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A Study on the Vapor Pressure Curve of Light Water

Takashi YAMADA*, Nobuji KAWAE*, Tohru SHIGECHI*
and Kuniyasu KANEMARU**

The correlation for the vapor pressure curve of light water has been newly developed, based on

the critical parameters recently released from the IAPS and the international recommendation

equation developed by Saul-Wagner. Moreover, our correlation takes account of the reliable

experimental data by Stimson and Guildner et al. The new correlation is a type of fractional

expression with eight coefficients as follows:

, Pc _____L bz + kx4 b2+ kot + Bsx® + kex®

1443 PS T

1+ krx+ ksJCZ

In order to determine the coefficients of the new correlation the following three conditions are

also taken into consideration.

(1) The deviation of our correlation from the standard curve developed by Saul-Wagner takes

minimum value.

(2) The profile of the first derivative of the current correlation including near the critical point

reproduces that by Osborne-Meyers.

(3) The value of the second derivative of the correlation at the critical point is assigned to 0.067

MPa/K? so that the profile of the second derivative can satisfy the thermodynamic relation

obtained by experimental data near the critical point by Amirkhanov-Kerimov and Kerimov.

As a result, the deviation of the vapor pressure curve calculated from the new correlation is

within +0.018% from the standard curve by Saul-Wagner.
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BOFRAKBNT, E2EHBCRSERCES D
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(1) ERFER .
BKDERELIE IAPS O EBIERENIZRE - T,
IR Tc=647.14K (373.99°C)

EJ1 Pc=22.064MPa
EIDO—BEMAME (dPs/dT)c=0.270MPa/K
BPRALL.
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(@) EE373.15K (100°C) i B1F 2 fafIm& TS
DEREBEBCIEBENCERDO>NL TV D
Stimson® D HEIE#0.101325MPa % £ L 7.
(b) & E313.15K (40°C), 473.15K (200°C),
513.15K (240°C) # X 1/623.15K (350°C) 2%
3 BRASE SO ZEMIE Saul 590D FR
ARTHES W2 EEENE L ORENBN L%
5 &S WRTHREL DV RD T,
PEp8fHDZHE2 % LD TRLIH D Table 1
ThH2, BARADHRE b 3RV EBE IR LT —HEH%
7L, TNEEFRMICHEE &€ 72kAuz Table 1 D&
B@ERATE L TRGTRESNS,

—_(dPs\ (Tc
k“‘(dTL(H)' @
DT, kyy ko ey ks @ T {HOESS Table 1

WRL TR 230»5@0FEERDCRAL 6 @D
EERLERACBT 2 B ORN BB SRR T

Table 1 Conditions required for determining the
coefficients &; of Eq.(1)

TL—RFARRZ Gauss DHELEWZ L DB THREL
Fo. BRE U FAREK ki (G=1,2,+- 8) 2 Table 2 R T,
2. 3 FRTIACIZHERR

Table 3 13H L < fERE L 72 SERIR K IE dl i 0 257
A& D, Sato SOUMMEE L LFEMEROBE S L H
IS TRIE L BAREREN Ps OFERER LIS
DTH5, FRRAFCIIEELS. K ALK T,
SURZESE MR O —BMAHME dPs/dT © ZFEWMAE
d*Ps/dT* b RL TV 5,

Table 4 BFRAW L 2HEHE, ThabbEiH%E
2 & BEAFRE Ts OFERREER L DD TH 3.

ZOFHEHRRIERAOE LHO—UGEE T=Tch/
[ki— (Pc/P)] # # L ZNDEIZIT 518 D]
HMEE U, ZhcORHESRE: (BEZE 1 X1077°C)

%45 2, Newton-Raphson % FlOERREE 21TH> T
BonkbOThs, ZOMERHNESREDS £ TOIY
RV BRLEBBREINRES R > TR L, &
RABDBEVBL TERBBREB/I I ENTES,

Table 3 Numerical values of the vapor pressure
Ps, the first derivative dPs/dT and the
second derivative d*Ps/dT? calculated
from Eq.(1)

T Ps T Ps dPs/dT | d*Ps/dT*
[K] [MPa] [K] | [MPa] {[MPa/K]| [MPa/K%]

T Ps dPs/dT | d*Ps/dT?
K] [MPa] [MPa/K] | [MPa/K?]

