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TABLE D-la*
Properties of Dry Saturated Steam
Pressure
Abs Speaific volume Enthalpy Entropy o
p-rc\‘\ Temp.,
< - Sat Sat. Sat. =3 Sat Sat.
pis t Liquid vapor hquid Evap vapor liquid iGuap, \':Sl:vlo-r
r I vy lr }f’ 'l" h‘ 5y Jf! J‘
10 [101.74 001614 [333.6 69.70 [ 1036.3 [1106.0 | 0.1326 | 1.8456 | 19782
20 (12608 [0.01623 |173.73 93.99 | 10222 | 1116.2 |0.1749 | 1.7451 | 1.9200
3.0 (14148 [{0.01630 |118.71 109.37 [ 1013.2 | 11226 [0.2008 | 1.6855 | 1.8863
4.0 (152,97 |0.01636 | 90.63 120.86 | 1006.4 [ 1127.3 [0.2198 | 1.6427 | 1.8625
50 [162.24 [0.01640 | 73.52 120.13 | 10010 [1131.1 [0.2347 | 2.6094 | 1.844]
60 [170.06 [0.01645 | 61,98 | 137.96 | 996.2 [1134.2 |0.2472 | 1.5820 | 1.8292
70 [176.85 |0.01649 | 53.64 | 14476 | 992.1 |[1136.9 |0.2581 | 1.5586 | 1.8167
80 |182.86 [0.01633 | 47.34 150.79 | 988.5 [1139.3 [0.2674 | 1.5383 | 1.8057
9.0 |188.28 [0.01656 | 42.40 156.22 | 985.2 |1141.4 [0.2759 | 1.5203 | 1.7962
10 [193.21 |0.01659 | 3842 161.17 | 982.1 | 11433 1 0.2835 | 1.5041 | 1.7876
14.696 |212.00 |0.01672 | 26.80 | 18007 | 970.3 [1150.4 |0.3120 | 1.4446 | 1.7566
15 [213.03 [0.01672 | 26.29 | ISL.11 [ 969.7 [1150.8 |0.3135 | 1.4415 | 1.7549
20 [227.96 |0.01683 | 20.089 | 196.16 | 960.1 |1156.3 [0.3356 | 1.3962 | 1.7319
55 (24007 |001692 | 16.303 | 208,42 | 952.1 [1160.6 [0.3533 | 1.3606 [ 1.7139
30 |250.33 [001701 | 13.746 | 218.82 [ 945.3 |1164.1 | 0.3680 | 1.3313 | 1.6993
35 25928 001708 | 11.898 | 227.91 | 939.2 | 1167.1 | 0.3807 | 1.3063 [ 1.6870
40 [267.25 1001715 | 10.498 | 236.03 | 933.7 [1169.7 [0.3919 | 1.2844 | 1.6763
45 |274.44 1001721 9.401 | 243.36 | 928.6 |1172.0 | 0.4019 | 1.2650 | 1.6669
50 |251.01 |001727 | 8.515( 25009 | 9240 |1174.1 (0.4110 | 1.2474 | 1.6585
55 [287.07 [0.01732 7.787 | 256.30 | 919.6 |1175.9 |0.4193 | 1.2316 [ 1.6509
60 [292.71 |0.01738 7175 | 26209 | 915.5 |1177.6 |0.4270 | 1.2168 [ 1.6438
65 129797 1001743 | 6.655| 267.50 | 9116 | 1179.1 104342 | 1.2032 | 1.6374
70 [302.92 [0.01748 6.206 | 272.61 | 907.9 [1180.6 [0.4409 | 1.1906 [ 1.6315
75 1307.60 |0.01753 5816 | 277.43 | 904.5 [1181.9 0.4472 | 11787 | 1.6259
80 |312.03 [0.01757 5472 | 282.02 | 901.1 |1183.1 [0.4531 | 1.1676 [ 1.6207
85 |316.25 [0.01761 5168 | 286.39 | 897.8 {1184.2 [0.4587 | L1571 [ 1.6158
00 132027 [001766 | 4.896 | 290.56 | 894.7 [1185.3 |0.4641 L1471} L6112
95 |[324.12 {0.01770 4652 | 294.56 | 891.7 [1186.2 |0.4692 || 1376 | 1.6068
100 {32781 |0.01774 4432 ] 298.40 | 888.8 [1187.2 |0.4740 1.1286 | 1.6026
110 |334.77 ]0.01782 4.049 | 305.66 | 883.2 |1188.9 0.4832 | 1.1117 | 1.5948

* For units used in Appendix D: v, f*/1b oA, Blu/ib o s. Bturlb,,*R.

t Abridged from Joseph H. Keena

John Wiley and Sons, Inc., New York. Copyright,
G. Keyes.

