

REFRIGERANT 500

M = 99.31 kg/kmol

Te = 378.66 K

Pe = 4.4258 MPa
pc = 496.57 kg/m?
To = 200 K

Constants for T in K, p in kg/m3, P in Pa, cy in J/(kg*K)

- P=p-1 Eqp. P-1 Psat Eqn. S-1

c-1

8.427759077x10?
2.787714064

-2.236127054x10"3

5.256534892x10"7
1.1260471x105
5.5315468x102

R = 83.7133 Fa = 4.73707956x10!

b = 3.76703749x10"" Fz =-4.27321106x103 |

Az ==1.22257685x10% Fa3 =-3.63691000 ¢v Ean. €1

A = 1.45279154x10" ! Fy = 2.08360862x10°3

Ay =-9.13792893x10-% Fs = 4.62940100x10" ! 61 = 1.122210487x10%
A5 =-8.99528863x10°° . ¥ = 386.43 62 = 2.138288123

Bz = 1.11650804x10"" : 63 =-1.318105011x10-3
By =-9.48606280x10°5 up = 1.9934995x10°
By = 0.0 ps Ean. D-1 So = 1.0530190x103
Bs = 1.07667125x10° 10 |

C2 =-2.49646880x10° D4 = 4.965735000x102

Ca = 4.60008366 D2 = 6.977978970x102

¢y = 0.0 Dy = 1.196726116x103

€5 =-1.37460301x10°6 By =-1.402948285x103

X = 5.475 Ds = 9.047729355x102
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KEFRIGERANT 502

M= 111.64 kg/kmol

Te = 355.31 K

Pe. = 4.0747 MPa
pe = 560.65 kg/m3
Ta = 200 K

Ccnstants for T in K, p in kgs/m3, P in Pa, ¢y in J7(kg+K)

)

-p-T Eqn. P-1

R = 74.4743

5 = 1.,04254456x10""

A2 =-8.7633628387x10!
Ay = 5.8487769532x10"2
Ay =-8.9814259017x10"5
Ag = 5.7770975886x10"8
Ag =-2.6377811471x101"?
B, = 9.9521056148x10°2
B3 =-2.6206099180x10"°5
8y, = 1.3240127692x10"7
3¢ =-9.3160674753x10" 1!
B8 = 6.9270943008x108
C, =-6.5157668337x102
€y = 5.5817296336x10"*
Cy = 2.3470347290x10°3
Cg =-2.4297977885x10"6
Ce = 1.0603021861x10'3
k= 4.2

¢ = 7.0x10°7

a = 9755.2665

REFRIGERANT 503

M= 87.5 kgs/kmol

Te = 292.59 K

Pe = 4.3256 MPa
pe = 521.05 kg/m3
Tg = 150 K

Pgat Egqn. S-1

Fi = 3.2652346611x10!
F, =-4.5218998176x103
Fa ==3.6983496000x10"°1
Fy =-7.2380229337x10"3
Fs = 8.1613391000x10"!
¥ = 363.33

p¢ Egn. D-1
D4 = 5.6064750x102
D, = 8.5673938x10%
Dy = 1.0230082x103
By =-1.1225871x103
Dg = 7.7656102x102

tonstants for T in K, p in kgsm3, P in Pa, cy in J7(kg*K)

P-p~T Eqn. P-8

R = 95.2533
@ = 1.3139445x103
b = 5.5837499x10""
pt Eqn. D=1
Dy = 5.210480060x102
D, = 2.089253902x103
D, =-5.379287269%103
Dy = 1.043202080x10
Ds =-5.991462863x102
152

Psat Egn. S-1

Fq = 4.40368096x10!
Fz ==1.99577131x103
F3 =-4.49169000
Fy. = 1.22205099x10-2
Fg =-1.76710000x10"?
¥y = 297.04

