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Formulation of the Equation of State for Light Water Substance
(1st Report, Second Virial Coefficient and Isobaric Specific Heat
Capacity at Zero Pressure)

by

Takashi YAMADA*, Nobuji KAWAE*, Tohru SHIGECHI*
and Yuji TOKITA**

For light water substance, the 1967 IFC [International Formulation Committee] Formulation for
Industrial Use should be revised in accordance with the International Practical Temperature Scale of 1968
and the New International Ske;leton Table recommended by the IAPS [International Association for the
Properties of Steam] in 1985. The purpose of the present study is to formulate the virial equation of state
for light water substance. As the first step, correlating equations of the second virial coefficient, By and
of isobaric specific heat capacity at zero pressure, cp, Were obtained for light water substance. The new
correlating equations have the following functional form:

5 4 :
Bi=% | b/Th cpo=2 ;T

where T is the Aabsolute temperature and the coefficients of these correlating equations, b; and c; were
determined to meet the following requirements, respectively.
(1) Values of the second virial coefficient satisfy sufficiently the standard values and tolerances which have
been proposed by Le Fevre et al. using the correlation formulated by including the data of throttling
experiments in the low-temperature range together with the P-v-T data.
(2) Values of the isobaric specific heat capacity at zero pressure are based on the most reliable values
obtained theoretically from quantum-statistical theory by Woolley.

For light water substance, the values of the second virial coefficient given by the new correlation
agree well with the standard values by Le Fevre et al. and the deviation in the isobaric specific heat capacity
at zero pressure between the valies calculated from the new correlation and the standard values given by

Woolley are within #0.03% in the range from 270K to 1300K.
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ZIT, TRIEMNEE [K] ThY, HELRDE
ICRES Nz,
b0=23.466626499X10°, b;= —9.664654158 X103,
b,=1.196843375X 107, b3= —9.983530940X 109,
b4=3.508582387X 102, bs;=—5.559143196X 10*,

T Present Haar et al. Le Fevre et al. Keenan et al. Schwartz
K] Study (1982) (1975) (1969) (1967)

273.15 —96.70000 —98.96364 —97.74688 —77.55989 —82.04537
298.15 —62.94482 —63.98165 —64.24855 —55.05977 —59.79151
323.15 —43.68841 —44.50007 —45.08222 —40.69970 —44.29519
348.15 —32.00369 —32.73457 —33.26264 —31.12081 —33.43276
373.15 —24.50000 —25.12846 —25.52363 —24.47986 —25.75432
398.15 —19.42750 —19.92815 —20.20342 —19.71818 —20.26940
423.15 —15.83871 —16.20745 —16.39601 —16.20221 —16.30093
448.15 —13.19724 —13.44588 —13.57819 —13.53847 —13.38557
473.15 —11.18647 —11.33431 —11.43282 —11.47436 —11.20584
498.15 —9.61203 —9.67995 —9.75950 —9.84278 —9.54385
523.15 —8.35000 —8.35737 —8.42702 —8.53026 —8.24968
548.15 —7.31860 —7.28189 —7.34675 —7.45778 —7.21988
573.15 —6.46202 —6.39454 —6.45714 —6.56919 —6.38279
598.15 —5.74104 —5.65313 —5.71446 —5.82375 —5.68849
623.15 —5.12728 —5.02674 —5.08690 —5.19136 —5.10200
648.15 —4.59974 —4.49230 —4.55094 —4.64947 —4.59857
673.15 —4.14251 —4.03227 —4.08883 ~—4.18087 —4.16054
698.15 —3.74330 —3.63311 —3.68700 —3.77230 - —3.77512
723.15 —3.39246 —3.28426 —3.33492 —3.41339 —3.43291
748.15 —3.08231 —2.97733 —3.02430 —3.09592 —3.12687
773.15 —2.80664 —2.70564 —2.74855 —2.81337 —2.85167
798.15 ~2.56041 —2.46380 —2.50238 —2.56043 —2.60311
823.15 —2.33944 —2.24739 —2.28149 —2.33281 —2.37787
848.15 —2.14027 —2.05281 —2.08236 —2.12697 —2.17326
873.15 —1.96000 —1.87708 —1.90206 —1.93999 —1.98703