273.16 | 0.000611657 | — —
313.15 | 0.00738153 - -
373.15 | 0.101325 — -
473.15| 1.55365 — -
513.15 | 3.34400 - -
623.15 | 16.5211 - -
0.270 -
- 0.067

647.14 | 22.064

elo|ele|ele|elo] =

Table 2 Numerical values
of the coefficients %:
of Eq.(1)

fr=—0.7919135243 X 10"
k= 0.4731409248 X 10°
ks=—0.1213127657 X 10"
fa=—0.2324065429 X 10°
ky=—10.7590532992 X 10~°
ks=0.1209334200Xx 10
kr=—0.6094154698 X 10"
ks=0.1692558187 X 10°

273.15(0.000611213|433.15( 0.6177580.0157126|0.000318233
273.16(0.000611657|443.15( 0.791578{0.0191310|0.000366037
278.15(0.000872548|453.15( 1.00203 [0.0230447)0.000417258
283.15(0.00122811 |463.15( 1.25423 {0.0274873|0.000471824
288.15/0.00170559 |473.15| 1.55365 |0.0324921|0.000529677
293.15/0.00233890 |483.15] 1,90606 |0.0380917|0.000590784
298.15/0.00316916 |493.15| 2.31758 |0.0443186|0.000655147
303.15/0.00424564 [503.15| 2.79463 |0.0512057{0.000722813
308.15|0.00562684 |513.15| 3.34400 |0.0587862|0.000793880
313.1510.00738153 [523.15| 3.97278 [0.0670951(0.000868517
318.15(0.00958987 [533.15| 4.68845 [0.0761693|0.000946981
323.15[0.0123445 [543.15| 5.49885 |0.0860488(0.00102965
328.15/0.0157516 |553.15| 6.41226 |0.0967781|0.00111707
333.15{0.0199319 [563.15{ 7.43742 [0.108409 (0.00121005
338.15/0.0250221 [573.15| 8.58364 |0.121002 |0.00130984
343.15(0.0311753 |583.15] 9.86092 [0.134635 |0.00141840
348.15(0.0385624 |593.15{11.2801 [0.149410 |0.00153907
353.1510.0473726 1603.15{12.8534 10.165476 |0.00167784
358.15[0.0578148 |613.15|14.5947 10.183065 |0.00184645
363.15(0.0701177 |623.15(16.5211 |0.202585 |0.00207027
368.15[0.0845308 |633.15|18.6555 |0.224850 [0.00241138
373.15/0.101325  |643.15|21.0333 |0.251770 |0.00305372
383.1510.143250  |644.15/21.2866 |0.254873 |0.00315560
393.1510.198501  [645.15/21.5431 |0.258089 |0.00328111
403.15{0.270053  |646.15|21.8028 |0.261475 |0.00355418
413.15{0.361247  |647.14/22.0640 |0.270000 (0.0670000
423.15(0.475791
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Table 4 Numerical values of the saturation tem-
perature Ts calculated from Eq.(1)

- P Ts P Ts
[MPa] K] [MPal (K]
0.000611213 | 273.150 8.0 568.195
0.000611657 | 273.160 9.0 576.529
0.001 280.120 | 10.0 584.177
0.005 306.031 | 11.0 591.257
0.01 318.967 | 12.0 597.853
0.05 354.489 | 13.0 604.032
0.1 372.782 | 14.0 609.847
0.101325 373.150 | 15.0 615.340
0.5 425.010 | 16.0 620.543
1.0 453.062 | 17.0 625.486
2.0 485.570 . | 18.0 630.189
3.0 507.051 | 19.0 634.670
4.0 523.555 | 20.0 638.943
5.0 537.140 | 21.0 643.018
6.0 548.781 | 22.0 646.900
7.0 559.021 | 22.064 | 647.140

