Modeling of Absorption - Stripping Network
for Non-ideal Hydrocarbon Mixtures

A Thesis
Submitted to the College of Engineering
of Al-Nahrain University in partial
Fulfillment of the Requirementsfor
the Degree of Master of Science in

Chemical Engineering

By
Nawar Kader AL-Shara
(B.Sc. in Chemical Engineering 2002)

Rabia Il 1426
M ay 2005



We certify that the preparation of this thesis titled "Modeling of
Absorption- Striﬁping Network for Non-ideal Hydrocarbon Mixtures"
was made by Nawar Kader AL-Shara under our supen;ision at AL-Nahrain
University, Collage of Engineering in partial fulfillment of the requirements

for the degree of Master of Science in Chemical Engineering.

SignhtuW

}
Prof. Dr. Nada B. Nakkash |
Date: 7 / & /2005

Signature: f SR S
Prof. Dr. Qasini J. Slaiman

Head of Chemical Engineering Department
: Date: 17 & /2005



CERTIFICATE

We certify that we have read this thesis, entitled "Modeline of
Absorption — Stripping Network for Non-ideal Hydrocarbon Mixtures"
and as examining committee examined the student Nawar Kader AL-Shara
in its content, and that in our opinion it is adequate for the partial fulfill 1ent

of requirements for the degree of Master of Science in Chemical Enginec ‘ing.

Signature: /?17&47"’) | Signature:/zrf/‘

Prof. Dr. Nada B. Nakl{ash Dr. Shahrazad R. Rauofl
(Supervisor) : (Member)
Date: 7 / € /2005 Date: 7/ 6 /2005
Signature:glﬂ(% Signature: JZJ%!?MF40?/
Dr. Emad F. Manfour Prof. Dr. Jabir Shanshool
(Member) (Chairman)
Date: &/ & /2005 Date: S / 6 /2005

Approval to the College of Enginecering

Dean of the College of Enginec:ing

Date;) 9/ (12005



ABSTRACT

The present work is concerned with constructing a simulation
computer program of multi — component absorption — stripping network
through the use of rigorous method based on Otto Burninghum sum- rates
method by using MAT LAB 6.5 package. Two hydrocarbon systemsA and B
were studied.

The design of equilibrium stage models requires thermodynamic data
such as the equilibrium constant and vapor and liquid enthalpies. In this
study, the data are predicted by using cubic equation of state namely Peng
Robinson equation of state and Soave Redlich Kwong equation of state. The
Antoine vapor pressure equation was used to calculate the latent heat of

vaporization.

The results obtained using SRK-EOS for thermodynamic calculation
were compared with results obtained by other references [1, 2] to give the
accuracy of the simulation computer program. For the absorber, three
hydrocarbon systems A, B, and C were studied and for system C the accuracy
of the computer program was 98%, while for the stripper two hydrocarbon
systems A and B were studied and for system A the accuracy of the computer
program was 99.5%.



In thiswork PR-EOS was used this is because using PR-EOS gives
better results in fractional absorbed and stripped for absorption and stripping
processes and their networks.

The effect of many process variables on the performance of
absorption —stripping network were studied. These variablesinclude; number
of stages, wet gas feed temperature, operating pressure, and type of the
solvent. The effect of the process variables was studied through the total
vapor and liquid flow rate profiles, temperature profiles, fraction stripped and

vapor mole fraction.

The best effect obtained for absorption— stripping network for system
A and B , is by decreasing the number of stages the fraction stripped down to
48.18% for system A and 50% for system B , increasing wet gas feed
temperature the fraction stripped down to 48.194 % for system A and 49%for
system B, decreasing the operating pressure the fraction stripped down to
47.7% for system A and 49.7% for system B and increasing the carbon
number of the solvent the fraction stripped down to 48.4% for system A and
49.75% for system B.



CONIENTS

Contents
ABSTRACT
CONTENTS
NOMENCLATURE

Chapter One: Introduction

1.1.Introduction

Chapter Two: LiteratureSurvey

2.1. Introduction

2.2. Absorption — stripping network

2.3. Types of absorption— stripping network

2.4.Thermodynamic models of multi -component multi stage
absorption— stripping network

2.4.1. Equation of state

2.4.1.1.Compressibility factor
2.4.1.1.1.Three parameter correlation
2.4.2.Vapor —-Liquid Equilibrium (VLE) for multi component
mixture
2.4.3. ldedl solution
2.4.4. Enthalpy
2.4.5. Enthalpy of vaporization
2.4.6. Residual enthalpy
2.4.7 Fugacityand Fugacity coefficient