¢y Egn. C-1
6y = 8.5490269200x10!
G = 2.2584619105
G =-1.9113995193x10°3
Gy = 5.3983516293x10"7
Gg = 8.2777831437x10"
up = 1.6813307x10°%
so = 9.4570295x102

cy Eqn. C-1
G4 = 1.698794100x102
Gz = 1.233735242
Gz = 1.241300119x10°3
Gy =-2.462789574x10"6
Ugp = 1.6454753x105
s¢ = 1.1562357x10%



ORI A o

e

BRI I3 1 QR M e o 1
Cert e et e e B

e

RUBIDIUM

M = 85.48 kg/kmol

Te = 2105.9 K

Pe = 13.39 MPa

pe = 370.25 kg/m?
To = 1000 K

Constants for T in K, p in kgsm3, P in Pa, cy in JsC(kg+K)

P-p~T Eqn. P-7 Psat Eqn. s5-9
R = 97.2665 Fi = 6.1540106x10!
Ay =-1.074062x10! F2 =-1.9981647x10"
Rz = 5.771685x103 Fy =-4.7487641 ¢ty Egqn. ¢-7
A3z =-5.476099 Fy = 3.0981909x106 )
Ry = 7.767259x102 61 = 1.4563x102
As = 4.049067x10% 2¢ Egn. D-7 Gz = 6.6020x101'9
Rg¢ =-6.498737 B = 17738,
Ay =-6.148542x103 Dy = 3.7025000x102 Us = 7.4868607x105
Ag = 8.432152x106 D2 =-5.0591467x103 So = 8.7177399x102
Ay = 8.135142x10-6 D3 = 4.9774057x103
Dy = 1.4965687x103
a = 0.76
SopIUM
M = 22.99 kg/ kmol
Te = 2573. K
Pe = 34.1 MPa
pPe = 206.2 kg/m3
To = 800 K
Constants for T in K, P in kg/m3, P in Pa, €y in Js(kg+K)
P-p~T Eqn. P-7 Psat Eqn. $-7
R = 361.634 Fr = 2.690991x10! cv Eqn. ¢-7
Aq =-9.451051 Fz ==1.276771x 19"
Az = 8.641474x103 F3 =-6.134400x10" ! 61 = 5.246321x102
A3 =-7.340161 : , G2 = 1.240918x10'2
Ay = 1.386540x10" Pt Eqn. D-6 B = 24350,
Ag = 0.0 Up = 4,1138826x10%
Rg =-1.204430x%x10! Dy = 9.541580x102 Sg = 3.4233272x102?
A7 = 1.731928x10" Dy =-2.292363x10-1
D3 =-1.490566%x10"5
Dy = 5.637890x%10-?
Tp = 255.372 K

ety -
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M = 18.016 kg/ kmo!

Te
Pe
Pc
Te

"o on

647.286 K
22.
317.0 kg/m?
273.16 K

083 MPa

constants for T in K, p in kgs/m3,

p-p-T from Q@ Eqn. Q-2

= 461.51

Ay,x < 2.9492937x10°2
Az, =-1.3213917x10°"
As,y = 2.7464632x10°7
Ay, =-3.6093828x10°19°
Ag,y = 3.4218431x10°13
Re,1 =-2.4450042x10° ¢
Az,9 = 1.5518535%10° 19
ARg,1 = 5.9728487x10° 2%
Ag, z=-4.1030848x10""!
Aro,1 =-4,1605860x10""
Ay,2 =-5.1935860x10°3
Az,2 = 7.7779182x10° ¢
A3,z =-3.3301902x10"8
Ay,2 =-1.6254622x10" 1!
Ag,2 =-1. 7731674%10°13
Rg,z = 1.2748742x10~ 16
Ay,z = 1.3746153x10" 19
Ag,z = 1.5597836x10" 22
Ag,2 = 3.3731180x10° !
Aqp,2 =-2.0988866x10° A
Ay,3 = 6.8335354x10° 3
Az,3 =-2.6149751x10" 5
A3z,a = 6. 5326396x10°8
Ay,3 =-2. 65181978x10- 1!}
Ag,3 = 0.0

