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ABSTRACT

The objective of this work is to correlate and compare
vapor-liquid equilibria and enthalpy data for binary systems
using equations of state. Prediction was carried out using
‘three equations of two parameters, and one equation of eleven
parameters using two sets of constants. The two parameters
equations were the Redlich-Kwong equation, the Soavé-Redlich-
Kwong equation and the Peng-Robinson eguation. The eleven para-=
meter equation was the modified Eenedict, Webb, Rubin and
Starling (BWRS) egquation.

Predicted vepor-liquid equilibria data was compared with
experimental data for éix binary systems composed of methane,
ethane, propane, carbon dioxide, hydrogen sulfide and nitrogen.
Enthalpy was oniy compared for hydrocarbon systems due the
lack of data for hydroéarbon-nonhydrbcarbon systenms.

The‘resﬁlts of this work show that the two constant
equations of state can fit reliable experimenfal data for
equilibria and enthalpy with c;mparable accuracy to the more
complicated eleven parameter BWRS equation. The Peng-Robinson
j'équation was determined to be the best of the two constant

equations of state for the systems considered here.

ARTHUR LAKES LIBRARY,

EOLORADO SCHOOL of MINES

. 144 GOLDEN, COLORADO 80403
" i \ ‘
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1. INTRODUCTION

Vapor-liguid équilibria and enthalpy are subjects which
have been.studied since before the time of van der Vaals (1).
'Many equations of state have‘been developed to fit reliabié
data in hydrocarbon and.hydrocarbon-nonhydrocarbon systems.

An equation of state is a mathematical relation between
temperature, pressure and volume (or density), which is
de#eloped using the first and sécond law of thermodynamics.
Equations of state are pressure explicit, that is P = f(V,T)
or volume expliecit, V = £f(P,T). A review ol equations of state
is presented by Kidnay (2), in which he discusses the develop-
ment of the ther modynamlc equation of state using the first
and second law.of thermodynamics, obtaining thg pressure

ekplicit equation as:

P - m(bl’)v - 2, (1-1)

or volume explicit as:

- (ED, - (3D, (1-2)
where U and E are internal energy and enthalpy respectively.
In the vapor phase, real gases show a marked deviation
from the ideal gas behavior. Many authors have tried to over-
come the above difficulty by modifying the ideal gas egquation
- to account fof error introduced by the fundamental assumption

that PV = RT and that internal energy is only function of
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temperature.

Kidnay (2), in the discussion of equations of stat

-

classifies the available equations of state into two bhroad
classes based on the number of parameters in the ;Quauion.

1) Equations containing two adjustable parameters

2)vequatiohs containing ﬁére than two parameters

Equations of state proposed by;vénzder.Waals, Berthelot,
Dieterici, Redlich-Kwong and Peng and Robinson (2), fall in
the first‘cgtegory, while these proposed by'Clausiué, Beattie-
Bridgeman, Benedict»WebbéRub;n»and Benedict-Webb-Rubin and
Starling (2,3), fall in the éecond category.

The eleven constantwBenedict»Webb-Rubin-Starling'(BWRS}
gquation of state has been used by Starling (3) to fit
equilibria and enthalpy data for binary, terﬂafy.and nulti-
component systems containing hydrocarbons and ponkJGVOharbons.
The predicted values show an average deviation within five.
“ercen+ of mole fractlon Eopke and Lln (4,5,6,7), compared
calculated values of equilibrium constants using the BWRS
equation. They obtéined a dlfferent set of eleven parameters
by using mo.lt1prope*"ty r@gress1on analysis. With thecse diffe-

:rent parameters they were able to match density and enthalpy
data with an average absolute deviation of 1.07 percent and

2

1.49 Btu/1lb respectively. It is generally accepted

that the

DYWRS equation is one of the most accurate equations of state

even with the mathematical difficulties in calculation due

v

its eleven porameters.

The Redlich-Kwong equetion (8), which is of the femily
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of van der Waals, has been utilized in modified forms to
predict vapor-liguid equilibria by Prausnitz and Chueh (9),
Chao and Seader (10), Zudkevitch and Joffe (11), Vogl et al
(12) and Gray et al (13). The modifications of the Redlich-
Kwong equation involve the constants §2a and fzb whose
values vary from compound to compound; but the original
equation uses a single value for each constant for all
compounds in both phases.

In 1972, Soave (14) proposed a modified Redlich-Kwong
equation. called thé Soave-Redlich-Kwong (SRK) equation, which,
replaces the term a/T’l"S with a more generazl temperature
dependent term a(T). Equilibrium predictions with this'equafion~
showed large deviétions for systems cbntaining nonhydrocarbons.
Soave. overcame the above difficulty by introducing an empiri-
cal correction in the "a" mixing rule. Somait (15), used the
SRX equation to fit phase eguilibria, obtaining unacceptable
deviafions from his experimental'data, especially in the
liguid phase.

In 1976, Peng and Robinson (16),4proposed another equation
‘of the van der Waals family, which offers the simplicity of a
two constant equation of stéte and predicts mole fraction in
the liguid phase with acceptable accuracy compared to other
tws constant equations. Somait (15) was able to obtain reli-
able fesults with the Peng and Robinson equation for mixtures
of hydrécarbons and nonhydrocarbone.

Two parameter eguations of state are the simplest form

that can represent both phases and reguire less computer time
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than more compliceated equations. In many cases the predicted
values of two parameter eguations compare favorably with the
equations containing more constants because the simpler
equations have semi-theoretical bases.
| Pressure-composition diagrams have been prepared for six
binary systems comparing the experimental data with the five
models resulting from the three two constant equations and
the BWRS eguation solved twice using the Stérling pure - compo-
nent parameters andlthe Hopke and Lin pure component parameters.
Enthalﬁy—temperature diagrams have been made at constant
pressure for methane-ethane, methane-propane and ethene-propane
systems.
Average absolute deviation from the experimental data
have been,calculated for all eguations of state. Appendices

of this thesis include out~-put and computer programs.,
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2. THECRY

In this section the basic concepts of phase'equilibria
and enthalpy are briefly reviewed, and the thermodynamics
relations describing the properties and the egquations of state
used in this work are presented.

2.1 Phase‘equilibria

Phase equilibdbria is defined by the equality of the fuga-
city (fv=fL) of each component distribuited between two phases
‘at equilibrium. Zudkevitch (11) relates fugacity to the pres-

sure and composition by the following eguations:

v V-

£ = ¢iPyi (2-1)
T

£} = ¢iex; (2-2)

Where: fi is the fugacity of the ith component, X5 and y; are
the liguid and vapor mole fraction,‘¢& the fugacity coefficient
and P the total pressure.

At equilibrium,jequation (2-1) is equal to equation (2-2)

and the following expressions are obtained:

v L |
¢iyi ] ¢iXi ARTHUR LAKES LIBRARY. . (2-3)
ED SCHOOL of MINES
> GOLDE, COLORADO, 80408
LV
\
BE - v,/ - &, »

Where: Ki is defined as the eguilibrium ratio and can be
evaluated using component fugacity coefficients or using

liquid and vapor compositions.
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The fugacity for the ith component is related to equations

of state by the following general expression (3):
f./x. R r
RTIn(=2wms) = (=5 . - RT]—Q (2-5)
PEr c ) Pl T,V,n, P ok ) .

Where: T is the absolute temperature, V is the volume, ﬂ)the
density and R the universal~gas constant.

Coﬁﬁosition at equilibrium can be expressed in terms of
fugacity coefficients using equations (2-1) and (2-2) by the

following relations:

L
¥y = (ﬁ)x. (2-6)
i ¢§j i
L .
x (253)/(06 - ¢7 (2-7)

i= ¢v ¢v ¢v

Two general expressions for fugacity coefficients are
presented by Prausnitz (17), each relating to the form of the

equation of state (explicit in pressure or volume):

11 [ 27 ] '
Ingh; = ﬁ[}%{i)T,P,n#i - 5 |9P (2-8)
Pr )
| 1 RD | .
Ing; = R"T" ( )TVna#l' = |4V - 1nZ (2-9).
Jv e

2.2 Enthalpy

Enthalpy is another thermodynamic property which can be

predicted by the equation of state method. Starling (3) presents
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“the following fundamental equation:

. 0 0 ..0 )
= .F-.,-'. 1. ™11, 31, "q
Hy (“1 hl) + (Fl Hlo) + Hy (2-10)
where:
Hzo is the.standard reference state.

(Hz-Hg ) is the difference in the enthalpy of the compound
in the ideal gas state at the temperature of interest
and the reference state.

(Hi;Hg) is the enthalpy departure, is the difference in the
enthalpyxaf thehcompoﬁndvat the temperature and pres-
sure of interest and the enthalpy .of ﬁhe compound in
the ideal gas state at the same tempéféture.

The enthalpy departure is related to pressure, volume .
énd temperature by the following general expression as shown

by Hougen et al (18).

v
(Hi-Hg) = RTﬁl(Z-j) +_//.T(”%%)V - ledv (2-11)

"The ideal gas enthalpy-Hg can be evaluated using the poly-
nomiazl relation of Passut and Danner (19).

=
s AT+ 4,02 4 8 3 &+ A, 7% + AT {2-12)

o]
Hy = 4 Lo 35t Ay

0

where the six constants are specific for each compound.

Many enthalpy charts and tables assume th&t Hggwis.equal
to zero for a pure compound ‘at saturated iiquid condition at
-280.0 F. In this work we adopt the Passut éndiDénner
cdnvention, in which the reference state is set equal to zero
for ideal gas state at zero absolute temperature for use with

the igdeal gas enthalpy equation,
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Assuming that H?O is zero, equation (2-10) becomes:

H, = (Hi-Hg) + P;’ (2-13)

For mixtures the ideal enthalpy is calculeated applying

the following mixing rules:

o _ 0 -

Ey = zlyiHi (vapor phase) (2-14)

HE = xng (liquid phese) (2-15).
i

The enthalpy departure is calculated for single phase
mixtures by solving eguation (2-11) for each phase using the
volumes of vapor and liguid from the solution of the equation

of state and mixture compressibility factor from:

7 = 1 (2-16)

The total enthalpy for the whole vapor-ligquid mixture is

evaluated by the heat balance eguation.

_ uVv L v -
Hm T “mix Vf + Hmix (1 ‘f) (2-17)

where:
Hm is the vapor-liguid mixture enthalpy
Vf is the mole fraction of thé mixture which is.vapor

',v _ -0 _170 o
Hpix = Zl yiHy o+ (B-Hi) (2-18)
rL °' YO

HY. = ) ¥4HO 4 (H; -E.) (2-19)

nixX . :
B i < L
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2.2.17 Reference state for enthalpy

The following procedure illustrates the conversion of <the
reference state for the binary mixtures composéd of methané,
ethane and propane from an enthalpy equal to zero in ihe satu
rated liquid condition at--280.0 °F %o an enthalpy of zero at
zero absolute temperature as used in this work. |

1) The enthalpy'of each puré compound is evaiuatedvat an
arbitrary temperature (—100.0 °F) and zero pressure using the
equationv(2-12).

2) Usiﬁg equations (2-14) or (2-15) the mixture idea2l
enthalpy for the feed is determined. |

3) The value of enthalpy referenced at -280;O°2F is deter
mined at the same arbitrary temperature as in step 1 (-100.0°F)
and zZero pressure.

4) The difference betwsen enthalpies evaluated in steps 2
ana 3 can be used to correct all enfhalpies which have -280.°F
saturafed liguid condition as & reference,.

The following example shows the reference state conversion

for a 76 percent ethane in propane mixture:

from equations (2-12) and (2-14), at -100.0 °F and Hgo equal

to zero at absolute temperature.

H? = 104.37 Btu/lb = 3128,2 Btu/lbm
Hg = 81.82 Btu/lb = 3407.8 Btu/lbm
where:

1: is ethane and 2: is propane
prorx
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o _
H = 97.23 Btu/1b = 3250.8 Btu/1bm

Prom the data of Purtado (20), at -100.0 ¢ F in which the refe-
rense state Hgo is set equal to zero ét.-ZS0.0 °F (saturated- -
liquid) we have.

Hg = 298.40 Btu/1lb

conversion factor = 201.17 Btu/lb

Substract the above conversion factor from all of the
values presented by Furtado with a reference state of Hgo
equal'to zero at -280.0°F to convert to the reference state

of H;O equal to zero at zero absolute temperature.

2.3 The Redlich-Kwong eguation of state

‘In 1949, Redlich and Kwong (8) proposed their equation

of state as:

(V-1) T2V(V+Db)
O w2/ £2.5 N
a; = ‘(QaR8(1e;)2+5/Pc, (2-21)
b, = (R(Te;) /P, (2-22)

where »§2a and - {2b are constants for all gases and equal to
‘.4278 and .0867 respectively. |

These values were determined by the criterion on a P-V
diagram that the critical point is an inflection peoint in an

isotherm specified by:
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and (S;Z)Tc,z”o ' (2-24)

Since the values of f}ai and g?bi are not true constants
for all campoundé, many authors have proposed different ways
to calculate them. Zudkevitch (11) proposed in 1970. a trial
and error procedure using vapor pressure,'liquid'density and
.fugacify at saturation for every compound. Prausnitz (17) deteg-

mined these values by the following expressions:

Qa - (__B.E_C__ - PC) PCVC(VC+b) (2_25)
4 Ve-b (RTC)Z
(o = .0967 - 0.0125W, + 0.011W2 (2-26)

where Wi is the acentric factor for the ith component.

Another method proposed by Vogl et al (12).uses adjust-
able coefficients Sla and (b calculated by:

Qa - ZeA (2-27)
Qb = zcB | (2-28)
_ (1-B) -Zc(1-3%) )
A= = (2-29)

2
8%+ 2 4 (gB%c)y , (2Zc-1) (2-30)

where A and B are constants for each compound.’

Orosco (21) presents an algorithm to calculate B which
allows the calculation of .S$2a and Qv
Somait (15) tried six different ways of combining the twe

sets of gz.parameters'given by Prausnitz and Chueh (17,9)
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derived from the saturated liquid and vapor data. He produced
reasonable results using the arithmetic average of the satura-~
ted liquid and vapor values for g?a and for - g?b

In this work, we use the Redlich-Kwong equation with the
arithmetic average of f?a_for each phase at saturated condition.
The constant Qb was averaged similarly.

Applying equation (2;20) to the general thermodynamic
relatibn for fugacity coefficient (2-9), using the mixing rules

given below, the equation becomes for the vapor phase:

' oow, 2Ly
v X1
ln¢1=lnv:~5+m-lnz -%37—2——111
ab |
i V+b b
+ (1 R - i) (2-31)
Where:
a =le3 173% (2-32)
a; = fzafRz(Tci)z's/pci (2-34)
b; = (Y b;R(Te,;)/Pe; (2-35)
24 5 = ( ai+§?aj)R (Tcij) ,/Pcij (2-36)
ol 3 -
Teyy = (1 AK..)(Tc.ch) (2-37)
-Pcij = Zcy R(Tclj)/Vqij (2-38)

Where AKij ‘represents the deviation from the geometric‘mean
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for Tec, ., taken from Prausnitsz (17).
J .

Ve, . ((Vci1/3 + ch1/3)/2) (2-39)

1J

L}

Zc

iy .29 = .04(W+,) (2-40)

for the liquid phase:

i

o’
]

and the equation {2-9) becomes:

. o 2 ) x.a. .
L v bi | U £
1In = 1n + -~ -1n Z - - In —=—
¢i v 7 Vb r12/ %y v
ab, v .
+ 2——(1n B2 - 2 (2-43)

: RTB/ZB?* *

The liquid and vapor volume are calculated SOlving the
" equation of state (2-20) for each phase. &4 subroutine for this
calculation is included in appendix III.

The generai.exgxeSSion (2-11) can be solved to give the
enthelpy departure substituting the equation (2-20) to obtain

for the vapor phase:
0 a v
(H-E®) = RT(Z-1) + "zi%’T 1n(yrp) (2-44)

for the liquid phase:
Solve equation (2-44) using 2, &, b, and V for the liquid
phase., .

Solving equations (2-12); (2-44), (2-17), (2-18) and

(2-19), the desired values of liguid, .vapor, and liquid-vapor
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enthalpies are obtained.

2.4 The Soave-Redlich-Kwong,equation‘of state

In 1972, Soave (14) proposed a modified Redlich-Kwong
equation called the Soave-Redlich-Kwong (SRK) equation
i
replacing the term a/T* with a more general temperature depend-

ent term a(T) as:

RT a(T)

P = 5 + W (2“45)
P .
B o= —r- (2-47)

Assuming that at the critical point:

(D)o = 0 (2-23)
2.
('%%2)&0 = 0 (2—24)

He obtained:

2 2
ac; = .4274TR%(Tc;)"/Pc, (2-48)

bey = b, = .08664R(Tc;)/Pc, (2-49)

Introducing the adimensional factor c>((T), the constant ai

is calculated at other temperature than the critical as:
2;(T) = ac; ¢ (T) (2-50)
where: c>(i(T) becomes unity at T=Tc

From vaper pressure data, Scave obtained a mathematical
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expression for'cxi(T) as function of'system‘température, cri-
tical temperature and acentric factof.

3

S5 = 1+ (L4804 15T, =760 D) (112, ) (2-51)

Substituting equations (2-51) and (2;48) into equatioﬁi
(2-50%.values of "a" for pure compounds,ére obtained.

The fugacity coefficient can be evaluated by introducing
equation (2-45) into equation (2-9) to yield for the vapor

Phase:

1n¢‘l’ = —2L(3-1) - 1n(2-B) - %(Q\E - Byan(1+ 2)
(2-52)

and for the liquid phase;-solve equation (2-52) using 2, a,
b, A and B estimatéd~fqr the liquid phase, with the folloWing'

mixing rules:

\ ARTHUR LAKES LIBRARY.
& = ¥.¥.a. . §f MINES
ZZl i LORADO SCHOOL o (2-41)
s %xmmmm
b = x.b, . (2-42)
‘ i7i

where: aK-ij is the ipteraction coefficient between ith and jth
compounds ( aKij # AKij)‘ .
for the vapor phase substitute x; by y, in the mixing rules
equations.

The desired values for mixture enthalpies in the liquid
vapor and ﬁhe liguid-vapor regions are evaluated by solving

equations (2-12), (2-17), (2-18), {2-19) in the same manner as
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with the Redlich-Kwong equation . The enthalpy departure is
calculated by substituting equation (2-45) into the expression
for ehfhalpy departure, obtaining{

for the vapor phase:

(5-E°) = RT(z-1) + (T8 - a)1n(FFR)/v (2-54)

and for the liquid phase, obtain Z, da/dT, a, b, and V for the

liquid phase and substitute in equation (2-54).

2.5 The Peng and Robinson equation of state

Peng and Robinson (16) proposed a modified ven der Waals

equation as:

RT a(T) _
P =9% - “V(WD)+5(v-1) (2-55)
Where:
ac, = .45724R%(Tc;)?/Pe; (2-5€)
b, = .OT78R(Te;)/Pe; (2-57)

As stated by Soave (14) in his equation of state, Peng and
Robinson propesed the calculation of "ai" as funcvion of temp-

erature introducing the adimensional factor parameter cxi(Tr,wi)
a; = cz(i(T,Wi)aci (2-58)

Where:

o< B(1,0,) = 1+ (37464 + 1.54220, - 269920, %) (1-1x F)
(2-59)

and is equal to unity at T=Tc
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Substituting equation (2-55) into the general expression
for fugacity coefficient yields for ‘the vapor phase:
2 Y Vals s
—v371] T,
1n¢‘7 = b(Z 1) - 1In ('7-}3) A (— - -—%)X

22 B ¢

(725 (2-60)
where:
A = @%2 (2-46)

R

and for the liguid phase solve equation (2-60) using Z, a,
b, 4 and B calculated for the 1lqu1d phase and replacing y3

by x..
5

‘The mixing rules proposed by FPeng and Robinson are the

seme as those used by Scave (14).

Enthalpies are calculated solving équations (2-12), (2-17)
(2-18), and (2-19) as before. The enthalpy departure is eve-
. luated by substﬁtutlnc equation (2-55) into equation (2-9)

yielding for the vapor phase:
| ran.
(H-E®) = 30(z-1) + (7 88 - a)1n(-B22:442)/(23/2 )

(2-61)

and for the. liguid phase; solve equétion (2-61) using Z, da/drT

a, b and B calculated in the liquid phase.
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2.6 The BWRS equation of state

The BWRS equation of state is an eleven parameter modified

Benedict,Webb and Rubin equation, proposed by Starling (3,22).

P

2
Co D E
PRT + (BORT - Ao -E§+-T-§g- E%)P

4 (bRT - a - %)Q3 +o(a + -%)D6
+ %2/23—(1 + T/DZ)Exp(—7p2) (2-62)

Starling (3) uses the mixing rules developed by Bishnoi
and Robinson (23) for the BWR equation to calculate'thé mixture
parameférs:

for the liquid phase.

Bo ~=l4AjBo.x. (2-63%)
Ao = x.%x.A0.%40.< (1 - K. .) (2-64)
Z;E; i i _ ij
Co -=§: XinCOi%Coj% (1.~ aKij)3 (2-65)
i Jd 172
T = [le 71‘»] | (2-66)
N 3
. w1 /3] -
b = [ ,i,ibi | ] . (2-67)
a = [E}%?i1/3]3 (2-68)
T A ,
X = lle 0«11/3]' (2-69)
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c = [incj:'/s]:3 (2-70)
i
= 2050, _ 4 _
Do -.ZZXinDOi DE(1 - oK, ) (2-71)
13
a = [indi1/3]3 (2-72)
i
- | i 3 :
™ - < - -
bg. = E:}E%inEéi on (1( aKij) (2-73)
T3

The vapor phase is obtaining by :t'eplacing4}(:.L by. yi'.
Starling (3) calculated the eleven pure component para-
meter as function of acentric factor, critical temperature

and critical density by the following equations:

;jciBgi = A, + BV, (2-74)
pciAoi/RTci = A, + ByW, (2-75)
' 3
pciCoi/RTci = A3 + BBWJ‘. (2-76)
2 . 5o
/jci jfi = A4 + B4wi (2-77)
c 2 b. = Ao + B_W (2-78)
PCi Pi = f5 * By
2 ' .
pci ai/RTci = A+ B6wi (2-79)
c 30(. o= A + B.W. (2-80)
Pl &y 7 71
f}ci2cl/RTci3 = Aa + BBWl (2-81)

(2-82)

I~
|
he
_ O
‘.
td
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2 A, + B,V (2-83)

2
pe;d;/RTey s0 * Byo¥s

]

W, (2-84)

2 5
fe; “Eo; /RTc, Ayq + Byq¥y

11

parameters A and B are tabulated by Starling (3).

In this work, the mixture parameters are calculated using
the Starling pure component parameters equations, (2-74) to
(2-84) and élso using the'pure component parameters developed
by Hopke and Lin (4) with multiproperty regression analysis.

Following the same procedure as with the other equations,
the component fugacities are evaluated by‘substituting the

equation of state (2-62) into equation (2-5) to yield:

e g | - 3
RT Inf, = RTln(ﬂRTxi) + [0 (Bo +ABoi)RT + Zﬁ)E:Xj[-(AOjAOi)g

(1 e, gCo .Co. )%(1 aK )3 (DO .Do. 2% (1. x, )4

Eo.Eo
L__:L__Lm ]
o

[B(b 'y )1/3RT - 3(a2a1)1/3

2 [ A

21
) 5§d oi}1/3]‘;.

T

+3/) (a + g)(c¥ 6(1)1/3

g<2'° oy’ p° [ eGP | en700)]
T : ' .
72;0 (-7— { 1-exp(-7p2) [ 1+ 7’/32 + %72/34]}

(2-85)

+
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For the'vapor phase replace X5 with Y in the above egquation.

The equilibrium ratio is then calculated by:

£L/x . '
K. - L.iﬁf&l_ (2-86)

()

The expression for enthalpy departure has the following
form when the equation (2-62) is substituted into the general

expression (2-9):

(H-H®) = (BORT - 240 -

+ (2BRT - 3a - -%—'-q)pz + %—(6&-{» Z—%—)DS

e [3 -3+ 3TP2 -72pHrexn(-7 p 2)]
(2-87)
- Density for both phases are CalculatedASOlving the

equation of state twice. The subroutine for this calculation

is included in appendix III.
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3, PROGRAM DEVELOPMENT

Twe algorithms have‘been followed for ﬁodeling phase
equilibria:and enthalpy. The first, for the two constant
eQuations of state uses the general method of Zudkevitch and
Joffe (11) . The component fugacity coefficient was calculated
using estimated compositions in the.liquid and vapor phase .
These fugacity coefficients allow thé calculation of new values
of composition. The estimated and calculated compositioh are.
compared until.the absolute difference is leds than or egual
to the convergence criteria. Tﬁe second algorithm followed by
the BWRS equation performs an iterative‘flash calculation for
the feed mixture composition using estimated values of equi-
librium ratio. The flash calculation yields the vaporsliquid
fractions and the compohent mole fraction. This allows the
calculation of component fugscity for each phase. The compo-
nenvy fugacities for each phase are corrected until the fuga-
cities are equal. At this condition the equilibrium ratio is
calcﬁlated.v. .