n and Frederick G. Keyes, Thermodynamic Properties of Steam,

1937, by Joseph H. Keenan and Frederick
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p ] TABLE D-1a
ropertics of Dry Saturated Steam (continued)
Pressure
Specifi
P?cb; Tcrlr_m.. ; per devolume Enthalpy Entropy
psia °F Sat. Sat, Sat. Sal. Sat. Sat.
liquid | vapor | liquig | Evap. va:)lor qu:tntid Evap. | vapor
P ] VI \'x h/ h/‘ h' 5[ SIX S'
120 1341.25 10.01789 | 3728 |312.44 | g7
: & 7.9 111904 |0.4916 |1.0962 | 1.5878
:ig 347.32 1001796 | 3.455 | 3158] 8729 [1191.7 | 0.4995 | 1.0817 | 1.5812
353.02 |0.01802 | 3.220 324.82 1 868.2 | 11930 |0.5069 | 1.0682 | 1.5751
:50 358.42 10.01809 | 3.015 330.51 | 863.6 | 1494.1 [0.5138 | 1.0556 | 1.5694
60 1363.53 |0.01815 2.834 133593 | 859.2 | 1195.1 0.5204 | 1.0436 | 1.5640
170 1368.41 |0.01822 | 2.675 341.09 | 854.9 | 1196.0 | 0.5266 | 1.0324 | 1.5590
180 (373.06 |0.01827 2’532 | 346.03 | 850.8 | 1196.9 |0.5325 | 1.0217 | 1.5542
190 [377.51 10.01833 | 2.404 350.79 | 846.8 | 1197.6 | 0.5381 | 1.0116 | 1.5497
200 (381.79 |0.01839 | 2.288 | 35516 843.0 | 1198.4 | 0.5435 | 1.0018 | 1.5453
250 1400.95 |0.01865 1,8438 | 376.00 | 825.1 [1201.1 |0.5675 |0.9588 | 1.5263
300 [417.33 [0.01890 | 1.5433 | 393.84 809.0 |1202.8 | 0.5879 |0.9225 | 1.5104
350 [431.72 |0.01913 | 1.3260 | 409.69 | 794.2 12039 [ 0.6056 | 0.8910 | 1.4966
400 1444.59 10.0193 1.1613 4240 | 780.5 | 1204.5 | 0.6214 |0.8630 | 1.4844
450 1456.28 |0.0195 1.0320 [ 437.2 | 767.4 | 1204.6 |0.6356 |0.8378 | 1.4734
500 1467.01 |0.0197 |0.9273 | 4494 | 7550 |1204.4 | 06487 0.8147 | 1.4634
550 1476.94 |0.0199 }0.8424 | 460.8 | 743.1 |1203.9 | 0.6608 |0.7934 1.4542
600 [486.21 |0.0201 0.7698 | 471.6 | 731.6 [1203.2 | 0.6720 | 0.7734 | 1.4454
650 1494.90 10.0203 | 0.7083 | 481.8 | 720.5 | 1202.3 | 0.6826 | 0.7548 1.4374
700 |503.10 |0.0205 | 0.6554 | 491.5 | 709.7 | 1201.2 | 0.6925 | 0.7371 1.4296
750 |510.86 |0.0207 | 0.6092 | 500.8 | 699.2 | 1200.0 | 0.7019 | 0.7204 1.4223
800 [518.23 |0.0209 | 0.5687 | 509.7 | 688.9 | 1198.6 | 0.7108 | 0.7045 | 1.41 53
850 |525.26 |0.0210 | 0.5327 | 518.3 | 678.8 | 1197.1 | 0.7194 0.6891 | 1.4085
900 |531.98 |0.0212 | 0.5006 | 526.6 | 668.8 | 1195.4 | 0.7275 | 0.6744 1.4020
950 |538.43 |0.0214 | 04717 | 534.6 | 659.1 | 1193.7 | 0.7355 | 0.6602 1.3957
1000 |544.61 [0.0216 | 0.4456 | 5424 | 649.4 | 1191.8 | 0.7430 | 0.6467 1.3897
1100 [556.31 [0.0220 | 0.4001 | 5574 | 6304 | 1187.7 |0.7575 | 0.6205 | 1.3780
1200 |567.22 |0.0223 | 0.3619 | 571.7 | 611.7 | 1183.4 | 0.7711 | 0.5956 1.3667
1300 |57746 |0.0227 | 03293 | 5854 | 5932 | 11786 | 0.7840 | 05719 | 1 3559
1400 |587.10 |0.0231 0.3012 | 598.7 574.7 1 1173.4 | 0.7963 0.5491 | 1.3454
1500 |596.23 |0.0235 0.2765 | 611.6 | 556.3 | 1167.9 | 0.8082 0.5269 | 1.335]
82 (00257 [0.1878 | 6707 | 4634 | 1135.1 | 0.8619 | 0.4230 | 12849
%288 ?,23.13 00287 | 0.1307 | 7306 | 360.5 | 1091.1 | 0.9126 | 0.3197 | | 232
0346 | 0.0858 [ 802.5 | 217.8 | 1020.3 | 0.973} 0.1885
3000 |695.36 | 0. = 0 1.1615
1206.2| 705.40 | 0.0503 | 00503 | 902. 9027 (10580 | 0 | 1.0580
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TABLE D-1b
Propertics of Dry Saturated Stcam (continued)
Temperature
Specific volume Enthalpy Entropy

Temp.. M:"