Ae,a = 0.0

Az,3 = 0.0

A9'3 = 0.0

Ag,3 =-1.3746618x10"!
At10,3 =-7.3396848x10""
Ai;w =-1.5641040x10""
Az,n =-7.2546108x10"7
A3,y z-9,2734289x10"°
Ay,y = 4.3125840x10"12
Ag,y = 0.0

Ag,y = 0.0

A7,» = 0.0

Ag,y = 0.0

Ao,y = 6.7874983x10°3
Ajo,v = 1.0401717x10"5
Ay,s =-6.3972405x10"3
Az,5 = 2.6409282x10"°5
Aa;s =-4,7740374x10"8
Ay,s = 5.6323130x10° 1!
Ag,s = 0.0

Ag,s = 0.0

A;,s = 0.0

Ag,s = 0.0

Rg,5 = 1.3687317x10"°!
Ayo,5 = 6.4581880x10""
Ai,e =-3.9661401x10°3
Az,6 = 1.54530661x10"%
Aj,e =-2.9142470x10° 8
Ay,s = 2.9568796x10" "
Rs,6 = 0.0

Ag,e = 0.9

A7, = 0.0

AS;G = 0.0

Re,6 = 7. 9847970x10°2
At0,6 = 3.9917570x10° "
Ay,7 =-6. 9048554x10°"%
Az,7 = 2.7407416x10° 6
A3,7 =-5. 1028070x10°?
Ay,7 = 3. 9635085X]0"z
Rs,7 = 0.0

Rg,7 = 0.0

Ay, = 0.0

Ag,7 = 0.0

Ag,7 = 1. 3041253x10°2
Ri0,7 = 7. 1531353x10°%
E=4.810"3

Ta = 1000

par = 634

Paj = 1000 for 3 = 2, 3i...07

P in Pa, ¢y in J/(kg°K)

TP

Eqn. s-6
.4192420
.9721000x 10!
.1552860x10"1
.6856350%10°3
.0940980x10-3
.3999300%x10°3
.5206580%x10°3
.2186840x10""
= 0.01

= 338.15 K

"
]
N ~d

ll 1] I‘l [ 1]
U'IN.D—‘OO—'

p§ Eqn. D-5

Dy = 3.6711257
D2 =-2.8512396x10"
Dy = 2.2265240x102
Dy, =-8.8243852x10%2
Dg = 2.0002765x103
Dg =-2.6122557x103
Dy = 1.8297674x103
Do =-5.3350520x 102
cy Eqn. C-6
G4 = 4.600000x10%
Gz = 1. 611249x10°
Ga = 8.389300x10° !
Gy =-2,199890x10""
6 = 2.466190x10°7
Ge =-9,704700x10" !
up = 2.3750207x10%
so = 6.6965776x103
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Section 4
Generalized Equations of State

A new generalized equation of state has been developed. The basis for this equation is described and
the equation and its constants are given in this section. Four graphs of the compressibility function are given

over the range from O to 100 critical pressures. Graphs giving the enthalpy and entropy corrections, as derived
from the new equation of state, are included.
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Section 4
Generalized Equations of State

A new generalized equation of state has been developed using ‘‘data’” obtaianed from the computa-
tional equations of state of the various substances given in Section 2. Nitrogen data to 10,000 atmospheres
enabled the generalized equation to be extended to over 300 critical pressures.

To the extent that the Principle of Corresponding States is valid, the new equations can be used to esti-
mate properties beyond the ranges of equations for particular substances. The equation used for Z = Pv/ (RT)
is given in Table 4.1 Simpler equations were tried, but these did not fit the ultra-high pressure range adequately.

The constants in the second virial coefficient B (1) were first determined by a least-squares fit to virial
coefficients calculated from the computational equations of state. The ‘‘data’” points covered the range 0.4
< T/T, < 20 and all substances in this compilation except the liquid metals. Two constraints were applied;

aT/T,=1, B=-034 @)
aT/T. =25 B=0 (i)

Approximately 400 points were used in the fit.

