CHAPTER 111

CALCULATION PROCEDURES AND PROPOSED WORKS

3.1 Calculation Procedures

When only real"1og 7, vhich is always the case with
equations of state, \\\\'\n

depicts the graphical I / /.} p ,\

is convenient. Figure 3.1
\ \ the initial guess at root
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s X , % tangent can be extended from the point [xj ,f(xj)]. The point
where this tangent crosses the x axis, Xj+] usually represents an improved
estimate of the root. The Newton-Raphson method can be derived on
the basis of this geometrical interpretation. As in Figure 3.1, the first
derivative at x; is equivalent to the slope:

f(xi)_o

Xi = Xin

f(x)= (3.1
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which can be rearranged to yield

Xinn = X; _% (3.2)

which is called the Newton-Raphson formula.

When it is applied to ﬁ‘” of state calculation in this work,
Eq. (3.2) can be \

‘—'

Zi+1 = Z V |

3.3)
where
3.9)

= 1 and with liquid it is
Z; =0. The true root .3) is iterated until absolute

of Hj/Z; approaches 0.000%.-

e minimum of a single

The purpose of this ‘ dr
ts asx=d. The upper

variable f(x), no ﬁmctlon subject to constr
and lowerboun dﬁa it is applied for
calculating th 1n§ %AEJ ﬁmm% i1s the objective
function refered in Section 3. L4. The a and d axalmtlally guessed
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The procedure is the bracket reduction approach. It starts with a bracket
[a,d] for the minimum of the function f. The idea is to place two points b < ¢
symmetrically in this interval and then reduce the bracket to either [a,c] or
[b,d] depending on whether f(b) <f(c). If f(b) > f(c), the new bracket is given
by [b,d]. If not, the new bracket is given by [a,c]. The process is then repeated
with this reduced bracket. There are n-2 steps in this process when n is the
subscript of Fibonacci number Fy, . At each stage i, the length of the bracket L;
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is reduced to

F_.
L=—""d-a) (3.5)

n

The n is obtained when Fy, >(d-a))€. F, is defined by

- Fn+1 = Fy +Fn-1; =1 (3.6)
As € s the tolerance
when the step n-2 1s
The Fibonacci searc

3.1.3 The -n_[( !L_m._m,\
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w111 approach its midpoint.
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The bubble poi t
composition first beging
sum of this vapor composi ‘
vapor composition yj ca Eﬁ-:dgt
Eq. (2.34); thus, 7

ure,at which a liquid of known
erature. In this condition, the
ity. At this equilibrium, the
! from liquid composition x; as

/*"

= ".—'

G.7)

In other wo ﬁmﬁ composition when a
temperature q;‘starting assumptions

in this work arél:he first pressure which is eq]al to the experimental value and

diV ) "HE Qq ﬂdﬁ es at a given
tempera n y; 1sno equal to uni e pressure should

be modified by multlplymg with y; and y; should be normallzed for the next
series of iterations. Figure 3.3 shows the diagram for the bubble point
pressure calculation.
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Figure 3.2 Fibonacci optimization technique diagram
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Figure 3.3 Diagram of the bubble point pressure calculation
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3.1.4 Evaluation Procedures of the Optimal Binary Interaction
Parameters

The optimal values of binary interaction parameters are determined
from binary vapor-liquid equilibrium data by minimizing the difference
between the calculated and experimental values of a selected equilibrium
property. A number of criteria have WT used for the evaluation as follows:

N\

1. minimization of d@qﬂ &; K values [23]
10 pr

2. minimization an bble point pressures
[24,25,26] A —

3. minimizatiox didMIe point vapor
composition [24] . -_

4. minimization i avoliime variances [25]
of the flash vapor
b " » «“'
6. minimization o fon be culated vapor and liquid

However, there is no: Ww@he binary interaction parameters
obtained by differentimethods w111 be 1den11ﬁ,.ﬂsﬁ ing a problem of which
method will yield the sirable results. M — listed methods, method
1-5, for the determm;@on of binary in on eters involves iterative
calculations of either b bble point or ﬂash type for each datum. Thus, these
methods may W&t ases where there is
more than one @lﬁ‘ﬂ mmti eq f state, complicated -
state equation and/or large data sét. Howevers, the last onedoes not involve

any il PERRGE) TEU R TN B AR Bf octo=d =

calculatioh work.