Enthalpy is calculated in both z2lgorithms at zero pressure’
(ideal gas state reference at zero absolute temperature) and
corrected to the pressure and temperature of interest by the
enthalpy departure evaluated from each equation of>state.

2.1 Algoritm for the two constant equations of state

Figure 3.1, presents the block diagram of the algorithm
which is used in the prediction of phase eguilibria and enthalpy

The different steps are as follows:
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3.
4.

10.
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The input data includes:

a) Critical properties

b) Ideal gas parameters for enthalpy equation
¢) Interaction coefficients (aKij, AKij)

d) Temperature and pressure of interest
Select & first estimate of phase composition X3
Determine the ideal gas énthalpy for each component

and ¥s

Calculate the equation of state parameters in both
phases. (

Solve the equation of State twice to determine the volume
and the compressibility factor.

Calculate the component fugacity coefficient and the
enthalpy'departure for both phases using the volume and
the compressibility factor obtained in step 5

Calculate the phase composition X5 and yi-using fuga-
city coefficients

Compare values of calculated and assumed phase compo-
sitions;'if the difference is less than or equal to the
convergence valﬁe (epsilon‘: .60001) calculate the
equilibrium ratios using the phase compositions or the
fugacity coefficients

If the difference calculated in step 8 is greater than

the margin value, use the aritmetic average value of

_assumed and calculated compositions in the calculation

of component fugacity coefficients
Calculate the vapor mole fraction for the feed mixture

using the equilibrium ratios
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11. Check the bhase'condition: if it is a singlé ?hase,
calculate the enthalpy departure and the enthalpy mix-
ture using the feed composition

12. If the mixture is vapor-liquid, calculate the enthalpy
mixture using the phase composition and the vépor moie
fraction

13. At constant temperature, increase the pressure until

all possible combinations are calculated

3.17.1 Subroutines reguired

Subroutine VCUB calculates the volume and the compressi-
bility factor for eééh phase, Subroutine DIFF calculates the
differential of constant "a" with respect to temperature for
the Peng and Robinson and the Soave-Redlicﬁ-KwOng equations

of state.
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:Read input data
Assgme Xi9Y4
Calculate -
component ideal enthalpy ‘
——@®
Calculate |
component fugacity coeff.
and enthalpy departure
in liquid and vapor phase
Calculate
phase compositions Xcy¥Cy
xiz(xi+xpi)/2.
yi=(yi+yci)/24"

Figure 3-1, Algorithm for the phase equilibria and enthalpy
calculation using the three two constant equations

of state.
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. | C alculla.te
equilibrium ratio Ki

Calculate -
vapor mole fraction V£ -

Calculate
enthalpy de-
parture for the

Calculate
enthalpy de-
parture for the
feed mlxture 0L V< 1 feed mlxture‘

calculate vapor-liquid.

Calculate enthalpy mixture Calculate
enthalpy — l enthalpy
mixture at mixture at

Hp=0 > Print out results | - Hy=0

Figure 3-1, algorithm for the phase equilibria and enthalpy
calculation using the three two constant equations
of state.
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3.2 Algorithm for the BWRS equation of state

Figure 3.2 presents, the block diagram of the algorithm
developed by Starling (3) for the calculation of phase
equilibria and enthalpy using the BWRS: equation of state. The
different steps are as follows:

1., The input data - includes:
a) Critical properties
b) Ideal gas parameters for enthalpy eguation
c) Temperature and pressure of}interest
d) Interaction coefficient |
e) Generalized parameters for the calculation of the
pure component Starling eleven parameters
f) Pure component parametersAdeveloped.by Hopke and Lin
2. The BWRS equation is used twice in the prediction of
phase equilibria and enthalpy. First, using the eleven
parameters developed bj Hopke and Lin (4), and second,
calculating these parameters as function of acentric
factor using equations developed by Starling (3)
3., A flash calculation is performed to the feed mixture
usiﬁg estimated values of equilibrium ratios, searching
the appropiate value of V in the féllowing relation:

| Z, (K, =1)
£(?,T,V) =szv;i 0 (3-1)

*

: i.
where: Z; is the feed composition of the ith component V is

" the vapor mole fraction, T the absolute temperafure and
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P the pressure.

An iterative procedure using the Newton-Raphson method

for convergance is followed to minimize the function in

equation (3-1). The procedure is as follows:

- a) TFor the feed composition estimate. the equilibrium

ratio for each component and the vapor mole fraction

b) Substitute these values into equation (3-1) and
check thé convergance.

c) If £(?p,T,V) is gfeater than the convergence criteria
the vapor mole fraction is corrected using equation

(3-2) and another function is calculated.

V = V 4 FVA/FVAD (3-2)
C (K. -1) 2
FVAD = z, N (3-3)
1 V(Ki-‘l) + 1

4. This flash yields the vapor mole fraction and liquid and
vapor compositions which are used to calculate liquid and
vapor densities by solving the equation of state twice.

5. The cbmpositions and densities are used to calculage
component fugacities in each phase.

6. If the vapor fugacity of any component is different from
its liquid, 'a new estimate of equilibrium ratio is used
in a new flash calculation. Y

7. This cycle is repeated until the thérmodynamic condition

(equality of component fugacity in each phase) is
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satisfied.
8. The enthaipy is calculated as stated in the algorithm

for the two constant equatiohs of state.

3;2.1 Program description

This program was presented by Starling (3), and consists
of a main program and thirteen subroutines which éan calculate
nine types of process calculations. In this work we are.only

interested in one type of calculation; the flash calculation.
3.2.2 Subroutines required

NineAaf_the thirteen subroutines included in the origihal

program are used in the flash calculation, which are:

a) PHASE: Performs vapor-liquid equilibrium prediction
usiﬁg the iterative flash calculation.

b) KI: Calculates ideal equilibrium.jratio for each
component in the mixture for use as starting K-values
ih'phase equilibria searchesf |

‘¢) BWRC: Calculétes_mixtupeqequa%;pn q§“§§gte parameters.

d) DEFP: Calculates density using false position method

e) .DENTE: In the infrequent'cases in which the Newton-
Raphson‘false position method doesnot converge in a
specified maximum number of iterations, the DHFP
subroutine calls on DEﬂTE which solves for the density
roots by frial and error.

f) FLASH: Performs a flash calculation in the two

phase region using the Newton-Raphson method.
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g) SEARCH: Searches for the value of the unknown
variable T or P, using the false position method.
h) ENTHA: Calculates the enthalpy of a mixture.

i) _OUT: Prints the results of the calculations.

A PDP-10 computer, manufactured by Digifal Equipment
System; waé used in the execution of these programs. The
computer time used by each equation was: 25.47, 27.45, 28.35
and 96.58 sec for Redlich-Kwong, SoaﬁeéRedlich-Kwong, Peng-
Robinson and BWRS equations respecti#ely for one flash célcg"
lation, Wheén these programs are saved under the extension REL
they spend 7.77, 7.2, 8.18 and 9.74 sec réspectively for nine

flash calculations.
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Read input data

—®

Assume Ri

|

Calculate | — fp/x.
densities Jgm— Flash calgglatlon — .= _%?f__
dV’dL V,L,x,y fi/y‘
Calculate 4 : ~
L ' ,
(£7/x;),
v
(£3/y4)
Ki=Rj
Calculate
- Hv,HL,Hm

Figure 3-2, Algorithm for the phase equilibria and enthalpy
calculation using the BWRS. equation of state.
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4. DISCUSSION OF RESULTS

It is convenient to divide the discussion of.results into
three parts: phase equilibria, enthalpy and summary of results
4.1 Phase equilibria |

Six binary mixtures composed of hydrocarbon and non-
hydrocarbon were studied ahd compared with experimental data.
4.1.1 Methane + Ethane system .

Graphical results are shown in figures 4-1 at 199.92 K
and 4-2 at 130.37 K. At 199.92 K, all five models produced
good results compared witﬂ experimental data taken from
Wichterle (24). The best equation is the BWRS (Hopke-Lih)
equation which produced 0.53 percent deviation in the liquid
phase. At 130.37 K, the Rédlich-KwongAequation is the oniy
equafion which presents deviation in the liquid phase, other
equations produced satisfacfory reéults (see table 4—1).'
.4.1.2 Methane + Propane system

Experimental data at 227.4 K and 283.0 K was taken from

rice (25). Figures 4-3 and 4-4 show the results at these
~ temperatures. At 227.4 K, all models produced excellent results
in the vapor phase. In the liquid phase the Peng-Robinson and
the BWRS (Hopke-Lin) eguations produced better resulté than
the other équations in the whole range of pressure. The Redlich-
Kwong and BWRS (Starling) equations diverge slightly at pres-
sure'greater than 40 atm. At 283.0 K, the RedlichéKwdng
equation produced good fit in the critical region. The BWRS
(Starling) eqﬁation deviated from the iiquid phase data
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slightly at pressure greater than 40 atm.

4.1.3 Methane + CO_, system

2
Graphical.results are shown in figures 4-5 at 250.0 K and
4-6 for 270.0 K. At 250.0, all equationé except Peng-Robinson
and BWRS (Hopke-Lin) presented significant deviations in the
liquid bhase compared with experimental data taken from
Anderson (26). The BWRS (Starling) equation produced excel-
lent results in the liquid phase beldw'ZSzatm. The SRK egquation
reproduces results very well in the vapor phase but yields
lérge deviations'in the liquid phasé, Surprisinly the Redlich-
Kwong equation produced better results in the ligquid phase
than in the vapor phase. The best reéuits were obtained with
‘ the BWRS (Hopke-Lin) equation. At 270.0 K the BWRS (Hopke-Lin)
équétion producgd an excellent fit up to 78 atm. Thé SRK and
BWRS (Starling) equations presented large deviations in the
1iquid phase, but reproduced good results in the vapor phase.
4.1.4 Propane + CO, system

Experimental data at 277.44 K and 310.78 K was taken from
Reamer et al (27). Figures 4-7 and 4-8 show the predicted M
values at theseltemperatures. At 277,44'K the SRK and Redlich-
Kwong équations gave poor resultslin both phases. The Peng-
Robinson and BWRS (Hopke-Lin) equations gave the best results.
- At 310.78 K, the only equation which presented a significant
deviation was the SRK equation. The other equations reproduced
goodlresﬁlts in bofh phases, especially BWRS (Hopke-Lin)
equation with 0.69 percent average déviation'in the liquid

phase. The Redlich-Kwong equation gave excellent results in
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Exp. data, Anderson (26)
Redlich-Kwong eq.
Soave-Redlich-Kwong eq. .- N
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BWRS eq. (Starling) \V/
BWRS eq. (Hopke and Lin) A

. .2 3 .4 .5 .6
Mole fraction of CH4
Figure 4-5, CH4 + Coz.system @ 250.0 K
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the liquid phase region and satisfactory results in the vapor
phase.
4.1.5 Methane + H,S system

Graphical results are shown in figures 4-9 at 277.44 K
‘and 4-10 at 310.78 K compared with expérimental data taken
from Reamer et al (28). At these temperatures all equations
-presented the same behavior. The Redlich-Kwong equatioﬁ gave
excellent fit in the vapor phase. The BWRS (Starling) produced
good results up to 90 atm. The SRK'equatioh gave excellent
results in thé vapor phase but diverged in the liQuid phase.
The BWRS (Hopke and Lin) equation was not used for this mix-
ture because there are not coefficients available: -
4.1.6 Nitrogen + Methane éystem

Experimental data at 177.59 K was taken from Stryjek et
al (29) and at 130.0 K from Kidnay et al (30). At 177.59 K the
Redlich-Kwong equation déviatedgfrom the experimental datavin
both phases. The‘SRK equation reproduced the'vapor phase vefy
well bﬁf deviéﬁed from the experimental ligquid phase data. The
other equations gave satisfactory results in both phases. At
130.0 K, the BWRS with Starling.and Hopke-~Lin pérameters-gave
an excellent fit in both phasés. Also the Peng-Robinson equation
.presented satisfactory results in both phases. On the coﬁtrary
SRK equation reprodﬁced the vapor phase very well but deviated
largely in the liquid phase at pressure over 15 atm. |
4.2 Enthalpy

Threé.binary mixtures composed of methane, ethane and

propane were studied and comparéd_with experimental data taken
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from Furtado (20) and Yesavage et al (31).
4.2.1 Methane + Ethane system

Enthalpy was fitted for ethane with'0.004 mole methane
at 17.04 and 34.09 atm respectively. Graphical results are
shown in figures 4-13 and 4-14. The average deviaiion tell us
that all equations except Redlich-Kwohg équation can fit the
experimental data af 17.04 atm and 34.09 atm. The Redlich-
Kwong equation is the only equation which presented an QVerage
deviation over 3.0 Btu/lb. This equation ééve a significant
deviation af low temperature, but over 221.0 K produced good
results. Other equations gave fesults within 3.0 Btu/1b average
deviation. The minimum deviafion was obtained by the Peng-
Rbbinson equation with 1.0% and 1.70 Btu/1lb at 17.04 atm and
34.09.respeptively..
4.2.2 Methane + Propane system

A (}51 mole propane in methane mixture was studied at
17.04 atm and 34.09 atm respectively. Figures 4-15 and 4-16
shoﬁ the results. At 17.04 atm the best equation reproducing
the experimental data was.the BWRS (Hopke and Lin) equation
with én average deviation of 0.59 Btu/1b, also the BWRS with
}Starling parameters and SRK equations produced deviations
below 1.5 Btu/lb which are satisfactory. At 34.09 atm the best
equétion was the SRK equation with an average deviation of |
6.49 ”Btu/lb. The BWRS with Starling and Hopke and Lin para-
meters gave aAsatisfactory results (see table II-4).
4.2.3 Ethéne + proﬁane system

GraphiCai results of a 0.76 mole ethane ihfpropane mix-
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Figure 4-14, .004 methane trace in ethane @ 34.09

atm
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Figure 4-15, .51.propahe in methane mixture @~17.04 atm
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Exp. data, Yesavage et al (31)

Enthalpy (Btu/1b)
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Figure 4-16, .51 propane in methane mixture @ 34.09 atm-
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“ture at 17.04~atm is shown in figure 4-17. All equations
except the Redlich-Kwong gave excellent results within 3.0
Btﬁ/lb average deviatipn. Thé,Péng;Robinson equation produced
an excellent fit over the experimenfal data with an average
deviation of 1.97 Btu/1lb. The poorest resﬁlts was given by
the Redlich-Kwong equation with a 11.04 Btu/lb deviation.
4.3 Summary of results

Percent average de&iatibn_from experimental data was
calculated for the predicted-phase equilibria using the

following equation: no

‘Percent ave. deviation =( : 'calg;zcexJ' x100) /ND

1
(4-1)
Where ND is the number of points.
Predicted enthaipyAwere averaged in Btu/lb using the

following equation:
. 0
Average deviation ='(§i%alc. - exp. )/ND (4-2)

Tabulated results of these deviations are shown in tables
4-1 to 4-5,

Different binary'interaction coefficients were tried  for
the Peng-Robinson and SRK equatioﬁs in fhe‘determination of
the constant "a". Table 4-6 includes the coefficients which
produced the best fit in the vapor-liquid equilibiium data.
For the BWRS.equation, we used the biﬁary interaction coef-

ficients given by Starling (3), and Hopke and Lin (4).
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5. CONCLUSIONS

It is shown that some two parameter equations of state
can prgdiQt phase equilibria and‘enthalpy of the binary mix-
tures with reasonabié accuracy. These eqﬁations are éasier to
handle and they can produce as low as 1.0 percent average
deviation in phase equilibria calculation and 0.50 Btu/1lb
~deviation in enthalpy prediction.VConclusions are made in.two
separated sections.
5.1 Phase equilibria

Methane + ethane mlxture at 199.92 K and 130 37 K can be
predicted using any of these equations: BWRS, the PengéRoblnson
and the SRK-equations. The BWRS (Hopke=-Lin) equatlon was the
best equation for both temperatures.
| The Peng-Robinson eQuation predicts methane + propane
mixtures well at 227.4 ¥ and 283.0 K. But the BWRS (Hopke-Lin)
eQuation gave‘better fit to these data. |

Experimental data for methane + 002 mixture can be fitted
at 250 0.X and 270.0 K using ‘the BWRS (Hopke-Lln) equatlon..
The SRK equatlon can fit only the vapor phase at 250.0 K and
270.0 K. The BWRS (Starling) equation gave excellent results
_atvlow pressure. '

The propane + 002 mixture was correlated very well with
" the Peng-Robinson and BWRS (Starling and H0pke-Lih) equations
Any of these equations reproduced with hlgh accuracy the
experlmental data at 277.44 K and 310.78 K.
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The methane + HZS.mixturé was fitted very well wifh the
Red1ich-Ewong 'equation.'Thelreng-qu;_nson and BWRS (Starling)
equations produced excellents up to 90 atm. Below this pressure
any of these equations can be used to fit~the‘expeiimep£a1 data

Nitrogen + methane mixture-at 177.59 K and 130.37 K can -
'bé'predicted with‘a‘minimum deviatién using the BWRS with .
Stérling and Hopke-Lin barameter§ and the Peng-Robinson
equations. The BWRS ZHdpke-Lin) equation fitted the data better
than the Peng-Robinson equation.
5.2 Enthalpy

The best equation fitting enthalpy for mixtu:e of methane
+ ethane and ethane + propané studied in this work' was the
Peng-~Robinson equafion; The methane + pfopane mixture at 17.04
atm was fitted very well by the BWRS (Hopke-Lin) equation. At
34.09 atm the SRK équation gave the best fesults.
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6. RECOMMENDATIONS

The SRK equation is not recommended for use when the
mixture has COé, st or Nz.

The RedlichQKwong equation constants "a'" and "b" were
determined in this work using the aritmetic averave of g?a
and of g?b at the saturated liquid and saturated vapor
condition. But the results were not satlsfactory. It is
recommended to try the trial and error prooedure presented by
Zudkevitch and Joffe (11) adjusting the coefficients$le and
gzb-in each phzse.

The Peng and Robinson equation is recommended for use in
the prediction of phase eQuiiibria and enthalpy of the'mixfures

' studied»in this work.
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PHASE EQUILIBRIA AND ENTHALPY CALCULATION :USING

o THE PENG AND ROBINSON EQUATION OF STATE

,_!.g-,-9—--«-----.--:—-—'_q-ﬂ-‘}c—_ﬂgq-h-—---qﬂ-—-_-- - om N ep W o

T-1873

INPUT

DATA

p-,,c-!!—-g---—n.,q- )

CRITICAL PROPERTIES |

ggq----—gnn—q-pu-wqq-— - T . -

COMPONENT

CH4 (1)
C2H6 (2)

MIXTURE ¢

PC

45,520
48,248

CH4. =

Tc,

- - - .

198,

305,268 146,136

2600

ve

~

549 99,498

C2H6 = 7400
!NTERACTION COEFFICIENT AK12= ,21P0

Ylz réﬂBQ

7.2 ATV 10

K-=VALUE

K1

Ko

W

,0138
,8587

5¢.00

MOLE

X1

ATM

FRAC.
Ye

64

..--n--.-»‘----—I—--‘?----Q---_--—-- -, > o - o R e e ™Y

INITIAL GUESS X1= .pb6p8
TEMPERATURE= 199,92 K PRESSURE FROM
_ OUT=PUT
ENTHALPY MIXTURE

PRESS,  VAPDR L1IouID MIXTURE
ATM BTU/LB '

7.2 136,15 .»93,43 44,22

9. 140,25 92,39 =56,6p
11,0 142,40 .~87.21 =65,54
13.8 143,36 83,88 723,14
15.@ 143:54 PS@ 39 ’”8%.24.
17.0 .00 -~82.32 ~80,30
19.0 2,80 ~80.26 =80,26
21.0 .08 -8¢.21 -80,21
23.” ﬂ.ﬁﬁ "8@ 17- “89017
2506 G,Eﬁ 33@013 ”8”.13
27.9 .26 =80.98 ~80,08
29.2 - 2,00 -80,04 80,04
21.0 gt@ﬁ ’79 99 =79.99
33,0 2,00 =76.,95 -79,95
35.0 2.0 =~79.98 =79,90
37.0 .00 =79.85 =79,85
41,0 2,20 -«79.76 . =79,76
43.0 .28 »79.,71 =79,71
45.0 P.,R8 ~79.66 =79,66
47.@ ﬁ,zg '?79«6ﬂ ‘"79060
49.0 Q,Qﬁ é79955..‘”79¢55

7.2184
;5.4626
4,4676
33,7763
3.27490
2.8874
2.,5819
2,3346
2,1304
1.9569
41,8132
41,6880
1.5795
1.4¢€48
1.4¢249
1.,3z292
1,2649
1,2087
21,1864
31,1164
41,2762
11,0004

'

3494

29‘863
2:247%

2,

g

e

e

e
2,
e,
g,

2033
!1937 L
g
g,
2
%
B
1746
N
€.
'
,Z,.
18263
12495

1819
1761

1727
21713

1724

1792
1862
1959
4p89

28140
3252
2910
5965

W £976
1379
,1784
.2189
2594
091
S AP9
3817
4226
4636
2245
5454
5862
16267
16668
7863
27449
»7825
8186
529
18852
G038

+6847
' 7531
97968
8271
18464
» 8665
88021
18911
9023
190281
19148

19206

9258
9385
. 9347
» 9386
19423

19457

19490
19522
9551
XTI



PHASE EQUILIBRIA AND ENTHALPY CALCULATIOA‘USiNG

- THE SDAVE REDLICH’KWONG EQUATION iCF STATE

- - .
Ll A L & L L E TN R L EX LR Rl T L PR L A L L A K AR L i X R

o~

TEMPERATURE =

- > o oo o> -

INPUT DaATA

-
--q!—-—,..‘!-n.gng.

CRITICAL PROPERTIES

LK X L Fr T 3_J -Q-QQ—QQP—qn~-a-F

CQMPQNENT PC Tt NG

CH4 (1) 45,520  19p,.548  ©9,49¢L

C2H6 (2) 48,248 305,268 146,136

MIXTURE § CH4 = 2608 C2H6 = 7402
INTERAGTION COEFFICIENT AKigs .0100
INITIAL GUESS Xi= ,1589 Yis ,77880

199,92 K PRESSURE FROM  12,8¢ ATM TC

. BUT-PUT
ENTHALPY MIXTURE K== VALUE
VAPOR  L10UID  MIXTURE  Ki K2
| BTU/LE

W

”51.@%

1‘2;22 ;é91.4ﬁ -6§¢76-"4 Blﬁﬂ_:2.2611 01624

. 143,78 . -87,93 ~=72,95 4.,p116 £,2297 ,2837

- 144,38 =84,29 ~82,31 3.4429 £.2082 ,2449
- B,B2 ~82.,89 ~82,89 3.2126 22,1932 ,z862.
2.68° =B82.85 ~82,85 2,6794 ,1827 ,3274

2,88 =82,80 ~82,80 2,4128 £.,1754 ,3686
2,80  =82.76 =82,76 2.4%47 2,31787 ,4897
ﬁ.@@ ~;82¢71 *82:71 '2.0132 2n1683 ,45%8
E.Q@' '+82l66 Q82;66 ~1;8598 zl1678 04918
0,00 'f82§62 -82,62 1,7z88 '3.1692';5327
.80 . =82.,57 ~82,57 1,6156 12,1725 ,5734
.08 -82,52 ~82,52 11,5172 ¢,178p ,6138
2,00 w82,47 -82,47 41,4211 ¢,1858 ,6538

z.zz 82,42 ~82,42 11,3555 @£,1966 ,£932

0,00 =82,36 =82,36 11,2689 @€,2112 ,7319
- B,28  -82,31 ~82,31 1,233 ,2306 .7697
2.280 =82.,26 ~B2,26 1,1787 £.2569 ,8061
.08 ~B82,20 ~82,2¢ 1,135 £,2935 8411
.20 =82,15 ~82,15 .1,2639 £,3467 ,£743
.00 82,09 =82.09 1,562 £,4318 .5057

- -82,03 .28 ~82,03 £,9749 11,6259 ,5615
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PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING
THE REDLICH KNONG EQUATIOh oF STATE

',.--9—--------,-s-”--—_--—----------n--"w

TEMPERATURE®

" PRESS.,
ATM

INPUT

m;'ﬂ-ﬂ—.-.