The remaining constants Ay, . .. , Az were determined by least-square fits to Z values calculated from
equations over a wide range of temperatures Emphasis was placed on nitrogen data from 50K to 1200K and

to pressures of 10,000 atm. Approximately 500 *‘data’” points were used. Three constraints were applied at
the critical point:

Z=03) (i)
op .
(ar), =0 L atr=1, r=r=1/03 (i)

(%;P;) =0 (iii)

~

where p = P/P.,r =RT./(P,v), and 7 = T, /T. The value of y was determined from the corresponding con-
stant used in the nitrogen P-p-T equation.

After the constants had been determined, the saturation conditions were determined by finding points
of equal temperatures, pressure, and Gibbs functions. Then, these points were fit with the equations given
in Table 4.1 to provide saturation pressure and saturated hquxd density equations in forms similar to those of
the various substances.

The enthalpy and entropy departure functions were calculated from the Z equation using the basic
analysis presented in Section 2, which leads to the following equations:

K@) - h Y4
G ero-ar

(] — T -
s(T,;) s=__TJ' r( ) (Z l) —mz
(]

The values of Z predicted by the new generalized equation of state agree with the Nelson-Obert*
charts, to within the accuracy of the Principle of Corresponding States. Since & and s (especially s) are very
sensitive to the shape of the P-p-T surface, the new enthalpy and entropy departure curves differ some-

what from those of Nelson and Obert, chiefly at high densities where the Principle of Corresponding States is
least valid.

* Nelson, L. C., and Obert, . E., **Generalized Compressibility Charts,”” Chemical Engineering, Vol. 61, July 1954, p. 203.
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Table 4.1
Generalized Equations

r=RT¢/(PcV) T=Tc/T Z=PV/(RT)

Compressibility Factor:

10 13
Z=1+4+rB(r) + r? Z AT ZAJ"“ + AT+ P At + Ar®) + rfA,rt
{7 f=11

+ 7'7 (AIBT + Algfa) + r8A2°7_3

+ {r2 A7 + A7) + 1 Ayt + A7) + 1% (Aps 7% + Ager?)

+ ¥ (A 7° + Agg7®) + r'®(Age® + A7) + P2 (Asi 7 + Agpr® + A337'5)} e

where
8

B = ZAQT‘_I

jum)
Saturation Pressure:
) L]
Mn=up(2ﬂr)x=1—nn
i=1
Saturation Liquid Density:

8
r=r.+3DX"® X=1-T/T,
ful



CONSTANTS IN THE GENERALIZED EQUATIONS

tonstants in the P-v-T Ean.

.24323340000000x10"2

Ay = 6

A, = 1.27214770000000x10"}

A =-9.36332330000000x10""

Ay = 7.01844110000000x10"!

A =-3.51608960000000x10" !

A¢ = 5.64500320000000x10"2

A; = 2.99561469907038x10"2

Ag =-3.18174367647130x10"2 '

Ay =-1.68211055516855x10"2 gonstants in the p¢ Eqn.
Ajo = 1.60204060081333 o

Agy =-1.09996740746713x10°3 ‘ :

Ayz =-7.27155024312992x10°* By = 5.8300834x10"
Ays =-4.52454652610146x10°3 D, =-3.3890207x102
Ay = 1.30468724100552x10°3 Dy = 1.1142672x10°
Ays =-2.22165128409263%10°" Dy =-1.9645619x10 >
Ar¢ =-1.98140535655985x10°3 ps = 1.7835191x10°
Ay; = 5.97573972920861x10°5 De =-6.5207296x10 2
Arg =-3.64135349702173x10°6

Ais = 8.41364845385683x10°° tonstants in the Pgat Eqn.
Azo =-9.82868358821942x10"° : '
Ay =-1.57683056810249 -

Azz = 4.00728988907560x10°2 Fq =-5.7896051

Azs =-8.45194493812845x10°2 F2 =-5.5773833

Azy =-3.40931311928311x10°3 Fy = 1.4160472x10?
Azs =-1.951270499010691x10"3 : Fy =-1.9238731x102
Aze = 4.93899910978312x10°% Fg = 5.5074771x102
Azy =-4.93264612930464x10"5 Fe =-7.6116542x102
A,g = 8.85666572381610x10°7 -
Aze = 5.34788029552768x%10"8

Asp =-5.93420559192355x10"°

A3y =-9.06813326928540x10°°

Rsz = 1.61822407264951x10°?