- 898.15 —1.79620 ~1.71771 —1.73818 —1.76943 —1.81729
923.15 —1.64680 —1.57261 —1.58868 —1.61326 —1.66240
948.15 —1.51005 —1.44003 —1.45184 —1.46974 —1.52097
973.15 —1.38443 —1.31849 —1.32620 —1.33742 —1.39173
998.15 —1.26866 —1.20670 —1.21051 —1.21503 —1.27359
1023.15 —1.16162 —1.10358 —1.10371 —1.10151 —1.16556
1048.15 —1.06235 —1.00819 —1.00486 —0.99592 —1.06675
1073.15 —0.97000 —0.91973 —0.91317 —0.89746 —~0.97634
1098.15 —0.88385 —0.83749 —0.82792 —0.80543 —0.89363
1123.15 —0.80325 —0.76086 —0.74850 —~0.71922 —0.81794
1148.15 —0.72765 —0.68929 —0.67438 —0.63829 —0.74867
1173.15 —0.65656 -0.62233 —0.60508 —0.56216 —0.68527
1198.15 —0.58954 —0.55954 —0.54017 —0.49041 —0.62725
1223.15 —0.52621 —0.50057 —0.47928 —0.42268 —0.57415
1248.15 —0.46623 —0.44509 —0.42208 —0.35862 —0.52554
1273.15 —0.40930 —~0.39280 —0.36827 —0.29795 —0.48105

Table 1 Comparison of values for the second virial coefficient, B, [em%/g]
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Fig. 1 Comparison of the second virial coefficient with the correlations
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Fig. 2 Deviations of the correlation for By from Le Fevre et al. ’s values
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BB DLW TRE 222, EES OERRER
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L. ARRTERLZEATIZBT 3 EELS cpo
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22T, TIHERE (K], ¢; BEAFCHITS
ERLBDREHETH), ROBEDO LI ITHRES .

¢-1=4.369399355X 101, co= 1.496762091X 10°,

€1="7.481125797X 1074, ¢;= —9.983530940 X 10,

€3=23.508582387 X 107, ¢, = —5.559143196 X 107

A (6) OEHEFIL, Keenans N2 k- TEREN
M ER—O L DT, 19695FIZTIT & L AMIT %
[EOEER L L THEBAEh T 3. Keenan 5 DHER
ROFEIEFriedman 5 Y OERHBE I E IV THRES N
YD THZDT, EEHSIT Woolley NIRRT IZAH
TEEIIRBORELEIT- 7. ZOHEBRILEHMG
BEEATVALD, 6EORERELZOEETOH
HAE & SATSERAMITBIL L, 270K A 5 1300K0E R
H5lH € Woolley DIEZRE & DREA R LSR5 &
BB EREL L.

Table 2 IXARFRE TR L ZENFIISHIT 3 EEL
Bicyo DETRRA (R (6) 1 »50FERERTHS
[AIFIIZ B 7= % Woolley DHEEERE L P TRL T
Vw3, Woolley D fIERTLE cpo/RTHZ 5MT W
3DT, NAERER=0461522 [J/ (g K)] £ LT,
cpo DEEET - 2.

Fig. 3 X ARFETER L AENEIZHIT 3 EEHE
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DEGBETHLTRD 2. ZOHLVHASL-E LI,

AR TR L 72 ZRR A 5 DEEM & Woolley DI
WEEIEE0.03% LINT LS AHL TS,



73

ek Po-T DBEBENHEEBL TH2Y) 7VHF

HAREEIN TR ADIZx L T, Le Fevre 5 [3{KEHE
BTOHRB) FHEZRE L LHEEN L RERDE 2
V7 VEGEHOBEEREEL 2. 7= Woolley IXETH
AhEORBIEISCTEIFTII ST 2 ERLBAOHE
RELREELL. ChoOBEIRERLEBEINSE
ELTEDBLNTWE, LAaL, Thonl%ig5x
HOEBFIIBEDLDOEBTH I8 hhrb5THE
MTELDEEEUHLE-TwE. EELIEERE
B e+ 2REROMEREZBIELTED, Thsn
ICED KK AHL ) SHELREOMBFE TRRT S
ZrERA TV S, FFETIE, RERXEERN I 2 T
BREELHE2C) TUGREEEAFIIHIT S EERLH#
CELTUTOZEFMRLLTELINE.