DATA

CRITICAL PROPERTIES _

COMPDNENT PG
CH4 (1) 45,520
C2H6 (2) 48,248
MIXTURE

TC

192,
305,

ve
542 99
268 146,

i CHe = 2600 C2H6 = .7
INTERACTION COEFFICIENT aKids ,2100
INITIAL GUESS Xi= 0882
199,92 K PRESSURE FROM

QUT=P

uT .

-
Sy o B om B wn W T  Ty ™

ENTHALPY MIXTURE

VAPOR

Lloulp
T gTU/LE

MIXTURE

Yis .66@9

KmnVA
K3

49¢ .
136

400

To0

LUE
K2

49,00

‘MOLE
X1

66

ATM

FRAC,
Y1

nvQFGOQP----Q---ﬁ--P-'—ﬂ-P---qhquﬂ—Q-b‘_-E ----- [ R X R Rk R

6.0
8.0
10,0
12,0
14,0
16,0
18,0
20,0
22,0
24,0
26,0
28,0

30,0
32,0

34,0
36,0
38,0
4.0
42,0
44,0
46,0
48.0

140,61

135,28

143,41

144,75

145,17
2.80
@,20
2,00
0.20
e.20
g'ﬁz
ggﬁﬁ
0,00
2.00
2,00
2,09
g.00
2.00
g.20
.20
2,20

=106,38

=103, 20

. =99,45
*95,74
'“91.78
*90.66
»u9ﬁ-62
,,92 57
290,53
«93,48
e9ﬂa43
9P .38
’999e33
,?99 28
-99Q¢23
50,18
-7 PR
902,07
-u9ﬂ;02
89,96
.989 91
'”89;85

=47 ,81.

~63.¢9

,,73'1g .4
’81:25

~88,74
90,66
=92, 62
~90,57
90,53

"95.48

90,43
99,38

~90,33

=90,28

‘99ﬂ.23

=90,.18

:”9@,13

”9gcg7
’9@-22

A”89t96

"89991
=89085'

8,1273
6,0633
}8351
4,01€3
3.4290
2,9€£87
2.6464
2.3724
2,1483
1.9618
1.8£44
1.6724
1.,5847
1,4549
41,3683
1.2933-
1,2285.
1,1%27
1,1253
1.8855
1.8825
1.2¢20

2 369@
2,2910

’2.2453
‘242198

2,1959
£.1820
2,1724

L1660

g.1622
2.160¢
2,1610
2,163
£.1683
241755

£,1837

£,1996
2,2184
£.2438
g.,2788

£.3287

2.40250

24,9999

cz815
1228
o1644
vel64
(2487
12914
y 3345
' 3780
14218
4660
+5105
15552
.5999
16445
16886
17318
27738
v8140
8520
8871
5189
$294

L6611

7447
L7951
8287

8528

18740
8853
18967
19062
19143
9212
9272
19327
09376
19422
9465
+9506
19547
+ 9587
19629
9672
9094
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. PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

' COMPONENT PC TC - Vve W
CHy- (1) 45.520 190.540 99.490  .0130
¢, He (2) 48.248  305.260 146.136  .0987

TEMP. = 199.92 K PRESSURE FROM 5.0 ATM TO 45.0 ATM

OUTPUT
Sté:ling Hopke-Lin

AK12 - ,0100 , .0005
el OO N & X(1) (1)

5.0 0622 .5653 .0597 .5512
10.0 1672 .7810 1667 7723
15.0 . 2685 .8533 +2735 .8469
17.0 .3083 .8704 .3160° .8647
22.0 4064 .8996 L4213 8952
27.0 .5035 9182 5244 9150
32.0 6000 9312 .6239 9292
37.0 6954 9412 .7182 9403
40.0 7573 9462 L7713 .9460
45.0 .8390 .9536 .8500 .9516
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PHASE EQUILIBRIA AND ENTHALPY CALBULATION USING

68
o THE Pams AND ROBINSON EQUATIOA oF STATE
T-1873 ‘INPUT QATA A
CRITICAL PROPERTIES _
COMPONENT _ PC TC . ve W
CH4 (1) 45,520 190,547 99,492 0138
C2Hs (2) 48,248 305,260 146,136 ,D587
MIXTURE 3 CH4 = ,2688 C2H6 = ,7408
INTERACTION COEFFICIENT AK12= 2102
INITIAL GUESS Xi= .g982 Yis ,5730
TEMPERATURE= 130,37 K PRESSURE FROM @S¢ ATM TO 3.60 ATM
. QUTePpT
ENTHALPY MIXTURE keeVALUE MOLE FRAC,
PRESS, VAPOR onuxo MIXTURE K1 K2 X1 Y1
ATM BT/l
U5 113,26 n163.97 <132.86 9.9472 £.0296 (2978 19783
8.7 113,71 <161.92¢ =137,80. 6.9€79 £,0215 ,14B9 9816
.9 113,82 =159.780 =~144.88 5.3143 2,172 1856 19862
1.1 113,77 =157.33 ~151,21 4,2€11 £,2142 ,2321 .9891
1,3 8,89 <~155.86 ~155,86 33,5209 £,f123 ,2807 ,991i2
1.5 .00 =-155.84 =155,84 2,9543 £.,L18% ,3315 ,9927
1.7 ?.00 =155,82 ~155,82 12,5838 .£,8099 ,3848 ,9939
1.9 9,80 =155.80 =155,8p -2,2578 ©,0001 ,4406 ,9949
2{1 ﬁ.gﬂ ”155078 ”155178 1a9946 ‘Z|2686 04992 v9957
2.3 2,09 =155,77 =155,77 1.7788 £,0p82 ,5604 ,9964
2.5 2,80 ~155,75 =155,75 .1,5578 .£,C088 ,6240 ,9970
2,7 8,88 ~155.74 ~155,74 1,4472 £,8079 ,6893 ,9975
2.9 2,08 -~155,72 =155,72 .1,3z16 '£2.008¢ ,7552 .9981
3.1 2,80 =155,71 =155,71 11,2176 2,£081 .8201 ,9985
3.3 @.0¢ =~155,7¢ =155,7¢p 11,1324 £,2085 ,8822 .999¢
3.5 @.EG ”155&68 .“155|§8 .1«@632 2:2@59 {94%9 a9995



PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING
THE SQAVE~= REDLICHaKNONG EQUATIGM CF STATE.

- o o= 4---“--ﬂ-_--~---"’-=-ﬁ-—-_---'-—-—’--- - - o

T-1873

TEMPERATURE=

» ®» W & ® P B W ® e ® e e wow w

TGN NI N NS S 10 D ) 6
VNI ONUIGIE OV O~ W

INPUT DATA

-
T ID o e N T Oy

CRITICAL PROPERTIES

Fﬁ’--”—-e.,-?-,."”--‘““sgﬂq

COMPONENT  PC ¢ Ve

-

CH4 (1) 45,520

C2H6 (2)
MIXTURE 3

96 ,49K
146,136

190,548
48,248 305,261

CH4 = ,2608 C(C2H6 =
INTERACTION COEFFICIENT AKi2s .2100
Yis L9730
2.5¢ ATM TC

INITIAL GUESS Xiz
138,37 K PRESSURE ‘FROM

0989

v'GUTnPUTv‘

LT Tk iad ot T ol
ENTHALPY MIXTURE K-«VALUE

VAPOR  L10UID

7402

MIXTURE K1 K2

. BTU/LB

-

W

pagne-g-'—-qg..-,.pn,-!!-‘-..ﬂ——-p_..qq,q_----q'm-ﬂﬂ.-z--!-!-ﬂ‘-.--—

'3|6Q

MOLE
X1

,1ﬁ81
1548
VeR29
12526
42039
3570
(4118
14685
5270
16488
7111

0'7735~

8349
€940
5498

69

ATM



PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING 70
'THE REDLICH KWONG EQUATION OF STATE

qi,-é".ﬂ"""?!’? ----- E.-p-c-ﬂ—u-?—'-n.,—-..pm--.. ..... - X X XX 2

bt

INPUT DATA
T-1873 .g;aﬂfﬂogﬂsﬁéﬁn

CRITICAL PROPERTIES

-
LT L2 X e it Db o T Py L e T

compowsur e ,fc, Ve W

-

CH4 (1) ' 45|526 199|54ﬁ 99I49Q 0130
C2Hé (2) 48,248 305,269 146,136 0687

MIXTURE ¢ CH4 = 2688 C2H6 = 7400
INTERACTION COEFFICIENT AKi2s @100
INITIAL GUESS Xiz ,11g8 Yis .9800

TEMPERATURES 130,37 K PRESSURE FROM  £.6¢ ATH To 2,80 ATH

_ DuT-PUT
Pl LI T T L
ENTHALPY MIXTURE K==VALUE MOLE FRAC,
PRESS, VAPOR  L1QUID  MIXTURE  Ki K2 X1 Y1
ATH | BTU/LB | T

2.6 134,54 ~»211.44 183,21 7.27957 2,427 .1399 .9897
114,53 =209,74 =187.,48 5,9269 £,0103 ,1673 ,9914
114,48 =207.91 ~=191,99 5,875%¢ £2.6P%p .1956 ,9928
1l4a4ﬁ '*225:99 ’197.97 '4 4177 ‘2(2885 f2255 19938
114029 A.2ﬁ3095 '2@2.76' 3;8928 :elzg73 f2555‘09945
2,20 ”2ﬂ3063 '2%3.63’ 3;465@ ‘2,@667 »y 2872 |995?
.00 =203,62 =203,62 3,1083 £,0063 ,3203 ,9957
ﬂ.@ﬂ 'FZZS.Qﬂ »203,60 '2}&271~32r@ﬂ58 63549 19962
2.20 92ﬂ3.59 '2%3.59 12.5488'32.@556 ¢391ﬁ,.9966
.00 =203,58 =2p3.58 2,3250 2,RP53 ,4288 .%997@
glgg ’2%3!57 ‘“2%3.57 f211294 1Q|Qﬂ51 w4683 09973
.00 =203.56 =283,56 1.,9572 £,2049 ,5097 ,9976
2,00 -203.,55 =2p3,55 11,8049 L£,€048 ,E529 9979
0,08 ~283.54 =203,54 41,6698 £,2048 ,5977 ,9981
0,028 «203,53 =203,53 1.5522 £,8047 ,6440 ,9983
.88 -203,52 =203,52 4.4444 02,0048 ,6913 .9985
.08 =203.51 =2p3,51 1.3%16 2,0048 ,7390 ,9987
.00 ~283,50 =203.50 1,2705 £,€050 ,7863 ,9989
2,00 ~203.49 203,49 1.2024 €,€051 .8323 .9991
2,88 «203.,49 «2p3,49 11,1403 2,8054 ,8764 ,9993
D.20 =203,48 =203,48 .1,LE90 2,£856 ,5178 .9995
2,80 ~2083,47 -=203,47 41,0454 £,0060 ,5563 9997
P.28 ~203.46 =203,46 41,0083 2,00864 ,5917 .9999

NHOhJNHOhJNNUN)PW‘F‘PW‘&‘PJ‘P‘PWQEi&

» ®» e W B ® S S ® e B P B P " B P ® OB ® W ®

GTQ(hULL(RNN*E;Otb\aodﬂbdﬁﬁ)P49£)m‘4



T.1873

PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC 7C Ve W
CcH, (1) 45.520  190.540 99.490  .0130
CoHe (2) 48.248  305.260 146.136  .0987

' TEMP. = 130.37 K PRESSURE FROM .50 ATM TO 3.0 ATM

OUTPUT

Starling Hopke-Lin
AK12 - .0100 - +0005
Press. x(1). Y(1) x(1) (1)
0.50 1245 9747 1066  .9754
1.00° .2422 .9887 -.2232  .9887
1,50 .3578 .9934 3479 9933
2,00 . .4789 .9958 4820 .9957
2.50° .6152 9973 6262  .9972

3.00 7775 .9984 777 - .9984




PHASE EQUILIBRIA AND ENTHALRY CALCULATION USING

72

THE PENG AND ROBINSON EQUATION OF STATE

_'-g?--uo------—-—---pﬂnpuqn--l..-—,..-_--.q—- A R X X L X X3

INPUT DATA

-

T-1873

CRITICAL PROPERTIES

- s g, 5 TP TR u B T n TR ww -

GOMPONENT _ PC TC ve W

-fcna (1) 45,520  i9p,548 99,498  ,0130
C3H8 (2) 42,818 369,660 199,98%  .1520

MIXTURE & CHY = 4988 G3H8 = ,5100
INTERACTION COEFFICIENT AKk12= ,8230
INITIAL GUESS Xisz .#252 Yis (3750
TEMRERATURE® 227,48 K PRESSURE FROM  1p,0p ATH TO 75,08 AT

OUT-PUT

~-;¢E-E-ﬂﬂp§--

ENTHALPY MIXTURE ‘KenVALUE ‘MOLE FRAC.
PRESS., VAROR  LIQUID  MIXTURE  Ki K2 X1 Y1
ATH . BTU/LB , |
,,Qbﬂd-ﬂ— ---0?—‘!—--—?-!'-9'305.-'!-363- LN K R X kR kB il T o - -

10,0 169,94 81,54  ~5,46 9,0438 £2,11B5 /2996 ,9005
14»@ 171o84 ;EVBQéﬂ '”11o97 6 4969 EZ zaal l1423 99245
18,0 171,42 275,53 =16,77 5.0795  £,2768 1845 ,9374
22,8 169,77 72,31 ~28,90 4,1755 @.Z707 ,2264 ,9453
26,0 167,36 =68.89 ~24,73 .3,5487 £.,k677 ,2679 ,9505
30.0 164,41 «65.26 -28,46 3,062 L£,£667 ,3091 9539
34,0 161,81 w61.40 . =32.18 2.7314 £.0674 ,3501 .9562
38.2 157,21 «57,26 =35,97 .2,44%7 2,0695 ,3989 .9576
42,0 153,82 =52.79 39,88 2,2200 £.,0732 ,4317 .9584
46,0 . 148,43 <47,94. =43,95 12,0284 B,L786 .4726 .9586

50.0 0,80 e45.74 -45,74 11,8654 ,P861 5136 .9581
54,0 p.00 45,74 ~45,71 .1.,7243 £,£963 ,E551 .9571
58,0 0,28 =45,69 =45,69 11,6020 ¢,3106 ,5971 ,9555
62,0 B.88 ~45,65 =45,65 11,4685 z 1329 ,6401 ,952¢
66;@ ! ﬂo@a ‘"45 61 ”45.61 1;3863 1615 06846 !9491
78.2 §.,80 45,57 =45,57 14,2665 .2.41145;7315 9432

74,9 guﬁg. ‘"45 52. ”45'52‘:1l1929 ’2(3@76 ;7829 19332



PHASE ‘EGUILIBRIA AND ENTHALRY CALEULATION USING

T3
. THE REDLICH Kwonc EGUATIOA OF STATE
NPUT DAT
T-1873 -;1;-,-,Ef;f--
CRITICAL PROPERTIES )
COMPONENT _ PC T Ve W
Ladod Rl g 2-'-9-~--2-$-9~-—-H--—1-%--e'P—s*-*-9~’~?ﬂn
CH4 (1) 45.52ﬂ 19z.54z . 99,498 .aiSﬂ
C3H8 (2) 42,010 369,668 199,982 1520
MIXTURE ¢ o(CH4 = ,4900 C$H8= 5104
INTERACTION COEFFICIENT AKi2s ,02920
INITIAL GUESS X1z ,0250 Yis ,3750
TEMPERATURES 227,42 K PRESSURE FROM 12,82 ATM To 75,00 ATM
~ OUTRRUT
ENTHALPY MIXTURE k= VAL UE NOLE FRAC,
PRESS. VAPOR  L1QUID  MIXTURE  Ki K2 Xt Y4
ATH . BTU/LB SR |

-EQPﬁﬂﬁq-ﬂ‘-----q-—’-”-F--Qnﬂqcu—nﬁ-g--m-a—-ﬂqd-Q-l-GQ------ﬂ

10,0 167,25 =80.87 ~3,88 8,1%80 £,3272 ,1098 ,8867
14,8 169,94 <77.53 ~11,42 .5.8451 2,4011 1565 ..9147
18,0 17@.@4 .;74,ﬂﬂ ’1@:91 4.569@ '20Q879 (2@35 .9322
22,0 168,77 w76.25 ~21,63 3,75%51 ¢.,08@8 ,25@82 ,9394
26,8 166,64 «66,24 =26,05 3,120 ©,B772 2964 9457
SQ.Q 1&3089 'R61 94 "3@.41««2.774ﬁ Zd2761,i3424 Q9499
24,0 160,62 .=57,31 =34,83 2,4544 2,770 ,3882 ,9529
- 38,8 156,89 =52.,27 ~=39,43 2,225 ‘2.,0798 ,4339 ,9548
42,0 152.71 46,77 =44,30 1.9%33 £,0845 ,4796 ,9561

46.0 .08 45,43 ~45,43 1.8223 €,0915 ,5255 ,9566
50.0 .08 -45,42 =45,42 41,6731 £,1016 ,5717 ,9565
54qg ﬂ.ﬂﬂ 1«45 39 "45;39 ~1;5453 201161 r6185 09557
58,0 .80 -»45,36 =45,36 11,4324 £,1375 ,6661 ,9541
62.0 2.20 ~~45.32 -45,32 31,3323 02,1749 ,7151 .9513
66.ﬂ Qoﬂﬁ '?45 27 "45.27 1)2349 2{2291 ;7665 09465
76,0 0,88 =45,22 =45,22 41,1388 £,3547 .8238 ,9372
74,0 2,80 45,17 =45,17 1.6201 £.9993 ,8673 .B674
" ARTHURLAKBSLERARY _
EOLORADO SCHOOL of MINES

GOLDEN, COLORADO 80401



PHASE EQUILIBRIA AND ENTHALPY CAL&ULATIOR'USING

74
“ THE sosz REDLICH*KNONG EQUATION CF STATE 7
INPUT DAT
-1873 et
CRITICAL PROPERTIES
COMPONENT PG TC Ve W
P’-?F‘---‘--’—g-F-,-P-pﬂgﬂﬂ-gﬂ-’,-'ﬁ LA K K R X A X S X Sk K & X
CH4 (1) 45,520 190,542 95,492  ,2330
C3HB (2) 42,018 369,668 199,982  ,1520
MIXTURE ¢ 'CH4 = ,4908 C3IHB = .5100
INTERACTION COEFFICIENT AKi2= ,@230
INITIAL GUESS Xi= ,0250 Yis ,3750
TEMPERATURE® 227,40 K PRESSURE FROM 12,02 ATM TC 71,88 ATM
_ BUT-PUT
p,~w~m-m--a-,
ENTHALPY MIXTURE  K-=VALUE " MOLE FRAC.
PRESS. VAPOR LIGUID  MIXTURE K1 K2 Xi Y1
ATM i eruxue <

p-—q-——-—”*----Oq——-nﬂ-ﬂ-?-—:v-ﬂ?,—— o T > S O wn G E5 MR mn U PV OR D wn SR g VR w o -
10,0 172,94 »84,083 -8,38 88,3747 €, 1981 91979 u9ﬂ35
14,0 172,97 =»82.78° ~14,99 6, 2237 2,2862 ,1539 ,9271
18,0. - 172,69 - =77.280 -19,91 ~4,7156 “2.2751 «1993 ,9399
22,8 171,21  «73.51 24,18 32,8816 £,L691 ,2442 ,9478
26,0 168,97 «69.58 =28,2p0 3.3¢28 £,L661 ,288B5 ,952¢
38,0 166,19 65,40 '~32,14 2,8778 £,86B2 ,3324 .9565
34;@ 162098 36@094 '36,12 2{552@ zl266ﬁ f376ﬂ 99588
38.0 159,37 »56.13 ~40,22 2.2%05 £.0682 ,4193 .9604
42,8 155,39 #52.93  ~44,49 2,0789 £.,8719 .4624 .9613

46,0 2,29 -947935 "47g35 1.9225 £,8775 ,E@55 9617
50.0 B.80 =47,33 =47,33 11,7525 ¢,2852 ,8487 ,9615
54,0 P,08 »47.30 =47,38 11,6225 £,C960 ;5922 .9609
8.0 2,00 =47.26 47,26 41,5277 £,1112 ,6364 ,9596
. 62.0 0.202 ’f47c22> »“47.22 1.4e42 2.1334~05819 9576
66,0 0,880 47,17 =47,17 11,3280 R.1682 ,7298 ,9545

0.0 P,.20 47,12 «47,12 1.2126 £.2309 .7834 9500



T-1873

PHASE EQUILIBRIA CALCULATION USING
PHE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC TC ve W
cE, (1) 45.520 190.540 99.490  .0130
C5Hg (2) 42,010 369.660 199.982  .1524

TEMP. = 227.40 K PRESSURE FROM 10.0 ATM TO 74.0 ATM

OUTPUT
Starling Hopke-Lin
AK12 .023 .001
Fress. x(1) . x(1) (1)
atm '

10.0 .1061 .9026  .1017 .8998
20.0 .2110 9443  .2130 9414
30.0 +3070 .9566 .3242 9537
40.0 3965 9611 4348 .9580
50.0 . 4815 9614 5443 .9582
60.0 .5637 9579 .6523 .9540
70.0 6450 9482  .7609 .9406
72.0 6613 .9450  .7839 .9348
74.0 6777 9411 .8076 .9406

75



PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING
‘ 76

" THE REDLICH KwONs EQUATION OF STATE
T-1873 _INPUT DATA
CRITICAL PROPERTIES _
Bt F L Raihad ARl Aol Rl L X A X E-X
_COMPONENT _ PC R T w
CHO (1) 45,520 190,548 99498 0130
C3HB (2) 42,018 369,667 199,982  ,1520
MIXTURE § CHY = 4900 C3u8 = 5108
INTERACTION COEFFJCIENT AKlz= ,p202
. INITIAL GUESS X1z .1108 Yis ,8820
TEMPERATUREE 283,80 K PRESSURE FROM 16,82 ATM To 91,08 ATM
OUT-PYT
.n;eQEB-P-—Nq”
ENTHALPY MIXTURE K==VALUE MOLE FRAC,
PRESS. VAPOR  LI1oUID  MIXTURE  Ki K2 X1 Y1
ATM BTU/LB |
10,2 156,25 .00 156,25 12,0424 £,7471 .2224 .269§
15.0 151.48  @.%8 151,48 8,1465 £y5475 2595 ,485%

20,0 159,81 »14,36 199,79 6,1€27 £.4498 ,£963 ,5935
-.25,0 163,72  o11.P6 89,36 4,9853 £,3944 ,1328 ,6582
5@yg' 166,23 ”7063 77.06 4,1443 2,3608 .1689 7001
35.0 167,18 »3.96 68,51 33,5569 £,3405 .2049 .,7293
40.8 166,95 ~0.12 61.99 3.,1177 02,3290 ,2486 7501
45,0 - 165,78 3.95 56,69 '2,7782 £,3243 42763 .7653
50.0  163.82 829 52,16 2,4889 £,3252 ,3119 7762
85,0 161,13 12,93 48,17 2,2851 £,3313 .3476 ,7839
60,0 157,75 17,95 44,53 2,P566 £,3426 3835 ,7888
65.0 183,65 23,43 43,16 1,8843 £.,3598 ,4199 7913
70.8 148,78 29,49 37,97 1.7216 £,3842 ,4571 ,7914

75.0 2,20 35,20 35,20 41,5627 £,4182 ,4954 ,788%
80,0 2,00 34,37 34,37 1.4623 £,4667 ,5357 ,7833
' 850@ E.ﬁﬂ 33@65 33065 1.3334 2.5482 ;5797,07729

¢2.0 ﬁ.ﬂﬁ 33!01 33.@1 1.1¢8%4 21§737 06327 97526



PHASE EQUILIBRIA AND ENTHALPY CAL&ULATIOB USING
‘THE SDAVE -REDL I CH=KWONG EQUATIONfEF STATE

- o - -

7-1873 INPUT DATA
: »,pe-e——n-—-n-
CRITchL PRUPERTIES )
COMPONENT . PC : T - VG W
'*9?"'”"‘-!."""--"-;"?Q"HP‘EH;QH-‘FQ0*":1;05"-.'.-Q-mﬁﬁ-ﬁﬂﬂﬁ-.-i-.—
CHA (1) 45,520 195.547 99,492 0130
C3H8 (2) 42,010 369,663 199,988 1520
MIXTURE ! (H4 = ,4900 C3W8 .= ,5100
INTERACTION COEFFICIENT AKi2z ,p23¢
INITIAL GUESS Xi= ,1100 Yis ,8820 _
TEMPERATURE= 283,00 K PRESSURE FROM 10,82 ATM TC  86.00
_ BYT-PUT
ENTHALPY MIXTURE ‘k=oVALUE MOLE
PRESS., VAPOR  L1I0UID  MIXTURE K1 K2 X1
ATH BTU/LB _ . '
10,5 155,79  0.08 155,79 12,8463 £.6854 (0259
15.8 155,18 27,34 134,22 8,6792 @,5P19 ,2609
20,8 162,99 =24.14 97.@6 6.555@ £,4122 ,R956
25.2 167,81 22,81 - 79,07 ©5,2715 g,3612 ,1381
30,0 169,87 .«17.33 68,03 4,4064 2,3322 ,1643
25,06 178,71 =13.67 60,28 3,7634 2,3113 ,1984
49.0 172,45 =9,81 54,34 3,3121 £,30804 ,2323
45,8 169,31 ~5,73 49,52 2.,9420 £,2955 ,2662
50,0 167,46 -y 98 45,41 2.6425% R,2955 ,3002
55,8 164,99 3,28 41,81 2,3538 g£,3908p ,3343
66,80 161,95 8,32 38,55 2.1827 2,3987 ,l689
65,8 158,38 13,85 35,55 1,9697 £2,3221 ,4041
78,8 154,27 20,00 32,76 1,876 £,3410 ,4403
95,8 149,61 27.96 32,12 1.6%p4 2,367 ,4783
BB.O p,80 28.71 28,71 1,5516 12,4035 ,5195
85,0 2,20 27,86 27,86 1,4263 2,468 ,5688

—-b-—---qn-P-pD---,’ﬂ-"-ﬂ— ----------- o =

T7

ATM



PHASE EQUILIBRIA AND ENTHALRY CALCULATION USING

THE PENG AND RQBINSON EQUATION OF STATE
g m e M "!'3"'--“-—5'.'5"'1!'-'3"-"—-9-—-39-3 ------- Al L E L 2]
N T
T-1873 ot T PATA
CRITICAL PRDPERTIES .
COMPONENT ~ PC  T¢ VG W
CH4 (1) 45,520  19p.548  99,49¢  .@130
C3IH8 (2) 42,812  369.66p 199,988  ,1520
MIXTURE ¢ CH4 = ,4908 C3W8 = .5100
INTERACTION COEFFICIENT AKi2= ,023¢
INITIAL GUESS Xiz ,11¢@ Y1s ,8880
TEMPERATURE® 283,80 K PRESSURE FROM  1p.22 ATV TO 91,80 ATM
_ QuT-PUT
s 0T W T 0y Ty
ENTHALPY MIXTURE K==VALUE MOLE FRAC,

. PRESS. VAPODR  LIoUID  MIXTURE  Ki K2 X1 Y1
AT - BTU/LB : - .