Page

[l
VII

o h~ W W

10
10
12

12
13
14
14
14




2.4.8. Equilibrium constant
2.5. Absorption- Stripping network design method
2.5.1. Short-Cut method
2.5.2. Rigorous method
Chapter Three: Theoretical Aspect
3.1. introduction
3.2. Design procedure for absorption— stripping network
3.2.1. method of anaysis
3.2.2. Specification of variable.
3.2.3. Selection of the equation of state
3.2.3.1. Peng Robinson (PR EQS)
3.2.3.2Peng Robinson EOS parameters
3.2.3.3. PREOS mixing rules
3.2.3.4. Peng Robinson compressibility factor
3.2.3.5. Residual enthapies of PR EOS
3.2.3.6.Peng Robinson (EOS) fugacity coefficient
3.2.4. Actual enthalpies of gas and liquid phases
3.2.4.1.1dedl gas enthapy
3.2.4.2.Enthalpy of vaporization
3.3.Rigorous design method
3.3.1.Equation tearing procedure
3.3.2. Tri- diagona matrix algorithm
3.3.3. Sum rate method (SR)
3.3.4.Rigrious method computer program
3.3.5.The enthalpy of partial derivatives
Chapter Four: Resultsand Discussions

15
16
16
17

20
20
20
21
27
28
28
29
30
31
31
31
32
32
34
34
38
41
45
46




4.1. Introduction

4.2 Comparsion between the present work and references
4.3.General discussion
4.3.1.Discussion of absorption results
4.3.2. Discussion of stripping results
4.4. Effect of process variables on the performance of the multi
component absorption, stripping and absorption-stripping
network:

4.4.1. Absorption process
4.4.1.1.Effect of changing number of stage
4.4.1.2.Effect of changing wet gas feed temperature
4.4.1.3.Effect of changing operating pressure
4.4.1.4. Effect of changing type of solvent

4.4.2. Stripping process
4.4.2.1. Effect of changing number of stage
4.4.2.2 Effect of changing rich oil temperature
4.4.2.3.Effect of changing operating pressure
4.4.2.4.Effect of changing the type of solvent in therich oil

4.5.Absorption — stripping network

4.5.1.Effects on the Absorption-Stripping network
4.5.1.1.Effect of changing number of stage
4.5.1.2.Effect of changing wet gas feed temperature
4.5.1.3.Effect of changing operating pressure
4.5.1.4.Effect of changing type of solvent

49

49
54
54
60
64

64
65
69
73
77
81
81
85
89
93
96
97
97
101
105
109




Chapter Five: Conclusionsand Suggestion
5.1. Conclusions
5.1.1.Absorption column
5.1.2. Stripping column
5.1.3. Absorption —Stripping network
5.2.Suggestion of the future work
References
Appendices
Appendix A-l
Appendix A-l
Appendix A-l11
Appendix B
Appendix C

114
114
115
116
117
118

VI




NOMENCLATURE

A.B Parameters of Peng Robinson equation of
state, equations(3-1)&(3-2)

Al1,A2,A3 Constants of Antoine vapor pressure equation,
equation. (3-22)

A, B,C Three gases hydrocarbon

A,B,C.D Constants of ideal gas specific heat ,
equation.(2-19):Tri diagonal matrix parameter
Fraction absorbed
parameters of Vander Waals equation of state,
equations (2-4)

Bubble point method

Benedict-Webb-Rubin equation of state

Component

Specific heat, equation. (2-19) J/mole.K
Central process unit

Cyclo

Phase equilibrium equation, equation (3-29)

Equation of state

Feed flow rate mole/ sec
Fugacity N/m?
Parameters of Riedel Plank-Miller equation

Enthalpy J/mole

Equilibrium constant ,equation .(2-13)

Vi



no.

PR

)

SR
SRK

c

VLE

>

N <

N

Interaction parameters, equation. (3-8)

Liquid flow rate mole/sec
Material balance equation , equation .(3-28)

Material balance ,equilibrium ,mole fraction

summations ,enthalpy balance equations

, equations (3-28) through(3-32)

Number of stages

Number of moles

Number

Pressure N/m?
Peng Robinson equation of state

Heat transfer rate/sec J /sec
Gas constant =8.314 J/mole.K
Mole fraction summations equations

(3-30),(3-31)

Stripping factor

Sum rates method

Soave -Redlich- Kwong equation of state.