R3; =-3.32044793914655x10 19

v = 0.0588
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Annotated Bibliography of Important
Thermodynamic Property Tabulations

Tables of Thermophysical Properties of Liquids and Gases by N. B. Vargaftik (Translation from Russian),
Second Edition, Hemisphere Publishing Co., New York, 1975.

This is a very comprehensive set of tables of thermodynamics and transport properties in S1 (pres-
sures are given in bars). The tables are especially useful for gases at very high temperatures where
jonization and disassociation are important. Some of the vapor phase values have been computed from

statistical mechanics and therefore do not reach regions of high density. Computational methods are
referenced but not included.

Fluid Thermodynamic Properties for Light Petroleum Substances, by K. E. Starling, Gulf Publishing Co.,
1973.

This publication presents graphs, extensive tables, and computational equations for the principal
hydrocarbons and other gases found in natural gas, all in English units. Equations for saturation con-
ditions are not given. The P-v-T equations were not constrained to fit the critical point so in some cases
the critical states are in error, by as much as 5° C. The ideal gas enthalpy and entropy were curvefit
separately (rather than a single fit for ¢?), and hence the resulting 4 and s equations are not quite ther-
modynamically consistent. This could present some problems in availability analysis where small
differences between quantities of large magnitude often are important. The equations of state are all
of identical form, and hence one can use them to construct the equations of state for mixtures of these
substances, using mixture rules given in the publication. Computer programs are included. Thus, this

is a very useful source for persons desiring to calculate the phase equilibrium conditions of arbitrary
mixtures of hydrocarbons, nitrogen, and oxygen.

Steam Tables, by J. H. Keenan, F. G. Keyes, P. G. Hill, andJ . G. Moore, John Wiley and Sons, Inc., New
York, 1969, (available in both English and metric editions).

This is an essential reference for any person working seriously in steam power system analysis. Be-
hind its extensive tables stand the very careful work of its authors. However, it does have one pedagog-
ical weakness; the Gibbs functions of the liquid and vapor phases are not, as they should be, exactly
equal. Hence, students who test the relationships s, = hy, /T find that it is not quite satisfied by these
tables. Values in the present tables differ slightly from those in the Steam Tables because of a small cor-

rection that has been made here to insure that the tabulated values are exactly consistent with the above
relationship.

Steam and Air Tables in SI Units, by T. F. Irvine and J. P. Hartnett, Hemisphere, Washington, 1976.

This publication presents moderately extensive tables of the Thermod ic properties of water brief
saturation tables for ammonia, refrigerant-11 and mercury, and a table of the low-density properties of
air. The tabulations are in SI (pressures are given in bars). The low-density air table contains a column
incorrectly labeled *‘entropy’” which apparently is the function ¢ (T): see Equation (18) of Section 2.

The equations used to generate these tables are not given. A detailed large -s diagram for steam in S1
is included in an end pocket.
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Appendix
General-Purpose Computer Programs

A FORTRAN computer program for calculating the various thermodynamic properties, given two,
is listed in this appendix. Also listed is a program for dealing with the sauration pressure-temperature rela-
tionships. The user will have to construct substance-specific programs that are in turn called by these general-

purpose programs. The equations for the substance-specific programs are given in Section 2, and the constants
for these equations are given in Section 3.



SUBROUTINE PROP(T,P,V,U,H,S,NOP,PXXX)

ROUTINE FOR THERMODYNAMIC PROPERTIES EVALUATION

NOP DETERMINES THE TWO INPUT PROPERTIES. TRIAL VALUES FOR
T AND V MUST ALWAYS BE PROVIDED.

