67

van der Waals %! 3 RIKEHRERIC & 5 AHEsLA

ES}

BRI

fEEIE* - B, C.- Y. LU - JRFFEE**

Applicability of van der Waals type cubic equation of state to

calculate the densities of saturated vapor and liquid

Kenji FUKUCHI, Benjamin C.- Y. LU and Yasuhiko ARAI

Applicability of van der Waals type cubic equations of state to calculate saturated properties, such as vapor

pressure and saturated molar volumes of vapor and liquid, was examine. In the present study, Scott-I type

expression proposed for hard sphere was adopted to improve the repulsion term.

Large error in the calculation of molar volume of liquid phase is shown, as pointed out in general, for

2 -constant Soave-Redlich-Kwong and Peng-Robinson equations of state. On the other hand, Ishikawa-Chung-

Lu equation of state (2 constant), in which the repulsion term is expressed by Scott-1, gives good results

because the constants are adjusted using vapor pressure and saturated liquid densities for each substance.

The 3 -constant cubic equation of state proposed by Fuller seems to be one of successful equations of state

to present well the saturated properties involving liquid densities. We proposed a modified Fuller equation of

state replacing the repulsion term by Scott-I type expression. As a result,however, calculation performance

was not much improved.
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R1 BFEREFEOREHIER (=pv / RT) 819
2" (MRS BELZ25E (v=b0.4v)
Exact (3v€a=f:y3ab=yav)  1+4y+10y°+18.365y°+28.24y°+39.595+56. 555+ -
a) van der Waals= 1+4y+16y*+64y° +256y*  +1024y°+4096y°+-----
1/(1-4y)
b) PY-Press.= 1+4y+10y"+165°  +22y° +28y° +34y5 +eeeees
(1+2y+3y3)/(1-y)*
¢) PY-Comp. = 1+4y+10y2+19y° +31y* +46y° +64y° +--eoe-
(14+y+32/1-y)3
d) Carnahan-Starling= 1 +4y+10y2+18y3 +28y* +40y° +54y5 +--eee-
(I+y+y2-y3)/(1-9)3
e) Guggenheim 1+4y+10y%+20y3 +35y* +56y° +84y° +eeeee
1/(1-p)*
f) Scott-I 1+4y+8y* +16y° +32y* +64y° +128y°% +---e--
(1+2y)/(1-2y)
g) Scott-II 1+4y+10y2+18y3 +38y* +T74y5 +150y° +-eoee-
(1+3y+4y9)/(1-2y) (1+y)
®R2 FEREFERD Q,, Q,, z0f#
EOS Q. Q, Zc
3 - T - ] vdW  0.421875 0.125 0.375
! SRK 0.42748 0.08664 0.333
! van der Waals/'- PR 0.45721 0.07780 0.3074
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RI ICLEDNRFA—-4ED
) 0 2 3
Methane a; 0.19650 1.16856 -1.38439 0.47037
b; 0.13356 0.12888 -0.26165 0.10262
Ethane a; 0.20176 1.31256 -1.67980 0.61622
b; 0.11802 0.17279 -0.31486 0.12735
Propane a; 0.24104 1.25456 -1.64596 0.59878
b; 0.11493 0.17712 -0.31397 0.12452
n-Butane a; 0.23612 1.35573 -1.81164 0.66445
b; 0.10786 0.19593 -0.32967 0.12712
n-Pentane a; 0.35919 0.85241 -1.09198 0.32006
b; 0.12727 0.07994 -0.14135 0.03378
R4 W@
T. [K] ¥ pc [atm] © & 2 M® P
Methane 190,65 45.80 0.008 0.288 16.043 71
Ethane 305.38 48.30 0.098 0.285 30.070 111
Propane 369.96 42.02 0.152 0.281 44.097 151
n-Butane 425.16 37.47 0.193 0.274 58.124 191
n-Pentane 469.77 33.31 0.251 ©0.262 72.151 231
&N, BPHEILICKEL TV EDT, ChHXTR 3%,
AR ARG > T 5, #6103, 5MORENR RT o)
ROFEBENT LT 5555 & RIS 5. P Y PR 21)
ICL A4, BREMEME L TV i o0 THRME T e e 0 e AACEA LILE
. ZIT, ,0 8 7 S 5-Z °
BEFKE KD, e ‘
a(T)=Q,(BYR*T2a(T)/p. (22)
4. IEBIRREFIER b=0Q,(8) RT./p. (23)
=1 (j1r_3 _3
c(p)= 5 ( 5 5 ) (24)