Temperature K

Liquid side stream flow rate mole/sec

Vapor flow rate : Volume mole/sec
M3

Vapor -liquid equilibrium

Vapor side stream flow rate, mole/sec
Liquid mole fraction

Vapor mole fraction

Compressibility factor

Feed mole fraction

VIII



Greek

Letters
Y Activity coefficient
A Change or difference
A Latent heat of vaporization J/mole
%) Fugacity coefficient ,equations.(2-26),(3-16)
U Chemical potential
® A centric factor ,equation.(2-7)
Subscript
b Boiling
C Critical
f Feed
I component I in the mixture
] Component j in the mixture
k Trial number
m Stage number
r Reduced
\Y Vapor phase
\Y% Vaporization
Superscript
g Gas phase
id Ideal solution
ig Ideal gas
\Y Vapor phase
L Liquid phase
0 Pure component
R Residual

IX



Chaptierr One
Iniroduciion

1.1. Introduction:

The separaion of liguid and gaseous multi component mixtures into pure
components or into fractions of desred compogtion is one of the most important
functions of chemicd enginexring [1]. Absorption — dripping network are most
widdy used in both chemicd and petrochemicd indudries, and there ae many
techniques, which ae employed to devdop the equation to predict ther

performance.

The cdculaions of chemicd enginegring proceses, espeddly  separation
processes, require thermodynamic data on the maerids beng conddered, therefore
the main problem in the desgn of multi component absorption — gripping network
is obtaining vgpor — liquid equilibrium data and thermodynamic data of the materid
[1].

The concept of the equilibrium Sages based upon presumption that the
phesss leaving the dages are themodynamicaly in eguilibrium, but the knowledge
of phase equilibrium is necessry for undersanding the processes in a separdion
unit and for computation of the find datein an equilibrium sage.

In this dudy, many themodynamic cdculdions occur to obtan the (K-
vadue and H enthdpies) by usng equation of state. So as Peng Robinson equation of
date is used for this purpose. A rigorous method used to design absorption —
sripping network, which is based on sum rate method. This method used maerid
baance, equilibrium reddion and energy baance to delermine the aosorption
fraction for each components and stage temperature.



Many vaidbles have been conddered in this wok which dfects the
performance of absorption dripping network, absorption and dripping  processes
suchasnumber of sage, feed temperature, operating pressure and solvent.

The am of this work is employing different thermodynamic eguations of
date, nandy PR-EOS and SRK-EOS to develop a computer program in MAT LAB
6.5 based on Otto — Buminghum Sumrrate method for dmulating multi-component
absorption dripping networks and to compare the results obtaned from the
developed computer program with those obtained from other researcher [1, 2].

The peformance of the absorber, dripper and their networks were studied
by changing the number of dage, wet gas feed temperature, operating pressure and
the carbon number of the solvent and ther effects on the vapor flow rae profiles
liquid flow rae profiles and temperature profiles , fraction absorbed and stripped
and vgpor mole fraction.



Chagtir o
Litexatuire Suirvey

2.1. Introduction:

Absorption is the separation process which involves the trander of one or
more materids from the gas phese to the liquid solvent, the physcd phenomenon of
absorption involves no chemicd change presant in the sydem. Most, frequently,
however, the condgderable vepor (solute) is sepaated from the solvent and the
solvent crculaied to the process. The operation of removing the absorbed solute
from the solvent is normdly referred to as dripping. The absorption and sripping
processes plat has the purpose of purifying rav maerid, inteemediae, and
product. Thischemical processiswiddy used in chemicd indudtry [3].

The procedure to desgn and dmulae muti component absorption —
dripping nework is divided into two man pats fird is the prediction of
thermodynamic properties (K- values, vapor and liquid enthalpiegof materids
being consdered , and second is the application of the desgn method for non —ided

sysems (rigor ous method).

2.2. Absor ption-Stripping network:

Absorption is the physcd process that involves trander of one or more
components from the gas phese into a liquid solvent.  In some cases, a portion of the
solvent may be trandferred to the gas phase, but this is an incidentd effect, rather
than the main intent of the absorption process[1].

Gengdly, the solvets used are expensve, 0 they are processed to remove
the absorbed gas and then returned to the system. This solvent —recovery process is
cdled dripping .So as the absorbers are frequently connected with grippers to
permit re- generation and re—cyde of absorbent.



The unidirectiond of materid crestes themd effects Where the materid
trandferred undergoes a phase change, and the heat of vaporization or condensation
ae invoved dong with smdler het of solution. In absorption, most of the heat
rdeased as the gas components condense into the liquid phase must gopear as
sengble heat in the liquid therefore, the temperaiure of the liquid phese rises as it
pases down the column ,and the temperature of vapor phase decreases as it rises
through the column . The effect is oppogte in dripping column , where the heat of
vgporization of the light components as they pass from the liquid to the gas phase is
supplied from the sensble heat content of the liquid phase . When the smdl amount
of materid istrandferred, the temperature changes will be negligible [4].