3.1.4.1 Minimization of Deviation in Predicted Bubble Point

Pressures

The bubble point pressure criterion which seems to be the
most widely used method is probably the most valuable. This statement is
supported by Kato et al. [24] in 1976 and Graboski and Daubert [25] in 1978
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who found the bubble point pressure criterion to be extremely sensitive to
variations in the binary interaction parameters of the Redlich-Kwong equation
of state if compared with the bubble point vapor composition and flash volume
criteria. The objective function is

exp cal 2
)y (3.8)

i=1 i

where \&\ ’ , //

N = number of data,m .J

Pi®XP = experimenta

Pical = calculated buk _ .
4/[/ :__b\
3.1.4.2 Min ation between Calculated Vapor
and Liquid Compone , es -‘ : ;

In 1981, P= «_‘- osed a new objective function
in terms of the differefice aleulated vapor and liquid component
fugacities for the dete mll nﬁ""’"~ ary interaction parameter of an
equation of state from vapo;:lj@_; equilibrium data. The proposed objective

function is as follow,ﬁ} s ‘ ﬁ
| (3.4)

e ﬂ‘lJEJ’JVlEJV]‘ﬁWEﬂﬂﬁ

N = number of data points

fie - QWW@@‘W’TJ NYIAY

£V = r phase fugacity of component 1

The data used must be in the form of experimental values of the
equilibrium vapor and liquid phase compositions for various temperatures and
pressures. The new method saves considerably on computing time and effort
because it avoids iterations in objective function calculations. In addition, it
gives good estimates for binary interaction parameters which are reasonably
consistent with those obtained by the bubble point pressure method.
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3.2 Proposed Work

3.2.1 Selected Experimental Data

Eight systems containing methane, three systems containing ethane,
two systems containing propane, three systems containing nitrogen and nine

systems containing carbon dioxide, arg selected for this study. One thousand

experiment points, " e mimmum-and maximum temperature of
the data sets. N
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Table 3.1 Details of the experimental data for systems containing methane, systems containing
ethane and systems containing propane used in this study

SYSTEM Ni N Range of T Range of P Ref.
P (.Y (atm)

Methane — Ethane 0-—-280.000 | 1.8577—-35.1800 30, 31
Methane — Propane 1.7011-44.2299 32
Methane — n—Butane 1.3600—108.6600 33. 34
Methane — Isobutane 5.4437—-108.8736 35
Methane — n—Pentane 1.3677—-136.0920 38, 37
Methane — isopentane 33.9550-149.0888 37
Methane — Neopents 20.9582—-118.9444 37
Methane — n—Hexane 1.3541—-108.8738 38
Ethane — Propane 0,000 | 0.2081—14.1683 | 39
Ethane — n—Butane . 86.493 | 34.6354—47.7002 40
Ethane — Isobutane : ’Ej;‘Tjﬂ 483 | 10.3471—-39.8069 M
Propane —Prop 140.000 | - 0.9968—28 2556 ?
Propane — lsopentand «'e‘ 0.5000—35.0000 43
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Table 3.2 Details of the experimental data for systems containing nitrogen and systems

containing CO2 used in this study

31

SYSTEM Ni N Range of T Range of P Ref.
Nitrogen — Methane 71 , , 7 1 72.049 2.75532;.4800 44
Nitrogen — Ethane ‘- \\\‘ 138.716="25¢ 3.4023-96.2851 31,45
Nitrogen — Carbon dioxide % ' 14.8927—142.5275 | 46,47
Carbon dioxide — Methane : '/&— 13.7952-77.0000 | 46,48
Carbon dioxide — Ethane / 14.2300—18.5100 48
Carbon dioxide — Propane 21| 244271266453 | 4.9674—257894 49
Carbon dioxide — n—But 15.1098—70.0913 50
Carbon dioxide — i—But 7.1448-61.7838 51
Carbon dioxide — n—Pent 2.2455—88.4548 52,53
Carbon dioxide — i—Pentane 15.9191-71.7197 53
Carbon dioxide — n—Heptane 4.1848—130.6483 54
Gerbon dioxide — n—Dechfie | 4| 16| 462560583 1£14.2500-51.0000 55
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3.2.2 Calculation Work

In this work, a computer program was written and compiled with a
Turbo Pascal (version 5.5) compiler for convenience of calculations. The
program was used to calculate and vapor-liquid equilibria of any binary
system. In the program, the Newton-Raphson method was used to determine

the compressibility Z of vapor an phases The Fibonacci method was
used to miniminize an objective\ d evaluate the binary interaction
parameters. The details of ' are given in Appendix A.

The computational procm asfollqﬁ

322 \
\ . . -"-H‘x. ., .
Input es of each substance : critical
temperature (T ), criti€al re (Pe ) chzer's acentric factor (w) [29].

The parameters m and
Sandaruci et al. [15].
equation of state were

The t?g qz:i optimization technique.
First, the equation of statf ob_]ec’ave ﬁmctlon (the bubble point pressure method
or the fugamﬁigﬁngjqeﬁm ?Iﬁl emjlen the initial Kjj
interval was d al binary system was
obtained. Figure 3.4 shows the diagram of the binary interaction parameter

ol A T B SO s bed s e v

for the ch@sen temperature. The procedure was repeated for the calculation of
Kjj at the other temperatures.

3.2.2.3 Vapor-liquid Equilibrium Calculation

In this work, the binary interaction parameter obtained from
Section 3.2.2.2 was used to calculate the vapor-liquid equilibria of binary
systems of Section 3.2.1.



Figure 3.4 Diagram of the Kj; evaluation procedure
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