"10.8 155,51  0.08 155,51 13.5723 £,6821 (0247 3347
15.8 154,62 26,45 134,09 6,1€73 2,5007 ,£576 5281
20,0 162,87 =23.57 97,89 6.9259 £,4122 0982 ,6250
25,0 166,18 =20.58 80,20 5.5665 £,3628 ,1226 ,6824
30,0 168913 '?17!46 69,30 4,6824 2.3316 31547 7167
35,0 168,58 14,20 61,63 3,9642 £,3131 .1866 ,7453
40.0  167.91  «18.78 55,76 3.4564 -0.,3226 ,21B4 ,7635
45,0 166,38 ~7,49 50,98 3,1256 £,2981 ,25008 .7765
50,0 164,11  ~3,39 46,92 22,7865 46,2983 ,2817 ,7857
55,0 161,21 .64 43,35 2,5274 243029 (3134 7920
6.8  157.71 - 4,94 42,13 2,353 2,3117 ,3452 ,7959
65,0 153,62 9.56 37,18 2,1135 £,3 3774 ,7977
6.8 148,92 14.58 34,42 1,9446 £,3434 ,4101 ,7974
75.0 143,53 20,10 31,81 1,738 £,3680 ,4435 .7952
8p.2 137,33 26,26 29,32 11,6539 '¢,4011 ,4781 ,7907
85,0 2,00 27,95 27,95 1,5226 £,4463 .5145 ,7833
00, P ¢,80 27,20 27,20 1,3634 £,5115 ,5539 .7719

78



T-1873

"PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC TC Ve W
cm, (1) 45.520 190.540 99.490 0130
o Hg (2) 42.010 369.660 199.982 .1524

TEMP. =  283.0 K PRESSURE FROM 20.0 ATM TO 90.0 ATM

OUTPUT
Starling Hopke-Lin
AK12 .023. .001
Press. : .

o X(1)  ¥(1) x(1) (1) -
20.0 .0855 .6314 .0902 .6261
30,0 .1439 .7273 .1549 7219
40.0 .1997 L7719 .2187 L7672
50.0 .2533 .7948 .2820 .7886
60.0 .3051 .8055 3450 .7986
70.0 .3556 .8075 .4085 .7981
72.0 .3656 ,8070 4214 7969
74.0 © 3755 .8062 4344 7952

' 80.0 4054 .8018 4744 .7870
85.0 4302 .7958 .5095 <7751
90.0 .4553  ,7853 .5480 .7558

79



 PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING

6543 ,3808

.80 -

« THE Pch AND RcBlNSoN EQuATzon oF STATE'
- NPU T
CR]TICAL PROPERTIES
;GOMPONENT PC . TC Ve W
- CH4 (1) 45,520 199,548  99,49¢  ,0430
caz . (2) 73,090 304,003 93,968 ,2250
MIXTURE ¢ CH4 = ,5@2@2 ©0p3 := .5200
INTERACTION COEFFICIENT AKize ,G980
INITIAL GUESS X1s ,p1@@ vis ,1080 |
TEMPERATURE= 250,08 K PRESSURE FROM  20.2¢ ATK TO 78,80 ATH
N QUTHPQT
ENTHALPY MIXTURE k=~VALUE MOLE FRAC,
"PRESS, VAPOR  LIGUID MIXTURE  Ki k2 x1 v
ATM ' _ BTU/LB : 3 .
..,-—-u--—n---——-v—--n--,.—'-h ---------------- Q--tﬂ’q--"-‘-"'-—v--»..-v—-puq
28,0 183,12 2,00 103,12 12 1467,,2 059 21082 .1P234
23,0 101,21 2.80 191,21 8,716 B.8173 ,£231 ,2816
26.0 99.23 ¢.00 99,23 7.6123 eza7592 2364 ,2774
" 29.0 97.17 ¢.02 07,17 6.7224 £,6981 25081 ,3368
-32.0 95,82 2,20 95,82 5,9649 .£,6571 ,£642 .3851
.35;E 'f92g76 ' ﬁnﬂz 92{76‘ 5;3&71 "2f6246 e¢788 1A246
38.9 90,38 7.00 97,38 4,871 £,5987 ,2939 ,4575
41.0 87,86  p.02 87,86 4,4267 '€,5783 ,1096 ,485p
44,0 86,26 =47,25 82,36 4,0395 :£,5625 ,1258 ,50B3
47,9 86,16 =45,07 73,44 .3.6583 £,5506 ,1428 5280
50,0 85,65 ~42.75 65.98 .3,3546 2,5423 ,1605 ,5447
53.0 84,75 m4p.26 59,61 .3,122z,'z.¢374..179e .5588.
56,0 83,47 ~37.58. 54,84 2,870 ¢,5357 ,1985 .57¢¢6
59.0 81,79 =34,68. 49,17 2,6495 £,5373 ,2191 ,5804
62.9 79,69 «31.51 44,64 2,4417 2;5425 12409 .5882
65,0 77.13  =28,01 40,56 '2,248% £,5517 .2642 ,594%
68.0 74,24 =24.09 36,77 2,0671 £,5656 ,2893 ,598¢
7¢.82 72,33 =19.,63 33,20 1,8546 £,5856 ,3166 ,5998
74.0 65,79  ~14.44 29.8p  1.7278 £,6137 2467 5991
77.@ 6@.@9 ”*8016_ .26:5@' 1{5622 2. 05948



PHASE EQUILIBRIA AND ENTHALPY CALGULATION USING
THE SOAVE~REDLICH=KWONG EQUATIOM .CF STATE

.--Q—Q-—w———-———-—_—--9-?- -------------- LE S X X L L X X X 4.3

81

INPUT DATA

- .
e P P L N P P

T-1873

CRITICAL PROPERTIES

- o gy TPV OO s Y s P e Ry on -

COMPONENT  PC TC VG W

. “
nqe-—-w---gp-F~g—g—q—qm-wh_- L k. L A KRR Y S

CH4 (1) 45,520 190.542 99,4980 0130
c22 (29 73,808 304,08 93,568  ,2258@

MIXTURE ¢ CHé = .5080 ce2z = ,5¢00
INTERACTION COEFFICIENT AK12= ,050¢
INITIAL GUESS X1z .51 Yis ,1P&0
TEMPERATURES 250,B¢ K PRECSSURE FROM . 20,82 ATM TC 66,88 ATM

QUTnPgT -

ENTHALPY MIXTURE K-=VALUE  MOLE FRAC,

PRESS. VAPOR  LIoQUID MIXTURE  Ki K2 X1 Y1

ATHM . BTU/LB. o

20.0 103,20 3.B0  103.20 6.8080 £,5141 .2146 .£992
23,0 101,29 2,80 191,29 ©5,8395 £,8251 ,2349 2037
26,0 99,29 .00 99.29 5.pES2 £,7582 .£558 L2844
29,0 97,21 .00 97.21 4.4503 2,7071 2774 (3477
. .32,2 95,82 z.20 95,02 4.0009 2.,6674 ,2998 ,3992
35,0 92,70 .00 92,70 23,5530 £,6367 ,1229 .4415
38,0 98,25 7,00 97,25 3,2474 £,6131 ,1469 4769

41,0 88,50 ~u42o58 85.04 2,9523 £2,5955 ,1718 ,5p68
44,0 89,18 =39,18 73,36 2,6518 £,5831 ,1977 .5322
47,8 89,45 35,30 63,74 2,4640 £,5754 ,2248 ,554yp
80,0 89,32 e31.12 55,60 2,2¢18 €,5722 ,2533 5727
53,0 88,81 =26.45 48,53 2,2779  2,5738 ,2834 ,5888
56,2 87.93 w21.12 42,26 1,91¢2 g,58@05 ,3155 ,6826
59,0 86,64 .n14,80 36,59 1,7528 £,5939 ,I504 ,6143
62.0 84,89 6,72 31,41 1,5583 2,6172 ,3902 ,6236
£5.0. 82.08 7.62 27,086 1,484 2,6712 ,4468 6282



PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING

82

| THE REDLICH KWONG EQUATION -OF STATE
S g W g e o TGP o e -ty oy 92D -G o T T T e o O on W2 W e -
, INPUT DATA
T-1873 -’;-'f-"'!"'"',-,‘!uﬂ.--
CRITICAL PRUPERTIES
ne---apq3ﬂ'-9-?qfanp%nugqg
COMPONENT _ PC Tc . ve W
CH4 (1) 45,520  19p.548  99,49E 0130
cez (2 73,008 304,088 93,960 2250
MIXTURE ¢ CH4 = .5P82 Cg2 = 5000
INTERACTION COEFFICIENT AKiz= .250¢
INITIAL GUESS Xiz .2182 Yis .1089
TEMPERATURES 250,88 K PRESSURE FROM  22.8¢ ATM T0 75,008 ATM
ARTHUR LAKES LIBRARY;
_ OUT-PUT. EOLORADO SCHOOL of MINES
- g o T W o 4 O e Ty " GOLDEN. COLORADO 80401
ENTHALPY MIXTURE Kr=VALUE MOLE FRAC,
PRESS. VAPOR  LIQUID MIXTURE  Ki K2 X1 vi
_ATH . 8TY/LB ‘ .
20.0 - 104,41 £.00  1p4,41 8,322 £,9915 £P12 .@D96
23,0 102,66 .00 102,66 7.1361 £,8937 8178 ,1215
26,8 100,84 .89 Lip@,84 6,2151 2,8196 ,2334 ,2078
29.0 98,94 z.00 98,94 5,4782 2,7622 ,2504 ,2762
32.0 96,95 7,08 96,95 4,.8740 22,7172 2688 ,3316
35,0 94,86 ¢.00 94,86 4,36%5 £,6816 2863 3773
38,0 92,64 z,00 92,64 33,5412 12,6535 ,1054 ,4154
41,0 99,28 2.20 90,28 3,5724 £,6316 1253 4475
44,0 87,75 g.00 87.75 3,2511 2.,6150 ,1460 ,4748
47.0 85,88 2,09 85,80 2.9694 £.,6030 ,1678 ,4981
59,0 84,48 =24,72 76.74 2.7164 £,5956 1907 .5182
SS.ﬂ 83079 ?21,75 69117 2.4924 2:5922 t2148 c535ﬁ
56,0 82,66 e18,91 62,54 2.2657 £,5931 ,24C4 3495
59,0 81,06 =14.91 56,68 2.8586 £,5986 ,2676 5616
62,0 78,93 w10p.86 51,16 1,9z60 £,6094 ,2967 .5714
65,0 76,17 "6,23 46,00 1,7¢€49 g,6266 ,2288 ,5789
68,0 72,62 -p,82 41,26 1,6121 2.6524 ,3622 ,5839
71.0 67,94 5.75 36,58 11,4635 £,6929 ,4001 .5856
74,0 61,33 14,33 31,95 1,3106 0£,752¢ .,4440 ,5819



T-1873

PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC T™C yC W
cH, (1) 45.520 190.540 99.490 .0130
002 (2) 73%.000 304,000 93.960 «2250

TEMP. = 250.0 K PRESSURE FROM 22.5 ATM TC 75.0 ATM

OUTPUT
Starling Hopke-Lin

AK12 .050 .0285
Press. A

atm X(1) (1) X(1) ¥(1)
22.5 0206 .2041 .0198 ATT3
27.5 .0402 .3225 .0420 . 3013
30.0 0502 .3667 .0536 3477
35.0 .0706 4355 L0774 4199
40.0 .0915 4859 .1026 4730
45.0 <1132 .5235 .1292 .5130
50.0 .1356 .5518 .1574 45433
'55.0 .1588 .5728 .1875 .5662
60.0 .1830 .5877 .2197 .5829
65.0 .2082 5972 <2544 5941
70.0 <2346 .6014 .2921 .5996

75.0 .2623 +5999 .2940 .6002




PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING

T-1873

TEM?ERAvURE;

45,08

84

o THE PENG AND ROBINSDN EQUATIOA OF STATE
INPUT UATA
CRITICAL PRUPERTIES _
COMPQNENT _ PC TC . Ve W
CH4 (1) 45,520 19@.54@ 99,490 , 01308
co2 (2) 73,000 304,008 93,560 ,2250
MIXTURE ¢ CcH4 = .50pP C22 = ,5¢00
INTERACTION COEFFICIENT AK12=s ,290¢
INITIAL GUESS Xiz .@ip@ Yi= .2750
270,80 K PRESSURE FROM 35,28 ATM TO 82,80 ATM
 OUT=PUT
ENTHALPY MIXTURE K~=VALUE MOLE FRAC,
5. VAPOR  LIQUID . MIXTURE  Ki K2 X1 Y1
BTU/LB :

' 106,38  0.89  1p6.38 5.3574 £,9402 B34 0724
105,18 2,00 195,18 5.,26g2 £,59%8 .2217 ,11¢0
183,97 z.20 123,97 4,7554 £,883¢ (2302 ,1436
102,73 z.P@ 102,73 4,4778 £,8%595 ,£388 ,1738
121,47 .20 101,47 4,22431  £,8389 ,2476 .2011
120,19 2.20 100,19 3,9510 £,8287 2566 ,2257

98,87 7,00 98,87 '3.7758 £,8048 657 .2480
97,53 z,22 97,53 .3,5766 £,79123 2759 ,2683
96,16 .00 96,16 . 3,3913 £,7792 .£B45 ,2867
94,76 p.00 94,76 '3.2184 £,769% ,£943 ,30235
93.32 2,00 93,32 3,BE65 £,7606 ,1043 ,3187
91,85 0.00 91,85 2,9¢42 €£,7538 ,1145 .3325
90,35 2.20 90,35 2,7625 £,7485 ,1250 ,3451
88,81 .29 88,81 :2,6246 £,7447 ,1358 ,3565
87,22 2,20 87.22 2.,4954 £,7424 ,1469 ,3667
85,60 g:00 85,60 2,3722 £,7417 .1584 ,3758
83,94 .00 83,94 22,2542 £,7425 1703 .3839
82,23 7.20 82,23 2.1427 £2,7451 ,1827 .3910
80,47 z.29 80,47 2,2212 £,7495 ,1955 ,3971
78,68 2.20 78,68 1.9242 £,7559 .,2089 .422%
76,84 2,20 76,84 1.8165 (£,7647 ,2231 4059
74,96 o,0p 74,96 1.7159 €,7763 ,2381 ,4085
73.24 2.00 73,84 1,6120 £,7914 .2542 ,4097
71.88 ¢.00 71,08 1,5¢56 £,8114 ,2717 .429p



PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING

TEMPERATURE=

PRESS,
ATH

35,0
37,0
39,0
41,0
43,0
45,0
47.0
49,9
51,0
53,0
55,0
57,0
59,0
81.9
63,0
65,0
67.0

85
~ THE SOAVE REDLIcHnKNQNG EQUATICNsCF STATE
_INPUT DATA
CRITICAL PROPERTIES
S, ——— - -..'QE,-Q—-—p‘--Q-n---uﬁap-
COMPONENT _ PC TC ve W
CH4 (1) 45,528 . 190.548 99,490 ' 0130
co2 (2) 73,880 304,080 93,9560 ,y 2250
MIXTURE : CcH4 = ,5000 CR2 = ,5200
INTERACTION COEFFICIENT AK12= @500
INITIAL GUESS Xis .18 Yiz ,2780
270,828 K PRESSURE FROM 35,8 ATM TQ 68,00 ATM
UT=PUT
ENTHALPY MIXTURE K-=VALUE . MOLE FRAC.
VAPOR  L10UID  MIXTURE  Ki K2 X4 Ye
_ BTU/LE n
73 T106.54  0.BO  106.54 3.9526 £.9463 ~2176 0704
195,34 p.P2  1¢5,34 3.,7423 £,9157 0298 ,1116
104,11 n,.20 1@4.11 2,51E6 z.a89a 422 ,1488
102,86 .00  1p2,86 3,3065 £.8658 ,£549 .1818
101,57 .00 181,57 3.,1z11 2.8456 ,L679 2148
100,26 n.20 100,26 2,9479 £,8281 ,2811 .2391
98,91 p.00 98,91 2.7888 £,8131 ,£2946 ,2633
97,53 .80 97,53 2.6396 2,80P4 .1085 ,2864
96011 @,Qﬂ 96:11 -2;5Q12 -ﬁ.7899 t1228 |3¢7@
94,65 2.20 94,65 2,3715 £,7815 ,1374 ,3259
93,15 2.20 93,15 2,2452 £,7759 ,1526 ,3432
91,61 2.00 91,61 2,133 £,7707 ,1683 .3591
90,022 g.720 99,22 2,2219 €,7684 ,1848 ,3736
88,37 2,00 88,37 1.9142 £,7685 ,2021 .3868
86,68 2,20 86,68 1.8080 £,7713 ,2206 3989
84,93 . 2,20 84,93 1.6665 £,7779 2418 .40¢6
83,11 ¢.00 83,11 1.5774 £,7944 2653 .4188



PHASE EQUILIBRIA AND ENTHALPY CALEGULATION USING
THE REDLICH KWONG EQUATION OF STATE

- P G D A R e TT WY G v - 0 T g gy W T TR e I OR e T T oy am am VO g S e T 0 o TR W wn e

7-187% CINPUT DATA

CRITICAL PROPERTIES _

Badode A L R PN A B Lt Al el T A T 3 X 1

COMPONENT PC Tt Ve W

- .
p-u----p-w@-H--’-Q--p-q-cp-_*”-n----n--n--u—-----—

CH4 (1), 45,520  190.548 99,490  ,B330
ce2 «(2) 75,000 304,088 93,96¢  ,2250

MIXTURE 1 CH4 = .58g8 C22 = ,5000
INTERACTION COEFFJCIENT AKl2:z ,250¢
INITIAL GUESS Xis 0180 Yie .£789
TEMPERATUREs 278,00 K PRESSURE FROM  35,0¢ ATM T0  82.80 ATM

QUT=PUT
ENTHALPY MIXTURE K-=VALUE ‘¥OLE FRAC,

PRESS. VAPOR LIoulD MIXTURE K1 K2 X1 Yi
ATM | _ BTU/LB
p—go-—-—?-—-—-v--,.-.f-e-----..-.uq--q ------- D r Toam W an TGy T am D - D W .- -
35,8 108,45 2.0 138,45 4, 6&12 2,5673 ,2088 ,0413
7.0 187,35 7.20 1@7.35 4,3643 2;9354 2187 @822
39,8 106,22 2.20  1p6,22 ‘4;1172 22,5473 2289 .1189
41.0 125,087 ¢.00 195,87 3.8741 €,8828 ,£392 .,1518
43,0 103,90 2.028. 103,90 3I.651¢ £,B8612 L497 ,1816
45,0 102,69 z.98 102,69 33,4482 £,8423 ,L605 .2087
47,8 101,46 .28  1p1,46 '3,2598 £.825¢ ,E715 ,2332
49,0 108,19 2.28 190,19 3.0656 2,8117 .R828 ,2555
51,0 98.89 p.20 98,89 2,9236 2,7996 ,£943 .2758
53,0 97.56 ?.20 97,56 2.,7725 £,7894 ,1062 2944
55,0 96,18 o,.00 96,18 2,62p8 £,7811 ,1183 ,3113
57.0 - - 94,77 2,22 94,77 2,477 22,7746 .13P8 ,3268
59,0 93,31 #.20 93,31 2.,3728 £2,7698 ,1437 .3408
61,0 91,80 2.00 91.80 2,2528 £,7668 .1578 ,3536
63,0 99,24 p.20 90,24 2,1365 £,7655 ,1707 .3651
65,0 88,63 2.20 88,63 '2,0211 £,7662 ,1849 ,3755
£7.2 86,96 2,90 86,96 1.9269 2,7688 ,1996 ,3847
£9.0 85,23 2.22 85,23 1,8262 £,7737 ,2150 ,3927
71.9 83,43 v.20 83,43 1,7280 £,7811 ,2312 .399%95
73,0 81.57 7,22 81,57 1.6313 €,7915 ,2483 ,4050
75,0 79.65 2,20 79,65 41,5247 g,8057 ,2665 4090
77.0 77.65 7,00 77,65 41,4359 ¢,8251 ,2864 .,4112

79.0 75,59 7,00 75,59 1.33¢8 12,8524 ,2086 ,41L7



T;1873

PHASE EQUILIBRIA CALCULATION USIRG
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT  PC ¢ Vo W
cH, (1) 45.520  190.540 99.490  .0130
co, (2) '73.000  304.000 93.960  .2250

TEMP. = 270.0 K PRESSURE FROM 37.5 ATM:TO 82.5 ATM

OUTPUT
Starling ‘Hopke-Lin
AK12 .050 .0285
Fress. x(1) (1) x(1) (1)
atm

37.5 .0216 1272 .0210 .1078
42.5 .0392 .2005 .0420 .1859
45.0 .0482 .2306 .0570 .2180
50.0 .0666 .2805 .0750" .2718
55.0 .0855 .3194 .0982 3141
60.0 .1051 .3494 .1225 . 740
65.0 .1254 3718 . 41482 <3730
67.5 .1359 .3803 .1616 .38%2
72.5 577 .3921 .1899 3985
77.5 .1809 <3965 .2207 .4064
82.5 B * « 2557 4048