2.3. Typesof Absorption =Stripping network:

There are different types of absorbent recovery so as.

1. Absorbent recovery schemes by udng deam or inet gas dripping, as shown in
Fig (2.1) where the leen solvent enters the top of the absorber and follows
downwards in counter current contact with the risng vapor dream (rich gas).The
solvent with the materid leaving the bottom of the column is cdled rich ail, and
the gas leaving the top of the column so — cdled the leen gas The leen all eters
the dripper for solvent recovery. So as the rich ol is sgparaed, generdly a
devated temperature and ambient pressure, by contacting liquid feed with the
gripping gas ingteed of the liquid solvent in absorption process[5].



Make up
Absorbent

A
<
<

Absorber Stripper

Entering vapor Stripping vapor

— =

Recyded  absorbent

Fig. (2.1) Absorption —stripping network by using steam or inert
gas stripping

2. Absorbent recovery schemes by using re — boiled stripping as shown in Fig. (2-2)
which is used if bottom product from dripper is themdly stable , it may be re —
boiled without usng stripping agent so — caled re-boiled absorption[5] .

Make up
absorbent

Absorber Re-boiled
stripper

Entering_vapor

_

\‘_/

Recycle absor bent

Fig. (2.2) absorption-stripping network by using re -boiled stripping



3. Absorbent recovery schemes by using the didillaion as shown in Fig. (2.3)
which is used if the bottom product of the didillaion column is dable when the
condensation of vapor leaving the top of didillation is not reedily accomplished, an
absorbent may be introduced to the top tray in place of reflux, then the resting
operation is caled re-boiled absorption [5].

Makeup %
" absor bent

&
A

\ 4

Absorber > Didtillation

Enteringvapor
—>

j_/

Recycleabsor bent
Fig. (2.3) Absorption — Stripping network by using distillation

2.4. Thermodynamic models of multi -component multi stage

absor ption — stripping network [6]:

The sdection of themodynamic modd for the prediction of enthdpy and
phase equilibrium (K) is fundamenta to process modding.

The primay aea of interes for thermodynamic modd sdection involves
two phae liquid — ligud sysem, such as extraction and extractive didillaion.
Vapor — liquid system, such asdidtillation, stripping and absorption.



All these themodynamic properties in a conddent manner from (PVT)
relaionship, which ae usudly refered to as equaion of date (EOS).The equation
of date have the widest gpplicaion for didillation ,absorption , and dSripping
cdeulaions.

2.4.1. Equation of state:

An equdion of dae (EOS) rdaes the quantity and volume of gas to the
temperature and pressure. The ided gaslaw isthesmplest (EOS) [7]:

PV=nRT (D)

As the sysem temperature decreases and the pressure increasses devidions
from the ided gas (EOS) results There ae many equation of dae [8] avalable for
predicing non — ided gas behavior and another method incorporate a
compressibility factor into the ided gas law [6]. The ealiet equation of date may
be the idedl gaslaw, which results from Boyleslaws[9]:

2-2
Z:ﬂ:l ( )
RT

Thisis vdid for red gasfor pressure up to 3 am.

In 1873 the firg equations of sae EOS) was developed by Van der Wads
whichisgvenas[10, 11]:

b _RT___ a (2-3)
(V-b) v?

The two parameters (@) and (b) are interaction force between the molecules
and for the actud volumes of the molecules, respectively.

In 1901, wid equaion of dae has a theoreticd bass and has the form of
aninfinite power series of volume, which isnot convenient for practicd use[8].



7 =148+ ,D , (2-4)
vV v? y3

The virid coeffidet B, C, D, ec in equaion (2-4) are dependent only on
temperaure. This eguation used for vapor phase property caculations truncated
after the second or third term [12].

Benedict — Webb - Rubin BWR) (EOS) is of the same form as the virid
equaion of date extended fifth vind codfident (BWR)(EOS) is accurae for gases
containing a dngle gpecies or a gas mixture with dominant component (e.g. natural
gas and provides considerable precision)[6]. Cubic eguation of dae that
represents an equion linear in pressure and cubic in volume and is eguivdent to
the virid equation truncated & the third vaird coefficient [6].

One of the mogt successful modifications [12] was that made by Redlich
and Kwong (1949). Redlich and Kwong modified the Vander —Wads equaion by
the term (a/V?) as follows:

LV lasT05) 2:5)
(v-b) RT(V+b)

At that time a numerous modified Redlich-Kwong (RK) egudions have
been proposed by Redlich and Dunloop, 1963; Chuen and Prausntiz, 1967; Wilson,
1969; Zudkvitch and Joffe, 1970[13].

