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Transition State Theory and Molecular Dynamics on
Condensation/Evaporation Coefficients
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*3 Kyushu Institute of Technology, Dept. of Mechanical Engineering,
Sensui-cho, Tobata-ku, Kitakyushu-shi, Fukuoka, 804-8550 Japan

Condensation/evaporation coefficients for interphase mass transfer between liquid and vapor are
studied based on the transition state theory and the molecular dynamics simulation (MD). The
condensation coefficient is obtained to be a ratio of partition functions for activated complexes to
those for vapor molecules. In a similar way the evaporation coefficient is correlated with a ratio of
partition functions between the activated complexes and liquid molecules. The transition state
theory indicates that the translation motion of the activated complex is dominant compared with the
rotational motion even for multi-atomic molecules. Since the activation energy is also important, an
evaluation of the activated state is presented by applying our MD results on argon and water
molecules. We can find that the theory can explain the MD results on the condensation/evaporation
coefficients.
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Table 1. Partition functions of argon and water

Molecule T [K] State Specific volume

Translational f, [-]

Rotational f, [-] Vibrational f; [-]

[m*mole]
Ar 84K Gas 1.61X10% 5.89X10° —_ _
Liquid 4.69%X10% 1.71X10° — _
100K Gas 3.93X107 1.87X10° — _
Liquid 5.06X10% 240X10° — —
H,0 273K Gas 6.17X10% 4.01X10° 37.51 478X 10™M
Liquid 2.99X10% 1.95X10° 37.51 478X 10™M
373K Gas 5.02X10% 5.22X10° 59.79 2.79%X10*
Liquid 2.99X10% 3.12X10° 59.79 2.79X10%

Thb., I TEZTVLERORILRIL, fHODIKE
PEMICH Y, #YORE (BERE) FRERBICHS
YW AHE LR TH L0, K&, EHSEEHIIE
NENREL DB RT V¥ ¥ VIR VT —DFOH
ZhbLELL, FOLD, TITE, bbb Liks
FAEH R RT VY v VOBOFTHHICENT 24K
LER S NS HERHREOE SR, EMSESHITIRY 5.
L=A5oC, Gk, WEEaHosF—Edh ) DEH
B VE, VETHE, ROKIETL o - BALEEY
72 ) OIEESHOSERER DL & L TRAER 5.

_—
%=_V_g ................................. (16)
Thbb, £ /EEEE R L RA L DEBBRROL
i b, FERECBT AREGT—EH) OHBE
BIEAESFORBREICL > THERONLD, EHHEE
RO B ARV DSRATH B 720, [/ R EERD
I ridEEL. 7273, BRRELRROPHRELE
ZAUE, EHSEA RO HEAEITREOPHE L ARD
LG, £2T, BRSTOBRERE LA TRBL,
# 1 ICRRIREICBIT 5 7V T RUKROSHE, AR
BOHBERERUFRE Y KT 5SRO EE
RRT. AR L ) 2k ) KEREREEEROL
%, IEHSESAO BRARITEEREOEEELAT AR
Frub, EE, VEREBGEMT AL, f/f2E3%
KETHB 1 LhY, BHRIGRET 5 & EERaREE &/
S 5 S D 5. RORUTRQTIRIEMESEEHL
SHOTEESHEZFEL L EZ, COEE 1 EAEBLTY
3. LaL, IEMESEROBEESOREORERR, &
BIREEIC BT 5 2O HEARCIHET X TH Y, KAl
REE L OPhb ) PFEETHo T, TEICKEIRE
TINEENTHZLRTERVEERD.