* Did not converge



PHASE EQUILIBRIA'AND ENTHALPY CALEULATION USING

.88

- THE PENG AND RGBINSQN EQUATIOA OF STATE

NPUT DAY
T-1873 --i--;‘:r.c-fqg-u
CRITchL PROPERTIES .
COMPONENT i pc . TC W
C3H8 (1), 42,040 369,668 .199,58Z  ,1524
co2 (2) 73,000  3P4,20p 93,568  ,2250
MIXTURE ¢ ¢3HB = ,4280 CO2 = 6888
INTERACTION. COEFFICIENT AKiz= 1208
. INITIAL GUESS Xi= ,9108 VYl= ,5@20
TEMPERATURE= 277,44 K PRESSURE FROM  1p.e¢ ATM TO 37,08 ATM
_ OUTePYT
ENTHALPY MIXTURE . K==VALUE MOLE FRAC,
PRESS, VAPOR LIQUID MIXTURE  Ki k2 X1 Y1
ATHM : - BTU/LB - :

“y0.0 94,98 2,82 94,98 €,5553 4,9564 ,5072 5400
14,0 91,82 =31.27 86,09 £.,4€57 '3,4515 ,8211 .3824
16,0 87,68 «29,B84 69,56 0,4279 2,9724 ,7752 ,3317
18.0 84,76 =28,41 56,58 £.4227 .2,5953 ,7269 .2913
20,0 82,11 ~27.900 45,03 ©2,3€17 2,2899 .£760 ,258¢
22.0 79,65 225,63 33,92 £,3695 2,367 .6218 ,2298

24.0 77,29 =24,351 22,08 2,3635 11,8231 ,5639 .285¢
26,0 75,88 23,10 8,15 12,3638 11,6407 ,5017 ,1825
28.0 72,75 222.89 ~10,082 ©.,3712 11,4838 ,4348 ,1614
30.0 .00 =21.79 =21,79 ©,3874 1,3492 ,3631 ,1486
32.0 2.8 =21.94 -21,94 (,4151 .1,2353 (2869 .1191
34,0 .00 -22,99 -22,09 @,4563 11,1413 ,2072 .0952
36,0 .00 .»22.22 ~=22,22 £,5306 1,£666 ,1243 0660



PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING
THE $0AVE REDLICH'KWONG EQUATIGN*CF STATE

89

INPUT DATA
T-1873 B At L

CRITICAL PROPERT}ES )

L D W S en Y ey e oy W A X K X X B R PR PN Y ™ - -

 COMPONENT PG TC ve W

.- . .
R ik L T A X E 2 B PR Y L A 2 X A P R P L P X P I R L Al R R ok o A

C3H8 (1) 42,048 = 369,667 .199,98E « 1524
coz (2) 73,000 304,000 9345680 12250

MIXTURE ¢ ¢3HB8 = ,4088 CO2 .= ,6£080

INTERACTION COEFFICIENT AK12= ,120¢

INITIAL GUESS Xi= .931¢0 VYis 52892 .
TEMPERATURES 277,44 K PRESSURE FROM  12,8¢ ATM TO 37,20 ATM

_ DUT-PUT
ENTHALPY MIXTURE K==VALUE MOLE FRAC.
PRESS. VAPOR  LIQUID  MIXTURE  Ki Ko X1 Y1
ATH i BTU/LB _
40,8 95.11 ST 95,11 B.5§77 2.5131 18263 4939

12.2 93,23 »32.39 90,77 £.5284 2,477 ,7549 ,$928
14.2 89.12~ »28,28 63.394 2.4663 2,1656 ,6859 .3198
16,8 85,73 »26.43 42,86 £,4z69 1,9324 ,6193 ,2644
18.0 82,82 »24,84 25,06 £,3%74 1.7549 ,E5B1 ,22e6

20,9 Bg.23 23,53 7,81 £.,3749 1,6083 ,4932 .1849
22.0 77.85 e22,52 ~=10.,46 £,3574 11,4916 ,4335 ,154¢9
24,0 0,78 =22.16 =22,16 ©,3438 11,3952 ,3759 .i292
26,0 .08 022,33 =22,33 £,3331 1,3143 ,3203 1067
28.8 .00 «22.51 =22,51 £,3245 1,2456 ,2666 0865
30.9 0,88 =22.67 22,67 0,3476 .1,1865 ,Z2146 ,0682
32.0 2,08 =22.82 =22,82 £,3128 11,1351 ,1641 .@512
34,0 0,00 22,97 ~22,97 £,3275 1.2988 ,1151 .0354

360% ﬁ,ﬁﬁ ;23012 : ’23.12 ,ﬁ.3¢41 »1.25@4 '2676 .ﬂ?@S



PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING
THE Rennxcu KWONG EQUATIO& OF STATE

‘-e-RﬁP-Q!’ ------------ M s Py ey W ey ue e g,. ————— 0 om oy T oy cn T o

NPUT DATA-
T-1873 ;;EE-Q-eqéqﬁwn

CRITICAL PROPERTIES _

wez—-wg-,—l-&-n*-ﬂn‘———ﬂqm—

COMPONENT _ PC TC. . V& W

L ey PR Y P I T L PR A L L L g

C3HS (1) 42,048 369,668 199,982  ,1524
coz (2) 73,800 304,000 93,560  ,2250

MIXTURE & (C3H8 =& (4008 CO2 ‘s ,6200
INTERACTION COEFFICIENT AKi2=s ,120¢
INITIAL GUESS Xis ,91¢08 Yiz ,5800

TEMPERATURES 277,44 K PRES§UR;'FR0M 12,82 ATM To 37.00
. QUT-PUT
Ld - akad A L Ll Tl

ENTHALPY MIXTURE ‘k==VALUE ‘MOLE
PRESS., VAPOR LIoUID MIXTURE K1 K2 X1

TATM . BTU/LB
10.0 96,29  0.8B 96,29 £.6555 5,6951 ,9316
12,0 94,86 0.20 94,86 £,5662 4.6889 ,8954
14,0 93,35 2.09 93,35 £.5p88 33,9598 ,8577

22.0  B3.31 15,22 52,32 B.3§35 2,3171 ,6847

28,0 76,78 ~9,80 21,93 £.3826 .1.6610 ,5170
30,0 74,67 ~8,48 6,80 £.3638 11,4952 .,4496
32.@ 2,20 n7,32 7,32 €.,4361 .1,3585 ,3751

6.0 B.00  -7.65  -7.65 0.5198 1.1238 ,2049

90

ATM



T-1873

PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC ™ Ve W
C5Hg (1) 42,010 369.660 199,982 .1524
co, (2) 73.000 304,000 93.960 .2250

TEMP. = 277.44 K PRESSURE FROM 10,0 ATM T0 32.5 ATM

OUTPUT

| Starling Hopke-Lin

AR12 . © .0450 .0435
Fress. x(1) (1) x(1) (1)
. atm |

10.0 .9024 . .5360  .9059 .5428
15.0 7915 L3537 7976 .3592
20.0 .6696 .2579 L6789 .2629.
25.0 .5305 .1948 5432 .1996
30.0 .3637 .1431 .3826 .1484
32.5 2671 . 1161 .2910

.1225

91



PHASE EOVUILIBRIA AND ENTHALPY CALCULATION :USING
THE PENG AND ROBINSON EGUATIGA 1]3 STATE

P Xk

..-—-.-——--._---,-"-P--, ----------------- -

INPUT DATA

- - -

92

ATM

FRAC,
Y

,6732
7410
6445
570%
+95128
14656
14265
13935
+ 3650
3401
0180
2981
+ 2799
12629

T-1873 .‘u-"!."-'?!—---?—'l'-.v
CRITI”AL PRUPERTIES )
$0MPONENT N - TC T W
C3H8 (1) 42,042 369,660 199,580 1524
co02 (2) 73,808 304,028 93,568  ,2250
MIXTURE ¢t (3HB8 = ,4802 C02 := ,6p00
INTERACTION COEFFICIENT AK12= .1200
INITIAL GUESS Xi= .9732 Y1z ,8730
TEMPERATURE= 318,78 K PRESSURE FROM  18,¢¢ AT TO 61,00
) OUT-PUT
ENTHAva'nxxTyRE K-=VALUE MOLE
PRESS, VAPOR. -L1QUID MIXTURE  Ki K2 X1
ATH BTU/LB o , '

5.8 109,79 2,00 109,79 »¢'3972 4.7349 9732
18,8 197,79 2,08 197,79 £.7627 .3,9664% ,5347
21,8 .. 105,50 2.68 1p95.50 B.7496 3.405@ L6956
24,0 103,17 .80 103,17 2,6¢78 2,5771 8559
27.0 102,68 .20 ip0,68 2.,6288 2,6397 8154
0.0 98,01 .00 98,01 g£.6014 12,3666 ,7742
33,0 95,89 2.90 95,089 ©.,5826 2,1418 ,7322
36,0 91,79 12.10 90,83 €,5729 .1,9515 ,68%92
9.0 88,16 13.51 78,84 10,5657 1,79B2 ,£453
42.0 84,58 14,99 68,57 B.5665 .1,6514 ,6004
48,0 77.29 18.22 48,59 0,5872 1,4261 ,50878
51.0 73,42 2¢ .86 37,89 g,6082 1,3344 ,4603
54,0 69,29 22,12 26,08 ©,6377 41,2542 ,4123
57.0 p.00 21.36 . 21,36 2.6786 .1,1840 ,3640

0,00 19.87 19.87 £,73%2 1,1

221 ,3156

12470
02321



PHASE EQUILIBRIA AND ENTHALPY CALBULATION USING.
THE SOAVE=REDLICH=KWONG EQUATION iCF STATE

’.Hqg—-\nq-ﬂp-—-o-g_¢,-'—g-'--gg—-,_ --.w-u-- - P or W ew o ww

T-1873 iINPUT DATA

CRITICAL PROPERTIES

CE T X P LA L L T P T I

COMPONENT  PC Tt Ve W

g-’a-q--m----g—p-g—-n_ﬂ---q-.w»..—--u-u-,«n-gg_;-qgg-!—-g

CIHE (1) 42,010 369,668 199,982 . 4524
co2 (2) 73,208 304,080 93,968  ,2250

MIXTURE : C3H8 = .4280 CO3 = ,6200
INTERACTION COEFFICIENT AKiz2s ,1200
INITIAL GUESS Xi= 9738 Y1z 8730

TEMPERATURE® 318,78 K PRESSURE FROM  15.p¢ ATM TC 45,00
BUT-PUT
-g;zﬁue,‘.-zw-mgw
ENTHALPY MIXTURE K-aVALUE MOLE
PRESS. VAPOR  LIQUID MIXTURE Ki K2 X1
ATHM _ BTU/LB |
!-p-p--w-w-’-r---p—---—”-9---w--w-n—--n‘p—---ﬂp—w ---------
15,0 112,02 g.02 119,82 22,9234 .3, 1287 .9566
17.8 128,67 2.09 128,67 :e;azes :.81ﬂ7 5134
19,80 187,26 .80 187,26 PB.,76%5 2,5557 ,8710
21.9 125,81 2.20 105,81 @€.,7229 2,3469 ,8294
23,0 104,3p 7,09 124,30 2.6856 2,1730 ,7886
25,08 i32071 E,QE’ 1ﬁ2’71 2.6556 2.226p ,7487
27.0 101.086 2,029 121,06 £,6215 1,5083 ,7096
29.0 99,31 2,00 99,31 2,6124 11,7915 ,6713

31.9 96,95 15,49 99,18 B.5677 .£.6965 ,6338
33.9 94.46 17.14 78.91 ‘&.5867,A1ré128 €5972
35,0 92,18 18.91 68,92 £,5763 11,5384 ,56414
37.0 89,8s 22,85 59,87 £2,5756 1,4716 ,E263
39,0 87.69 23,07 51,55 £.5958 .1,4128 ,4920
41,0 85,68 . 25,83 43,98 £,5812 .1,3543 ,4583
43.0 83.56  30.96 37,82 £.,5967 1,2979 ,4248

93

ATM

FRAC,
Y1

,8642
17565
6782

43996

' DART
14908

+4481

411
+3788
35084
9252
3030
2833
12664
02535'



PHASE EQUILIBRIA AND ENTHALPY CALEULATION YSING
| THE REDLICH KWONG EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

pp--q-’.--pnnebvw-q-w-—-g,.—-

COMPONENT PC TE VG W

-
l'!'ﬂ&"—7------,—‘—”-'-—F-Qq-q~wqp--g-p!!—ﬂﬂg-qugpg—ﬂq

C3H8 (1) 42,010 369,668 199,98€ 01524
co2 ) 73,000 304,002 93,968 ,2250

MIXTURE ¢ Cc3H8 = .4PpP C02 = ,6000
INTERACTION COEFFICIENT.AK12: ,1200
INITIAL GUESS Xiz ,9730 Yis ,8730
TEMPERATURE: 310,78 K PRESSURE FROM 15,82 ATH 10 62,00 ATM

. QUT-PQT
eg-.-ﬂf'vﬁvﬂq'm
ENTHALPY MIXTURE KeaVALUE MOLE FRAC,

PRESS, VAPOR  LIQUID MIXTURE K1 K2 X4 Yq
ATM - ] BTU/LB
15,0 111,69 zewz 141,69 2,948 4,9543 ,6853 ,9269
17.0  11@,.5¢ 2,00 112,52 B,8622 4,3854 ,5609 .8284
21.0 108,80 2.90. 198,228 2.7%529 33,5513 ,5110 ,6841
23,80 106,68 2,22 1p6,68 €,7110 I, 2362 ,8855 ,6296
25.0 125,30 2.20 195,38 0.6785 12,9683 .8596 ,5832
27.0 103,86 #.90 193,86 €,6521 2,7376 ,8332 ,5433
29.0 192,35 .90 192,35 ¢,63g7 2,5367 E063 ,5085
31.0 190,76 2.20 100,76 €,6436 '2,3602 7788 ,4779
33,0 99,87 2,00 99.087 2.6203 2,2038 7587 .4507
35,0 97.27 2,00 97.27 ©.5624 2,£642 ,7221 4263
X7.0 95,33 2,20 95,33 B.5836 1,5388 ,6927 ,4042

9.0 93,41 25,25 89,24 £,5797 31,8256 ,6627 ,3842

s9.0 0,00 32,17 . 32,17 0.7224 1,1283 ,3241 ,2374



T-1873 | L -
PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC C | Ve W
CsHg (1) 42.010  369.660 199.982  .1524
co, (2) 7%.000 - 304,000 93,960 ,2250

TEMP, = 310.78 K PRESSURE FROM 17.5 ATM TO 50.0 ATM

OUTPUT
Starling Hopke-Lin
AK12 «.0450.. 0435
Press. _ .
aw XD T x() (1)
17.5 - .9375 - .7562 .9462 7600
22.5 .8710 .5981 .8729 .5998
30.0 7707 .4606 7732 4620
40.0 .6345 .3566 .6368 <3567

50.0 .4931 .2980 - «4947 2937




PHASE EGUILIBRIA ANO ENTHALPY CALEULATION USING
THE PENG AND ROBINSON EQUATION OF STATE

~.-'--ﬂ‘-—------q--ﬂ—d‘-’~?~—, ----------------- P W o - -

CRITLCAL °RDPERTIES
coMPoNENT _PC TC Ve W
CH4 (1) 45,520  198.542 99,492  .2130
H2S (2) 89,020 373,392 94,568 - ,1£58
MIXTURE ¢+ CH4 = ,9290 H2s = ,4200
INTERACTI0N COEFFICIENT AK12= ,9902
INITIAL GUESS Xi= (9200 YVi= ,3850
TEMPERATURE=. 277,44 K PRESSURE FROM  2a,g8 ATM TO 131,99
. OUT-RUT
ENTHALPY MIXTURE ‘K-=VALUE MOLE
PRESS. VAPOR  LIQUID  MIXTURE K1 K2 X1
ATM C BTV/LB )
22,8 242,75 8,80 212,73 22,9786 B£.6269 8167
25,0 209,82 2.98° 209,82 18,2338 £,5288 ,0266
30,0 206,87 9.99 206,87 15.8478 £,4647 ,0367
35.0 203,89 0.99 203,89 12,7589 '8,4203 ,2470
47,0 200,88 2.9¢ 209,88 11,8336 '¢,3883 ,£575
45.80  197.84 .90 197,84 9,6854 B.3649 2681
50,8 194,78 2,82 194,78 8.6211 £,3477 ,£794
55,8 191,69 2.92 191,69 7,792 €,3351 ,@992
60,9 188,58 2,929 188,58 .6,9617 €,3262 ,1015
65,0 185,47 9.2 185,47 6,32580 ©,3203 ,1132
78.8 182,35 2.99 182,35 5,7752 £,3171 ,1251
75.8 179,23 9.9 179,23 5,248 £,3161 ,1374
80.0 176,12 2,08 176,12 4.8783 £.3174 ,1499
85,8 173,03 7.08 173,03 4,4517 0,32087 ,1629
90.8 169,98 2.9 169,98 4,1508 18,3260 ,1762
95,0 166,96 2,80 166,96 3,8413 . 2,3336 ,1900
120,08 164,00 0.00 164,00 3.5578 £,3434 ,2043
i95.0 161,10 2,99 161,18 3,2562 £,3558 ,2191
110.8 158,28 2,99 158,28 '3,0526 £,3710 ,Z345
115,98 155,53 2.0 155,53 2.8247 £,3896 ,2507
120,08 152,88 2,98 152,88 2,6075 ©.4120 ,2678
125,80 158,32 2,89 150,32 2.,4083 2,439 ,2860
130,08 147,87 0.00 147,87 2.1598 £,4722 3855

ATM

FRAC,

16599
6798
16951
7869

47159

7226
' 7273
17382
v 7315
v 7314
07293
c7267
7224
7164
79281
+$984
16865
8720



PHASE EQUILIBRIA AND ENTHALBY CALGULATION LSTHG

. THE SOAVE REDLICHnKNONG EQUATION CF “TATE 1
1-1873 _INPET Dala
cRITchL PROPERTIES »
COMPONENT PG TC '] W
CH4 (1) 45,520 190,548 99,498 0130
H2S (2) 89,0280 373,353 94,968  ,1£50
MIXTURE ¢ CH4 = ,908@ H28 = .1208
INTERACTION COEFFICIENT AKl2= ,232¢
INITIAL GUESS Xi= ,0282 Yiz ,38592
TEMPERATURES 277,44 K PRESSURE FROM - 28, ee ATM- TC 181,02 ATM
BUT-PUT > LBRARY
. e A Gﬁ”‘)pN OOL of
-y W D - o oy oo COL ADO 8DO,TVOES
ENTHALPY MIXTURE ‘KmaVALUE MOLE FRAC,
PRESS, VAPOR  LIQUIO  MIXTURE  Ki K2 X1 Y1
ATM S aTu/e
T20.0 213.24  2.00 213,24 15.1551 £.6300 ,8255 .3860
25.0 210,44 2.00 212,44 11,9493 £,5329 ,2409 ,4889
30,0 207,59 2,89 287,59 9,7833 .4787 2569 .5567
35.9 2@4,70 QQZQ 204,72 =84.2337 2,4279 ,2734 .,6044
40,9 201,78 2.99 201,78 7.8648 £.,3967 ,2995 ,6392
5.0 198,81 2,08 198,81 6,149 ¢,3752 ,1082 .6654
50,0 195,80 .98 195,80 5,4126 2,3681 ,1267 ,6855
55,80 192,76 2,80 192,76 -4,8242 £,3521 ,1459 7018
62.9 189,68 72.908 189,68 44,2621 £,3442 ,1661 .713@
5.0 186,58 2,00 186,58 '3,8%35 ¢,3429 ,1874 ,7221
78.0 183,46 2.9 183,46 3,4718 £,3432 ,2099 ,7288
75,8 180,33 6,00 188,33 3,1348 02,3479 ,2340 ,7335
80,8 177,19 .89 177,19 2.8327 £,3563 ,2599 .7343
85,8 174,85 2.9 174,85 :2,5575 £,3689 ,2883 ,7375
9.0 172,93 .09 170,93 2,3¢17 2,387@ ,32081 ,7369
$5,0 167,84 2.00 167,84 2,8%5668 £,4129 .3572 .7345

120.0 164,80 2.20 164,80 1.8¢52 12,4531 ,4045 ,7302



PHASE EQUILIBRIA AND ENTHALPY CALCULATION‘USING 98
THE REDLICH KWONG EQUATION _OF STATE

“.,.'.,--qg-ﬂ-q-p--- q--ga---p-- L Aak X X RN TN Rl A LE X L X 2 X 1

T-1873 _INPUT DATA

—,-'npogo-e”q-

CRITICAL PROPERTIES

99-——--.’-.'"Q'oq--ﬁﬁﬂp—_sﬂgw-

COMPONENTp . PC TC Ve W

LR AL AL A 4 X LAY TR Abt-E L Sl ok LA R LR L K A il o dad d b S Sadadnd

CH4 (1) 45,520 190,548 99,498  ,0130
H2S (2) - 89,8208 373,358 94,560  ,1050

MIXTURE i GH4 = 9020 H2s s ,1200
INTERACTION COEFFICIENT AK12= ,250¢
INITIAL GUESS Xis .20 Yia ,3850
TEMPERATURES 277.44 K PRESSURE FROM  20.8¢ ATM To .121,0@ ATH

__ OuTeRrUT
X L Db B . XN
'ENTHALPY MIXTURE K=aVALUE MOLE FRAC,
PRESS. VAPOR “LIgUID HIXTURE Ki K2 X1 Y1
ATM _ BTU/LB .

-2a‘z 213,60 2.98 213, éﬂ 20, 5z51 2, 6474 2178 ,3644
25.0 210,85 .80 210,85 16.2086 0, 5434 ,022990 ,4704
32,2 208,06 g.99 208,06 13,3225 'ﬁ.47§8 L2406 .5406
25,0 '295022 G.QQ 2@5.22 11;2474 :Q.4327 ¢e525 :59ﬁ@
42,0 202,33 2,990 292,33 9.6834 02,3997 ,2647 ,6262
45,0 199,39 2,99 . 199,39 8,4592 2,3756 ,2772 ,6534
50.0 196,42 .98 196,42 7,4737 2,35841 .2902 6742
55,0 193,40 2,80 193,40 . 6,6617 £,3455 .1036 ,6903
60,9 190,34 .28 199,34 5,9796 £.3370 ,1175 ,7026
65,0 187,25 .80 187,25 5,372 £,3318 ,.1319 7120
78.2 184,43 .90 184,13 4,8526 £,3296 ,1469 .7188
75,80 480,99 0.99 180,99 44,4457 £,3303 ,1626 ,7234
82,9 177,84 .88 177.84 4,0%64 2,3337 .179@ ,7264
85.0 174-69 Q,ﬂﬂ 174169 3.7131 ﬁr§40ﬂ 91962 ‘7267
92,8 171,55 2,28 171,55 3,3822 €,3495 ,2145 ,7254
95,0 168,44 2,09 168,44 I,2873 £,3627 ,2339 ,7221

100,0 165,38 p.29 165,38 :2,8132 ©2,3883 ,2547 .7166

i@5.ﬂ 1&2.37 @'gg 162037 ’2{5543 Q|4936 ¢2773 '7g84

118,80 159.44 .20 159,44 2,3262 £,4394 ,3022 ,6969

115,80 156,60 .92 156,60 2.0629 £,4762 ,3301 .6812

12ﬁlg 153v86 goﬂﬂ 153086 »118163 ¢;5352 i3628 !6596



 p-1873

PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

' CRITICAL PROPERTIES

COMPONENT PC 7C Ve W
o, (1) 45.520 190.540 99.490  .0130
Hys (2) 89.020 373.390 94.960  .1050

TEMP. = 277.44 K PRESSURE FROM 20.0 ATM TO 130.0 ATM

OUTPUT
Starling ' Hqpke-Lin
AK12 050 *%
Fress. {CONN (SO (&) (1)
atm .

20.0 .0213 .3819 " *%
30.0 0464 5549 *% * %
40.0 .0716 .6390 ** * %
50.0 .0970 .6868 * % * %
1 60.0 .1224 .7153 %% %%
70.0 .1482 L7321 *% %%
80.0 1739 . 7408 * % **
90.0 . 2001 .7431 * % *%
100.0 .2264 7403 ** *%
110.0 .2531 . 7330 ** * %
120.0 2802 7220 * % %*%*
130.0 5082 . 7081 * %* *%*

*% Not available in literature



PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING
THE PENG AND RoBINSON EQUATION OF STATE

,_--Q-‘t---?’ﬁ-,—-~ﬁ---‘-------ﬂ~-—-..--Q—-----—“-_q‘-gt.