FRRE & B WEE S O EF0.101325MPa iz 8 3
B BIFIRAE O BB BEA512373. 150K L 72 B,

3. HERRADKRES
3.1 EaRMEASUEMEAR
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THE. EERKREL RO,

(R = Ps(cag)(gvlzs)(SW) 3

Fig. 1 C 7T EHRO» 5@ AH %, Mat-
sunaga 5'9, Sato 59, EE LW, AT 598 L U
Osborne 5V Gerry? ¥ DR FRD 5 EFH o LR
IVEELLEERRLE DO TH S, MboOMI
IST-63DEHEAEY, AFNIZ Stimson® D HIEE, o 3
20, O, @HIZIE Guildner 59, Prytz’¥# &
Besley 5SWO=BHOHEMETH 2. & 5 HRFD
TR ERTIADOHEFEE LERENOEERL T
5, ZOMEDEHeME XS, R (ERO) &
Saul & DEHEMITH L T+0.018%DIRENICH Z >
Tw3, 6HOREEZEREBEREROE2 L
Sato 5 (EH®) DREF+0.002% L BEIL-> TS
V. ZiE Sato & DA L 2BIEIEHS Saul 5D Fh
EECA—THD, FEEOANEZ>TVEEWLD
HHIZEB D THS, Osborne & (EHEO) DiRE
13373.15K BLET, 7% 0 /& v, ZhiE Osborne &0
BIRASERROME [IST-630DEH(E] AT 5 &
51z Saul 5HEELIFHERTH2 LEbIE, 5
DFBE BT~ S RBEBEOW % A L Mat-
sunaga & (EHROQ) ORZE13£0.014% D & 1 #
F0TBY, REROBES—FBIZWENS b ROER
L oTnw3d, —7F, fafESEMROBEEI IS5
AREHALLERARBANESHERHIC L 2RR"ALD

X100

/D—_?‘
0.0 7
X @
A —0.02
Y
°
o Tces Pc Experimental Data
-3 0.04 Author [K] [MPa] | and Standard Value
s —0.0
7 Saul-Wagner!*) 647.14 |22.064 | O Guildner et al.®)
2 (1) Present Study,Eq. (1) |647.14 {22.064{®Prytz®®
©O) Matsunaga—Nagashimalz)' 647.14 |22.064 .Besley—Bottomlyll’)
~0.0 (3 Sato et al.b 647.14 |22.064 | A Stimson®
. () Watanabe et al.'!) 647.247|22.088 | O 1ST-63%)
Tanishita—NagashimaL’) 647.377{22.120
® Osborne—Meyersl) 647.337[22.116
-0.08 1 1 1 1 1 I
273.15 323.15 373.15 423.15 473.15 523.15 573.15 623.15
T [K]
Fig. 1 Deviations of the correlations and experimental data for Ps values

from Saul-Wagner equation
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LTw3,

AR Tk (dPs/dT)c % IAPS HSREIZHE T
T0.270MPa/K £ E®, ZDE*FERAROBEHES
BO—Dr LTRAL TV, EETRDSFESL
3 (dPs/dT)c OfEiZ IAPS O#ER Saul 5 DER
K Ti20.2679MPa/K, TEZ TRLEFEES LTV
IST-630 #: B 3% Osborne 5 @ % 7= = T 1Z0.2690

MPa/K TH %, ZhoDfEiZ IAPSHEMELI VLT

PN, —F, EHOPAT 6 DERRAD S DE
HERIASDMELY 351/ & L, 0.2640MPa/
K +0.2628MPa/K T 3.

AT BRI SE S O —BEMA O E 50 20
12 Osborne » DFRRINIC & B —FEM D O Bl O &
WRBREGEDLEI R, BTHEFE L 7THEOFRE

] I
@ Present Study,Eq. (1)
0.270H (dPs/dT)e=0.2700
Q@ Saul—Wagnerm) L n
L (dPs/dT)c=0.2679 B
|| @ watanabe et al.'!} .
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2 L .
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0.260 ””//, e
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" X the value of dPs/dT
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0.252 L L
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Fig. 2 Comparison of the values of dPs/dT near
the critical point
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1% Osborne & DEL D iz DEWFER L 25, Fig.2
IR L Tl Sato 5% Matsunaga 520
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LTWwahsThHb.

0.007
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) Prg_sent Study,Eq. (1)
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® Saul—Wagnerlo)
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[MPa/K?}
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[e]
[ ]

Kerimov 16) 2
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S
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3

[~
_9—¢’fffff

—
O
41 1 1 1 1 |- ] 1 [

®
632.15 635.15 640.15 645,15
T [K]

0.004 |

0.003

)\
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Fig. 3 Comparison of the values of d?Ps/dT?
near the critical point
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