o press. Sat. Sat. Sat ) Sat. Sat. Sa

RS “q:l'ld va;or I:q?Jid Evap. | vapor | liquid Evap. vu;((;r

! r Yy e hy hye h r Iy e Se

12 0.08854 | 0.01602 | 3306 0.00 | 1075.8 [1075.8 [0.0000 |2.1877 |2.1877

35 0.09995 | 001602 | 2947 3.02 [ 1074.1 |1077.1 | 0.0061 |2.1709 (2.1770

40 0.12170 ] 0.01602 | 2444 805 [1071.3 [1079.3 [0.0162 [2.1435 |2.1597

45 0,14752 | 0.01602 [ 2036.4 13.06 | 1068.4 | 1081.5 | 0.0262 [2.1167 |2.1429

50 0.17811 ] 0.01603 | 1703.2 18.07 | 1065.6 | 1083.7 [ 0.0361 [2.0903 |2.1264

60 0.2563 | 0.01604 [ 1206.7 28.06 | 1059.9 [ 1088.0 [ 0.0555 | 2.0393 |2.0948

70 0.3631 | 0.01606 [ 867.9 38.04 | 1054.3 | 1092.3 | 0.0745 [ 1.9902 (20647

80 0.5069 | 0.01608 [ 633.1 48.02 | 1048.6 | 1096.6 | 0.0932 | 1.9428 (2.0360

90 0.6982 | 0.01610 | 468.0 57.99 | 1042.9 | 1100.9 [ 0.1115 | 1.8972 |2.0087
100 0.9492 | 001613 | 350.4 67.97 [ 1037.2 [ 1105.2 | 0.1295 | 1.8531 |1.9826
110 1.2748 | 0.01617 [ 265.4 77.94 | 1031.6 | 1109.5 | 0.1417 | 1.8106 |1.9577
120 1.6924 | 0.01620 | 203.27 87.92 | 1025.8 | 1113.7 [ 0.1645 | 1.7694 |1.9339
130 2.2225 | 0.01625 [ 157.34 97.90 | 1020.0 [ 1117.9| 0.1816 | 1.7296 [1.9112
140 2.8886 | 0.01629 | 123.01 107.89 | 1014.1 [ 1122.0 | 0.1984 | 1.6910 |1.8894
150 3,718 | 001634 97.07 | 117.89 | 1008.2 | 1126.1 0.2149 | 1.6537 | 1.8685
160 4,741 0.01639 77.29 | 127.89 | 1002.3 | 1130.2 0.2311 | 1.6174 |1.8485
170 5992 | 0.01645 62.06 | 137.90 | 996.3 | 1134.2 0.2472 | 1.5822 |1.8293
180 7.510 | 0.01651 50.23 | 147.92| 990.2 | 1138.1 0.2630 | 1.5480 |1.8109
190 9.339 | 0.01657 40.96 | 157.95| 984.1 | 1142.0 0.2785 [ 1.5147 | 1.7932
200 11.526 | 0.01663 33.64 |167.99 | 977.9 [ 11459 0.2938 | 1.4824 (1.7762
210 14.123 | 0.01670 27.82 | 178.05| 971.6 |] 149.7 | 0.3090 f 1.4508 |1.7598
212 14.696 | 0.01672 26.80 | 180.07 | 970.3 |1 150.4 | 0.3120 [ 1.4446 |1.7566
220 17.186 | 0.01677 23.15 | 188.13] 965.2 |1 153.4 | 0.3239 { 1.4201 (1.7440
230 | 20.780 0.01684 19.382 ] 198.23 [ 958.8 |1 157.0 | 0.3387 | 1.3901 [1.7288
240 | 24.969 0.01692 16.323 | 208.34 | 952.2 | 1 160.5 | 0.3531 | 1.3609 | 1.7140
250 | 29.825 | 0.01 700 13.821]216.48 | 9455 |1 164.0 [ 0.3675 | 1.3323 [1.6998
260 | 35.429 0.01709 11.763 | 228.64 | 938.7 | 167.3 | 0.3817 | 1.3043 | 1.6860
270 | 41.858 0.01717 10.061 | 238.84 1 931.8 1170.6 | 0.3958 | 1.2769 |1.6727
280 | 49.203 0.01726 8.645 | 249.06 | 924.7 | ] 173.8 | 0.4096 | 1.2501 | 1.6597
290 | 57.556 0.01735 7461 259.31| 917.5 |1 176.8 | 0.4234 [ 1.2238 | 1.6472
300 | 67.013 0.01745 6.466 | 269.59 [ 910.1 [ 179.7 | 0.4369 [ 1.1980 [1.6350
310 | 77.68 0.01755 5626 279.92| 902.6 |1 182.5] 0.4504 [ 1.1727 |1.6231
320 | 89.66 0.01765 4914]290.28 | 894.9 | 1185.2 0.4637 | 1.1478 1 1.6115
330 | 103.06 0.01776 4.307| 300.68 | 887.0 | 1187.7 0.4769 | 1.1233 | 1.6002
340 | 118.01 0.01787 3.788 | 341.13 | 879.0 (| 190.1 | 0.4900 | 1.0992 [1.5891

|

|
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ppendlx
A TABLE D-1b
properties of Dry Saturated Steam (continued)
Temperature
// Specific volume Enthalpy Entropy
ABS, | e Sat Sat Sat S W\
2SS ; at. St : . at.
Tcr:P*' P[';?u |§;ulld vapor liquid Evap. vapor | liquid | Evap. Vi:l,_-;r
// . \ } } H
g BEEREEE 33‘;7 37|’[63 877(?7 11;;3 05:(;29 =
001799 | 3342 | 321, . 3o 1.0754 | 1.5783
35{ ,34.83 001811 | 2.957 | 332.18) 8522 |1194.4 | 0.5158 | 1.0519 | 5677
w0 | 1935 (001823 | 2625 | 34279 8535 |1196.3 | 05286 | 1.0287 | 13573
70 | 7320 [001836 | 2335 | 353.45| 8446 | 1198.1 | 05413 | 10059 | 15471
w0 | 19057 (001850 | 20836 | 36417 8354 111996 | 05539 | 09832 |17,
U .
231 | 0.01864 | 1.8633 | 374.97| 8260 |1201.0 | 0.5664 | 0.908 | 1.5272
0 246.75 0.01878 | 1.6700 | 385.83| 8163 [1202.1 | 0.5788 | 0.9386 | 15174
0 273'83 0.01894 | 1.5000 | 396.77| 806.3 |1203.1 [ 0.5912 | 0.9166 |1 5078
20 303-72 001910 | 1.3499 | 407.79| 796.0 |1203.8 | 0.6035 | 0.8947 | | 4982
40 g;,'sg 001926 | 12171 | 418.90| 785.4 |1204.3 | 0.6158 | 0.8730 | | 487
440 26 | 00194 | 10993 | 430.1 | 774.5 | 12046 | 0.6280 | 08513 | 14793
450 426'9 0.0196 | 0.9944 | 441.4 | 763.2 |1204.6 | 0.6402 | 0.8298 | 1.4700
w | 407 100198 | 09009 | 4528 | 7515 | 12043 | 0.6523 | 0.8083 | 1 4606
470 ééé.l 00200 | 0.8172 | 464.4 | 739.4 |1203.7 | 0.6645 | 0.7863 | 1 4513
80| 204 00202 | 07423 | 4760 | 7268 |12028 | 0.6766 | 0.7653 | 14419
0 208 |0.0204 | 06749 | 487.8 | 7139 12017 | 0.6887 | 0.7438 |1.4325
0 | 600 100209 | 0.5594| 5119 | 686.4 | 11982 | 07130 | 0.7006 | 14136
50 862'5 00215 | 0.4649 | 536.6 | 656.6 | 11932 | 0.7374 | 0.6568 | 1.3942
| W L0221 | 03868 | s622 | 6242 | 1186 | 07621 | 08121 |13742
568 11;25'3 00228 | 03217 ] 588.9 | s88.4 [1177.3 | 0.7872 | 0.5659 | 1.3532
. 15429 | 00236 | 0.2668 | 610.0 | 548.5 |1165.5 | 0.8131 | 0.5176 | 1.3307
00 1 eee | 00247 | 0.2201 | 646.7 | 503.6 | 1150.3 | 0.8398 | 0.4664 | 13062
620 |1 597 | 00260 | 0.1798 | 678.6 | 4520 |1130.5 | 0.8679 | 0.4110 |1.2789
640 3265'4 00278 | 0.1442 [ 714.2 | 390.2 |1104.4 | 0.8987 | 0.3485 | 1.2472
ggg 7081 | 00305 | 0.1115| 757.3 | 309.9 |1067.2 { 0.9351 | 0.2719 | 1.2071
72.1 | 995.4 [ 09905 | 0.1484 | 1.1389
093.7 |0.0369 | 0.0761 ] 823.3 | 172
;8(5)4 3206.2 00503 | 0.0503 | 902.7 0 | 9027f10s80| 0o |1.0s80




