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Abstract : The equation of state is widely utilized as a simple model for the
prediction of gas properties. There are several equations of state and they often make
diverse and hard to believe output of gas properties. In this study, We show a
reliability of equation of state for nitrogen, oxygen and argon in pressure range from 1
bar to 30 bar and temperature range from liquefaction to room temperature. We use
three equations of state such as Soave-Redlich-Kwong, Peng-Robinson and BWR-LS*
equation of state which provided in the Aspen plus. The results were compared with
literatures and virial equation. Finally, We report the differences of process calculation
of distillation column and expansion turbine in cryogenic air separation plant with
change of equation of state.
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Table 1. Constants for Cubic Equations of State

equation u W b a
2
Soave o, oostrr,  DABRTC 4 L0 ey
Redlich-Kwong P, P,
fw=0.48+1.5740 — 0.176 0
0.45724 B2 T% -
Peng-Robinson 2 -1 _0_077_20R£ —pc— [1+fu(1—T,*)]
‘ fw = 0.37464 +1.542260 — 0.269920°
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2.1. Soave-Redlich-Kwong4| 1} Peng-
Robinson4]

2 a7 vuuydez d9g Soave-
Redlich-Kwong(SRK)4] 3} Peng-Robinson(PR)
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w¥ Table 13} Zt},
pP= RT _ a
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Table 2. Average Deviation of Physical Properties for N3, O; and Ar

doe e (%)

BWR-LS PR SRK
71 444 s A4 718 oA
- 4 x 0.26 237 062 207 0.30 525
(keal/ke] A 0.18 164.94 045 164.94 0.39 168.88
G = 0.08 41.99 021 42.48 0.13 4599
A=z 4 2 0.06 0.80 0.07 062 0.06 1.32
A A 0.06 1495 0.09 15.17 0.09 13.49
[keal/kgK] o4 g 0.12 1.24 055 13.50 0.24 0.22
. a4 & 0.12 1.08 0.78 11.27 0.16 0.67
5 A& 0.13 0.86 0.76 11.89 0.39 0.42
lkg/m’) g = 0.12 1.23 055 13.50 0.24 022
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Fig.1 Enthalpy difference for Temp. of Nitrogen at
Sbar
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Table 3. Calculation Conditions and Results of Distillation Column

BWRA | PR4 | SRK¥ J Virial4]
LEFNTF 5055.05 ke/h
A2t AL 19eE 99.999%
z4 |7F 43 5.78 ke/cm‘g
%"\ﬂi’%"‘*%‘ '1938 keg/h
dA P LA 625 ke/h
ol B 54 58 52 48 -
19 £5(%)
23 Ax 99.999, 999994 99.999 99.999
G 0.1x10 0.14x10 0.19x10°* 0.83x107
AR A 0.43x10°® 0.104x10°° 0.12x10°8 0.10x10”’
g AR 2E(0) -175.29 -175.51 -17551 -175.37
1€ 3% 2=(TC) .. +171.44 -171.66 -171.65 -171.27
$%7] 8 %(kcalh) 130,140 131,440 133,880 132,256
06 .
os| 18} \ —e— P=Sbar
o 16
% 04t ,Eu L
= g12r-
03} Y
I.g 10F
5 02} ol
T
o X , . —
01t Yoo 150 200 250 300
0.30
0.0 e EE— v 025
0 5 10 15 20 25 30 MOE \ a—
Press.[bar] 015} —e—PR
% o1of A SRK
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Fig.3 Vapor density difference for Temp. of Oxygen

at Sbar
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of Al ©H12,13]l. MESHW o] & material
balance(M), equilibrium equation(E), &£ &9
Summation equation(S) 281, Heat balance
equation(H) 25 4719) seto 2 TAH $A 4
& F= YHES TdH, F4F g8 v$
7

(1) Material balance

O o Ay
wy ok Hi

L,‘_1+ V,’+1_L,’—V,‘+F:0 (11)
Liyxim;t VierYirys

—L,~x,-',-—- V,—y;_,-+Fz,»=0 (12)
i=12,.... C

(2) Enthalpy balance
Lok + Vi Hiyy —Lihi— ViH;+Fhp=10
13
(3) Equilibrium
vi;= K x; (14)

(4) Summation

gx,;,l= 1 : ~ yii=1 (15)

