CHAPTER IV

THE PROPQCSED GENERAL MODEL

4.1 Ratiocnale

a) Most of components-an all natural gases are from the alkanes
(or paraffin) series, withsthe formula CrHonao- The simplest member
of the alkane series, methane (CH4) is generally by far the most
abundant component and is always present mostly in gaseous form,
ethane (CZHG),propane (C3H8), and the butanes (C,H;n) may occur in
gaseous of liquid forms, depending on the pressure and temperature
conditions: while the peatanes (CSle), hexanes (C6Hl4)' heptanes
(C7H16) and heavier components,./if present, are always liquids. 1In
general, the higher the beoiling point, the smaller will be the
proportion of a paraffin.an-a rnatural gas mixtures. Several non-
hydrocarbon gases also occur in natural gas. All are
incombustible, “and some may be found in substantials proportions
(1.e. nitrogen, hydrogen sulfide, and carbon dioxide). These
components have swmilarity in physical and chemical propertaes,
especially heavy compcnents.

b) Vapor liquid equilibrium K values are used for calculation
where . laquad ..and.vapor phases coeexlsts. The performance of gas
laquid ‘surfiace!| separation | equipment and | separation. process .an
natural gas plants and refineries are predicted using K values. K
values are functions of temperature, pressure, liquid phase

composition (x,), and vapor phase composition (y,). At low and
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moderate pressures, the composition effect on K values are small and
often can be neclected. Therefore, K values are function of
temperature and pressure. (10)

K = £{T,P) (4.1)

¢) For non-hydrocarbon components {up to 15 mole¥% nitrogen, 15
mole% carbon dioxide and 15 mole% hydregen sulfade), they do not
affect the K values of the hydrocarbon components except at high
pressures. p

a) K values cansbe satisfactorily estimated by multicomponent
calculation with the aid of eguations of state waith their mixing
rules,

From the above statements, 1t is proposed here that some of the
components in natural gas can be grouped and be represented by a
single component which 1s to be called “pseudocomponent". For
example, a heavy pseuccmponent may 1nclude components from CMto Cne
M and N i1s the first and last components to be included.

4.2 Basais

The model . t& be developed will be based on . the following
equations :

a) For vapor liguid equilibrium in a multicomponent system '

N ek ‘ (4.2)

From Equatzens (2.7) and (2.9)

2L =V
Kiw S 1Y %0m & 23000

(4.3)
b) 'For flash'calculations; Jliquid and vapor phase compositions

can be calculated from
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2,
X = (4.4)

(Kl—l Y(V/F)+1

v 2 K (4.5)

X,
1 i

¢) The Soave Redlich Kwong equation of state (Equation 4.7) is
used for K values calculation. The same _equation of state 1s used

for both phases, a fugacity coefficient can be estimated for both

vapor (V) and liquid {Lj).from the SRK equation of state which is

In 5i = (bl/b}(Z-l)-ln(Z—B)-(A/B)[{Z(aca)i/(aCu)}u(bl/b)lln(l+B/Z)
{(4.6)
23 7% d(n-sde’ )z dhE _ - 0 , (4.7)
where A = (aCa)P/RZT2 (4.8)
BY = PO/RT (4.9)
bl = %RTCi/PCi (4.10)
b =2 &b, (4.11)
ST e |
p.. —
ac, = OR ’I’Cl/PCi (4.12)
¥ 5
a’ = 1+ mi(l—TRl) (4.13)
s b
(aca) = .%g xlx3 ac acj o aj (l-kij) {4.14)
. Bk L
{ace) = %1xl ac acj a” “j (l-klj} {4.15)
m = 0.480 + 1.574w +0.l76w? (4.16)
1 1 i
ﬂa = 0242747 f b = 0708664

d) For 'finding {V/F) 1in=the flash ‘calculation, " the Newton
Raphson method 1s applied because of rapid cghvergence. ThelNewton

Raphson methed ‘preovides the following equation
F(V/F)

FI(V/F) (4.17)

(V/F)new = (V/F) -

4.3 Algorithm
The algoraithm of the proposed model 1s as follows :

1. Select components to be included in the pseudocomponents
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a) Light Pseudocomponent (CM )

For example, components included may be C., C, and C

1 2 3
or in general form : Cl, C2, s Gy
Component Eq. to be satisfied Ceomponent | Eqg. to be satisfied
€O, Y0, ey g ¥co,=  Kco,*co,
N Y = T N Ny = Ky X
2 N2 N2 NZ ) N2 N2 N2
. s e 4= G- oy
C y = X -
2 c, o fd
C3 Yo, 2 Kc3"c3
1-C y = K. -C Vie = Kiq X
4 -1C4 :r.C4 :LC4 .4 .lC4 1C4 J_C4
C, Y, = K X% G ¥~ = K~ X
N CN CN CN N CN CN CN

b) Heavy Pseudocomponent {(Cpyy)