Appendix D

464

e e ety
. . . VORI (BOES O (R N T
1820C [ £996°1 | <£€6'1 | 0668°1 | $z98'T | L€2®'1 | TT8Ll [ OLEL'L | 69891 | LBTOL Tttty y GONE )
€Ll [ €691 [ HT8CL | TOESI [ S'8LPL [ USTHL | SLLEN | LLTEL | TLLTL | vzl 4
FIT6 [ TITS | OILL | toTL | TOL9 | S6I'S | €89'S | S9I'S | 9E9F 1807
ESPO'T [ L986°I | 8EE6'1 [ €61671 | 6T88I [ EPPETL | 6TO8'1 | ISSL'L | S8OL'L | 8ICH"T |rrrrrrrrry et w :w‘SO
CPRLL | LSE91 | 6T8CT | S'0EST | S'6LP1 | 6'8TYI [ 6'8LEL | I'6TEl | 1'6LTI | 9'LTTL | R D B “ 00
090°11 | 0986 | 6ST6 | 9598 [ TSO'S | 9v¥'L | SE€89 | 8IT9 | 68S°S | LE6V
IEL0°C | S110°C | LSLOTL | TOP6TL | 6LOGTL | P698'1 | 18T8'1 | 9ESL'L | OPEL'L | T6LYL | """ """ | " r e s (60T )
STRLL [ T9L91 | FERSL | €IEST | 1°08%1 | L'6Tk1 | 6'6LE1 | STOEEL | 1718TI | L'OETI S 08
OE8'E€l [ TECTI [ TRSI1 | 0E®O1 | LLOOl | Tze6 | T9s'8 | L6LL | ozor | oTTy | A
6FOL'T [ FEFOT [ 9010°T | TOLE'L | 00P61 | S106°1 | SO98'L | TOI'T | 8L9L'T | SEILT | T6b9L |~ | s s (1L1°760)
STRLL | 99€91 | RURSL | 61€S1 | 80871 | SOEPl [ 608€1 | SIEEI | O€8TI | 9°EETT | OUIL [*=rrwrwees| momememeeeees ¥y 09
SFE'SL | ISEOL | ts¥'S1 | vSPPL | TSYEL | 6bvTl | 1wy Il | LTyol | cov6 | LSE'S 6STL |"rrrr e
S6PI'T | €8R0°C | S6€OT | TIZOT | 0S86T | LOV6'L | 8SO6'I | 61981 | OVISL | 809L°1 | $669°1 |~ = ==+ =rooresss g (¢7L9T)
I'SPLL | OLE9L | C'p8ST | vTESI | $7I8PI | €lepl | 6'18€1 [ DEEEL | 8'P8TL | S'OETL [ §'98IL | "w==rowworf ~woeeeress gy gp
8YLC | 69WT | OTET | OLIT | 0TOT | ZOL'8L | 86I'LI | 889°ST | 891 | 829°T1 | OpO Il |*r==wrwer| -oorereeeeeeen 4
€9TTT | 8FOI'T | ITEI'T | 8L60°T | 8I90T | SETOT | 6¢86'1 | TEEE'l | SI68'1 | 96€8°1 | 8OSL'T | -w-rwe+r| veemrreeene s (96'LT0)
POPLL | YLEOL | L'PRSI | O€ESI | 1'T8Pl | 1TERI | 6'T8EL | vpeEl | 99821 | TecTl | 916ty | vvccvee- ey 0
LE'SS wey | rov | vty | sror | 9vLe | Lvve | e | ov'st | epsT | ogze || trrereeeee 4
€09T°T | 6861°C | T991'T | 61€1°T | BSOOT | 9LSO°T | OLIOT | VELE'L | 19261 | €hig1 | 09181 |- -+ ot s (00'T1T)
SSPLL | SLEOL | PRSI | I'EESI | €78V | €'TEvl | TE8El | S'pEEl | UL8T1 | 6°6671 | 87611 |*rrerereee | rereerereenens ¥ 96971
LESL | sTLy | 61'e9 | €l'6s | 0SS | 00'1S | v69r | 987y | sLise 89y | €508 | Tt
8C0LT | EIPT'T | 890CT | #PLIT | CREIT | 2001T | 9650T | 09107 | 68961 | zzi6t | sessl | czerl | s (1Teel)
ISYLL | OLEOL | OSRS1 | THEST | 281 | STepl | v'e8E1 | 1'SEel | SL8T1 | 90zl | 66611 | 99yt | -vrreeeeeees ¥ 0l
LLOLT | ¥8'86 | 88776 | T69% | S608 | 86L 1069 | €0'€9 | sO'LS | vO'lS 00y | S$8'8¢ AR et a
COLET | BLIET | 1S8T'T | 60ST'T | KPITT | LOLI'T | 19€1°T | LZ60°T | 9Sv0°T | Tv66t | OLE6 T | gizgy |-+ eeee s wTT9n)
LEPLL | LLEOL | 1'S8S1 | €Sl | 0'T8YI | L'TEWL | 9681 | v'SEEl | 08821 | z1v21 | 0'coil | ggbil |- LIS
9'1TT ILL6L | 6LS8I | LRELI | S6191 | €00SI | OI'SEl | 919zt | TzvI1 | 9T'zol | Sz06 | or'gL |-+ .
9956 T | TSGHT | STOMT | ERIM'T | vT6CT | Thser | ceiee | zorzr | secre | oreir | esivz | zioz | s (pLion)
LEVLUL LLEOT | T'S8CL | S'€eSt | L'28bl | 8726kl | 8'€86l | L'secl | €882l | L 1pzl | 8S611 | vosty | ¥ o
BLOII | L1886 | 1626 | ¢'698 | 6608 | bosL | 8069 | 1e9 | o1sc 0TS A A B __
0ol 00z1 0011 0001 006 008 00L 009 005 0ot 00§ 002 (4o mdwa eg)
Ho *21mesodwa ) “ssaud sqy

« wea1g payeaysadng jo sanaadolyg

¢-a 471dvy




il |

465

FIOA MIN AU su0§ pur AJIA\ UYOT ‘WiD3I§ fo sajsadosd 2!