The mog widdy used cubic equation of date is the Soave modifications of
RedlichKwong (SRK) in 1972 eguation which is a modification for the Van der
Wad's orignd equetion [6]:

RT axa

v -b) V[ +b) (2-6)

P=



The Soave Redlich Kwong (SRK) equation has rapidly ganed acceptance
by the hydrocarbon processng industry because of the rdaive ampliaty of the
eguation itsdf as compared with the more complicated (BWRS) equetion, Saling
and Powers, 1970; Lin et d .1972 and because of its capability for generaing
reasonably accurate equilibrium ratiosin (VLE) cadoulationd 13].

The successul modification have been indeed by Soave in (1973) [14],
ubsequently, by Peng and Robinson [9, 13] in 1976. The (SRK) and (PR)
equations of dae are recommended for computing the properties of both gas and
liquid phase pure components and mixtures.

Many modifications have been proposed in the intevening yeas
paticulaly in 1970 's , some of these equations are ; Fuller(1976) ,Martin
(1976)[10] and Lu [10]et d .(1977) , Harmens and Knapp[8] .

The devdopment in the line Bedttie and Bridgmen [12] in 1927, proposed
a five — condgant (EOS), which is the firda stidactory EOS for the quantitative
decription of the red gas behavior. Many invedigators, among them Saling and
Han in 1973 who had accomplished a mos successul generdization of the
equation. Then Lee and Keder [15] in 1975 proposed the use of two equations of
date dmilar in fom to the BWR —-EOS, one for smple flud and ancther for a
reference fluid, the Lee Keder correl ation makes use of acentric factor.

Gengdly, the wide use of high — speed computers, smpliaty is gill highly
desred for easy applications of the equation to complex problem .However, the
amplet form of (EOS) tha has found extrendy vauable application in phese
equilibrium predictions, is demongtrated by Soave and by Peng — Robinson.

The PR -EOS is curetly consdered the mogt generd and smple andyticd
EOS, which can be usad to accurady predict thermodynamic properties epedidly



vapor — liquid eguilibrium, properties. The PR- EOS is easer to solve because of
its newest introduction and comparaive smplicity [16].

2.4.1.1. Compressibility factor: [17]

Compressihility factor (EOS) retans the amplicty of the ided ges lawv but

is gpplicable over amuch wider range of conditions.

Compressibility fector is expressed as (Z) factor for non ided gas as

follows;
PV

Z = = (2-7)
It depends on gas temperature and pressure and has three parameters
correlation reduced temperature (T ), reduced pressure (P,), and acentric factor (?).

2.4.1.1.1. Threeparameter correlation:

The compresshility factor is often corrdated with reduced temperature
(T)); pressure (P,) [18], as
z=1(T,,R) (2-8)

Equation (2-8) is atwo parameter (EOS); the two Parameters are (T,) and
(P,) is expressed as follows:
_T P
TI’ _ﬁ Am1 F)r -
C
In 1951, Mesng ad Seferian fird proposed to use citicd
compresshility factor as third parameter. In 1954 , Riedd observed_that the dope of

HRg 0

reduced vapor pressure of fluid a the critica point € R TS0 as it is consdered as
r g

a third parameter cdled Reidd's parameter . In 1955, Pitzer proposed another third

parameter known as acentric factor (?) [9].

10



Aitzer introduced the ecentric factor (?) and it has ganed widest acceptance
in both academic and indudtria areas. Acentric factor is defined as[14]:

W = - 10g Ryrr (atTr=0.7) - 1.000 (@40

Ftzer noted that dl vapor pressure daa for the ample fluid (Ar, Kr, Xe) lie
on the same line when plotted as log pye VS VT, and that line passes through log
pp=-1.000 at T,=0.7 .This is given in fig (2-4) . For the ample fluid (?" 0.0) for dl
other non-polar substances and equetion (2-8) becomes[17]:

z = (T, ,R ,w) (2-11)

L5

log Pr

-1.5F

_25 1 1 1 1 1 1 1 1 1
1 1.1 1.2 13 14 16 16 17 18 19 2
1/Tr

Fig (2-4) Approximate temperatur e depended on reduced vapor
pressure

11



2.42. Vapor -—liquid equilibrium (VLE) for multi component

mixtures [20]:

(VLE) cdculaions ae usudly caried out for separdtion processes, with
vaious foom of EOS. The themodynamic trestment of multi component phase
equilibriumisbased onthe concept of chemicd potentid ().

