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Atmospheric pressure(atm)
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Atmospheric pressure(atm)

OHEEHA @7@EN A

Gor®"=H20iE ¥4 @'=H20&CO2MEEIE Y
31 C<T=<374C T<31"C and P>5.1atm

H20 & CO2 H20 gas
(one phase)
CO2 gas

ARR AR EESRAORGLERVES

A00Datm

300atm

218atm
200atm

100atm
73atm

E.latm¢

latm

F 3

RADCO2 +H20M
FEY SRE

CO2 gas

\

CO2 gas

ET D

(- ¥ Present Earth

0.0¢6atm/0.0099°C

56.4°C{ 31.1°C

AKRELTZREIC
DhNndsNMN? ?

O Venus

314°C

L

0°C  100°C 200°C

300°C 400°C  500°C Temperature(°C)



The Thermodynamic Behavior ot the CO:-H.O System
from 400 to 1000 K, up to 100 MPa and
30% Mole Fraction of CO:

J. S. Gallagher, R. Crovetto and J.M.H. Levelt Sengers

Thermophysics Division, Chemical Science and Technology Laboratory, National Institute of Standards and
Technology, Technology Administration, U.S. Department of Commerce, Gaithersburg, MD 20899-0001

Received August 10, 1992; revised manuscript received October 19, 1992

A model is presented for the thermodynamic properties of the aqueous mixture
of carbon dioxide, up to 30 mol% composition, in a large range of temperatures
(400-1000 K) and pressures (0-100 MPa) around the critical point of water. The
model for the Helmholtz free energy of the mixture is based on the principle of
generalized corresponding states, with the NBS/NRC Steam Tables as the reference
state for pure water. Input to the model are data for the critical line of the mixture,
apparent molar volume and pVTx data in supercritical water, phase boundaries,
excess enthalpies and mixture second virial coefficient data. Comparisons are
presented with those data, with Henry’s constants and with other formulations
available for this system. Phase boundaries and tabulated values of molar volumes,
enthalpies, and fugacities are presented along 35 isobars from 0.05 to 100 MPa, for
four compositions, x = 0.05, 0.10, 0.20 and 0.30, respectively, at 19 temperatures in
the range of 400 to 1000 K. For the same pressures and temperatures, we also list
the infinite-dilution (standard state) properties: partial molar volume, enthalpy,
heat capacity and fugacity coefficient of the solute CO,. The Fortran codes for
generating these properties are listed in Appendix B.
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F1G. 2¢. View of the critical line: p vs T'. The solid curve represents the
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Takenouchi and Kennedy.!



HZO'COZ %G) rﬁl% II\\J

mE—TET. EEHNDEZELTOHEER
£ X X2 X,

H20 MO Z LAl S

REIZCO2 %
AMNELD

CO2 M Z UL MEIM S
REIZH20 %
AL TLKE,

EMNELD

Dew curve

X CO2mAHE

FI1G. 1. Schematic diagram showing the method for the determination
of a point on the critical line. An isotherm is shown on a p vs x plot, with
the solid line being the coexistence curve, and the dashed line the
“spinodal” — the locus of the zeroes of (3°G/ax?)pr.

M —E T, EHZENSNnDE [IEMLRMBICELRT D



Atmospheric pressure(atm)

@'=H20&CO2iE¥3E s

T<31"C and P>5.1atm
s BHEOCO2+H20m

CO2 gas
F1ET 2085

400atm [ -ﬁ o - _

For@)""=H20E 3%

DIEEH X \ @AWHNX  //31C<T<374C

H20 & CO2 H
(one phase)

300atm
218atm
200atm
= 5 _
100atm O venus %ﬁﬂ"]'v'i H20
73atm | - . d)}ﬁfﬁ—@%é%ﬁ:
E.latm¢ .
1atm f— 10 Present Earth
4.006atm/0.0099°C
56.4°C| 31.1°C 314°C N

0°C  100°C 200°C 300°C 400°C  500°C Temperature(°C)