‘sakay "D Youapard

v:mcmcuux.**:aumOaxn.hmo_.dswtxaou
woulpowaay] ‘s28ay ‘D ¥ouapalg pue urua3j 'H ydasor wouij pa3puQV .

9681
S'otLl
16L°C
98061
£ovLl
Lyl
0926°1
0 IPLI
FL9't
LEEO]
PIvLI
8L6°¢
0r6' i
L1vLl
Wy
0156’1

oLl
L6SY

L0961
gTrLl
L10°S
E1L6'l
9IrLl
126°¢
1£86°1
6Tril
9¢€1°9

HeR'l
96791
1244
£9v8°1
L0£91
86L°C
8£98°I
L7191
69C't
91L8’1
1'ze91
0S¢
66L8°1
STe9l
9LL't
6888l

6'7E91
£60'Y

L8681
£'eeol
Loty

£606°1
L'EE9l
L6’y
176!
1'+£91
99¢%°S

7966'1
ral s A
906’9
oo T
S wved

SGM L

tre6l
Sreol
w9
Tore L
6 ruol
STOL

LLOL' ]
8°GLSI
06T°C
0c18’l
0LLS]
w9t

coes’l
1"8LS1
$90°t

£8€8°1
9'8LS1
98C't

L9t81
1°6LS 1
1pS°E

8668’1

9'6LS1
6£8°¢

9698’1
00851
161°y

£9L8°1
¢'08¢cl
€19y

78881
01861
[TARS

r106°1
1861
SLL'S
£916')

G 1851
+09'9

£79L°1
yTeel
rel’e
LLLL’]
8'eesl
Stb'C
PSoL’l
TSTsl
658°¢C
£208°1
8°6CS1
990t

81181
£ 9C¢|
SOt

6028’1
6'9TS1
raSt

80t8°1
¢'Lesl
£l6't
civgl
0'8es!
60ty

Fessl
9°8TS1
WLy

L9981
1°6T51Y
96t°¢S

L1881

L 6TS1
TLV'9

LecL’l
v 69v 1
L9L6']
£ovL’l
1"1Lp1
99C°¢C

786L°1
8TLyl
59°C

99L°1
SELvl
SP8'C

SYLL'I
A 7A4!
L90°¢

6£8L°1
8'PLYI
Lie'e

6£6L°1
(YA 4
re9't

8081
oLyl
(40007
L9181
8'9Lpl
wsry
10t8°1
SLLyl
S10'¢
1sv8°1

8Lyl
BLL'S

89’1
9t
1918°1
zo0L’1
¢givl
+80'C
F8ILI
9°0tr1
Wy
cocL’l
STyl
129°C
seL’l
geerl
LTR'C
rrbL |
ceerl
89G¢
327
ovivl
(4331
csaL’l
il
£69°t

9LLL’l
9'cTpl
olt'y

tleLt
Fotvl
1L9°y

£o081

eLIvl
10¢°¢

86£9°1
L'T9¢1
8059°1

£959°1
¢'sotl
0868°1

16£9°1
£8o9tl
Lee’d
123 A
v 69t
6t°C
[ad N
AVAR
785°¢C
LioL’l
SILtl
+08°C
oTiLl
9TLEN
950t

TeTL’l
9eLel
08t't

ceeL’l
L'yLel
poL't

l6vL’l
L'siel
1444

SYoL|

8°9L¢E1
198’y

| vess1
6790¢ |
oLLY 1

0L09°1
6oltl
9toL’|
8979°1
79I¢tl
§00°C

1298
9lel
951°¢

Lyv9'l
LLiel
0£e’C

99l

Uoltl
£es’c

76991
Locel
wLe

L9L9’1
1'ziel
090t

P689°1
el
1Pt

geoL’l
oszel
6¥8't
061L°1
A Ta N
tirv'y

18¢S°1
1"6¥Cl
168T°1

18¥6°1
I 84
£cor'l
10L5°1
00971
SL9L’l

96LS"1
00921
LYO6' |

L68S"
£Z9CI1
£90°C
£009°t
274
LyT't

L1191
L9971
Sor't

oveo’l

61E5°1
el
9LT6']
119291
¢'90Z1
sTi'e

r6SS1

6'89T1
9TLT

£Le9’l
01Lel
14208%

6169°1
el
(348%

£899°1
[y 4

£01T!l
19¢°C

SrLS|
ovitl
6v9°C

80651
9 LIt
800t
L8091
1"1zel

¥S6't

80t

sasmsanees

R

ey

......... Yy

............ y

.:H.x

! e s (657 vEY)

0ot

08¢

09¢

V)

0Tt

s (90°€LE)

081

091
O

orl

s (T0'€SE)



Appondix D

466

=
i

NLLLTL [ OEILT 190,2° M1 €66S°1 CECS] 686%° 1 98t 1 8CLYI £8SY’ I w“mvv._ _.va._ u A—%MMV

PSCLL [ 19l | TTOST | Syl | €FSEl | €81Cl [ LE0E1 | S'88TI | LTI | €552l | L9gel | T | s e o

SXN6'0 | 914870 | €0SL°0 | 9989°0 | 1619°0 | Stbs0 [ 18zs°0 | 01150 | 6760 | 8€Lv°0 | TESHO

OSSLL [ SrEL L[ STEOTL | ITIOL | OLOSTT | IBICTL | 1Z0SL | €68Y°L | LSLY L | OI9%T | OSPH L | 196ETL | T | s (1gpyg)
QOFLI | £LIO1 | 16081 | T8erl | T68E1 | €STEL | v'IIEl | 0L6TI | 61821 | 6'S9T1 | 8'8YTI | £°8611 |~ " T 000
€680°1 | €196°0 | +678°0 | £09L°0 | $£89°0 | +809°0 | Z165°0 | €250 | 9vss'0 | oseso | oviso | €550 a