IF NOP=1, ENTER WITH T,V

IF NOP=2, ENTER WITH T,P, AND TRIAL V
1F NOP=3, ENTER WITH P,V, AND TRIAL T
IF NOP=4, ENTER WITH V,H, AND TRIAL T
IF NOP=5, ENTER WITH T,H, AND TRIAL V
IF NOP=6, ENTER WITH S,V, AND TRIAL T
1F NOP=7, ENTER WITH S,T, AND TRIAL V
IF NOP=8, ENTER WITH S§,P, AND TRIAL T,V
IF NOP=9, ENTER WITH H,P, AND TRIAL T,V
IF NOP=10,ENTER WITH S,H, AND TRIAL T,V

THE INTERNAL PARAMETERS ERP,ERH, AND ERS CONTROL THE
ACCURACY OF P, H, AND S ITERATIONS.

THE USER MUST FILL COMMON BLOCK CRIT WITH THE GAS
CONSTANT R AND THE CRITICAL T,V,P.

PXXX(T,P,V,U,H,8) IS THE USER’S SUBSTANCE-SPECIFIC
ROUTINE THAT CALCULATES P,U,H,S FOR INPUT T,V.

ALL QUANTITIES ARE DOUBLE PRECISION.

nnononnnnnnnnnoonnnononnnoo

IMPLICIT REAL*8 (A-H,0-2)
DATA ERP,ERH,ERS/3%0.000100/
COMMON /CRIT/ R,TC,VC,PC
c INITIALIZATIONS
DT=0.D0
KBR=0
DVBF= 000
VMIN= 0
VMAX=1. 0030
PMIN=1, 0030
PMAX=0.
DVS1= 2 ODO*VC
DVS2=0.7D0*VC
KTR=1
c LOGP POINT
1 RT=R¥T
CALL PXXX(T,PX,V,UX,HX,SX)
c TEST FOR CONVERGENCE

60 TG (10,20,20,40,40,60,60,80,90,100), NOP
10 60 TO 700

20 IF %DA?S(P-PX) .LT.(ERP¥P)} &0 TO 700
40 IF (DA?%(H -HX).LT.(ERH*RT)) 6O TO 700
60 IF (DAB%(S SX).LT.(ERS*¥R)) GO To 700

80 ég ((DQ%%(S SX).LT.(ERS*R)).AND. (DABS(P-PX).LT.(ERP*¥P))) GO TO 700
T0

90 IF (C(DABS(H-HX).LT.C(ERH¥RT)).AND.(DABS(P-PX).LT.(ERP¥P)))
160 10 20 To 700
100 IF ((DABS{S-SX).LT.(ERS¥R)).AND.(DABS(H-HX).LT.(ERH¥RT)))
1 60 TO 700
G0 TO 104
104 IF (KTR.G6T.20) GO TO 850
c CALCULATE THE NECESSARY PARTIAL DERIVATIVES
1F (PX.LT.0.00) GO TO 300
60 TO (880,120,110,110,120,110,120,110,110,110), NOP
c PERTURB T
110 DT=0.001D0*T
T1=T+DT
vizv
CALL PXXX(T1,P1,V1,U1,H1,S1)
GO TOo (880, 880, 40, 140,880, 140,880, 120,120, 120), NoOP
c PERTURB V ' .
120 DV=0.001D0*V
IF (V.LE.VC) DV=-DV
V2zV+DV
T2=T
CALL PXXX(T2,P2,V2,U2,H2,