WHEERE 1EMRL, 3 EHKIC LA 3 KkBHER
bBECHESINTV S, JITiE, & ICAMBEE
DFRFEMEDE L2 XA CREFER IOV TRET 5,

4.1 Fuller®
Fuller i2. SRK RICEE c #8BMmL. KR ZRELT

FHLESFEMER RS

o, WELNNFTA—FIZUTORTEZ LN,

(1-8 Q2+ —(1+cB)

=B~ (18 (1=p)° (25)
0. 1500, () )
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#/5 2 EBERBFERAOMHE~DEM(0.5<T,<0.98)

EOS PN RE (%)
Methane Ethane Propane n-Butane n-Pentane
ps 1.5 0.8 1.0 1.6 1.0
SRK vt 6.2 12.2 12.6 12.9 14.0
vY 2.2 0.9 0.5 0.6 0.8
ps 1.5 0.1 0.3 1.0 0.3
PR 2 7.5 5.9 5.1 4.3 3.8
vY 2.8 1.5 1.1 1.3 0.9
ps 0.5 0.3 0.3 0.2 0.2
ICL vt 0.5 2.1 1.1 0.4 0.5
vY 1.8 0.7 0.6 1.1 1.1
ps 2.2 1.6 1.6 1.5 1.7
Eq.(19) vt 14.0 11.5 10.2 10.6 9.8
vY 3.6 2.1 1.7 1.5 1.7

®6 2 EBRBHEROMUNE~OEM(0.9<T,<0. 98)

EOS . EEREARZE (%)
Methane Ethane Propane n-Butane n-Pentane
»° 1.9 0.7 1.2 1.3 1.4
SRK vt 15.9 21.3 19.6 21.2 22.6
vy 4.5 0.2 0.6 0.6 1.0
ps 1.5 0.2 0.5 0.6 0.6
PR ot 3.8 7.9 6.3 7.7 8.8
A 7.7 3.1 2.5 2.7 . 1.6
ps 0.9 0.01 0.4 0.3 0.2
ICL vt 1.4 4.7 2.2 1.0 1.1
vY 3.9 0.7 1.3 2.8 4.0
ps 0.6 0.3 0.6 0.8 2.0
Eq.(19) vt 4.4 7.0 5.2 6.7 8.3
vy 3.9 1.1 1.2 0.8 1.6
ps 1.8 1.2 1.9 2.1 2.0
Eq. (20) vt 11.1 7.5 8.8 8.5 7.5
vV 6.0 3.6 4.5 4.7 3.7
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®£71 £(19), (20005 A —S{Em
EOS m
Methane Ethane Propane n-Butane n-Pentane T,
Eq. (19) 0.283 0.398 0.474 0.535 0.602 0.5-0.98
Eq.(19) 0.356 0.439 0.516 0.566 0.593 0.9-0.98
Eq. (20) -0.352 -0.311 -0.285 -0.264 -0.221 0.9-0.98
7ZL. 3 LU B3, , ~ 5.2 o
a(T) = (14q(8) T - L. @ BEU B3 K@D, BDTEHL LMD
(4= 2+cp) — 4+48—p8>) (1+cB)
q(B)=(8/0.26)"*m (28) Q,=p-4=E (2Cﬂ—ﬁ)2(2 fcﬁf =
m=0.480+1.574w-0.176w? (29) (37)
_ (1-8) C+epB)-+cB) __(4+48—p% (1+¢8)%Q,(B)
Y AL VAR (30) Q=2 —p)2(2 +p) (38)

Z 2T, Fuller (3, BHE 7% 3 g &Mk EMT— 2 »
LREL.KD &) I BREMERE L *Fa -1tk -
T—WILL T3,

=B+ (BB [ty — 1) (32)
CIT. /pBEIU IR, RRTEHR HND,

B/ B-=7.7880—36.83162.+50.7061z (33)

6=10.9356+0.0285P (34)

4.2 FAETHRELAR
AP TS Fuller & ML FHET, R19)ICE 3 %5
A—F cBEAL, KREHEELL,

_RT(2 v+b)
 v(2 v—b)

a(T)
v(v+ch)

b (35)