60081 | ILELTT | 9S99'L | LSTO'I | +ISS'T | €OES'T | L81S'1 | 9901 | 8€6v°1 | 008%°1 | €59b°1 | Olzwt |+ |~ s (g6715€)
SIELL | €6191 | 1'80s1 | 8°Ickl | 6'€6€1 | 1Tl | 8'81E1 | 1'SOET | 670621 | 6'SLZ1 | 170971 | O'SITl | === [~y 006
FCITL | PILOE | T9T6°0 | 90S8°0 | 91LL°0 | €989°0 | 0899°0 | 16V9°0 | $679°0 | 68309°0 | £L860 | $975-Q | ~*wrev |=--rrerrrrmrery
IFISL | OISLL | 10891 | LOPY'L | TL6S 1 | 9LbS 1 | 99€5°1 | 0sTS'1 | 6211 | 0001 | £980°1 | fopp1 | =-wveevr |evereees s (€T816)
CEELLY P 1eoL) O1IST | €6srl | 98661 | 9'8E¢1 | 6'STEl | 6TIEL | ¥6621 | 821 | LOLTl | 622t |~ [~y o8
C99E'L | 880T'I | OLKO'L | €€96°0 | €£9L8°0 | €€8L°0 | SEOL'0 | €€vL°0 | €£22L°0 | 9000 | 64290 | 5190 |- -+ e e s s
Q0TS 1 | 999L 11 €969 | €LSOL | Lr19'1 | 6995°1 | 65551 | 6bbS I | €565T1 | TITSL | B80S | TaLp |t [tees (o1°606)
SFELL | CETOL | 6C1ST | 0'6St1 | THOPI | O'Shel | 8Teel | €0Tel | L2061 | ev621 | 9°08¢1 | oebrl |-+ SRt CE ¥ 0oL
IP9S1 | €871 | +TOT'L | TROIL | 8OIO°L | LLO6'0 | 0988'0 | 6£98°0 | 1148°0 | LLISD | $E6L°0 | L2220 |- e o |-oreeereveees
SLVRL | OFBLIL N LEILT | TOLN | €re9'L | SR | €LLSTL | L995°1 | 855t | vrvst | ezest | osept | ogepy |- s (17°98%)
EOLLL €€T91 | LOISL | STOpL | L'LOr) | 11SEL | €6€51 | vL2el | TSIEl | L2081 | 66871 | S'6egt | fcigy |- e- Yy 009
OLIBL | SOTY'L | 96071 | €10E71 | 681N | ZELO'L | 68¥0°L | 19201 | $866°0 | 62L60 | £956°0 | £SL80 | LhgL) | e o
SLSEL | Ov6L™1 | OSTL'1 | 89891 | TSty 1 | 166871 | 06851 | 181571 | 08951 89SSTT | ISHS'1 | 1€1S 1 | usLpy | s (p679LY)
LLELL Y 99291} TBISL | €ropl | G60v1 | OPSEL | STvEl | $'0E€t | 6°81E1 | 89081 | £v6z1 | 21971 LETTL |y 08§
LSG6TL | SOLLTL | wIpS™l | AvTrt | 8E0ETL | €817 | €251 | 65711 | 68601 | p1L0'1 | 1evol | 98960 768870 |t

PEOR 1] 9S08L | €9ELL | TROOL | 1Lgot | <119t | 91091 | siest | o18s | 1osst | 885t | oszet | g1gpy |eeeeecs (10°L9¥)
GLELL| 9LTOLL 9%6ISI | 0'99p1 | I'TIvl | 0'4SEl | L'SvEl | T'weel | 9Teel | L'0lEl | 98621 | 89971 EUIEE] | wesrmesamy  G0C
LOIT 1} POSETL | 96691 | SILSL | Sov™t | #vOE'L | €9L2'1 | 8LvTL | 88121 | €681°1 | 16511 | 00801 | L2660 |+ e a

FOBE L1 LIS 1 OBpL 1 | 80141 | 66991 | 05291 | €519t | #5091 | 15651 | spsst | seust | repst | ceoct |- s (STSK)
cBELL| ORI ONTSL | Luort | erivt | 6sEl | 8vEl | s'ueet | Tozel | owiel | szoet | ozezt | 4eeed SRR I 4
EPPT | Oz | RTeR) | oISLt | vLo9'L | v8SHL | czvl | 19661 | 296t | zeeet | soort | ccirr | tepiy | e 4

- ) e a1 1eS)
ol | oott | oot | o006 | oos 00L 089 099 0v9 029 009 0ss 008 R
do *dimiesadwa ) sxaad Qv

(panupiuos) weng pareaysadng jo sontadosy
d andgavly




467

9EE9’l
86891
LL6CO

sr9o’l
9v691
L9ze0

0rS9°l
0°8691
S0seE0

SLLY'I
190L1

PPTE0

csoL'l

I'vILI
[433%0)

C8IL'I
ELIL]
896S°0

8TEL'1
S0TL1
8€L9°0

68vL 1
Lecey
LTLLo
oLy

6 oTLY
SYL6' 0

Q
X
©
c
©
o
o
<

197l
L°1891
18€C°0

1°¢SS1

SI19s°1
€°€9¢1
9eT0
4 JA|
8'69¢1
90870

LEBS']
EPLSI
810€°0

8809°1
£°6861
8L9¢€°0 |

$8€9°1
1'9661
8990 |

0Zs9°1
v'0091
817€°0
6999°1 |

9°v091
906S°0

98€9°1 | €609°'1

680901
63L9°0
SoLy

AR
L96L' 0

LIS

¢61T0

r86Y1
8 Ivvl
9LYC 0

£ELCS
14194!
190€°0

£09¢S°1
Srivl
ce6e0

cSLS']
8'08¥1
1Tvp°0 |

Y1661
0'L8Y1
L7050

Teevl
S08S°0

€619\
T 66V
wre9'0

a8yl
890v1
IAJANY

ECLY”
svevl
850C°0

vL8Y']
Lyevl
88¢7°0

LTBE'1
vyiel
orio
] LTIyl
L'OvEl
a9LT’0

60EY°1
sl
1861°0

[ 6eEvv’l
0°S9¢l
6S1C0

LLYl
8°L8EI
1 0ILT0

6€1S°1
[A:04!
cEse’o

[0ES’I
| VLIV
986¢£°0

OLPS'1
144

€SSy0

9996°1
lreevl
18250

6L]S\

L Ovvl
QSS90

LSLT]
8Ll
¢so1'o

ICe’1
6'vCCl
12530

80S€°1
§0scl
£851°0

069¢°1
Lol
09L1°0

LTIyl
9°totl
v6CC0

9LSY’1
SoEel
vLOEO

SoLY'1
TLyel
7050

vo6v°1
p'8S¢El
veoro

LYE6'0
8'¢9L
L8200
SIS6°0
S'08L
90€0°0

9961°1
L0901
8600

€L0t" |
89LI1
9891°0 |

E8LE]
oorci
68vCT°0

12404
£09C1
LO6T°0

yoey 1
L'8LT1
L1yE0

LLIST
1'69¢1
viLY'0
60vS 1
6L
L1950

LOSY' 1
¢'s6tl
790°0
12223 A

o ligt
606¥°0

IEEE R

61yl

S8LTI
716t'0
OlLY' 1

Lsezt
ISLY'O

00te"1
6'v811
191T°0

8¢9¢°1
ovici
L6ST0

[
L'8¢T1
¢lieo

8STY’l
£'09¢1
£ESLEO
896Y' 1

9'6LTl
98sv'0

e ase
. v
....... .