A liquid phese and vapor phase are in equilibrium when the temperature
and pressure of each component is the samein both phases.
Thedarting point of dl VL E cdculaionsisthe equilibrium

TV =Tt (2-12)
RV =R- (2-13)
fv=1l (2-14)

2.4.3.1deal solution:

The sydem which form ided vgpor and liquid mixtures a any pressure are
unfortunatdly, only minority in the totd number of sydems in which the desgn
enginer mus work, usudly homolog seies compounds, such as pardfin and olefin
hydrocarbons can safely be consdered to form ided mixtures and then only a
moderate pressure (up to 10.2 atm) [4] ad the activity coeffident for ided mixture
become unity so (7=1.0).

The ided gas mixture is imaginay gas mixture and every component of the
idedl gas mixture obeys the ided ges law .equation (2-1) in pure dae as wdl as in
mixture environment. However, the red gases do not obey the ided gas law except

a very low pressures.

12



2.44. Enthalpy:

The enthapies for pure gpecies or mixtures a temperaure T and pressure P

are given asfallows|[5]:

For gas phase
H 7 Hy ; [H H°]
v = ea YiFy L:H' v~ Ty _
- B (219)
For liquid phase

&5 .U [ ]
H. _§§1XIHVIE+ H_ -H, 2-16)
H: : Theided gasdate enthapy
The ided gas date enthdpy can be obtaned by the integration of the
soecific hest of gases The goedfic hest of gases is given as a poynomid with
temperature used asvaidle

Cp, =A+BT+CT?+DT? (2-17)

The integration of equation (2-17) gives the eguaion of ided gas enthdpy a
any temperature T referred to a datum temperature T,,.
T
Hy = (\FR\; dT

o

= A(T- TO)+%(T2 - T3)+%(T3- T§)+%(T4- To4) (2-18)

Where A, B, C, and D congtant can be found in agppendix A -111[18, 21, 22].
For ided gas solution equation (2- 15) becomes:
. c (2-19)
HY =g viHy
i=1
And for ided liquid solution equation (2-16) becomes

C

Hid =8 (xiHg - 1)) (2:20)
i=1

13



2.45. Enthalpy of vaporization: [9]

The enthdpy of vaporization or the laent heat of vaporization is the
difference between the enthdpy of the saurated vapor and the enthdpy of sauraed
liquid & the same temperature.

2.4.6. Residual enthalpy: [5, 14]

Resdud enthdpy HT is defined themodynamicdly as the degree of
deviagion from the ided gas dae a the same tempeaue, volume and
compostion.

In order to obtan the resdud enthdpy by usng EOS the following
expressonisusad.

HR =H- H'd (2-21)

2.4.7. Fugacity and fugacity coefficient:

The concept of fugacity was derived to provide a measure of departure of a
subgtance from its zero pressure dae, and the fugadty of an ided gas equd to

pressure [5].

It is convenient to represent the departure from both types of idedity (ideal
gas law and ideal gas solution) by the defintions of the mixture fugedty
coeffident [5]:

oot @22
YiR
ot e
i
XiR

14



For ideal gasbehavior f;Y ® R and fY =1.0 for ideal solutionbehavior

L . L_ i
fi ® Xifiandfi __Flal

The fugacity coefficient can be caculaied by usng EOS[23]:

é ¥ A . u u
2 SR 6 - ; -

f, = Expe—ARlT ~ —Ri - _STWV - InzU (2-24)
g v n; GT,v,n; H H

And when fil = ;Y asin equaion (2-14), 0 the fugadity can be expressedin
term of fugedity codffident asfollows[24]:
FYyiR =f xR (2-25)

2.4.8. Equilibrium constant:

The K- vdues of dl the themodynamic information is relaed in complex
way to temperaure, pressure, and compostions of vgpor and liquid;, however when
the K-vaues depend not only on the temperature and pressure but aso on the phase
composition, their clculaion isinherently more difficult [14].

Therefore the equiation that expressed the equilibrium congtant given as:
YO (2-26)

For mixture containing polar components, the equation (2-25) is replaced

by:
fyiR=0;x fy’ (2-27)
And the K-vauesbecome
<, =9t (229
f'R

15



So for liquid phase use the activity coefficient is used and for vapor phase
the fugadty coeffident is ussd. And it can be cdculated by usng chats and grgphs
avalable for most materids.

2.5. Absorption =Stripping networ k design method: [3]

Short —cut methods generdly provide good estimates of these parameters for
use in a rigorous computer solution of the muiti component absorption — Sripping
network.

The rigorous solutions save expendve computer time than the short — cut
method. However, a short — cut method can not be usad in the desgn of non — ided
sysdems because it is based on the assumptions involving idedity and condant
phese rates in the column As a realts rigorous caculaion methods are more
accurate and convenient to give the temperature, compostion and dream flow raes
in each dage.