ZZT, oa, b3, K(Q22),2)TEHER LN clTkRTEH
Zbid,

_1.,/1 .3 3 , 1 ., 3
c(ﬂ)~ﬂ(Jﬁ+4 Spttp =3 @)

oI, BELLBNNFIA-F IR TELLNS, 12

FH LIRS F M ARy

(2+cB) — (4+48.— B2 (1 +cB.)
( 2 7ﬁc)2( 2 +Ccﬁe)

2.= (4—/362)
(40)

o, PHRERIRICODE 25 77 F—4R . ART
Hrzohnbd,

_ 2v a(T) v 2b
Ing=2tn g et BT N T b T =0
___a(l) _Qn{20+b_ a(T) )
RT (v+cb) 20—b RT (v+cb)
(41)

CITR=0.345 < &, ¢c=1, Q,=0.46712, Q,=
0.10876. 2.=0.3152& % 9, K(35){3X(19) 2% 3,

4.3 RMPUHE~DER

2 EB I RKEFERR LERIC, Ts » ntaiitt
DETRERA L FEICLEE L % DI 2.2 T
K (30), (40) & D RE L7z RIFRD BOEE R 8 1TR T,

AR THRET LR G 0@ FEL 49 w26z s
DT 5, BEREHIRE 2.=0.2882 T, X(36).
(40) & 9 B.=0.259.¢,=2.33%27185. 8512 K TD m=
0.283z H W T MR 7 — 5 L D HiBED g kT
TEIEHTELDT. RES)DUELERK a,b,c %5t
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=8 it(35)a)/\.'-7')‘—9ﬁ§ Bes Bo
Methane Ethane Propane n-Butane n-Pentane T,
Be 0.259 0.251 0.240 0.221 0.192
Lo 0.454 0.426 0.424 0.418 0.412 0.5-0.98
B 0.465 0.393 0.414 0.414 0.410 0.9-0.98
£9 IEHMREFEAOMDE~DER
EOS EHEM X RE (%)
Methane Ethane Propane n-Butane n-Pentane T,
ps 1.2 0.6 0.6 1.4 0.7
Fuller vt - 1.0 2.5 1.4 1.3 1.5 0.5-0.98
vY 2.8 1.9 1.4 1.6 1.4
ps 6.6 4.7 4.6 4.9 5.0 .
Eq. (35) vt 1.1 2.6 1.5 1.4 1.3 0.5-0.98
vV 10.5 7.5 6.8 7.6 7.0
s 1.3 0.2 0.6 0.7 0.6
Fuller v 1.2 3.0 0.8 0.7 3.4 0.9-0.98
vY 7.2 3.3 3.0 3.9 3.2
ps 0.7 0.5 0.6 0.9 2.4
Eq. (35) vt 0.7 1.4 0.3 0.6 0.8 0.9-0.98
vy 4.5 2.9 2.4 3.0 4.3

Bk RDBIENTEL AMETIEI.BoNZLD
% Fuller LRI R(32) CHET 22 2L £
Fh ool REHEZEHAL, KOG, BAATRELY
REL., EBIZRT,

FAA v DRMEKSIE pS., Hehkik -, S v'D
SRl L ERED A B 8 1R T, D728 Fuller
KOBFIER LRT. Fuller K3 L UAFRCRELR
R (35) 1. BAIHME RIFICERT 52 L bbb,
X0 io. BERAGE < 0 T,=0.90~0.98% TOMA T,
AFFFEOR (35) OUAEHR o 2 BIFCH 2.

5. & B
3 RREFRAOSE L BB AR LI, KIS, HAIR
£ VRO S EMEIE 2 0 LT 2 BT, R IR E Scott-1

A1 ¥ L, Fuller LA E 395 2 -9 2 BATEI L
PRA, .

AFFRTRE L 72 3 EK 3 KAREFRERIL. MWED
W T 2 RHARLUE. TRRK. BB RIFICR
B3I LNARETHEERDbND, LI, RO
BHER & EXT RAREEIAE(KEIRLT S,

ABOBEL LT, AHEORBHER & bOWEN
WEL, s ring, S5, BRAWR
~DBERAPLETH b, ‘

(HH88) AMEH—EIT. LETE2LOKE (FH,
1990) I THREL,

(B3 AN —EBIT. XEBHENFE (T —F —280)
I2E 0, F 2 URETERLZETFRICEZEPITbR
RLNTHY ., BUARBICIERSEB#HLET, S,
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v D WIHE b N, T,<0.98nFHTHEA L7z, 8. FHHESRMEFIL.
Y DHIRE RT/p S LD 74 ¥ F—DFREN0BLITFIRZ S &9
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