INPUT DATA

7-1873

CRITICAL PROPERT IES

L XA K K K X _Few g D ws WY wr T an T ® wn > ™

131,04

,2622
2863

100

ATM

COMPONEVT _ PC TC
CH4 <1) 45,520 .190,543  99.,49¢
MIXTURE s CH4 = ,9008 H28 = ,160€
INTERACTION COEFFICIENT AKl2s ,050¢
INITIAL GUESS X1z .0088 Yi=z ,2852
TEMPERATURE= 312,78 K PRESSYRE FROM 33,22 ATM To
_ QUTaPUT
ENTHALPY MIXTURE K-~VALUE
PRESS., VAPOR  LIQUID MIXTURE  Ki K2
ATM _ BTU/LB
3000 238,67  5.90  238.67 13.4214 29179 ]
35,0 236,31 2,99 236,31 11.4¢89 2,8255
40,8 233,96 .00 233,96 9.8769 £,7573
45,0 231.698 ¢,99 231,60 8.67¢1 @,7057
s¢.80 229.25 #,80 229,25 7.6629 2,6660
55,8 226,90 2.2 226,99 6.8867 £,6351
0.0 224,56 9,800 224,56 6.2068 2,6113
65,8 222,23 2,29 222,23 5,6255 @.,5932
75.8 217,62 .20 217,62 4,6794 18,5697
82,2 215,35 2.8¢ 215,35 .4,2875 £,95636
85.80 213,929 2,09 213,89 3,9366 0,560
92,0 210,86 ?.92 210,86 3.6195 28,5608
95,8 208,66 2,99 288,66 .3,33¢4 £,5639
105,80 204,37 2,29 274,37 2.8175 2,57%7
110,86 202,27 2,90 202,27 2.,5860 £,5928
115.8 208,22 0,20 208,22 2,3665 06183
120,89 198,21 2,00 198,21 2,1557 £,6332
125.80 196,25 .00 196,25 1.9493 £,6627
130.9 194,34 - 7,00 194,34 11,7418 €,7825%



PHASE EQUILIBRIA AND ENTHALPRY cALcuLArlou LSING

TEMPERATURES=

PRESS.
ATM
30,0
35,0
40,0
45,0
50,0
55,0
60,0
65,0
78,4
75.0
82,0
85,0
90,0
95,0
100,0

101
THE SOAVE REDLICHBKNONG EQUATIOM CF STATE
INPUT DATA
-;FQ—Q-Q-—nqqg
CR;TIGAL PRUPERTI;S o
compowswrm _ PC TC Ve W
U CH4 (1) 45,520 - 190.542 99,498 0130
H28 (2) 89,828 373,392 94,968 1250
MIXTURE 3 CH4 = .9800 W23 = .i208
INTERACTION COEFFICIENT AK123 ,030¢
INITIAL GUESS X1z .0@5@ Yis ,2850
310.78 K PRESSURE FROM  32,8¢ ATM TC 126,08 ATM
GUT=PUT
'p;;,-ﬁﬂ—sd-:!-.-.-a,—
ENTHALPY MIXTURE K-=VALUE MOLE FRAC.
VAPQR  LIQUID  MIXTURE K1 K2 X1 Y1
 BTU/LB . o
''''' 239.50 .00 239,50 5.8580 0.5237 .E085 0842
237,26 2,92 237,26 8.3739 ¢,8308 ,0224 ,1879
232,76 2.29 232,76 6,3¢58 ©£.7119 ,8515 ,3248
232,50 .98 230,50 5.5694 €,6732 ,0667 ,3717
225,99 2.22 225,99 4,447 R+6219 .2988 ,43%95
223,73 2.8 223,73 4.,0271 @.6067 ,1159 .4642
221,48 . 9.89 221,48 33,6244 £,5951 ,1337 ,4844
219,24 .29 219,24 3,2869 £.5889 ,1524 ,50@8
247.01 0,09 217,21 2.9853 ©,5871 ,1722 ,5142
214,80 2,290 214,80 2,7120 £,5855 ,1934 ,5245
232,60 p.B3 212,60 2,4€83 2,3967 ,2164 ,3325
210,43 2.9 210,43 .2,2232 2,603 ,2421 ,5382
208,28 .99 208,28 1.9529 E€.6297 .2721 .5416
206,16 .20 206,16 11,7346 2,6657 ,3127 ,5425

125,0



PHASE EQUILIBRIA AND ENTHALPY CALGULATION USING
THE REDL!CH KWONG EQUATION QF STATE

_"‘!_-—q—p-----------Q-ﬂ—-ﬁ-w,—-_gq--—-—— LR R R X 2 X X

INPUT DATA

BT A A A L L 2 Rk

T-1873

CRITICAL PROPERTIES

e ey g Do T w T en i TRy -

COMPONENT _ PC ¢ Ve . W

-
- L A L X L X 2 K FoR Q,-’-Qqqﬂ-ﬂp-qﬂgng---ﬂﬂqﬂ-*---g--q“

CH4 <1>, 45.52m 190.548 99,492  ,0130
H2S (2) 89,022 373,392 94,660 1250

MIXTURE t CH4 = ,90@8 H25 = ,1200
INTERACTION COEFFICIENT aki2=s ,@50¢
INITIAL GUESS Xis .@250 Yis ,8850

"TEMPERATURE= 310,78 K PRESSURE FROM 30,02 ATM To 121,02
_ OUTaPYT

ENTHALPY MIXTURE K==VALUE MOLE

PRESS,  VYARPQR  LIGQUID  MIXTURE  Ki ‘K2 X1

ATM X BTU/LB o

30,0 240,04 2,00 z4a 94 11 9194 @, 9359 +0058
35.0 237.85 #,08 237,85 1ﬁ;x236 g,8406 ,8172
49,8 235,64 2.290 235,64 8.7212‘46.77a4 +£289
45,0 233,43 .00 233,43 7.6220 €,7173 2489
59”9 231.21 .89 231.21 6,7%504 12,6766 ,0532
55.80 228,99 m.ﬂﬂ 228,99 6,0212 @,6452 ,06682
60,8 226,76 .08 226,76 5,4066 £.6212 .€792
65,8 224,53 .20 224,53 4,883 02,6031 .,£928
75,80 220,087 .98 220,07 4.,8246 ©€,9813 .1217
80,0 217.86 2.92 217,86 3,6643 82,5766 1371
85,8 215,66 .80 215,66 3,.3432 @£,3757 ,1533
90,0 213.47 2.0 213,47 3,p%44 10,3787 .1704
ip0,0 209,16 2.98 299,16 2,5344 02,5973 ,2079
125,28 207,04 .88 207,04 2,2656 2,6143 ,2289
110.0 204,96 2,980 204,96 2,8748 0,379 .,2520
115,0 202,92 2,99 292,92 1.8%540 00,8711 2788

120,08 204,91 2,00 292,91 1,684 2,7193 ,3088

102

ATM

FRAC,
Y1



1-1873

PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC TC vC W
cE, (1) 45.520 190.540 99.490 .0130
H,S £2) 89.020 373.390 94.960 .1050 .

TEMP. = 310.78 K PRESSURE FROM 35.0 ATM TO 130.0 ATM

OUTPUT
‘ Starling Hopke-Lin
AK12 .050 ®e
Press. | :
. atm X(1) (1) | x(1) (1)
35.0 0171 - .1869 *% *x
40.0 0277 1635 *% *x
45.0 .0383. 3226 %R *%
50.0 .0489 . 3690 *% *%
55.0 0597 4065 *% R
60.0 .0706 4366 ** >
70.0 .0924 .4810 *% *%
80.0 .1149 .5102 *3 *%
90.0 .1376 .5281 *e **
100.0 +1612 .5372 * *
. 110.0 .1854 .5390 % >
120.0 .2107 53473 *% %
130.0 2474 .5243 k% *#

*¥¥ Not available in literature

103



_PHASE EQUILIBRIA AND ENTHALRY CALGULATION USING

____THE PENG AND ROBINSON EQUATION OF STATE. 104
INPUT DATA
7-1873 fimmermmc e
CRITICAL PROPERTIES _
comeonzwr _PC ¢ Ve W
N2 (1) 33,610 426,339 90,858  ,0400
CH4  (2) 45,520 190,548 99,492  ,0130
MIXTURE : N2 = ,5000 CHa = ,5000
INTERACTION COEFFICIENT AK13= ,040¢
INITIAL GUESS Xi= .02g8 Yis ,2320
TEMPERATURES 130,88 K PRESSURE FROM. 5,28 ATM TO 32,00 ATM
outwpur
ENTHALPY MIXTURE K=nmVALUE MOLE FRAC,
PRESS. VAPOR  LIQUIO  MIXTURE K1 K2 X1 Y1
ATM BTU/LB
5,8 74,88 z,ﬁa 74,88 65,1123 £,7566 8291 ,2654
7.0 72,89 - 2.90 72,89 6,363 2,5784 0742 ,4719
11.0 62,60 =67,59 27,13 3.8215 £,4089 ,1732 ,6619
13,8 —=>59,89  =68,45 14,26 - 3,1346 2,3 ,2278 ,7149
15.0 56,15 253,37 3,72 2,628 2,3463 ,2861 ,7528
17.0 53,51 »46,35 ~6,19 2,2472 ©,3328 ,3485 ,7832
19,0 51,84 ‘239,42 16,55 1,9479 2,328¢ ,4148 ,8081
21.0 48,62 »32,63 ~28,33 1,7112 0,3315 ,4845 ,8291
23,0 2,06 231,25 -31,25 11,5237 2,3432 .5564 .8477
25,0 2,00 »31.34 ~=31,34 1,3760 £,3641 ,6284 ,8647
29.0 2,080 =31.49 31,49 .1,1728 £,4397 7643 .8964
31.0 .80 231,56 <-31.56 1.1261 £.5016 ,8246 .9129



TEMPERA

PHASE EQUILiBRiA AND ENTHALPY CALCULATION USIN
THE SOAVE REDLICHHKNONG EQUATIQN CF STATE

- .
9!’Eppﬂ--qﬁpq-ﬂﬂ-Q-QQ-Rnﬂn-uﬂa‘--,ﬁﬂ‘ﬂ‘ﬁﬂ‘@?ﬂa-ﬂq

TURE=

PRESS,

ATM

”q-‘q9-~--_c---,.-.--u'~'—-’q-’-ﬂ’—-‘q‘-— - M e TS -

2,7495 2
g,5655

5.

M) PO A 15 4o g s
VMBS ONAWHE O
® w ® ® e & w e =
SN aen

27.9

INPUT DATA

o T s " e

CRITICAL PROPERTIES

9&‘“"-"--9-9-”9-‘9 ----- r TP - -

COMPONENT

N2 (D)
CHe (2)

MIXTURE

PC

35.61@
45,520

N2

TC

126.33ﬁ
192,549

15080 CH4

9
9

Ve

g.252
94982

5202

INTERACT]ON COEFFICIENT AK12= ,0428

INITIAL GUESS Xi= .@2290

132,20 K PRESSURE FROM

. @UT«PQT

Laf Rk fnd- ikl

- - on

ENTHALPY MIXTURE

VVAPQR

74,96
73.89
66,64
62,43
58,72
55,87
53,34
0,97
.00
- 0.99
0.28
9.80
ﬂigg
2,99
2,00

LIgUID
BTU/LSB

2,29
0.00
n72.78

~964 14
-s55 93

=48,14.
wd4.78
,33 85

»32.,12

;32}22

»32,31

n32,39

~32,47
»32.35
~032 62

MIXTURE

74,96
73.@@
42,04
208,43
6,56
”5021
=-14,55
=28,55"
=32,12
32,22
32,31
=32,39
32,47
=32,55
=32,62

Yiz ,23292

5.8¢ ATM TC

Ko~

Ki

7.2762
'5¢l285
3.9234
3.,1385
'206123
22,2284
1,9431
1.7214
1.
1,41¢2
1.2131
1,1437
1.,0¢€87
1.8446

5476

VALUE
K2

~z.4666
2.,4973
2,3701
22,3471
B.3343
€.+32938
2.,3327

2,3429

2,3617
g,3887
2,4293
2,4984
22,5963

W

34,29

105

ATM



PHASE EQUILIBRI AND ENTHALPY CALCULATION LSING
- THE REDLICH KWONG EQUATION OF STATE

"g”-gg---q--q -------- L R R R A R g oy T " -
- o J bRl >

INPUT DATA
T-1873 mmeRemesmanm——
CRITICAL PROUPERTIES
COMPONENT - PC TC | Ve W
N2 (1) 33,640 126,332 92,258  ,0400
_CH4 (2) 45,528 199.54@ 99,492  ,0130
MIXTURE & N2 = .5008 CH4 = ,5¢08
INTERACTION COEFFICIENT AKi2: ,03%¢
INITIAL GUESS Xis .0288 Yis ,23¢9
TEMPERATURE® 130,00 K PRESSURE FROM S.82 ATM To 26,080
. OUTQPQT ‘
gy D G TS T e
ENTHALPY MIXTURE K==VALUE MOLE
PRESS, VAPQR LIQUID " MIXTURE K1 K2 X1

CATM - _ BTU/LB )

TS 0 74.60  3.08 74,60 9.1852 ©0,5843 ,2483
6.9 71.98 ~112.74 61,24 7,.5350 g,3004 2710
7.9 68,26 =107.67 41,99 6.35368 06,4411 2945
8.0 65,45 =1p2,64 27.85 5,4654 £,3974 ,1189

9.0 63,19 =97.55 18,33 4,7732 2,3643 .1442
10,0 61,29 292,49 19,87 4,2182 £,3386 ,1705
11:9 59'64 ”87 44‘ 4:65 307632 ﬁ&3134 »1979
12;9 58915 ~n82 38 fﬁ.al 3}3&35 ﬁ;3926 i2264
13.9 56,79 =77.33 »5,81 3,0618 2,29@2 ,2561
i4cg 55152 ?72 28 ”1&-57 .2!7869 '2528z7 i2871
15.9 54’31 ?67:23 "15.27 .2!5471 '2@2737 ﬁ3195
16,0 53.45 62,20 20,04 2,3387 £,26%9 ,3532
17.9 52,01 257,19 ~25,04 2,1556 (£,2663 ,3883
18.9 50,89 w52.21 ~39,40 1,9$43 £,2656 ,4248
19,9 49,78 =47.30 36,28 11,8518 €,2670 ,4625
20.9 9,00 =42,63 ~42,63 1.,7259 0.2704 5043
21‘0 g.ﬁg ”42066 ”42.66 1.6147 2¢2?59 f54@9
22,9 8,89 «42,69 42,69 1,5170 £.2836 ,5808
23.2 2,00 =42.72 ~42,72 1,4313 £,2938 6208
24,0 2,00 42,75 242,75 1.3567 £,3264 6604
25.0 2,00 =42.78 -42,78 1.2522 £,3218 ,699¢

106

ATM

FRAC,
Yi

04439
2352
8006
164938
14883
71%1
17446
17659
¢ 7841
17999
18137
4826@
8371
v 8472
«8565
18652
18733
8811
8885
+ 8959
1 30832



T-1873 o | - 107
PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE
INPUT DATA

CRITICAL PROPERTIES

COMPONENT PC 7C Ve W
Ny, (1) '33.610  126.330  90.050 .0400
cH, (2) 45.520  190.540  99.490 .0130

TEMP. = 130.0 K PRESSURE FROM 6.0 ATM 70 30.0 ATM

OUTPUT cxnxqux) u%ﬁ;l RARY

GoLpey, CbL of MINEg
401
Starling , Hopke-Lin

AK12 0250 ~.0230

Press. ' _
 atm X(1) (1) x(1) (1)
6.0 .0566 « 3857 .0478 .3678
7.5 .0944 .5078 .0816 .4909
10.0 .1602 .6312 .1423 .6152
14.0 «2739 « 7389 .2519 . 7239
20.0 4644 .8242 4448 .8105
25.0 6337 8696 .6178 8573

30.0 L7911 .9071 7760 .8962




PHASE EQUILIBRIA AND ENTHALRY CALCULATIOA VSInG
THE PENG AND ROBQNSON EQUATION oF STATE

CRITICAL PROPQRTIES

.9‘9----‘.---—’-"«--3‘- ------- - -

108

W

8400
18130

CQMPONENT _PC rc T
N2 (1) 33.618 126,333 98,250
CH4 (2) 45,520 190.540 99,499
MIXTURE ¢ N2 = ,5000 CH4 = ,5g0¢
INTERAGTION COEFFICIENT AK12= .0400
INITIAL GUESS X1z .0168 Yiz .2400

TEMPERATURE =

RRESS,
CATM
32.2
33,0
34,0
35,0
36,2
37.8
38,0
39.0
46,0
41,0
42,0
43.0
44,0
45,2
46.@
47,0
48,0

177,59 K PRESSURE FROM

QUT«PUT

ENTHALRY MIXTURE
LlgulD

VAPOR
: BTU/LB

87,95 2,20 87.95
87,19 0.@0 87,19
'86.42 2.92 86,42
85,65 2.92 85,65
84,86 ¢.20 84,86
84,926 g.99 84,026
83,25 2.29 83,25
.32643 gﬁﬂﬁ' 82,43
81,60 Qoaz 81,60
80,76 2,90 89.76
79,98 2,20 79,99
79.23 2,90 79.923
78,15 2.2@ 78,15
77,26 2.20 77,26
76,35 .29 76,35
75,44 E.gﬂ 75044‘
74,52 2.92 74,592

MIXTURE

2,

%
2

2

2,
2,
1,

1

1

1
1

1
1,
11,4237
1.
,2893

1

'32&2@ AT" TG

K=-=VALUE

K1

4818

.3883
«2663
.2142
1328

ge45
9792

9263
. 8356
1,
6593
.6329
5669

7668

5¢¢8
3640

2,5372
22,5098
'8.9143
2.,5211
2,5311

49,82 ATM

MOLE FRAC,

- X1 Y1

----999----——-—ggq_pwﬁw'g-- —--...-m-------p_-.g-v--u..-}dy---q-qq-_-,..9



PHASE'EQUILIBRIA AND ENTHALPY CALCULATION USING

109
THE - SOAva REDLxcHaKNONG EQUATICu CF $TATE |
INPUT DATA
T-1873 ‘;*,-’--?ﬂ;s’_ﬂ
CR]TICAL PROPERTIES
paq-pvy-dpﬂha-q—-n-n——émqgu

QOMPONENT _ PC ¢ Ve W

CH4 () 45,520 190,548 99,498  ,0438

MIXTURE § N2 = 5028 Ck4 = ,5200

INTERACTION COEFFICIENT AKl2= ,040¢

INITIAL GUESS X1z 2148 Yis .0400

TEMPERATURES 177,59 K PRESSURE FROM 32,82 ATM TC  43.00 ATM
_ BUTaPUT
- T N W
ENTHALPY MIXTURE -=VALUE MOLE FRAC,

PRESS, VAPQR  L1I1QUID  MIXTURE  Ki K2 X1 Yi
ATM ~ BTU/LB.
qéqq-9v9~i-w¢—-——uwﬂ-Q-P-—R ------ - Ty L an > O o W AP T TR N T ap A A O aw en oy T o wn S
32,0 88,68 9,00 88,68 2,2750 £,9771 .2376 .24g1
32,5 88,31 2.%92 88,31 2,2321 ¢,97@87 ,2232 ,4518
33,0 87,94 g.20 87,94 2,124 02,5646 ,£288 ,0632
33,5 87,57 2.90 87,57 2,144$5 £,9589 ,2345 ,0742
34,0 87.19 2.90 87.19 2,129%5 2,9535 ,0402 ,0848
34,5 86,81 0,929 86,81 2.,2783 @,5485 ,2459 .8951
35.0 86,43 2.920 86,43 2.8318 £,9437 2517 .1451
35,5 86,24 2,90 86,84 11,9642 02,9393 ,£576 .1148
36,0 85,66 2.%0 85,66 1,9%72 £,9351 ,2635 .1242
36,5 85,27 chz 85:27 1.9298 22,9313 2694 ,1333
37.0 84,87 2,90 84,87 1.8849 28,9278 ,2754 ,L422
37,5 84,48 2.22 84,48 1.8496 2.,9246 (2815 ,1507
38,0 84,08 2,99 84,08 11,8147 £,9217 ,2877 ,41591
3805 63068 @dgg 83068 1(78@1 Za9192 |z939 91671
39.9 83,27 2,20 83,27 41,7457 2.516% ,19002 .1752
39,5 82,86 p.,00 82,86 1,7115 £.9150 ,1067 .1826
40 .0 82,45 2,29 82,45 1,6773 £,5135 .1132 ,1899
42,5 82,04 ?.09 82,04 1.,6429 2,9124 ,1199 1971
41,9 81,62 2.22 81,62 11,6082 @,5117 ,1268 ,204¢
41,5 81,29 2.90 81,20 11,5723 2,9115 ,1339 .2106
42.@ 82977 glgm 89177 1.5342 2'9119 e1414 !217@

42,5 80,34 ¢,29 80,34 1.455% 2,5131 ,1492 ,2231



PHASE EQUILIBRIA AND ENTHALPY CALEULATION USING
THE REDL1CH KWONG EQUATION oF STATE

,geq-9-~~—-—a——-gg-qqaqquvrqﬁs--n- - o TH W " -

ATM

FRAC.,
Y1

110

| CINPUT DATA
T-1873 e et L et T
cﬂxrchL PRUPERTIES )
COMPONENT-  PC  TC VG W
- oo o»om ~-—--~-,-,~v~s~e~—~ ----- Mmmmmwn RN TR -
N2 (1) 33,640 126,332 92,850  .2408
CH4 (2) 45,520 190,542 99,498  ,213@
MIXTURE & N2 = 5000 CH¢ = ,5¢00
INTERACTION COEFFICIENT Aki2s ,23%¢
INITIAL GUESS Xis .0162 Yis ,2482
TEMPERATURES 177,59 K PRESSURE FROM  32.8¢ ATM TO 45,00
QUT=-PUT
ENTHALPY MIXTURE k==VALUE ¥OLE
PRESS, VAPOR  LIQUID MIXTURE K1 K2 X1
ATM BTU/LB ) |
“32. o T8 hee 87,73 2.4111 2,9383 12471 11135
33.92 86,93 .82 86,93 2,3222 £.,5189 ,8578
34,0 86,11 2.90 86,11 2.2378 £,5087 ,2687
35.0 85,28 0,99 85,28 12,4573 £.8998 ,@797
36,0 84,44 2,00 84.44 2.0804 ¢£,8921 ,0908
37.0 83,57 2,99 83.57 2.0068 2,8855 ,1021
38,0 82,69 2,20 82,69 1,9262 £,8381 ,1136
39,0 81,80 2,09 81,80 1.8687 ©,8757 .1252
40,0 82,88 2.20 80,88 1,8¢22 ¢,8726 ,1371
41.0 79,94 2,29 79.94 1.7384 £,8786 ,1491
42.0 78,98 2,20 78,98 1.6762 £,8698 ,1614
43,0 78,01 .00 78,01 1,6152 £,8704 .1740
44,0 77.28 8,20 77,08 41,5552 £,8723 ,1869
45.0 75,98 2,22 79,98 1.4956 @¢,8739 ,2003
46,2 74,93 2,00 74,93 1.4357 2,8813 ,2141
47.0 73,86 2,09 73,86 .1,3748 2,8890 ,2285
48.9 72,76 2.920 72.76 1.3113 2,8997 .2438
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PHASE EQUILIBRIA CALCULATION USING
THE BWRS EQUATION OF STATE

INPUT DATA

" CRITICAL PROPERTIES

COMPONENT BC C ve o W
N, (1) 33.610 126.330 90.050 .0400
cH, (2) 45.520  190.540  99.490 .0130

TEMP. = 177.59 K PRESSURE FROM 34.0 ATM TO 46.0 ATM

‘ouTPUT
.-Starling HopkeéLin
- ARK12 | . .0250 .0230
Press; . | '
atm x(1) (1) X(1) (1)
34 .0 ~.0382 .0955 0377 .0923
36.0 .0564 .1313 .0565" .1287
38.0 - 0749 .1625 .0758 . 1606
40.0 .0938 .1895 .0955 .1885
42.0 1132 .2127 .1158 .2126

44.0 .1545 +2474 1370 .2331
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- APPENDIX II
ENTHALPY RESULTS
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APPENDIX 1III
COMPUTER LISTINGS



ing

W

o

a o o

e

(7]

PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING

THE PENG AND. RCBINSON EQUATION OF STATE

BY ABRAHAM J.