2.5.1. Short —cut method:

It is dso cdled group methods. Mogt of shot — cut methods were
developed for the dedgn of sgparation columns for hydrocarbon sysems in the
petroleum and petrochemicd indudtries.

It is used to get a firgd edtimation of the top and bottom temperatures and
flow rates. Approximae cdculation procedures have been devdoped to reate
compodtions of dreams entering columns to the number of equilibrium  <age
required [4]. This method does not consder detailed changes in temperatures and
compogtionin theindividud sages.
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Absorption —stripping columns for non — ided sysems mugt therefore be
desgned by rigorous procedures. Therefore short — cut method used to quick
solution of pin point the optimum conditions.

Kresmer [25] originated the group method. He derived over dl gpecies
maerid bdance for multidage counter current absorber. Subsequent articles by
Souder and Brown [26], Horton and Franklin [27], and Edimiger [28] improved the
method.

2.5.2. Rigorous method:
FHnd desgn of multigage equipment for conducting mut  component

spardions  requires  defermination  of  temperature, pressure, dream  flow  rates,
dream compodgtions, heat raes and man trander rates & each dage. This is made
by solving maeid bdance, enagy (enthalpy) baance, and equilibrium relation
for each dage The rdaions are non linexr dgebrac eguations that interact
grongly. Consequently, solution procedures ae rdaivey difficult and tedious.
However, once the procedures are programmed for a high — speed digitd computer
solutiors are achievedrapidly and dmost routindy [5].

Ealy atempt to solve MESH eguaion or eguivdent forms of these
equaions rexlted in the dasdcd dage - by-dage, equaion - by -eguation
cdculation procedures of Liwes-Matheson [29] in 1932 and Thiele-Geddes [24] in
1933 basad on eguation tearing for solving dmple fractionators with one feed and
two products .The Thide —Geddes method was found often to be numericaly
ungeble when atempts to program it for digitd computer. However, Holland and
co- workers [30] developed an improved Thide-Geddes procedure cdled Theta
method, which has been gpplied with consderable success.
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The Lewis — Matheson method is aso an equation — tearing procedure. It
was formulated to determine Stage requirements for Spedfications of the separdion
of two key component, reflux raio and feed dage locdtion criterion. The Lewis —
Matheson method was widdy used for hand cdculations, but it dso proved often to
be numericaly ungtable when implemented on adigital computer.

In 1964, Friday and Smith [31] sydemdicdly andyzed a number of tearing
techniques for solving the MESH equaions. They showed that no one technique
could solve dl types of problems .For separators where the feed contain only
components of smila voldility (narrow —boiling case) and for feed containing
components of widdy different volaility(wide-boiling case ) or solubility . The BP
method was shown to be subject to falure and a s0 — cdled sum — rates (SR)
method was suggested.

Raher than, an equdion by eguation solution procedure Amundson and
Pontinen [32] in a dgnificat devdopmet in 1958, showed that the equation of
materid balance and the eguaion of equilibrium congant reationship of the MESH
equations could be combined and solved component by component from
dmultaneous linear equation sts for dl N Sages by an equation teaering procedure
usng the same texr vaiade as the Thide —Geddes method, Although too tedious
for hand calculations. Such equation sets are readily solved with adigital computer.

McNesse [33] presented methods which successfully solve absorber type
problems .These methods are based on the so — cdled SR procedure which uses
stage energy imbaanceto correct temperature profiles.

In 1961, Sujata was the fird who developed a procedure for rigorous tray —

by — tray cdculaions for absorption and dripping systems .and thet procedure is
auitable for solution by digital computer [3] .
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A comparison of short —cut and tray — by — tray methods was recently
caried out by Maddox (1982) for the absorption of propane from multi component
lignt —hydrocarbon gas sreams, and they compared the effect of temperature on
the quantity absorbed by applying the Kresmer — Brown equation, dso they caried
out acomparison of the Edmister and Sujatatray — by — tray method [3].

Henley [5] ogave a comparison between Kresmer — Brown short — cut
method and Edmider short — cut method with SR method basad on Burninghum —
Otto agorithm for absorption of heavier components from hydrocarbon gas sream.

Gengdly, the SR mehod is vdid for both absorption and dripping
network, because it depends on the maerid and enagy bdaxce ad the
equilibrium reaions For absorption and dripping sysem the same find  equations
(M ESH-equations) were dtaned, but the use of these eguations differs. For
absorbers the feed is consdered as a gas phase and the solvent used to absorb the
desred component. While in the drippers, the feed is liquid phase and the dripping
agent that is usad to drip the undesired components from the solvent in gas phase,
In addition the conditions that are used for each process will affect the behavior of
the M ESH equations.