S2)
140 GO TO (880,220,230, 240, 250,260,270, 280,290,296), NOP
170



220

226
230

240

250

260

270

280

290

296

300

320

BPRV=(P2-PX)/DV
IF (DPDV.GT7.0.D0) GO TO 300

THE POINT IS GOOD - UPBATE LIMITS
((PX.GT.P).AND.(V.GT.VMIN)) VMIN=V
((PX.LT.PJ.AND.(V.LT.VMAX)) VMAX=V
(V.EQ.VMIN) PMIN=PX
(V.EQ.VMAX) PMAX=PX
(VMIN.GE.VMAX) GO3 TO 840
((VMIN.GT.0.DO).AND. (VMAX.LT.1.0030)) KBR=1
DVBF=1.0D0
IF (DPDV.EQ.0.D0) GO TO 226
DV=(P-PX)/DPDV
DT=0.D0
GO TOo 400

DPOV=0 AT A GOOD POINT - TREAT BY BRACKETING

DVBF=0.500
60 70 300
DPDT=(P1-PX)/DT
BT=(P-PX)/DPDT
bv=0.D0
GO To 400
DHBT=(H1-HX) /DT
DT=(H-HX)/DHDT
pv=0.00
60 TQo 400
BHDV=(H2-HX)/DV
DV=(H-HX)/DHDV
0T=0.00
60 TO 400
DSDT=(S1-SX)/DT
DT=(8-SX)}/DSDT
0v=0.D0
GO TO 400
BSDV=(S2-SX) /DY
Bv=(S-SX)/DSov
DT=0.00
GO To 400
DSDT=(S1-SX)/DT
DSBV=(S2-SX)/DV
DPDT=(P1-PX)/DT
BPDV=(P2-PX)/DV
DET=DSDT*DPDV-DPDT*DSDV
BT=((S-SX)*DPDV-(P-PX)*DSDV)/DET
BV=({DSBT*(P-PX)-DPDT*(S-SX))/DET
GO TO 400
DHDT=(H1-HX)/DT
DHDV=(H2-HX)/DV
DPDT=(P1-PX)/DT
BPDV=(P2-PX)/DV
DET=OHDT*DPDV-DPDT*DHDV
DT=((H-HX)*DPDV~(P-PX)*DHDV)/DET
DV=(DHDT*{P-PX)-DPDT*(H-HX))/DET
GO TO 408
DHDT=(H1-HX)/DT
DHDV=(H2-HX)/DV
DSBT=(S1-SX)/DT
DSDV=(S2-SX)/DV
DET=DHDT*DSDV-DSDT*DHDV
BT=((H-HX)*DSDV-(S~SX)*DHDV)/DE,
DV=(DHDT*(S-SX)-DSDT*(H-HX) )/DET
GO0 To 400

bt bt ok bt =t bt
bnd Tnt Bt Bt Bht B )

SPECIAL TREATMENT FOR NOP=2, DESIGNED TO AVOID BAD ROOTS

IF (KBR.EQ.0) 60 TO 320

CALCULATE SLOPE FROM BRACKETING VALUES
DPDV=(PMAX~PMIN)/(VMAX-VMIN)
V=VMAX
PX=PMAX
DV=DVBF *(P-PX)/DPDV
DT=0.00
DVBF=0.500*DVBF
G0 TO 400
NOT YET BRACKETED - ALTER V TO SEEK GOOD POINT
IF (V.LE.VC) DBV=-0.05D0%Y
IF (V.GT.VC) DV=0.2D0%y
IF (VMIN.GT.0.D0) DV=0.2D0%Y
IF (VMAX.LT.1.0D30) DV=-0.05D0%YV

G0 TO 400

- P



400

440

710

720

740

760

780
790

796

840
842

330
832

850
852
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REGULATE THE MAXIMUM CHANGE

DVM=0.2D0%V

IF (V.LT.DVS!) DVM=0.5DO*DVM

IF (V.LT.DVS2) DVM=0.5DO¥DVM

DTM=0. 1D0¥T

IF (NOP.NE.2) GO TQ 440
SPECIAL PRECAUTIONS FOR KOP=2

IF (KBR.EQ.0) GO TO0 440

VT=V+0V

IF ((VT.GE.VMIN).AND.(VT.LE.VMAX)) GO TO 440
BRACKETING LIMITATION

DY=SVMIN+(P-PMIN) % (VMAX-VMIN)/(PMAX-PMIN) = V

DVA=DABS(DV)