SUNTAGA GOITE

'CHEMICAL ‘AND PETROLEUM REFINING ENGINEERING DEPT

COLORADO SCHOOL OF MINES

MAIN PROGRAM

WRITE(4,86)

READ(4,51) NOF"

1=0

CONVR=,p3436124
R = 82,8562

C1TMAX = 230
WRITE(4,55)
‘READ(4,51) NN

K=0
[=1+4
READ(NIN,420)

READININ, 416)

READ(NINS428)
READ(NIN, 435)
WRITE(4,59)
READ(4,51)1
WRITE(4,5)
READ(4,51) WNY

PC1.TCL1,VC1,CMW1,W1,211,COMPA
PC2,TC2,VYC2,CMH2, W2, COMPB
AQG,ABL1,AB2,A03:A04,A35

RZ%,8081,B02,823,804,885



14

IFCLLEQ. @) WRITE(4,52)

hRITE(4.7)

IFCLLGT.8) WRITE(4,53)

READ(4,8)AKL2,P, X1, Y1 EPS,DP,PY

WRITE (4,27)

READ(4,51) VAP

K=K+1

WRITE(4,14)

READ(4,8)BK

ITER. = 2

TYPE 100
ACCEPT 8,T

WRITE(8,9)

WRITE(8,12)
WRITE(8,11)

WRITE(8,239)

WRITE(3,249)

WRITE(8,252)

NRTTE(S;ZﬁQ)
212=1,~-211

WRITE(8,320)
NRITE(8.31ﬂ)
WRITE(8,329)
WRITE(8,332)
WRITE(8,342)
WRITE(8,35%)

WRITE(8,362)

WRITE(8,379)

TR1=T/TCY

FORMAT( ' BKz '$)

COMPASPCL,TC1,VCL, WYL
COMPB,PC2,TC2,VC2,HW2

COMPA» 211+ COMPB, 212
AK12

X1sY1

TP, PH



&.

TR2=T/TC2 |

ALL £ 1,%(,37464+1.542260H1-,26992%W1oH1) o (1, -
1SQRT(TRL) )

AL2 = 1.+(13746441,54226942-,26992%420W2)
1(1.=S0RT(TR2)) |

AL = 457248 (RaTC1%ALL) #22/PC1

A2 = ,457248 (RETC28AL2) 802/PC2

Al2 = (1,~AK12)#SQRT(ALleA2) |

BL = ,@778%RaTC1/PC1

B2 = ,8778%ReTC2/PC2

B12 3 ((Bi%a(1,/3.)%B256(1./3.))/2,:)%43

8122812241 +~RK)

T=(T-273,)%1.8+491,95

HIDEL=(AZD*AQL#ToAR24THa2+ATInToaI*A042TangqepARSRHTHaS
1) #CMW1

C HIBE2:(BOO*BALaT+BU2#T#»2+B03#Tes3*BU4#T#s4+B059T#45

1) 8THN2

T=(T-491,95)/1,8+273,

AF=Z1192119A1+2, 42L16E420A12+3124212A2
BF=Z114B14+3124B2

IFCIVAP,EQ.8) 60.TO 65

IFCIVAP.EQe4) GO TO 66
.io"vi

H®

Y2
X2 = 1,~X4

YinYieAd42,0Y10Y20A12+Y28Y20A2

A

B = YisY14Bl.2,sY18Y20B12+Y25Y2482

IF(LQEQ'@’ 8 = Yl’.Bl*YZ"Bz

c1 AsP/(RoRaTaT)
c2

10 = =3

B=P/(ReT)



CALL VCUB(A,g,RP,R,T,V,2,1D)

BB1 = 2.“(Y1¢§i*¥2*812)*8

BB2 = 2,8(Y1ep12+Y2982)-8

IF(L.EQ, %) BB12B1

IF(L.E0.%) BR2 = B2

PLV = EXP(BBIw(E~1.)/B-ALOG(E~02)-C1/(2,981,5
18C2)8((2,9Y18A142.8Y25A12)/A~BB1/B) ®ALOG( (2+2,414
26C2)/(2+,4149C2))) |

' P2V=EXP(BB2#(2~l,)/B=ALOG(Z-C2)~C1/(2,#21.5
19C2)a((2,%Y1wA12+2.8Y2#A2)/A~BB2/B) *ALOG((2+2,4144(2)
2/(2-,4144C2)))

21271

z2:v2

CALL DIFF(AK12,R,TC1,TC2,PC1,PC2, W4, W2, AL,
1AL2,T, 21,22, DAF) |
HD;(R*T»(Zsif)*(T*DAF-A)/(Z.**1.5*9)“ALOG((§&2.42“C2)/
1<Z*a414*62)))460NVR |
HOV1=HIDEL

HOV23HIDE2

HQV:HD

10=1

AAL = AL

AML2 3 AL2

XieX10AAT+2, #X18X29AA12+X20X2#A2

A

B
IF(L.EQ.Z) B=X10B1+X2#B2

X1sX19B8142,8X19X20B12+X2X24B2

CL = AsP/(ReRaTeT)

C2 = BaP/(Rsr7)

CALL VCUB(A,B,P,R,T,V,2,1D)
BBL = 2,#(X1sB1+X2#812)-B



33

B32 = 2,#(X14B12+X29B2)-8

IF<L.Eo.ﬂ>~asi=81

IF(L,£Q.¢) Ba2 = B2

PLLTEXP (BB16(Z~1,)/B-ALOG(E-C2)-C1/ (2,81 .50(2)
1((2.»x;aAA1+z,~x2»AA12))A;831/s>£agoc<<z+2.414
2*62>/(2w.414ac2)>)

P2L2EXP (BB28(Z=1,)/B~ALOG(Z~C2)-C1/ (2,821 .5%C2) %

,1((2.»X10AA12*2.uXZ*AZ)/ArBBZ/B)aALOG((i42,414

26C2)/ (2=, 4149C2)))

21=xX1

222%2

X1C 3 (1,-P20/P2V)/(P1L/P1V-P2L/P2V)

Y1C = X1#P4L/PLV |

CALL axrrchié}R;rc1.rcz,ch.Pcé.wi.wz.ALi.
1AL2,T,21,22,04F)

HD=(RaT#(Z=1. ) #(T#DAF=A)/ (2,081 ,55B) *ALOG (Z+2,424C2)/

"1(Z~i414%C2)))sCONVR

HOL13HIDEL

HOL23HIDE2

HOL=HO -
IF(ABS(X1C=X1) . LT.EPS.AND.ABS(Y1C~Y1),LT,EPS) GO TC
130

X1 = (X1+X1C)y/2,

Y1 3 (Y1eY1C)/2,
IF(XL,GTe1s) X171,
IF(Y1.6T 14) Yis1,
IFCITER.GT+ ITHAX1GO TO 40
ITER = ITER+

G0 To 20

EK13Y1/X4



‘65

66

£X2 2 (1.-Y1)/¢1,~%X1)

‘VF=(le*ﬁEKiZEKZ?/(1.-EK2)'1.Q)/(EK1~1.Q)

CMWNX=CMHL#X1 o CMH2 #X2
CMHYzCMWLaYLeCMWN22Y2
CMWZ=CHUW1eZ1] +CMH2# 212
IFCVF .LE. .g) GO TO 65
IF(YF LGE, 4)) GU TO 66

HVEZHDV+HOVLay1+HOV2#Y2

HL=HOL+HOL1#x1+HOL2#4X2

HM= (Ry s VF +HL# (1, =VF) ) /CMUE

HV:HV/&NN§‘

HL=HL /CMMX

GO TO 67

HV=3,

10=1

A=AF

B=BF

CALL VCUB(A,R,P,R,ToV,2,10)
ClsAsp/(ReRsTaT)

C2=Bsp/ (ReT)

212211

223212

CALL DIFF(AK{2,R,TC1,T7C2,PC1,PC2,WL,W2,ALL,
16L2,7,21,22,DAF)
HOL=(R#T#(2=1,)+(T20AF=A)/(2,#01 5#B)0ALOG((2+2.424C2)/
1(2~,4145C2)))2CONVR

HM= (HOL+HIDEI #2141 +HIDE28212) /(211 %CMHL+Z120CHW2)
HL=HM

G2 T0 67

HL=3,



67

1D=-1

AzAF .

B=BF

CALL VCUB(A,B8,P,R.T,»¥,2,1D)
C1=A9p/(RaRaTaT)
C2=58p/(RaT)y

212211 |

222212

CALL nrr?tAKiz.R.TCi.Tcz,Bc1.Pca;w1.N2.AL1
1,AL2,T,21¢22,0AF)
aov=<aoru(2~{.)ftranAF~A{/(2.991;5*8)»AL06((2»2.42ac2>/

"1(2~,4148C2)))sCONVR .

HM= (HOV+HIDET #2211 +HIDE28Z12) / (211 9CHW14Z120CHN2)

HV 2HM | '

WRITE(B,12) P,HV,HL,HMJEKL, EK2,X1, Y1

ITER = @ |

P = PapP

IFCP=pM.LT,0) GO TQ 20

IF(X.EQ.NT) 60 TO 4

G0 TO 1

TYPE 54

G0 TO 30

IF(1.,£0,NDF)GO TO 2

60 TO 3 |

STOP

FORMAT(! NUMRER OF DATA FILE = 's)

FORMAT(! IVAP= '$)

FORMAT(37Xs' COMRONENT',5X,'PCY,7Xs 'TC* +7X, 'VC' »7X, '}
1,/:36%X,49€1501,4)
FORHAT(35X¢A5,'{1)'ﬂ2XpF8.3;2X,Fa.3’éX»F7o3:2XoF6«4)



268

309
314

329
337

340
352

364

12

11
234
12
422
419
422
439
59
51

52
53
54

FORMAT<3ax,A5;:<2>'.2x.ra.3.2x.rs.z.zx.F7.3,2x.F6.4,/)
FORNAT(' AK12,P,X1,Y1,EPS,DP,PH=18)

FORMAT (7F)

FORMAT (37X ! lerURE PV A4t =1 ,F6.4,2X0A5, 72" FE.4,7)
FORMAT(37X)' INTERACTION COEFF{CIENT .AK12%1,F6.4,/)
FORMAT(37X)' INITIAL GUESS X13¢,F6¢412Xs'Y121,F6,4,/)
FORMAT (23X, " TEMPERATURE=',F8.2,1 K',t PRESSURE FRCM',

1F8.2, ATM T0',F8.2:' ATM',//)

FORMAT (58X»' QUT=PUT!,/;48X,13('a"'),/)

FORMAT (42X " EMTHALPY MIXTURE®,8%»'K=-VALUE',5X, 'MCLE

1 FRAC,'4/)

FORMAT (1H1s32X, ' PHASE EQUILIBRIA AND ENTHALPY CALCULATION USTHG
1':/) - | |

FORMAT (38Xs ' PRESS.'»2X,'VAPORY,3Xs 'L1GUID’ s 3X, "MINTURE" ,

13X, 7K1, 6%, 1K21 25X, 'X4",4X,'YL")

FORMAT (34X, ' THE PENG AND ROBINSON EQUATION OF STATE!,

1/+38%,54(1=1))

FORMAT (//,49%, 1 INPUT DATA'1/,48X,34(0="),¢)
FORMAT (44X, ! GRITICAL PROPERTIES',/,41X,27('="),/)
FORMAT (29X 1F6.1,3F9.2,2F8,4,2F6.4)

FORMAT(6F,AS)

FORMAT (SF, A5)

FORMAT (6F)

FORMAT (6F)

FORMAT( 'LINEAR 8¢(2) OR QUADRATIC(1) '$)
FORMAT(12)
FORMATC' HOW MANY TEMP 218)
FORMAT( 'B IS LINEAR')
FORMAT( 'B 1S QUADRATIC')

FORMAT( 'CALCULATIONS DID NOT CONVERGE')
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2¢

FORMAT(' DATA FILE #'3)
FORMAT( 'TEMp,= '$)

FORMAT(30X,? ATM?!.15X, 'BTU/LB',/,30X,61¢1=1))

END
SUBROUTINE VCUB(A,B4P R, T.V,Z,10).

D = B+RsT/P

E'= =(3,#8%B+2,9R#T#B/P-A/P)

F = BaBaB+{RaT#BaB~A%B)/P

6 = (3,eE~0#0)/3,

H = =(9,%D%EI37,0F=2.9020%D) /27,
IF(Goa3/27 4HaH/4,,LE.D) GO TO 1¢

S = =M/2.+SQRT(G#83/27 +H¥H/4,)

TT = =H/2.mSQRT(G#3/27 ., +HoH/4,)
1IF(8)5,6,6

S F m((-5)%9¢1,/3,))

GO0 TO 7

S = ($)#8(3./3.)

IF(TT}8.9;9

TT =2 =(=TT)ea(i,/3.)

G0 TO 15

TT 3 (TTY*%(i,/3.)

V = S+TT-D/3,

GO TO 49

THETA = (ACOS(=,5#H/SQRT(~G##3/27,1)1/3.
Vi = 2,9SQRT(=G/3,)#COS(THETA)
2.»SORT<vG/3.)*ch(THETA+2.z944)
V3 3 2,#SQRT(~G/3,)#COS(THETA+4,1888)

V2

'IF(1D)20,39,30

V 3 AMAX1(V1.v2,¥3)~0D/3.
GO TO 4@
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V = AMINL(V1,v2,Vv3)-D/3.
Z = PaVv/(R®T)

RETURN

END

SUBROUTINE DiFF(AK12,RsTC1,TC2,PcLsPC2, W1 W2, ALY,

1AL2,T,21,22,DAF)
EKAL2,37464+7,542260H1~,269920W1aW1
EKA2=.37464¢3.54226*N2~.26992*N2nwz

C%.45724¢ (1, 7AK12) *R#R®TCL2TC2/SORT (PCA#PC2)

D=1, +EKA2+EKAL+EKAL#EKA2

E=EKA1®EKAR/SORT(TC18702)
F2EKA2/SORT(TC2)*EKAL/SORT(TC1)+EKAL*EKA2/SART(TEL)
1+EKA1LSEKA2/SORT(TC2)
6=.457248Z10z1«R4ReTC16TCL/PCL

H=2 .#244Z228Ca]

AJs2,8216Z24CsE

AP=2, 521 8Z20(0F

W=.457248Z2022#ReReTC2#TC2/PC2
DAFaAJnALiﬁﬁgtKAi/SQRT(T&TCI)'AP/(2w0SGRT(T))uAL?‘kﬁ
1EKAZ/SORT(T&TC2)
RETURN

END
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PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING
THE SQAVE-REQLICH-KWONG EQUATION OF STATE
BY ABRAHAM J. SUNIAGA GOITE

- CHEMICAL AND PETROLEWM -REFINING ENGINEERING DEPT

COLORADO SCHOOL OF MINES

MAIN PROGRAM

KRITE(4,6)

READ(4,51) NOF

-

CONVR=,p4361p4

R = 82,p562

1TMAX = 200

WRITE(4,55)

READ(4,51) NiN

Kéé

=141

READ(NIN,480) PC1,TC1,VC1,CMW1,H1,211,C0MPA
READ(NIN,438) PC2,TC2,VC2,CMW2,W2,COMPB
READ(NIN,420) AQ®,AB1,AD2,A03,A04,A05

READ(NIN,430) R@2,B01,802,B083,804,B05

WRITE(4,58)
READ(4,50)L
WRITE(4,5)

'READ(4,51) HT

IF(L.EQ.2) WRITE(4.52)
IFCL.GT.2) WRITE(4,53)
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10
PO

39

)
56
70
30
0

14

WRITE(4,7)

READ(4,8)AK12,P,X1,Y1,.EPS,DP,PM

WRITE(4,27)

READ(4,51) TvAP

K=K+l
WRITE(4,14)
READ(4,8) BK
FORMAT ¢ QK:
ITER‘: g
TYPE 100
ACCEPT 8.7
WRITE(8,9)
WRITE(8,18)
WRITE(8,11)
WRITE(8,239)

WRITE(8,240)

WRITE (8,250)
WR1TE(8,260)
21221 ,~211
wRiTE(8.3ﬁ0)
WRITE(8,310)
WRITE(8,320)
WRITE (8,332)
KRITE(8,340)
WRITE(8,350)
WRITE(8,360)
WRITE(8,370)
TR1=T/Tc3
TR2 = T/TC2

1)

COMPA,PCL,TC1,VCL, Wy
COMPB.PCZ.TCZaVCZ.Na

COMPA, 211, COMPB, 212
AK12 |

X1.Y1

T1PsPH

ALlz 1. ¢ (,488 * 1.5740W1-.176#K1%W1)# (1,
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20
39
49

5o

4

L G
X

A" 4 ~ O~
S 8 9 ©

L8]

T3

BRI I - -

1SQRT(TR1Y)

AL2 = 4, « (,4B0 + 1+5748U2~,176aW28N2)0(1,~
1SORT(TR2))

AL = ,42747e(ReTC1%ALL)#2/PC]

A2= i42747%(ReTC22AL2)#e2/PC2
A12%(1,~AK12)#SQRT(AL#A2)

Bl =,08664%ReTC1/PCL

B2=.08664#ReTC2/PC2

B12 = ((Bi%e(1,/3,)+B200(1./3.))/2,)%s3

B12=B12«(1.~BK)

T=(T=273,)%41,64491,95
HIDEi:(Aﬂﬁ*AzaQT*AQZ*T?'2*AQ367§¢3*Aﬁ4OT»«q#ggsaf&c5
1)#CMu1

HIDE2= (BPP*BE1#T4BO24T#e24B03eTos34B046Tas4+Bp50 645
1)eCMy2

T=(T=491,95)/1,64273,
AF=2110211%AT+2,#21102120A12+42120212%42
BF=Z114BleZ12B2

IFCIVAP.EQ.B)Y GO TO 65

IF(IVAP,EQ.1) GO TD 66

1.-Y1

X2 = 1.-X1

A:Y1471QA1*2$»Y1¢Y2%A12+Y26Y2*A2

Y2

B = YieY1eB142,#Y16Y28B12+4Y26Y20p2
IF(L.éQ.a> B = YieBi+Y2eB2

C1 = A%P/(ReReTeT)

€2 = BeP/(ReT)

iID = -1 |

CALL VCUB(A,B,P,R,T,V,2,1D)

8B1 = 2,#(Y1eB1+Y20B12)-B
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70
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20
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26

30
4o
50
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Bo
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BB2 = 2,#(Y1eB124Y24B2)-B

IFiL.Eo.a> BR1sB1

1FCL.EQ,.2) eez'é B2

PAVEEXP (BBL#(Z=1,)/B~ALOG(Z-C2)-(C1/C2) % (2,*
1SORT(AL1/AY-BB1/B)#ALOG(1.+C2/2))
P2V=EXP(BB2%(2»1,)/BeALOG(Z-C2)~(CL/C2)% (2,
1SORT(A2/A) ~BB2/B)#ALDG(1.4C2/2))
HOV1sHIDEL

HOV2sHIDE2

21=Y1

22=Y2

CALL DIFF(AKi2,R,TC1,7C2,PC1,PC2, N1, N2,AL1,
1AL2,T,21,22,DAF) ’
HD=(RaTa#(Z~1, )¢ (TaDAF-A)2ALOG((V+B)/V)/B)#CONVR

HDOV=HD

1D=1
AAl

At
Ah12=412

AZX19X18AAke5, 8X16X20AAL2+X20X20A2
B = X1sX18B1s2,eX18X20B12+X26X2682
IF(L,£Q.F) BaXieB1eX2#B2

Ci = A’P/(RegoT“T)

€2 = gep/(ReT)

CALL VCUB(A,8,P,R,T,V,Z,10)

BB1 = 2,#(X1sB1+X20B12)-B

BB2 = 2,#(X1sB12+X2¢B2)~B
IF(L.£0.%) BRi=Bi

IF(L.EQ.%) BR2 = B2

P1L=EXP (BB1#(Z~1,1/B=AL0G(Z-C2)-(C1/C2)#(2, #SQRT{
1AA1(A>4581/3)&ALoccx.tca/2))
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P2L=EXP (BB2#(2=1,)/B~ALOG(Z-C2)~(C1/C2)#(2,#SQRT(
1A2/A)-BB2/B)eal0G(1,+C2/2))

HOL1=HIDE1

HOL2=HIDE2

Z1=X1

22=X2

(1.=P2L/P2V) /7 (P1L/PIV-P2L/P2V)

Y1C = X1#PiL/P1V

CALL DIFF(AKIZ,R,TC1,TC2,PCL,PC2.H1,W2,ALL,
1AL2,T,21,22,DAF)
HD=(ReT#(B~1. )¢ (ToDAF-A)#ALOG((V+B)/V)/B)#CONVR

X1C

"

HDL 2HD
IF(ABS(X1C~X1),LT.EPS,AND ABS(Y1C~Y1),LT,EPS) GO TC

130
X1 = (X14X3C)/2.

Y1 = (Y1*YiC)/2, mmums
IF(X1,6T¢1s) X1=1. Gow%ms%%“&na

IF(YL1,6T.44) Y131,
IFCITER.GT ITMAXIGO TO 4p
ITER = ITEReT

60 T0 20
EK12Y1/X1
EK22(1.~Y1)/(1,-X1)

VF=(Z11#(EKL1CEK2)/(1.=EK2)~1,8)/(EK1=1,0)
CHHX=CMWL®X14CMW2#X2

cnw¥=cnw1«Y1¢CHQ2~Y2
CMWZ=CMUL14Z211+CMu202]2

IF(VF,LEs @) GO TO 65

1F (YF,GE, 1.s‘é0 T0 66 -
HVZHDY«HOVinY3#HOV28Y2
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HL=HDL+HOL1#x1#HOL2#X2

HM= (HV#VF+HLe (L, »VF) ) /CMUZ
HV=HV/CMRY

HL=HL /CMKX

GO0 T0 67

HV=0,

10=4

A=AF

B=BF

CALL VCUB(A,B,P,R,T,VsZ,1D)
Ci=Aep/(ReRataT)

c2=Bap/(RaT)

Z1=211

222212

CALL DIFF(AKi2,R,7C1,TC2,PC1,PC2,W1,H2,AL1,
1AL2.T,21,%2,DAF) |
HOLE(ReT® (27, )¢ (T#DAF=A)#ALOG((v+B)/V)/B)aCONVR
HM= (HDL+HIDET o211 +HIDE26212) /(211 #CMN1+Z120CMH2)
HL=HM

60 TO 67

HL=2,

10=-1

A=AF

B=BF

CALL VCUB(A,B,P,R,T,V,2,1D)
CizA#p/(ReRoTaT)

C2=Bap/ (RaT)

212711

22:=212

CALL DI%F(AKié.R.TCi.TCZQPCi{?Cé.leNzeALl,
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1AL2,T,21,22,DAF).

HDV=(RoTa (B-1,)« (TeDAF=A)#ALOG((V+B)/V)/B)«CONVR
HM= (HDV+HIDE1 0211 +HIDE2#212)/(2114CMWL1+2124CMK2)
HV=HM

WRITE(8,12) P,HV,HL HM,EKL,EK2,X1, Y1

ITER = @

P = PeDP

IF(P-PM.LT+8) GO TO 20

IF(K.EQ.NT) 60 TO 4

60 TO 1

TYPE 54

GO TO 38

IFC1.EQ.NDF) GO TO 2

GO T0 3

STOP

FORMAT(7F)

FORMAT(37Xs' COMPONENT',5X, 'PCt,7Xe "TC»7X, 'VC' s 2X, "W
1'57136X249(1%1),/)
FORMAT(38X0AS, (1) "' +2X+FB,342X,F8.3,2XeF7:3+2X,F604)
FORMAT (38X s A5, ' (2) ' +2XsFB.3:2X,F8.3+2X+F73,2X,Fb,d
1+7)

FORMAT(' NUMBER OF DATA FILEs 1$)

FanAT(' IVAPz '$)

FORMAT(' AK$2,P,X1,Y1,EPS,DP,PMz1§)

FORMAT(37Xs' MIXTURE. & *1Ad, ! =1/ F61412X0A5, 12", Feabi/)
FORMAT(37Xs' INTERACTION COEFFICIENT AK12=',F6.4,/)
FORMAT(37Xs ' INITIAL GUESS X13',F614s2Xs'Y121,F6.,4,/)
roaﬁar(zsx."TznpaaATuRssi,re.a.j K'y? PRESSURE FRCK!,
1F8.2,' ATM TQ',F8.2,' ATM',//)

FORMAT(58Xs ' DUTPUT',/,48X,13('="04/)
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364

378
ie

11
2393

FORMAT (42X, ! ENTHALPY MIXTURE',8X,'K==VALUE',5X, 'MCLE

1 FRAC,',/)

FORMAT (1H1232X, ! PHASE EQUILIBRIA AND ENTHALPY CALCLLATION USIn
1/ |
FORMAT(32Xs ! PRESS.'s2Xs'VAPOR',3Xs 'L1QUID,»3X, '"MIXTURE',
13x.'K1!.6x.¢K2'.5x,'x1{.4x;ivi') |

FORMAT (30X, ! Arn'sisx.'aru/La'./,sax.615'~'J>
FORMAT(33Xs! THE SOAVE~REDLICHzKWONG EQUATION OF STATE',
1/,30%,51(tm1))

FORMAT(/7,49%, ' INPUT DATA',/,48Xs140'n"),/)

FORMAT (44X, "' CRITICAL PROPERTIES',/+41%X:27( =) /)
FORMAT(29X+Fe.4,3F9.2:2F8,4,2F6,4)

FORMAT( 'LINEAR B(2) OR QUADRATIC(1) '$)

FORMAT(' HOW MANY TEMP 2'$)

FORMAT(I2)

FORMAT( 'B IS- LINEAR')

FORMAT( 'B IS QUADRATICY)

'FORMAT( 'CALCULATIONS DID NOT CONVERGE')

FORMAT(' DAYTA FILE #' 8)

'FORHAT( 'TEMP,= '§)

FORMAT (6F,A5)

FORMAT (5F , AS)

FORMAT (4F)

FORMAT (6F)

END

SUBROUTINE VEUB(A.B,P,R,T,V,Z,1D)
D = =ReT/P

E zA/?-B#BRR*TﬁB/P

-

=~Aag/P
G = (3,2E-Dep)/3,



1
10
20
3z
40
50
66
79
80

0@

(3%
10
20
30
40
50
60

7G.