Svel'l
9 Syl
9¢61°0

LLEE']
['G8I1
LOYT0

IvLE']
[A314!
9¢67°0

6LOV'1
14444
08S¢E'0

AT
v’ 7971
0140

tessseee

cesecenre

68Vl
8'L8I1
£ELTO

LL8E"1

v81tl
06€€°0

| ever'il

6'tvl
(44420

teeseo s

rrses e

tresenan
tres e

6£9¢°1
otell
vLIEO

[450) 28
S$'ETT

910¥°0

csesaee
sreseens

creeenee

“eeeacene

ersesana

cres s

reesse e

cesesr e

srsesees

csr e

ceesieee g

R LR

EEREREETREE R

teessereaeneeey

Treressienien g

s sieins ustlesl: o
...............w\
S8 e Sus s s e Se g

]

...-.....-....u\
sisiste sien.e eRleisTe S0 g
ot 4is sis e ¢ Gilala v uis @
Sectascaareasas N\
R A EE R R
cemeaaaans reee g
Paeeana ......h\
teeceane ceeean " A

000Y

00St

(ov'soL)
7'90T¢

(9€°669)
000€

(€£1°899)
00sT

(Z8°5£9)
0002

(€0°'129)
0081

s (06'09)

0091

(01°L8S)
0ov!

(Zz°L9S)
00Z1



aehn

T — et
(Spt pewer  pels) Tugacks,
' 1370 » W00
s 4 'l T 9
(R 907 ¢ 1%, 4t
. 1 7048 0y
e L Y
(P 1D Yy, b 7]
. | TRGa o 100
wy " 4
(1 1R800y, UR[A
g IR AL L]
11¥r) A 124 9
(4% » 1024 07199
' IR [T
1w h M70
(10016 101, 0529
v LERIZ 7 101
1200 h s 37177
(BT % 10 %), ., 05591
v, L9128 v 10
1400 h. 4% 2
W0 107, N URALY)
V... |hvaad 10
1400 M o 414 4
(B 1M > 107 s .. .., 0.9031
Y somaasa 19760 » 107
1500 ho... ... 4684.5
Q30X 10y 09239
| A 20076 x 10
1600 T 498.5
(B9 % 10 )5, .. 09413
V..., 20392 x 10
1700 Wsisisstsits 528.5
AN0) s 09615
Wsisissiia 20708 x 10+
1800 ' [ 3580
(2 7104) s 09786
s ey 21024 x 107
1900 ho. . ... SE8.8
(5.1529) s.......| 09929
2SR 2.1340 x 10°*
2000 ! [T 619.1
(9.1533) 5. .. 1.01058
| T 2.1650 x 1073
2100 © JORRGAA 0497
(15392)  s...... 1.0255
EEREER 21972 x 107
2200 b 680.7
(A692) s....... 1.0399
Ve 22288 x 1072
2300 h 712.0
GEO13) 5 ... 1.0538
Voo 22604 x 107
2400 hooo.... 7438
(56212) 5. 1.0673
Wits . i 22920 x 10
2500 b 776.2
(80236) .. 1.0805
v 123236 x 1077
2600 h . 509.1
(16 x 10%)s. ... .. 10934
Psis 23552 x 10F
270 K.vi. 8427
(1052 x 10°) 5 ... 1106}

Coyt

b o
TR
YEYTL 5 M
70 1
11617
AL v 0
7717 £
2914%
1323 v Hr
72327
2.716%
4752 v 17

22451
2.555%)
9.5235 » 11
22549
24277
24520 y 10
2262 %
23073
1679% » 100
22693
2219
28334 4 107
22149
21282
11935 » 100
22500
20567
55588 » 107
22853
1. 994%
28200 » 107
22911
29411
15512 x 10¢
22912
1. 8941
920914
230401
1.8530
56.185
231211
1.8171
36.338
2321.0
1.7855
24454
2330.7
1.7576

17.109
23412
1.7329
12,388

2352.6
1711

9.2328
2365.)
1.6919

70380
2378 8
1.6751

S N—’

bp GRS

IR

an

LSS

t Y O
2N 4
Y192¢

1 teapteriture of

10

1344 1
‘lﬂ':

9 J1any (e
1244 )
Y1uss

L0MY » 1y
2482
) dem)

T e
Ywan 1o
1 sky: 30003
120y o L
m
i y-’,‘.‘”‘"
1) 1 AT TY
PANA ;
sy |
19451 1.944¢
YEEM 0 | aonu g
4% 1284 4
: ? TJ 2 7',m
ARATRTY
13827
1.587%