DTA=DABS(DT)

IF (DVA.GT.DVM) DV=DV¥DYM/DVA

IF_(OTA.GT.DTM) DT=DT*DTM/DTA

T=T+D7

V=V+DV

KTR=KTR+1

GO TO 1
NORMAL RETURN

Co To (710,720,720,740,740, 760,760, 780,790,796,

U=Ux

H=HX

S=SX

RETURN

U=ux

H=HX

S=SX

RETURN

P=PX

u=ux

S=SX

RETURN

P=PX

u=Ux

H=HX

RETURN

H=HX

u=uX

RETURN

S=SX

u=ux

RETURN

P=PX

u=ux

RETURN : ,
ERROR WRITES

WRITE (6,842) T,P,V,VMIN,VMAX

FORMAT (/OPROP ERROR - T,P,V,VMIN,VMAX= 7,5D15.5)

RETURN
WRITE (6,882)

FORMAT (/OPROGRAM ERROR IN PROPZ)
RETURN

WRITE (6,852) NOP,T,P,V,H,S,PX,HX,SX
1FORMAT ('OPROP NOT CONVERGENT FOR NOP =

7,137
B ,7%,7T7,14%,“P’,14%X,’V’, 14X.’H’.14X.’S’ 14X.'PX’.13X.

1
2 7HX’, 13X,’SX'/1H »8E15.5)
RETURN
END

NOP

P

[ S,




SUBROUTINE SAT(T,P,DPDT,KOP,SXXX)

c
¢ SATURATION PRESSURE-TEMPERATURE ROUTINE
c
t FOR NOP=1, CALCULATES PSAT(T) AND DP/DT ON SAT. LINE.
¢ FOR NOP=2, CALCULATES TSAT(P) AND DP/DT; A TRIAL T IS NEEDED.
c
¢ THE INTERNAL PARAMETER ERR CONTROLS THE ITERATION ACCURACY.
¢
¢ THE USER MUST FILL COMMON BLOCK CRIT WITH THE GAS
s CONSTANT R AND THE CRITICAL T,V,P.
c
¢ SXXX(T,P,BPDT) IS THE USER’S SUBSTANCE-SPECIFIC ROUTINE
¢ THAT CALCULATES P,DPDT FOR INPUT T.
c
\ ¢ ALL QUANTITIES ARE DOUBLE PRECISION.
: c
TMPLICIT REAL¥8  (A-H,0-2)
COMMON 7CRIT”" R,TC,VC,PC
0 10 (1,2), NOP
¢ SPECIFIED T
; 1 IF (T.GT.TC) GO 7O 70
CALL SXXX(T,P,DPDT)
RETURN
¢ SPECIFIED P - START WITH THE TRIAL T
2 IF (P.GT.PC) GO TO 74
: KTR=0
k ERR=1.0D-6%P
: 10 IF (T.6T.TC) T=TCc-0.00100
: CALL SXXX(T,PX,DPDT)
E DP=P-PX
IF (DABS(DP).LT.ERR) 6O TO 20
IF (KTR.GT.20) GO T3 80
DT=DP/DPDT
DTA=DABS(DT)
DTM=0. 1D0O*T
IF (DTA.GT.BTM) OT=DT¥DTM/DTA
T=T+0T
KTR=KTR+1
60 TO 10
20 RETURN
c ERROR WRITES

70 WRITE (6,92) T .
RETURN :
74 WRITE (6,94) P
RETURN
80 WRITE (6,90) T,P,DPDT,PX
RETURN
90 FORMAT (“0SAT NOT CONVERGENT FOR T,P,DPDT,P%=",4015.5)
92 FORMAT (“0SAT CALLED FOR T=’/,F6.1, " >TC; GARBAGE RETURN’)

94 Eg%ﬂAT (/0SAT CALLED FOR P=/,1PB12.4,” >PC; GARBAGE RETURN’)
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