For example, “Cemporents included may be i C4, n Cq .

i Cgvonv, Cy OO in general form - ——Coo € Mt - - - CN
Component| Eg. to be satisfied Component Eqg. to be satisfied
98] y E K X co VY = K b'4
2 C02 CO2 CO2 2 C02 C'02 CO2
N v = K .x N Y.l = K
2 N2 N2 Ny, 2 N2 N, N,
cC Y = K_x C y. = K.x
1 Cl Cl Cl 1 Cl Cl Cl
c v = B o C 1=y ALK
2 C2 C2 C, 2 C2 C, C2
Cc 24 = K. x C Y. = K._ X
3 C3 C3 C3 3 C3 C3 C3
1-C y = K_ix, C y. = K_x
4 1C4 1(:‘4 1C4 4+ C4+ C'4‘ Cas
-
C y = K _ x
N CN Cy CN _

AGLOLE LS



2. Initial estimate of the phase compositicns (xl, yi)

a) Let the second heavy component (M+l) in the heavy

pseudocomponent represent the hea seudocomponent;

(4.18)
(4.19)
(4.20)
b)
c)
(4.21)
3. Perform f dalg n o obthik Dhass ompositions of
components i1n the li
i.e.
4, Calculate th ‘irlpul.: 3 :\pseudocomponent of
known compositions by u51n; 7
y (4.22)
_r /
Y ) (4.23)
' (4.24)

| .' e

. Perform flash calculatlon to obtaln phase compositions of

°°“"°“ﬂ“ﬂsl’n ?‘rﬂmwmm
AR ﬁ‘?m” B RBIRE-

o composition by the Kay's rule

TC. = I X.TC (4.25)
i,ps iTT1

PC.
i,ps

Z x PC (4.26)
11

W, = I X w. (4.27)
i,ps 11
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7. Repeat step 3, then the ligquid and vapor phase compositions

of all compcnents in the natural gas are known,

and
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FIGURE 4.3 ALGORITHM OF THE CRDINARY VLE CALCULATION MODEL
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FIGURE 4.4 ALGORITHM COF THE PROPOSED GENERAL, MODEL
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FIGURE 4.4 ALGORITHM OF THE PROPOSED GENERAL MODEL (CONTINUED)
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FIGURE 4.4 ALGORITHM OF THE PROPOSED GENERAL MCDEL (CONTINUED)
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CALL HEAVY _—~

FIGURE 4.4 ALGORITHM OF THE PROPOSED GENERAL MODEL {CONTINUED)
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FIGURE 4.5 ALGORITHM FOR GROUPING LIGHT-PSEUDCCOMPONENT

{ SUBROUTINE LIGHT)
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FIGURE 4.6 ALGORITHM FCR GROUPING HEAVY-PSEUDOCOMPCNENT

( SUBROUTINE HEAVY)
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IPH = 0
) "'\ P[b_/b(Z-1)-1n(Z-B)-
[A/B{Z( aco) /( a) b /bl 1=
‘ \ In(14B/2)]
L '
«pi = EXP[ :1,55 @\ (ac )b/b}]ln(l+B/Z)
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Fy = F(1/3) Zy = 1/341/3 1-3Q

Z, = 1/3-1/3 1-30

YES NO Fy = F(2;)
F2 = F(Zzl
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NO YES
Zg =0 2y =1
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A Z = zl
? F(2) = 2°-2%402-R .
— nt = B(1+F1/R) B = B(1+F2/R)
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FIGURE 4.8 ALGORITHM FOR THE SOLUTION OF THE CUBIC EQUATION OF STATE

(Z-COMPRESSIBILITY FACTOR) (SUBROUTINE ROOTZ)
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FIGURE 4.9 ALGORITHM OF EQUILIBRIUM FLASH CALCULATION (SUBROUTINE FLASH)
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FIGURE 4.10 ALGORITHM OF VAPOR PRESSURE CALCULATION

(see APPENDIX II)
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FIGURE 4.11 ALGORITHM OF BUBBLE POINT TEMPERATURE CALCULATION

( SUBROUTINE DEWBURB)
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FIGURE 4.12 ALGCRITHM OF DEW POINT TEMPERATURE CALCULATION

{ SUBRCUTINE DEWBUB)
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FIGURE 4.13 ALGORITHM OF BUBBLE PQINT PRESSURE CALCULATION

(SUBROUTINE DEWBUB)
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