R ————




e LT —

TR T

Appendix D 469
Thermodynamic Properties of Sodium *
Superbested Vapor, “R
R 1600 1e00) 2000 2200 2400 2600 2700
1127 1759 2419 ¢ 2423 2505 4 25486 2591 8 e
} 6381 36455 34924 37148 17354 37548 1T 17796
13048 5 10° 114907 % 10° {16770 5 10° | 18638y 10° | 2 0u9% o 100 [ 22360 x 100 | 23234 % 10°] 25136 x 10°
233217 23759 24191 22623 2503 4 2543 6 25918 26134
204 33169 3342 33652 33858 3048 Isn7 14299
SEU 10" 16505 x 10" 173158 5 10° | 8130 % 10° | 8.9452 ¢ 10° 97584 x 10" [1.0572x 10* [ 1.0978 x 10*
3307 23759 24191 22623 2505 4 2543 6 2591 8 26134
10179 10464 30723 310847 31153 11343 Jasn 31594
46778 5 V0% 153693 5 10* 160406 x 10° | 67118 % 100 | 7383 » 10« 80341 % 10° | 87253 x 10*| 9.0609 x 104
116 23759 2419, 2262 3 2505 4 286 25918 26134
29024 25309 25%6% 28792 2 §99% 29188 29357 29439
GA313 5100 170339 % 10 £7.9139 % 10° | 87935 10 | 96729 x 10° | 10552 x 10~ |1 1432 x 108 L1871 x 10°
23317 23157 24190 24623 2505 4 2548 6 2591 8 26134
26263 26552 268127 2703 214 27433 27601 2.7684
11383 10" 113001 > 10° 114638 % 10° | 16263  10° | 17891 » 10° 19517 x 10° [ 21144 x 10*| 2.1957 x 10
23776 23747 24187 24622 2505 4 25486 25918 26134
2477% 25089 25353 25578 25785 25975 26143 26226
20936 x 10° | 31124 10 13.509S x 10 | 39019 x 10* | 4.2931 » 10+ | 36838 x 10¢ | 50743 x 10| 5.2695 x 10
23122 2374.1 23176 23617 2505 | 25485 2591 8 26134
23445 2.3836 24118 23343 2.4551 24742 24911 2.4993
90793 > 10" | 1.0292x 10* | 11260 x 10¢ | 13616 x 10+ | 13767 x 10¢ | 1.4916 x 104 | 1.8491 x 10
........ 2359.9 24140 24603 2504 3 2548 | 2591.6 2613.2
......... 22718 23020 23240 2349 2683 23853 2.3935
31025 x 107 | 3.5625 x 10* | 39820 x 10 | 43896 x 10° | 17929 x 10° | 5.1944 x 10°| $.3948 x 107
........ 23326 23047 21565 25027 23472 25910 2612.8
.............. 2.1651 2.2083 22352 12573 22769 2.2940 2.3023
............... 14030 x 10" | 1.5523 ¥ 10* | 17496 x 10" [ 1.9128 % 100 {20743 x 10°| 2.1548 x 100
...................... 23847 23430 21987 2545.1 2589.7 2611.8
............................. 21192 21523 21765 21969 22144 2.2228
.............. 6.0659 x 107 | 6.9378 x 10" | 77150 x 10° | 8.4601 » 10 |9.1858 x 101| 9.5458 x 10¢
................ 23477 24313 24905 25307 2581.1 2609 8
............................. 2039 20747 2.1031 21252 2.1433 2.1519
........................................ 32952 % 10° | 37033 x 10° | 30785 x 10* | 4.4385 x 10¢| 4.6158 x 10°
............................................ 24023 2475.6 25325 25822 2605.9
............................................ 1.9996 20347 20597 20792 2.0882
......................................... 16838 x 107 [ 1.9197 x 10 | 2.1298 x 10: | 23265 x 10*| 2.4224 x 10°
........................... L] 23595 2451 8 251% % 25739 2599.3
........................................... 1.9259 1.9701 1.9996 20212 2.0209
.......................................................... 10543 % 10° [ 11816 x 10: | 1.2980 x 10°| 1.3539 x 103
........................................................... 24174 24980 2560.9 25889
........................................................... 1.9072 1.9426 1.9673 1.9780
.......................................................... 60.663 63823 76.167 79.656
........................................................ 237129 2469.0 24519 2573.5
.......................................... 1.8455 1.8876 1.9164 1.9284
......................................................................... 41.754 46.622 48.920
........................................................................... 24318 2516.2 25523
........................................................... 1.8340 1.8674 1.8811
....................................................... 26.244 29.585 31.163
....................................................... 2388.2 24840 25250
...................................................................... 1.7820 1.8201 1.8356
.............................................................................. 19.460 20.580
....................................................... 2446.8 2492.6
SRS ISURRRREY [DSRRURR SRR RN ISR 1.7748 1.792
............................................................................. 13.219 14.032
................................................................................. 2406.5 2456.5
........................................................................................ 1.7321 1.7501
................................................................................................ 9.8326
......................................................................................... 24181
..................................................................................... 1.7120

* From Ref. 154.
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TABLE E-2
Physical Properties of Helium* (at 10 atm pressure)
AN (AN T Thermal [
Yensity Viccostty . Specific heat ! n ¢ Prane
S ‘ ., e Ih,, M he ¢, Bru/ib°F ;.)?;l!::/flll‘;\l:)f'l" ":TL]:,I,T‘A”
32 01117 0.0457 1.248 0.083 0637
100 00974 0.0495 1.248 0.090 0.687
200 00827 0.0555 1.248 0.100 0.687
200 00718 0.0605 1.248 0.110 0.686
400 0.0635 0.0653 1.248 0.119 0.634
500 0.0569 0.0700 1.248 0.128 0.682
600 0.0516 0.0743 1.248 0.136 0-67‘3
00 | 0.0475 0.0780 1.248 0.145 0.675
800 0.0430 0.0821 1.248 0.153 0.671
900 0.0399 0.0859 1.248 0.160 0.667
1000 0.0373 0.0889 1.248 0.167 0.662
1100 0.0351 0.0918 1.248 0.175 0.65(;
* From Rel. 145.
t Extrapolated.
+ Atmospheric pressure.
TABLE E-3
Physical Properties of Carbon Dioxide*
oF Densityt p, Viscosity 1y, Specific heat Therfml, 3
i b/ bosfihe | on Bl b f°gfu”/“;‘“}’1'?y}; P}:‘:‘::f,‘f*
32 1.3190 0.03318 0.2187 0.008415 0.782
100 1.1277 0.03739 0.2202 0.009962 0.768
200 0.9373 0.04332 0.2262 0.01261 0.749
300 0.8051 0.04892 0.2342 0.01533 0.729
400 0.7071 0.05419 0.2423 0.01818 0.710
500 0.6310 0.05920 0.2503 0.02117 0.691
600 0.5701 0.06397 0.2476 0.02425 0.672
700 0.5202 0.06851 0.2643
800 0.4784 0.07288 0.2704
900 0.4428 0.07709 0.2760
1000 0.4125 0.0811 0.2812
1100 0.3850 0.08511 0.2858
1200 0.3626 0.8891 0.2901

* From Ref. 155.

t At 10 atm pressure.
+ At atmospheric pressure.
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