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On the Second Virial Coefficient of Light Water Substance

Takashi YAMADA?*, Nobuji KAWAE*, Toru SHIGECHI*
and Kuniyvasu KANEMARU**

For light water substance, the authors have been working to formulate a wide-ranging equation of

state for industrial use.

Very recently, the International Practical Temperature Scale of 1968(IPTS-68) has been revised.
The new temperature scale, the International Temperature Scale of 1990(1TS-90) is slightly different
from the old one. For example, the difference between I'TS-90 and IPTS-68 is 0.026°C at 100°C and 0.

34°C at 800°C.

The purpose of the present study is to correlate the second virial coefficient and isobaric specific heat

capacity at zero pressure for light water substance, based on the ITS-90. Numerical constants of the

correlating equations have been determined so that the second virial coefficients satisfy the standard

values and tolerances proposed by G. S. Kell et al., consistent with the isothermal throttling coefficient

and Joule-Thomson coefficient obtained from throttling experiments together with the P-v-T data.
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Fig.1 Experimental values of the isothermal throttling coefficient for pressure below
about 1 MPa and temperature from 30 to 500°C by the other authors.
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Fig.2 Experimental values of the Joule-Thomson coefficient for pressure below
about 5 MPa and temperature from 125 to 500°C by the other authors.
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Fig.3 Relationship between uocpo and temperature 7so.
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Table 2 Comparison of calculated values for the second virial coefficient,A Bo and pocpo.

Present Study (1991)

Haar et al. (1984)

Le Fevre et al. (1975)

Tl K -
wlK] Bolem*/g] | wmocwlem®/g]l | Bolem®/g] | mocplem®/g) | Bolem®/g] | poceolcm/g)
273.15 -100.00000 690.53611 -98.96364 617.05758 -97.74688 625.72324
273.16 -99.97838 690.35728 -98.94468 616.91813 -97.72895 625.58908
283.15 -81.30175 537.10210 -82.29111 495.80371 -81.89695 508.67283
293.15 -67.27372 424.26394 -69.35912 403.98746 -69.46336 419.24029
303.15 ~56.58089 340.31536 -59.18202 333.54666 -59.56870 349.84904
313.15 -48.30044 277.13387 -51.05947 278.80013 -51.58825 295.22867
323.15 -41.78713 229.02662 -44.49237 235.73178 -45.07456 251.68104
333.15 -36.58488 191.96548 -39.11768 201.45034 -39.69937 216.54901
343.15 -32.36777 163.07436 -34.66897 173.85725 -35.21929 187.90026
353.15 -28.90045 140.28193 -30.94070 151.36717 -31.44364 164.26123
363.15 -26.01116 122.08397 -27.79801 132.92178 -28.24726 144.65412
373.15 -23.57323 107.37930 -25.12201 117.62928 -25.51704 128.23451
383.15 -21.49225 95.35547 -22.81798 104.79849 -23.16150 114.33713
393.15 -19.69713 85.40840 -20.82221 93.95760 -21.11881 102.50776
403.15 -18.13373 77.08554 -19.08127 84.72334 -19.33634 92.37010
413.15 -16.76041 70.04529 -17.55279 76.79754 -17.77189 83.62707
423.15 -15.54478 64.02782 -16.20288 69.94621 -16.39133 76.04215
433.15 -14.46136 58.83404 -15.00427 63.98481 -15.16701 69.42609
443.15 -13.48993 54.31019 -13.93455 58.76502 -14.07598 63.62455
453.15 -12.61423 50.33658 -12.97546 54.16823 -13.09942 58.51250
463.15 -11.82107 46.81935 -12.11197 50.09878 -12.22179 53.98780
473.15 -11.09965 43.68426 -11.33133 46.47755 -11.42981 49.96493
483.15 -10.44101 40.87211 -10.62317 43.24094 -10.71266 46.37443
493.15 -9.83768 38.33532 -9.97851 40.33539 -10.06095 43.15723
503.15 -9.28334 36.03532 -9.38981 37.71667 -9.46680 40.26409
513.15 -8.77265 33.94057 -8.85064 35.34774 -8.92345 37.65348
523.15 -8.30100 32.02508 -8.35547 33.19739 -8.42511 35.29018
533.15 -7.86445 30.26723 -7.89953 31.23919 -7.96682 33.14418
543.15 -7.45954 28.64890 -7.47876 29.45083 -7.54430 31.19003
553.15 -7.08327 27.15479 -7.08946 27.81266 -7.15372 29.40528
563.15 -6.73300 25.77186 -6.72855 26.30832 -6.79186 27.77114
573.15 -6.40638 24.48892 -6.39328 24.92348 -6.45588 26.27115
583.15 -6.10136 23.29631 -6.08123 23.64570 -6.14326 24.89101
593.15 -5.81608 22.18562 -5.79025 22.46416 -5.85180 23.61826
603.15 -5.54889 21.14949 -5.51843 21.36927 -5.57954 22.44188
613.15 -5.29830 20.18143 -5.26413 20.35291 -5.32478 21.356255
623.15 -5.06300 19.27569 -5.02579 19.40754 -5.08595 20.34161
633.15 -4.84177 18.42717 -4.80211 18.52675 -4.86172 19.40176
643.15 -4.63352 17.63130 -4.59186 17.70479 -4.65085 18.52640
653.15 -4.43726 16.88396 -4.39396 16.93643 -4.45223 17.70962
663.15 -4.25210 16.18146 -4.20746 16.21727 -4.26492 16.94638
673.15 -4.07722 15.52046 -4.03145 15.54304 -4.,08801 16.23190
723.15 -3.33300 12.74033 -3.28345 12.72997 -3.33410 13.26054
773.15 -2.75689 10.63784 ~-2.70483 10.61852 -2.74773 11.03726
823.15 -2.30069 9.01838 -2.24659 8.99265 -2.28067 9.32580
873.15 -1.93193 7.74980 ~1.87631 7.71316 -1.90127 7.97669
923.15 -1.62821 6.74012 -1.57245 6.68884 -1.58850 6.89353
973.15 -1.37380 5.92415 -1.31942 5.85540 -1.32716 6.00917
1023.15 -1.15746 5.25501 -1.10496 5.16407 -1.10515 5.27296
1073.15 -0.97100 4.69855 -0.92089 4.58243 -0.91437 4.65145
1123.15 -0.80838 4.22963 -0.76139 4.08766 -0.74905 4.12117
1173.15 -0.66508 3.82952 -0.62230 3.66349 -0.60505 3.66541
1223.15 -0.53764 3.48413 -0.50030 3.29714 -0.47900 3.27104
1273.15 =0.42341 3.18275 -0.39242 2.97772 -0.36787 2.92674
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Table 3 Numerical values of the coefficients ¢: of