OEEEEN OV TIE, b o & DEARNRENSFOE
HE—AY P THD., LARGTFTOZOREE, T4
L okEATRRE L A IS, BT X Y MG
BCE, FAhLOEEEI KT S R TET
SFROEHR S FORESERBEEIESEE— 2 ¥ M
HILT,

2 1/2
P %[(*‘L"_T)_ ¥

h

L 5D, ZXRTTHRIEERIES RO T O EERS B
B ;
) 2 3 -
f =l/&_7£[(in_l;:_T)——jl '(Ialblc)m ........ (17b)
LB, 2T, o BHEEMETN, KTiEe22 TH
5. IRZEFOTFRUERGTFOBEEE— AV b,
1.1, 3R EE T4 FO=20EEEE—- X~ b
THb. DFEARBRUNEEE,SEEE— AV P EXK
», HESEEREEHETSILATES, FIRIE, K
DE TR AT A IS C OWRICH Y 120, &
N L B EHE— A M5 OIS EREE E 1 ITR
LTwa, FEICHEN, EEEOSERBEEINEVEE 2
B edghs. Tz, RADERE LS TFHEELITIC
BT HDT, 8D L) RBRETIE, WEERIFEZ
NBAERIE & E-> T, DTHEECKECEDLT, X

K& RO EESRBEROEICKE ES VW EBbR

5. LIS T, FEREORKS T O LT,
SR E MR EEESEBEEIIIZIZELL, £/radl
THIEDVRUEERD.

B%C, SFORSSERBII SRS OBHEDH Y

— 186 —

NI | -Electronic Library Service



The Japan Soci ety of Mechanical Engineers

B - BREROBRRESER L STFINF 1045

DAL 2 ), 1R ERED 72 ) OSEREK
i

—hv 12k, T

fv _ € T seeessessssscssccscrcsrones (1 8)

T g ikT

THD. v IEEHEHEORE CHL. BEIFDHT
DEs T, IREAEREE £, i3S, REBOF
SIMEETE . KIZO0RSEEEYREDL, ¥RT
OEESREERIEE 1 ICRT L1, HELY b2k
INENE EHEL D TH S, FEROFETD, B L
3 2 BRTRATONIHER 2T L A LREEZIT RV
LERTHYY, IWEOE £ /% 1 LET 5.
PLEE Y, BEFHFORGREE, TEMEREHO
BRI TEED,

_ _f E\_V Ey).......

o, = Iz exp[—k—b;—;] = Vg—exp(— E,O?] 19
SEFHTICELTE, ZETEERST IR
BFATHTT, KRk b.

_ v r E,
o =—- —¢€X Il N P R R N e e 20‘3.
TN T p( ka) (202
v (ree\”? |
= a’b’c [ I 20-b
R (Igmfj p( ,,T] @)

KD XD EEE WEROGFHEEENRIL L EX O
LEEFHFIA LTI, BNSR & 9 ICEIROED
FEWLNES {, BRREBIERR1) TR TE 5.

5. TSR

Bl & PR, WORZER I LT b BRIRESER
I X DREIASEEETH ), WS TFIRES TR E
RESE KDDL IENTESL. TITR, ZOEEHE
AR L TER L AREED, PEROBRRHER
578, AR (liquid-evaporation coefficient)
CIRRZ I A, EEARET,

YEFE, H1hbbhs k)i, BESFIEBIRE
T B 7201003, BB L ) & S ICEWIERLT &
NE-PLETHL., ZOBBREGL IRV —EEY
WHSTAEY B UE, FOTRTREEEGFIC%R 5.
Thbb, EREBRI,

LEZBIENTESL, IhiY, TRAVF—[EREZE

BLT, BRT LB TORIRE, KL%,

Je=k2[M1]‘5 ............................. (23-a)
1/2 %
_ n,( kT ) f, exd — E,+AE,,; ....... 23b)
2mm) f kT

T T, WHRBOBEE M1%n TEIRIATHEY,
AE,, 3EA L DX T V¥ ¥ VIRV F - DET,
FRBBITHL T 5.