Bk DIRFER DIERK
T | Present | Woolley | T | Present | Woolley | T | Present | Woolley | T | Present | Woolley
K] Study .| (1980) | [K] Study (1980) [K] | * Study (1980) | [K} Study (1980)
270 | 1.85846 1.85846 | 530 | 1.97274 1.97311 790| 2.14283 2.14243 |1050| 2.32547 2.32605
280| 1.86007 1.86025 | 540 | 1.97874 1.97915 800| 2.14976 2.14935 |1060| 2.33248 2.33309
290 | 1.86208 1.86247 | 550 | 1.98480 1.98523 810 2.15671 2.15629 [1070| 2.33948 2.34011
300 [ 1.86446 1.86486 | 560 | 1.99092 1.99137 820| 2.16366 2.16326 [1080| 2.34647 2.34712
310 | 1.86716 1.86750 | 570 | 1.99709 1.99754 830| 2.17064 2.17024 |1090| 2.35344 2.35411
320 | 1.87015 1.87040 | 580 | 2.00332 2.00376 840| 2.17762 2.17725 |1100| 2.36041 2.36108
330 | 1.87342 1.87354 | 590 | 2.00960 2.01003 850| 2.18462 2.18427 (1110| 2.36735 2.36803
340 | 1.87694 1.87694 | 600 | 2.01593 2.01633 860| 2.19163 2.19131 [1120] 2.37428 2.37496
350 | 1.88069 1.88057 | 610 | 2.02230 2.02267 870| 2.19864 2.19836 [1130| 2.38120 2.38186
360 | 1.88464 1.88442 | 620 | 2.02872 2.02904 880 | 2.20567 2.20542 1140 2.38809 2.38874
370 | 1.83878 1.88849 | 630 | 2.03518 2.03546 890| 2.21270 2.21250 (1150 2.39497 2.39559
380 | 1.89311 1.89276 | 640 | 2.04168 2.04190 900 | 2.21974 2.21959 |1160| 2.40182 2.40242
390 | 1.89760 1.89722 | 650 [ 2.04821 2.04839 910| 2.22679 2.22669 |1170]| 2.40866 2.40922
400 | 1.90224 1.90185 | 660 | 2.05479 2.05490 920| 2.23384 2.23378 |1180| 2.41547 2.41600
410 | 11.90702 1.90665 | 670 | 2.06139 2.06145 930| 2.24090 2.24090 |1190| 2.42225 2.42274
420 | 1.91194 1.91160 | 680 | 2.06803 2.06803 940| 2.24795 2.24800 |1200{ 2.42902 2.42946
430 | 1.91698 1.91669 | 690 | 2.07471 2.07465 950| 2.25501 2.25512 [1210]| 2.43575 2.43614
440 | 1.92213 1.92191 | 700 | 2.08141 2.08130 960| 2.26207 2.26223 [1220| 2.44246 2.44279
450 | 1.92740 1.92725 | 710 | 2.08814 2.08797 970| 2.26913 2.26935 (1230 2.44914 2.44941
460 | 1.93276 1.93269 | 720 | 2.09489 2.09468 980| 2.27619 2.27646 [1240| 2.45579 2.45600
470 | 1.93823 1.93823 | 730 | 2.10167 2.10142 990 2.28325 2.28357 [1250| 2.46241 2.46255
480 | 1.94378 1.94386 | 740 | 2.10848 2.10819 |1000| 2.29030 2.29067 |1260| 2.46900 2.46907
490 1.94942 1.94957 750 | 2.11531 2.11498 [1010; 2.29735 2.29777 |1270} 2.47555 2.47555
500 1.95514 1.95536 | 760 | 2.12216 2.12180 |1020| 2.30439 2.30485 |1280| 2.48207 2.48200
510 | 1.96093 1.96121 770 | 2.12903 2.12865 |1030( 2.31142 2.31193 |1290| 2.48855 2.48841
520 | 1.96680 1.96714 | 780 | 2.13592 2.13553 |1040| 2.31845 2.31900 |1300} 2.49499 2.49478
Table 2 Comparison of values for the isobaric specific heat capcity in the ideal gas state, Cpo [/ (g K)]
0.03 T T T T T - T T T T
- ) cpo(cal) - cpo(theory)
— - Dev, = X 1001
- cpo (theory)
o i
S L
. /
© 0.0
=
)
2 J
e
]
- i A
)
o
-0.03 Lt i 1 1 I 1 i 1 L
270300 400 500 600 700 800 900 1000 1100 1200 1300
T [K]
"~ Fig. 3 Deviations of the correlation for cpo from Woolley’s values
4. HENE (1) 28U 7 VRHOME LSRR L FZH6ED

BEDHEBDON ERRBCIER L 2. B L 2FF A »
5 DEEEIL, Le Fevre 5 DL & FARNENT—EHT
3. ¥ -EAEBTOSFREREIFHE LIV 2 -0 -
MLy VEBOBEE, SIMEL THSNAEE TS
IZIBET 5.

(2) BERLEE SN T 3 Woolley DIEIZAET
BEHNEIST 2 EELBOHE L RN FH6 A
NDBEONEFEBCERL 2. B L RRROEH
FEFIT270K 2 51300KE TTH Y, B L 2ERAD
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Fig. A. 1 Relationship between Hocpo and temperature
T in low-temperature range