Eq. (5).
c,= 0.1167612798 X10°
¢, = 0.3045138165X10!
¢, = 0.2282239120X10°2
c; = -0.1151819015X10°°
c; = 0.1008298559%x10-®
c, = -0.3378718505X107*2

Table 4 Values of the isobarric specific heat
capacity in the ideal gas state, cpo/R.

Tew | coo/R | Too | coof/R | Too | crofR | Tio | coo/R
[xK1] [-1 jixd) =1 (x| (=) [IK)| (-]
270 | 4.0279 | 530 | 4.2749 | 790 | 4.6426 | 1050 | 5.0394
280 | 4.0309 | 540 | 4.2879 | 800 | 4.6576 | 1060 | 5.0546
290 | 4.0349 | 550 | 4.3011 | 810 | 4.6726 | 1070 | 5.0699
300 | 4.0398 | - 560 | 4.3143 | 820 | 4.6877 | 1080 | 5.0851
310 | 4.0455 [ 570 | 4.3277 | 830 4.7028 | 1090 | 5.1003
320 1 4.0519.| 580 | 4.3412 | 840 | 4.7179 | 1100 | 5.1154
3301 4.0589 | 590 | 4.3548 | 850 | 4.7331 | 1110 | 5.1305
340 | 4.0665 | 600 | 4.3684 | 860 | 4.7483 | 1120 | 5.1456
350 | 4.0746 | 610 | 4.3822 | 870} 4.7635 | 1130 | 5.1606
360 | 4.0832 | 620 | 4.3961 | 880 | 4.7787 | 1140 | 5.1756
370 | 4.0922 | 630 | 4.4100 | 890 | 4.7940 | 1150 | 5.1905
380 (4.1016 | 640 | 4.4241 | 900 | 4.8093 | 1160 | 5.2054
390 | 4.1114 | 650 | 4.4382 | 910 | 4.8246 | 1170 | 5.2202
400 | 4.1215| 660 | 4.4524 | 920 | 4.8399 | 1180 | 5.2349
410 | 4.1320 | 670 | 4.4666 | 930 | 4.8552 | 1190 | 5.2496
420 | 4.1427 | 680 | 4.4810 | 940 | 4.8706 | 1200 | 5.2642
430 | 4.1537 | 690 | 4.4954 | 950 | 4.8859 | 1210 | 5.2788
440 | 4.1649 | 700 | 4.5098 | 960 | 4.9013 | 1220 | 5.2932
450 | 4.1764 | 710 | 4.5244 | 970 | 4.9167 | 1230 | 5.3076
460 | 4.1881 | 720 | 4.5390 | 980 | 4.9320 | 1240 | 5.3219
470 | 4.2000 | 7301 4.5536 | 990 | 4.9474 | 1250 | 5.3361
480 | 4.2121 | 740 | 4.5683 | 1000 | 4.9627 | 1260 | 5.3502
490 | 4.2243 | 750 { 4.5831 | 1010 | 4.9781 | 1270 | 5.3642
500 | 4.2367 | 760 | 4.5979 | 1020 | 4.9934 | 1280 | 5.3781
510 | 4.2493 | 770 | 4.6127 | 1030 | 5.0088 | 1290 | 5.3919
520 | 4.2621 | 780 | 4.6276 | 1040 | 5.0241 | 1300 | 5.4055
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Fig.6 Deviations of the correlation for cpo/R from Woolley’s data.
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