A I‘ﬁ_élﬁﬁg,‘ﬁ

H20 EERATHOBEIOHEBEOLA
—H20 DIzE[FILY




EEFROXRR?
PELCO2KZ -H20K =
& e
AR R FPEFHRHBEFTER

M
shosuke@gfd-dennou.org

20159 AR 7H

[TLBHECL—L (RILXKEE) - BRIEH (LBEXRT) - KFE[FE (MF XF)
EARECLBERS) -FERN (UMK -SHBEILPE (BFXF)

ke
) ! T}{}%%ﬂ

R
Hh Bk RAEIN{EZER http://www.gfd-dennou.org/

CPSEERIZM X2 — hitp://www.cps-ip.ora/



http://www.gfd-dennou.org/
http://www.gfd-dennou.org/
http://www.gfd-dennou.org/
http://www.cps-jp.org/
http://www.cps-jp.org/
http://www.cps-jp.org/

H20k

Atm

iic pressure(atm)

ftEh : KU GRAEERS) Ps, 168 R (KB TE=/8M) SUATS
FR: KR+ BEROEMEREFELELFEANTIEHLDAHAEZD

MERKFBTDCO2EM
73atm KYKRZEWNGE
CO2 BEDRRL

r

A00atm

300atm

|
100atm

latm
H

CO2iE;¥+H20/8 ¥

NERKPOH20EMN
218atm LY KZLMEE
H20 B DRk

1
SDEk?
TREDELRIEAT
Ikbbé&:p\1%

resent Earth
x,/0.0099°C

fafIEKIE(IZLT-
NoTKKIEFLD

HEVAROEH
iz RE L ER

~oVenus gz ESHoTEKD ?
H20MCO25UARIZA T A EaFNHR#R 2
KDEREABEO>TWADIZIE? ZDATIE
CO2IZH20IEB TR ? £ 2K ?

T H20iE .
\ R&EITH2088F07% C)
K[UEIZLI=A > THE A



FRERFIREE DD O B EA Es ok

Water Steam
Temperature-Entropy-Diagram

RS |
| B3R CRUE) Tl /// ///f/ ///////// L
AL SRR -
U MR GRLEE) T3

fe-]
(=1
(=]

o
(=1
<

E
(=1
o

mE(ERK)

Temperature in Grade Celsius

ne
(=1
<

Entropy in kd / (kg x K)




R Z. t')ﬂ?a\ NEM?

T

IN—EIILETHhoEFLETALE.
hTHKENTEIRDHBD T,
TIXIKHRIEESRETH S,

TROERERBEX
BRI THHERE .

K=t EThLEL LIS
B TERANE LD HDT,
T (&AM TSR E T B
o | TEE XS IS,

* Ok k

R aNLE RS EAICEIEL=MEREUEENT B L.
EERANEERENOMRMNERmICES,
thRE(EEEIEER OBE-EAHA (RN Ty TT 5,



Atmospheric pressure(atm)
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Hadean H,O Atmosphere

Abe and Matsui 1981
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Hadean Earth
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Earth’s water clouds

The only place where we have detailed knowledge on clouds.




Thunderclouds

Indivisual updraft: O(10km)

from space: “clusters” of 100-1000km scale are seen.

http://en.wikipedia.org/wiki/Cumulonimbus cloud

2l h.isc.nasa.gov/sseop/EFS/images.pl?photo=15S016-E-27426

10081 MTSAT-1R 2 31 DEC B936
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smaller scale convective clouds

MTSAT FULL DISK LONGWAVE IR 31 DEC B9 12:3

10081 MTSAT-LR 2 31 DEC

http://www.solarviews.com/cap/earth/cells.htm
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PARTIAL VAPOR PRESSURE OF WATER
OVER AQUEOUS SOLUTIONS OF SULFURIC ACID

http://www.mie.uth.gr/ekp vliko/SulfuricAcid-Water VaporPressure.pdf
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