36
Py
bo
Lo

3
1o
50
Y
'
Y,
)2

15

1o

2e

32
42

M = =(9.eD®E=27,4F-2,2DeDeD) /27,
IF(G#e3/27,4HeH/4,,LE.2) GO TO 10
S = =H/2,+SQRT(Gaa3/27 +H®H/4,)
TT = -H/2,7SQRT(G##3/27,+HeH/4,)
IF(S)5,646

S = ~((-S)%#8(1,/3.))

GO TO 7

S = (S)es(1./34)

IFCTT)8,5,9 ’

TT = ~(~TT)#a(1,/3.)

GO0 TO 15

TT = (TT)e®(1,/3.)

VoE 5+TT=D/3,
GO TO 49

THETA = (ACOS(=,5#H/SQRT(~G##3/27,))1/3,
Vi = 2,#S0RT(=G/3.)#COS(THETA)

V2 = 2.eSQRT(~G/3,)*COS(THETA+2,09447
V3 = 2,2S0RT(~G/3.)*#COS(THETA+4,1888)

IF (10)22:30, 30

v = AMAX1(V1,v2,V3)-D/3.
6O TO 48

AMIN (V1,V2,V3)-D/3.

v
2

PeV/(R#T).

RETURN.

END.

SUBRQUTINE DIFF(AK12,R,TC1,TC2,PC1/PC2,W1,W2,AL1,
1AL2,T,21,22,DAF)

EKAL=Z,460+1 57461~ 176eWlen]
EKA2=,48P+1,5744W2- . 1768H20H2

C=.427476(1,7AK12) sReRETC16TC2/SORT(PCLOPCR)



D=1.*EKA2*EKA1tEKA1*EKA2

E2EKAL8EKA2/SQRT(TCL2TC2)

F=EKA2/SORT(TC2) «EKAL/SART(TCL) +EKALSEKA2/SORT(TE1)
1+EKALSEKA2/SQRT(TC2) ‘
G=.42747521 021 sR*RSTCLHTCL/PCL

H=2,921822%Cap

AJ=2.*21*22*065

AP=2,2Z10Z24C0F

We.427479229224R#R0TC20TC2/PC2
‘DAF2AJ~ALLI#GoEKAL/SART(THTCL)~AP/ (2, #SART(T) ) AL 250 =
1EKA2/SQRT{TaTC2)

RETURN

T .

END
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PHASE EQUILIRRIA AND ENTHALPY cAchLAr;oN USING
THE -REDLICH~cWONG EQUATION OF STATE.

8Y ABRAHAM J. SUNIAGA GOITE

CHEMICAL AND PETROLEUM REFINING ENGINEERING OEPT
COLORADO SCHOOL OF MINES '

MAIN PROGRAM

WRITE(4.6) -

READ(4.51) NDF

1=0

CONVR=g. 0436104

R = 82,8562

ITMAX = 2082

WRITE (4,55)

READ(4,51) NiN

K=0

1=s1+}

READ(NIN/408) PC1,TC3,VCL,CMNL, 1,211, CONPA
READ(NIN,448) PC2,TC2,VC2,CMA2,W2,COMPB
READ(NIN,428) AQQ,ABL,AB2,A03,A%4,A05
READ(NIN,430) Bp@,B01,B02,B03,824,605
WRITE(4,50) N
READ(4,51)L

WRITE(4,%)

READ(4,54) NT

WRITE(4,47)

READ(4.8) GAMAL,GAMAZ,GAMB1, GAMB2
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o T 4}

[S)

L B~

14

IF(L.EG.@) WRITE(4,52)

WRITE (4,7)

WRITE(4,27)

‘KsK+1

WRITE(4,14)

'READ(4,8)BK

IF(L,GT,2) WRITE(4,53)

‘READC4,8)AKL12,P, X1, Y1, EPS,DP,PMH

"READ(4,51) lVAP

FORMAT( ' 8Kz 1$)

"1TER = 9

TYPE ig9
ACCEPT 84T
WRITE(8,9)
WRITE(8,10)
NRITE(B.iii
WRITE(8,230)
WRITE(8,249)
WRITE(8,250)
WRITE(8,264)
21231, -211
WRITE(8,389)
WRITE(8,312)
WRITE(8,320)
WRITE(8,330)
WRITE(8,340)
WRITE(8,350)
WRITE(8,369)
WRITE(8,379)
TR13T/TC1

COMPA,PCL,TC1,VEL, W1
COMPB,PC2,TC2,VC2, W2

coMPA.éix.conPe.zia
AK12

X4,Y1

T.P.PH



TR2:=T/TC2

zc12=.291-}@a»<u1*n2)/2.
v012=(<vc19a¢1./3.)*v02§*<1./3.>)/2.)&»3.,
TC123(1,AK12)#SQRT(TCLeTC2)
PC1222C129R87C12/VC12

B1=GAMB1#R*TEI/PCL

B2=GAMB2#R*T(C2/PC2

Al 3 GAMAL®RasRaTCi#%2.5/PC1

A2 = GAMAZ'R¢R07C2**‘2 B/PC2
A123(GAMAL4GAMAZ) #R#R8TC12282,5/ (24 #PC12)

B12 = ((B1%#(1./3.)+B288(1,/3,))/2,)%s3

B1228129(14~BK)
T=(T=273,)%1.8+491,95
HIDEL=(ABO#ACLST+AD29T992+A034T034A048T 00 4+AQ58T R85

1)4CMWL

HIDE22(BPO*BO14T+BO25T#82+4B035T 40348048 Ta04+A0S#T45

1)8CHu2
T=(f~491.95>/1;a+273.
AF3Z1102119A1+2,921142120A12+2120242%A2
BF=Z114B1+212482

IFCIVAP.EQ:) GO TO 65

IFCIVAP,EQ.d) 6O TO 66

Y2 = ie"Yi

X2 = 10"x1~ .
YiaYiaAle2,0Y18Y20A12+Y28Y20A2

A

B = YiaeYlaBl42,0Y1#Y20B12+Y24Y2432
IF(L,EQ.0) B = YieB1leY2sB2

10 = -1

CALL VCUB(A,B,P,R,T,V,Z,10)

BB1 = 2,#(YleBL+Y24B12)~8
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BB2 3 2,%(Y1aB12+Y2082)~8
IF(L.EQ.9) Bpi=B1

- IF(L.EQ.2) BBz = B2

PLVEEXP(ALOG(V/(V=B))+BBL/ (V-B)#aLOG(R#T/(P#V))
1-2.8AL0G((V4B)/V)I8(YL®AL+Y28A12)/ (REBATR®1.5)
2+A9891;(ALOG((V*B)/V)*é/(V*B))/(R’Q*B*TaﬂioS))
P2V=EXP(ALOG(V/(V”B))+882/(V~B{»ALOG(R¢T/(p&v))

1-2.#ALOG((VaB)/VI#(Y28A24Y10A12) 7/ (ReBaTa®.5)

2+A%BB25 (ALOG((VSB) V) =B/ (V+B) )/ (RPBSBITos1,5))
HOVA=H1DE1

HOV23HIDE2
HD=3,2AsR»THEONVR/ (2, 8BoRBT#n1,5) 8ALOG(V/(Y+B) ) +RaT4

'1CONVRe(Z-4,)

HDV=HD

10=1

AAL = AL

AA12 = AL2

A = X1sX18AAT+2,8X18X2#AA12+X20X29A2
B = XisX19B142,4X1#X26B12+X24X2082

IF(L.EQ.B) BsX1sB1eX2eB2

CALL VCUB(A,8,P,R,T.V,2,1D)

BBl 3 2,#(X1sB14X26B12) =8

BB2 2 2,4(X1#B12+X2982)-8

IF¢L,EQ.2) BA1zBY

IF(L.EQ.2) BB2 = B2

PLLSEXP(ALOG(Y/(V=B)1+BBL/ (V=B)+ALOG(R®T/(PaY))
1-2.%ALOG((VAB)/VINIXLRAAL+X28AA12)/(R4BaTS51,5)
2+A9BB1#tALOG((Y+B)/V)=B/(V+B) )/ (R*B#B#Te®1.5))
P2L=EXP (ALOG(V/(V=8))+BB2/(V=B)+aLOG(RST/(pPaY))
1-2.»AL06(<v¢99/v>6(x2*A2*x1fAA12)/(R»B*ta»1.5:



p &3

'Z*A‘sgzﬁ}ALoc(xV¢BaxvzsaxcV+B>)7(R~B~BaT«~1.s>>
HOL13WIDEY

HOLZ:HIDEZ

HD=3,4AsRaTHEONVR/ (2,#B#R#T451,5) $ALOG(V/ (VeB) ) +RuT
1cou¥a#<zs;.,

HOL=HD

X1C=(1,=P2L/P2V)/ (PLL/PLV~P2L/P2V)

YIC = X1#PiL/PLV
1F(ABS(X4C=X1), LT .EPS,AND,ABS(Y2C~Y1).LT.EPS) GO TC
130

X1 = (X1+X1C)/2,

Y1 = (Y1#Y1Cy/2,

IF(X1,6To44) X174,

IF(Y1,6T10) YiRd.

IFCITER.GT ¢ ITMAXIGO TO 40

ITER = ITERsI

6O TO 29

EK1=Y1/%X1

EK22(1,-Y1)/11,~X1)
VF=tZiiy(ski;exzx/(1.-5«23-1.)/(axiai.y

CHMRX=CMWL®X1+CMW28XD2

CMWY=ZCMWL @Y1 CMW2#Y2
CMWZ3CMWLeZ1 +CMU20212
IF(VF,LE, B} GO T0.65
IF(VF.GEs 3.3 60 TO 66
HVSHDY+HOVieYi«HOV2#Y2
HL=HDL +HOLLexX1«HO0L2#X2

HM= (HyeVF«HL & (1 ,»VF))/CMUWZ
HV=HV/CMUY

ML=HL/CMEX



28

20

¥4
/e
30

P

66

67

12

42

GO 10 67

HV=@.

10=4

Az AF

B=BF

CALL VCUB(A,B,P R, T,Y,2,10)
HDL=3,#A®CONVR/ (2, 8B4 To®,5)8ALOG(V/ (VeB))
1¢R&T¢(2*1')0C6NVR
HLE(HDL+HIDE{a214+HIDER#212)/ (CMWL#Z1L«CMN2#212)

HMsHL

GO TO 67

HL=8. Nt

A=AF - COLORADO gy
B=8F

CALL VCUB(A,B,P,R.T,V,%,1D)
HDV=3,#A®CONVR/ (2, #BeTsa ,5)2ALOG(V/ (V4B))
1+R#Te (=14 ) #CONVR

HY= (HDV+HIDE{#Z11+HIDE24212)/ (2114CMNLs212CMW2)
HM=HY |

WRITE(8,12) P,HV,HL,HM,EKL,EK2,X1% Y1
FORMAT(29XsF6,1+3F9.2:2F8,4,2F6.4)

ITER = @

P = Ps+DP

IF(P=-pM,LT+2) GO TO 22

IF(K.EQ,NT) 6O TO 4

GO0 TO 1

TYPE 54

GO TO 32

IF(1.eQ.NDF) 60 TO 2.



L3
P 0

¥

b0

7o

B2

P2
po
L0
el

A9

5 0
T
Y
Y

80

27

17

423
41
429
433
243

363

374
12

6O 10 3

sTOP

FORMAT(' NUMBER OF DATA FILE = 's)
FORMAT(' IVAP: '8)

FORMAT(' GAMAL,GAMA2,GAMBYL,GAMB2=" §)

FORMAT (6F,A5)

FORMAT (5F, AS)

FORMAT (6F)

FORMAT (6F)

FORMAT(37Xs! COMPONENT',5X, 'PCt,7Xs ' T 27X, "VC ' 17X, 'H' s
1/+36X,49(t=1),/)
FORMAT(38X1AS, 1(1) ' »2XsF8.3,2X,F8.3,2X,F7.3+2X,F6.d).
FORMAT (3BXsAB,1(2) ' »2XsFB.3,2X,F8.3,2XsF7.3,2X,F6.4,/)
FORMAT (37Xs ' MIXTURE ¢ ',A4," =1,F6,442X:A5, " =" FE.447)

"FORMAT(37Xs' INTERACTION COEFFICIENT AK12=1,F6.4,/)

FORMAT(37Xs! INITIAL GUESS X1%t,F6:412X)1Y1=",F6,4,/)
FORMAT (23X, ! TEMPERATURE=',F8,2,t K's! PRESSURE FRCH',

~1F8.¢2,' ATM TO!',FB8.2,' ATM',//)

FORMAT(58Xe ' QUT=PUT!+/148X,13("w"1,/)

FORMAT( ' AKI2,P,X1,Y1,EPS,DP,PMz 'S)

FORMAT(42X, ! ENTHALPY MIXTURE®,8X,'Ke=VALUE',5X, tMCLE

1 FRAC.'4/)

FORMAT(1H1,38X, ' PHASE EQUILIBRIA AND ENTHALPY .CALCULATION USIN
1007y

FORHAT (7F)

FORMAT (38X, ! PRESS. ' 12Xs 'VAPORY, 3% 'LIOUID? »3X, "MIXTURE",
13Xa'K1"6x"K2‘.§X{’X1'.4X.'Y1')

FORMAT(3@Xs' ATM', 15X, "BTU/LB',/,38Xs61( =1))

_FORMAT(38Xs' THE REDLICH KWONG EQUATION OF STATE!

1:/:3@X’51";")



19

20

39
42

THETA = (ACOS(w,5#H/SGRT(=Gee3/27,1)1/3.
Vi = 2,685QRT{=G/3,)*COS(THETA)
V2=2,4SQRT(=G/%,)4CO0S(THETA+2.0944)
V3=22,4SQRT(=G/3,1#C0S(THETA+4,1818)
1IFCID)20,30,30
V=AﬁAX1(V1CV2oV3)"D/§o

60 TO 40

VIAMINL(V14V2,V3)~D/3,

2=P#V/(ReT)

RETURN

END



1¢ c PHASE EQUILIBRIA AND ENTHALPY CALCULATION USING

25 C THE BWRS EQUATION OF STATE WITH STARLING PARAMETERS
39 ¢ AND HOPKE AND L14 PARAMETERS

4g C BY ABRAHAM J, SUWIAGA GOITE

50 c CHEMICAL AND PETROLEUM REFINING ENGINEERING DEPT

66 C COLORADO SCHAOL OF MINES

70 c

Be c MAIN PROGRAM

oz c

1 COMMON CONVR,R,NC,V,NTYPE,NPARM,SC:DG, DL, HG,HL

1e COMMON SG,SL,HM,SH,SMI,HMI,T1,P1,TF,PF,HADD,FS

20 COMMON HMF »SHF HC T+ P,DC,MD, COMP (6145 ,PC(45)

30 COMMON CZ(15),C1(15,7)2A(15,14),8¢2,11)sAk(11)

40 COMMON CMWC15),TC(15),CD(15),ACF (15)1XL(15),FUL({5)
59 COMMON FUG(15),Fu(15) AK(45),AK](15) rZ(15),X(15)

60 COMHMON Y(15),CK1J(15,45),DP,PM |

79 R = 10,7335

3¢ CONYR = #,185p57

1 NPARM = 11

29 KC=2

Le WRITE(4,119)

20 READ(4,18) @

30 DATA cs<1.4>;Jsi.11>/.44369»1.28438..356396..544979..528629,
12 1.484911,.8705233,.504087,.0307452,2732828, ,02645¢/
17 DATA (B(2,J),J%1,11%/,115449,-,928731,1.70871,~.270896+.349261,
5 1.754139;-.z44445.1.32245..179433’.463492»;.9é2143/’
70 v§17£<5'123>

3@0 READ(4,16) 4«

28 IF(4K,EG.3) 60 Tu 182
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16
2

46

&

R

[

184

25

27

28

READENING 2843 (ACL.J)s J=1,6) .

READUNING 281 (ACL,JI» J=27,11)

READ(NIN, 284y (AC(2,J), J=1.,6)

READINING281Y (AL2:J)7 J57,11)

Do 4 1:1,&0
READ(NIN,202) CMW(I),TCC1),ACF(1),CDCI)+PC(I), (COMF(J, 1) ,u=1,5)

D0 2 1=1,NC

TCCI)ETC(])4459,95
CZ(I)zPC(IY/Z(CD(II®RETC(]))

READINING284) (C1(4,J)ru=1,7)

READ(NINS2084Y (CI(2,J)0J=1,7)

IF(MK.EQ.1? GO TO 341

DO 25 J

1,12

0D 25 1 & 1,MC

ACT,dy = BUL,U)+B(2,J)%ACF(])

0O 27 1 # 4,NC
ACT,11) & B(1,12)+B(2,31)ACF (1) 8EXP(~3,8#ACF(1))

o 28 1 = 1.&0

ACT, L)
ACL,2)
AL, 3)
A(T,4)
ALT,5)
ACL,6)
£€1,7)
ACL,8)
ACT,9)

A(Ialg)

»

-
-

-
-

ACT.1)/CD(1)
ACT 218ReTCLI)/CD(D)
ACT.3)eR&TC(I)es3/0D(1)

AC1.4)/CD(1) w02

AL1.5)/CD(1)ee2
Al1.6)eR4TC(IV/CD(T) 002
ACII7)/7CD(1) w03
ACL.8)8R&TC(I)0a3/CD(]) ne2.
ACT.9)eisTC(1)®ed/CD(T)
AC1:12)6ReTC(1)n82/C0(1) 582

©AC1,11)2A(],12)#RaTC(])#85/CD(])

KIJ CALCULATION
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w
=

40
50
3¢
’0

e

82

91

g2

61

11

19

NCMiaNC~4

DO B2 I = 1.,NC

CKIJ(1,1Y = ¢,

IF(NC-1)98.9¢,91

CONTINUE

DO B2 1=4,NCma

1J=lsg

READININS212) (CKIJ(],Jd),Jd=1J/NC)
DO 81 1 = &,NCM

IJ = [«1

.00 84 J = 14,NC

CKIJCJ, 1) & eKIJCIsJ)
CONTINUE

WRITE(4,5)

REAL(4,8) TI,P1,TF,PF,HADD
T1=2714+4459,95 .

TF=TF+459,95

WRITE(4,6)

READ(4,8) DP,pK,Z(1),2(2),AK($),AK(2)
WRITE(4,7)

READ(4,16) NTYPE

r=T1

PPl

CALL PHASE

SM1=SH

HMI=Hu

CALL ouT

T=TF

P=PF

GO TO (59,51,51,53,53,55,56,57,58) 1 NTYPE



51

217

218
219

ia

339

22¢

222

53
23

231
232

CONTINUE
IF(NTYPE=2) 217,217,248
xvsT

60 TO 219
XV=ALOG(P)
CONTINUE

FS=2,

v=1.2

00 16 1=1,NC
Y(IY=z(1)

CALL SERCH(Xv)
SUMX=p,

DO 328 1=1.Ne
SUMXzSUMX+X (i)
D0 391 I1=1iNE

LXCI)EXC1)/SUmK

AKCD =Y (D) /X ()
IF(NTYPE=2) 228,228,221
T=XV

&0 TO 222

P=EXP (XV)

CONTINUE

GO TO 60

IF(HTYPE~4) 532,238,231
*V=T

G0 TO 232

XV=ALOG(P)

“CONTINUE
'FS;Z;

V=2,



6 &

p2

12

335

237
238
66

61

243

00 12 1=1,NC
X(I)=z2(1)

CALL SERCH(XV)
SumMY=g,

DO 324 1 =1,NC
SUMYagUMY+Y (1)
DO 305 I=1iNn
Y(I)sY(1)/SUMY
AKCII =Y (T)/X(1)
IF(NTYPE=4) 536,236,237
TaXY

G0 TO 238

P=EXP (XV)
CONTINUE
CONTINUE

DO 61 I=1,NC
XL(I)=2(1)

CALL BKRC
IF(NTYPE=3) 540,248,244
MD=D

CALL DHFF

D6=0¢

DL=2.

CALL ENTHA

HBSHC

HL=E,
HM=HG

CALL ENTRO

8$6=S¢C

sL=%.



241

$5

56

57

°8
75

SM=SC
CALL ouT
60 TO 59
MD=-1
CALL DHFP
bL=DC

‘D6=3,

CALL ENTHA
HL=HC
HG=82,
HM=H(C

CALL ENTRO
SL=RC
SG=d,
SM=SC
CALL QuT
GO T0 59
FS=shM]

GO0 Y0 75
FS=54]

GO TJ 75
FS=5M]

G0 T0 75
FS=HM]+HADD
CONTINUE
XV=T -

CALL SERCH(XV)

TaXV

CALL PHASE

HMF =HM



59

16
119
i8

SMF =S

CALL ouT

CONTINUE

PF=PF*QP.

PI=Pl4&DP

IF(PIZPM,LT,2) GO TO 19

60 70 11

FORMAT(' T1,61,TF,PF,HADDE 'S)

FORMAT(' STARLING(®) OR HOPKE AND LIN(1) =1$)

FORMAT(SF)

FORMAT(5F,5A3)

FORMAT (8F )

roéaAT(zr> . :

FORMAT (! 95,95,2(1),2(2),4x(1>.AK(2> =18)
FORMAT(' NTYpg= '$)

FORMAT(1)

FORMAT (' DATA FILE # 2'9%)

FORMAT(12).v/

sToP

END

SUBROUTIMES

SUBROUTINE PHASE

COMMON CONVR.R,NC,V.NTYPE,NPARM,SC¢DG,DL,HG:HL
COMHMON SG,SL,HM,SM,SHI HMI,TI,P1,TF,PFHADD,FS
COMSON HMF 2 SMF HC, T+P,0C,MD,COMP(6:15),PC(15)
COMMON CZ(15),C1¢15,7),A(15,111,8(2,11),AL(11)
COMMON CMW(15),TC(45),CD(15),ACF(15) XL (15)FUL(15)
COMMON FUG(LS),FLU(L5),AK(15),AKI(15)+2(15),X(15)
COMMON Y(15),CK1J(15,15),0P,PN

JF(HTYPE~8) §i2,1



g 2 V=12

La GO0 TO 8@

20 i CONTINUE

30 1TN=1

49 1IN = 20

5 DO 5 J = 4.Hf
50 FUGJ) = 4,0
70 CFUL(J) = 1.0
BO 5 FUG(J)=1.0

op HC = g,

B $C=7,

19 §6=2,

2p HG = g.

o sL=#,

¢ HL = @,

5 G0 TO 11

) CALL KI

'R DO 12 1 = 4,NC
7o 18 AKCI) =AKT (1)
%¢~ 11 CALL FLASH

p@ IF(V=1,0) 70,80,80
20 8@ HL = 2.

1¢ sL=¢,

2¢ oL = @,

30 GO TO 63

42 73 IF(V) 81,68%.71
55 51 HG=3,

50 §6=z2,

72 b6 = 7.

3¢ GO TO 62



































































