—F, SHSEIC A WS F OB EE L

. -, 1 (8,T)"?
Jom:nl.%zznl.( b ) ............... (24)

mwm

LY B 51E, REICHAS) WESFO) HERICTSE
SR HEE L ERT D MAERBEIRD &9 1K
Do

i q S k,T
A E, +AE
"%'J}_rz'?: exp[ Ok - gl) ........ (25)
t r v b

hB, BETHFEEETFHTIIOWTOREIE, 5
BELFEL LI IATPNADT, ZITIIEBT 5.
FOBENLRETHE, BREEBRFBRIT L0, K
QSDIERFRITRE L &£ BIAREL EAEMZRY
Ltk b, RSV E, A EHL T, EBRBERFICE
B2 &, RES)IEHEN- Maerefat 253 7-BHERENIQ)
WRET S, 20 Ehh, RQOEMREIL, a0
ELT AV ¥ — 2B CBAHEL TWAZ LTk,
BREN TR, b LARQ)OERRERROER) %R
LTWwahDEEDbIE,

WHROERE S Z BT, WHOREE & EE
ZLTWwa, UL, EROBEBREE, IEKOBE
ERREIC LTV, WARRREE BRBOTE
WG, EFRRB LIRS,

Fig.2 Mass transfer rate at liquid-vapor surface

—187—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1046 i - AAERBOBBIRES S & o TEF
. JP— T T T
Ee . #_= ]ou-t o, _ "E' ................ 26) -10
Jout Jout ”g 0

TIT, M2 WRY R, ,, RAEY BN ERS
NOREOHARTH Y, FHIRRETIE 2, 1], i
BEREOBFEEDOL LR D, T, FHIIBITBIFHE
DEEL BREILE LW 05, HRBRE & B
BIIROBMBRICH 5.

@, =t e _
.Iout Jout

6 MDIckZBBRBOERE

BRI 5 IEHEE S A0 B HRERER LT A L
F—Zaho Tz, R(19) & QSDEHRHREL L K
BAERRE A EE RO L Z LIIBRECIIEg L. 22
T, RETRT NI UHFWERSFOUNTE MD O
RREAVLZEICXY, BRBROBBIREL Z54
B LT B, '

TVRMC, BEETHFTHATIVIT O MD “WTiE
SN BB P OER L, 3R T NI OERST
DYRHFENAST U TR L T GBED@EEF, ©)F
TYVXNVIANF - FLTCOEEL R F— D%
TEIRED 84K OBFEEBIL LTRLTWS, KD
PRI, BERLERIARBORERIHEEL, =0
ﬁﬁﬁmﬁ%éﬁfﬁfV&ww1$w¥~tﬁﬁli
WE=DBEOFHMEICEREL, Bl TV 2D
5. OFY, ZORERBlENET L IE,ICEE L
FZEL, I TOFBERICL > TEBIKELELRY, Th
Tl U CHRARAIIC D) 5088 5 2 Lok %
EEZDBILNTED, BIERTF VY VIR VE— |
BWTit, REBOSFLOEHEEDORIZEF L YLD
REEEIARY B PEE L TRV F— DRENA LN, 0
BEREZ R Y MR HHFICHEET AV F— 2\, B L
Wa, L2do T, BRIKESRERICHEEL, HhE
BHROBEBAREL L CIRERIC BT 25T 0 HlEE
ZEZNEIRWI EICh B, 22T, BHROMIO L
WS, JBREITRITTH Y, REBEF O EEE
C %S, BEEBOEHEL 2 £ L) 2T, SR
2 EEROSEEKOLE LTHAL TS, L Lass
5, MD 20 RIZAHEAREIL 2 KT TIE% <, 3%TTH
BELRED, BBREBICHADTFOWHEOHEED 3T
HbH. ZTOET, Bl-Maerefat D LIZBITF LMD
BROL )12, BRRECOEBENEEI 25T 2,
DEDZ &hs, RANITBIT 2 iEMESED B kRS

Potential Energy [107%°]] Position-7 [A]
S

Translational Energy [107°]]
T

Gas

)
S

w
S

0 2 4 6 8 10

Time[ps]
() Trajectory of condensing molecule

T T
0
gL
— — ‘Mean Potential Ene
-2 L L —
0 5 10 15 20 25
Position-z [A ]
(b) Time history of potential energy
2 1 1

— ~ ~Mean Translational Energy in

L5} 21
Ein,1=8.69 [10°J]

0.5 -

0 5 10 15 20 25

Position-z [A]
(c) Time history of translational energy

Fig.3 Typical condensing process of argon at 84K

Table.2 Activation energy for condensation of argon
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