A71M, e AEY AF, jE olgdF
ook w3 Le =
F H £ 7129 499, he 449 dg9,
=)
o

Aol & 23 flo] & dAFH glon} o8
G Aol wek thA zelg Roln o
PRY 9 ZA¢ olBYs7lt 58222 TEH
a2 92 AMNHAE, o)A 244
Aol A A%, Agw oS glo} F Aol s
Aol & RHolm Ye Aol U2z wddHrn
L3 o] B viriald & H &3t ALT 4
o] Aot vuatd JPFSE AFol AAME
BWR-LS4], SRK4, PR, virial4 =% 2z
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7 .
Q Q
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Fig. 4 T-S Diagram for Calculating Efficiency of
Expansion Turbine

Table 4. Calculation Condition of Expansion Turbine

e 2330 ka/h
A AT 4y 2.1 kg/cm‘g
i"‘é U+ & -1628 T
- &7 gy 0.31 kg/em’g
BN 5§ 75%

AR Agelxw FHAANY ARE FF
gol @4 Aol Uehti ol ¥4 HAY
au), FHE ol 4HHoE 3 o
58 24L FRTANN ZRY A%Y @
e $E719 27 2 &3 AR A%
) e wlA7] WEel AFANY 237}
Zdeo) ¢4 EEAUE BE 990 Aok

4.2 = ofdl
BFEHAN L AL F7]
2 ofgle] HaF gl
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28 Wdd fAs dpdez A
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3l7] Y E A8d dEZY, dYdH gho
L7 "o &3 AXAEAE A3
DE EA A el Hadrh
2 AFdM e Fig. 49 T-SAZAY gF&
AT PLS)AA SJEZY HFE 5 &7
o] ZZA(T3P3,S)E AAESE 2(16)e] <3 &
€ 78 18y AA 79 ZA(TPySy)
g Adsao.
7= H X100 (16
At =

A& A4 7HeFd FHEY A
olE & 7IEL

2 3o o] g2 Table 49
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Fig.5. Calculation Results of Expansion Turbine

Vel £33 94 gojule &8 T5%E
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29 gl -1825C9 #lmsld 07C~08TC
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FAAA wfg Fod gskg v =
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DYl Ae) HE B4 Ze] g Feai)
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ol 4% o]l Aspen plusolA A FEE
Soave-Redlich-Kwong, Peng-Robinson, BWR
-Lee Staring I A& o) &3t9 B AL
& 3 vjas) £ Ax HdEdgadz
g, YRR Aolrt AdiHoz zlov o
A AN dee F$ 160%, dEZH9 7
$ 15%, 9x9 A% 11%9 232 TN}
& Zol7t A{ S & F Ytk =3 Feegn

it Ald A1E 19979 129

L olEE g FAgAAY AHE 47

St tAEAEE F 4t AR Ao
wol2 Qloy AAHez A9 AHEE BWR
-Lee Staring, Soave-Redlich-Kwong, Peng-
Robinson4l 8] «oz2 #HAddrh =8 AL
F7NEEUTAH T TFE L BAEHoH G vy
2 8t A el Aol FAHEAN A
T %S n@d B g7 A9 Aded mEy
FHEY AS ol2asst Ay 109e] Aol
Wi, Bl F$ g&o] 46247 &
ARG, olg} ol MAAFAS Ao wa &
gAER AP e TALEAZ JeEANe 4
g de de 2 HEHAd 2o AFF
Aol o|FojRol & Ho|t.

AIB71s

a,b,c,d parameters of equation
Ajj van Laar parameter

Ao, B, Co,Do, Eg parameters of equation
B, C, By, ci virial coefficient
Cr heat capacity [kcal/kgK]
F feed flow rate [m%h, ke/hl
H, h vapor and liquid enthalpy
{kcal/kgl
K equilibrium constant [-]
L; liquid flow rate
[m’/h, kg/h)
P pressure [atm, kg/cm®]
R gas constant
[atm - m*/kgmol - K]
S entropy [kcal/kgK]
T temperature [K]
x lquid mole fraction [-]
y vapor mole fraction [-]
u w parameters of equation
of statel-]
174 volume [m’]
Vi vapor flow rate
[m*/h,kg/h)
P density [kg/m’}
a parameter of BWR

equation(eq.(2))

7 activity coefficient in eq(6),
parameter of BWR
equation(eq.(2))

Subscripts

i i-th component
J J-th component
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