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Derivation of The New Type of Mean Density
Approximation (NTMDA) Using Molecular
Dynamics Method
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ABSTRACT

The approximation of the radial distribution functions(RDF) of mixture plays an important
role in deriving the mixing rules for the corresponding states principle(CSP). The mean den-
sity approximation(MDA), one of the most successful approximations, fails to predict the
radial distribution functions when the size ratio in terms of the Lennard-—Jones size par-

ameters is greater than 1.5,

To get a better prediction of important structural integrals over the radial distribution
functions that arise in the asymmetrical attraction contribution of the perturbaton theory,
the new type of mean density approximation(NTMDA) is proposed. With this NTMDA, quite
reliable results for those integrals for systems with comparatively large ratio of the size

parameters are obtained,

1. M =

glata g o AA 2GolM =3 fA9 2 F
A2} Eghe2] 43 E (phase equilibria)dl] thgl x|
2 ggjolr), o] AP S dF3E He 2
AlebA 4] (equation of state)-S o] &3h= A3
% (semi—empirical) 91 ¥ 3} 31 @ o] & (per-

* st gy ) Hetyeta 2

turbation theory)& WEgt A @Gl A%
wlo] gl dl, EFES 983 oS
AE-)EA G ol 8ol HieE F FApe whyo] B}
e Aas Bejgr),

At AefdoP et ofe fale] E3bEe] HyY
o8t A9l o Zsh= Wyl QoA W whde]
ARt rFelA] EFE] G99t JAES YL
A Z4o] Folgl w43 A9 IAERRE Yo}
W= ol -2 A8 218 (CSP, corresponding states
principle)9} CSPoll A5+ o8 FHe)e) Ehy



& (mixing rules)o] FE=ct.

£ 78 3 34 (RDF, radial distribution func-
tion) gii(r)& YA} jollA FiHQ 78] rkg
ol Wl el 91#iE 4d & g0l vHE,
E3E 2] RDFE a4=f-Alol vls] 4] (1)o)A4 M4
25(T), M (p) 9= YA 271 (a), °ﬂL1
2] #ehulE (¢) 5 B2 W0l oEFnE vfg
=g

{exD)
1)

gi(r) =gij(r; 00 T; {xk} (0w},

A (AN e THPYE kY BRE
fraction), 84 A} k1 EFEE A= kA
23} A8 (pair)& Vepd

E3E-2] RDFE & AYd 3 71503 (ref-
erence fluid)®] RDFE ¥ &3l 2 CSPe ¥
%-‘f—l o7 Peo EFUAE A= 4 Arh 3™

& APy 2o 7} A3l AL Mansoorish
Leland 5ol 23} AItE 3wy =APH (MDA,
mean density approximation) 2.2 THURER
o] 2ol fAlo)A 4] (2)3 gol FejHrt.

gi; (r) =golr/aij; kT/ €y, 03%) (2)

N AN pg*e HHUE (mean density), ke
Boltzmann 4=, 3t o &3 A&l Ve
FAE Yt olUAH] & (e,, /)0 1Y o
MDA VdW—1 A1 (Leland) 3 gA€E Y,

B =% Ax & Lennard —Jones(LJ) E&ld0)
Wz LYt o] 8 A £3% (binary mix-
ture) ol &) #2458 3hY-& AH8-3te] MDA
o] RDF¢} &3&¢] RDFE vwsla, MDA ©
AE 2 gst= MDA(NTMDA)E #lgksln o) 4
= o] MDA, Ely S0l At vha el
MMDAE 3% v},

2. TA7|2 AN Computer Simulations)
R

LIfAet ol g&A &3

off ztz} 25670 2] YAFEE Fujitsu FH3FEolA o
HE skt Azl g A gF Apake-
H13 o vy S s dste algorithme
Gear®] A5x} predictor —corrector Wy o] A&
At

1. 2EXE3sH(MD) B

== LA &3
A2 256 256
Z71A fcc fce
Nz 10 fs 10 fs
PG step 2000 2000
A%t step 4 8000 10000
cut —off WX & 3.0A 30A

v BAEE S AR LIRAESE] &
v:g(l’l’lOle fraction) # L]l A stebe €] (&) Hl
25 ¥ atA 7] e U ® o) X (configurational
internal energy)ol] g Ai7|RAPE ol o]
Gupta, Elys9| dmee Hibr|mAilel B84
AN A ZA A dic), F20lA A7]9} oA 1t
e g A 118 F AES 2717 22 9%
A8 BAIRHL

¥ 2. MDE 0|88 P3| MEHIT=1.0)

BEEE e,/ e, p* 'y Uc*
0.90 0.5 0.422 0.466 —4.372
1.0 0.512 0.494 —5.381
1.5 0.504 0.508 —6.210
0.50 0.5 0.520 0.190 —3.098
1.0 0.488 0.200 —5.574
1.5 0.527 0.210 —8.108
0.10 0.5 0.344 0.110 —2.459
L0 0.520 0.127 —6.039
1.5 0.440 0.130 —9.686
(p*=pon/en, p*=pad, T*=kT/ey,

Uc* = Uc/Neu)
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H 3. Lennard—Jones EEE0| Lh3 =&t 192 H|R
/0 pair MD HL MMDA MDA | This work(NTMDA)
1.0 11 0.688 0.687 0.701 0.632 0.698
12 0.666 0.687 0.686 0.632 0.679
22 0.670 0.673 0.683 0.632 0.674
1.5 11 0.703 0.691 0.714 0.632 0.710
12 0.662 0.675 0.677 0.619 0.666
22 0.641 0.648 0.654 0.609 0.656
3.0 11 0.712 0,701 0.739 0.632 0.739
12 0.661 0.651 0.660 0.594 0.656
22 0.597 0.602 0.600 0.566 0.603
5.0 11 0.713 0.713 0.752 0.632 0.735
12 0.659 0.637 0.651 0.581 0.657
22 0.571 0.578 0.570 0.543 0.575
E 4. Lennard—Jones E&MS0) L8t =2zt S Dol vlm
&, /e, pair MD HL MMDA MDA | This work(NTMDA)
1.0 11 0.530 0.542 0.583 0.527 0.556
12 0.548 0.549 0.569 0.527 0.552
22 0.613 0.597 0.570 0.527 0.587
1.5 11 0.545 0.548 0.595 0.527 0.561
12 0.518 0.512 0.533 0.487 0.520
22 0.524 0.514 0.488 0.454 0.509
3.0 11 0.573 0.565 0.616 0.527 0.602
12 0.481 0.450 0.472 0.425 0.468
22 0.401 0.398 0.373 0.351 0.387
5.0 11 0.582 0.584 0.627 0.527 0.592
12 0.454 0.413 0.436 0.389 0.442
22 0.338 0.336 0.312 0.297 0.325
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