Nakkash and AL-Zubaidy [34] dudied the smulaion of ided multi-
component absorption of hydrocarbon sysems, and caried out a comparison
between Edmiger short-cut methods with Bumningum-Otto SR methods He dso
studied the effect of various parameters upon the fractiond aosorbed.

Nakkash and AL-Mua [35] dudied the Smulaion of multi component
absorption and stripping for non ided hydrocarbon sysems udng SRK-EOS for
thermodynamic cdculaions and rigorous SR method for desgn cdculaions. She
d dudied the influence of various parameters upon the fractiond absorbed and

stripped.
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Chapter Thice
Theoretical Aspect

3.1 Introduction:

In this work noridedl mixture are conddered ;therefore thermodynamic
properties of norrided mixtures are conddered in order to make a desgn andyss
for multi - component absorption — dripping network by usng the Ma Lab

computer program .

The desgn mehod that is used for predicing the peformance of muiti-
component absorption — dripping network is the rigorous method and the
thermodynamic properties of non — ided mixture ae needed for the desgn method
0 it vdid by usng equation of date which is vdid for vapor and liquid phases, the
Peng Robinson equation of date is used for this purpose.

3.2.Design procedur efor absorption —stripping network :

The design procedure of multi-component multi-stage absorption —

stripping network is divided into:

3.2.1. Method of analysis:

The andyss emphesizes to develop the computer programs in MAT.LAB
veson 65 laguages to dmulae the multi-component absorption — dripping

network and their combination.

In this work, the deveoped computer program was goplied to smulae
multi component hydrocarbon sysems absorption, dripping and  ther  networks
usng three hydrocabon sysdems. The maerid and energy bdances  with
equilibrium  rdaions were caried out for esch ocolumn udng the developed
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computer program in MAT.LAB verson 65 languege (for rigorous method Otto-
Burninghum SR method). This program was used for predicting find compostions,
temperatures, vapor and liquid profiles for eech sysem, and dudying the effect of
some process variables on these desgn specifications

3.2.2. Specification of variables:

The variables congdered for the process sysems are:
. Wet gasflow rate and compositions.
. Lean ail flow rate and compositions.
. Ratio of lean ail to wet gasflow rate.
. Temperatures of wet gas and lean oil Sreams.
. Thermodynamic properties of wet gas and lean oil streams.

. Number of theoretical Stages.

~N o 0o B~ 0N P

. Operation pressure.

Sydems A and B were used to dudying the performance of absorption —
dripping networks. Table (3.1a, b) and Fig. (3.1) for sytem A and Table (3.2a b)
and Fig (3.2 for sysem B. Sysem C was chosen for dudying the performance of
absorption process using Peng Robinson equation of state Table (3.3).

The physicd properties for each component of these systems corsidered are
givenin Appendix A-1.

The reallts of the developed computer program for sysem (A, B and C)
were compared with results obtained by the other references|[1, 2, 3, 21].

Different process variables were studied for aosorption process:

1. Effet of number of theoreticd stages.
2. Effect of wet gas feed temperature.
3. Effect of operating pressure.

4. Effect of thetype of solvent used.
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For dripping process are:

1. Effect of rumber of theoreticd stages.

2. Effect of rich all inlet temperature

3. Effect of operating pressure.

4. Effect of the type of solvent inrich oil used.

And for absorption — gtripping network:

1. Effect of rumber of theoretical stage of absorber on the network.
2. Effect of wet gas feed temperature of the absorber on the network.
3. Effect of opeating pressure of the absorber on the network.

4. Effect of the type of solvent of the absorber on the network.
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Table (3.1a) Data for absorber of system A [21]

Secondary lean L ean oil flow
Component We(t gr;a:s If:;W rate oil flow rates rate
UMEESES) (g mole/sec) (g mole/sec)
C, 454 1.639 0.0
C, 5.044 0.378 0.0
Cs 3.153 0.5045 0.0
nC, 1.892 0.5045 0.0
nCs 1.261 0.631 0.0
nC,(ail) 0.0 17.025 31.528

Wet gasrate (v ) =56.75 g mole/sec
L ean oil rate (L y) =31.528 g mole/sec

Wet gastemperature (T ;) =305.372 K
L ean oil temperature (T ;) =299.816 K

Secondary lean oil rate (L ) =20.682 g mole/sec

Secondary lean oil temperature (T, =299.816 K

Column pressure (P) =27.2108 at m
Number of stage (N) =8
I nter cooling rate (Q) =43958.33 J/sec

Table (3.1b) Data for stripper of system A [2]

Rich oil flow rate
component (g mole/sec)

C, 7.691

C, 4.02

Cs 3.630

nC, 2.3965

nCs 1.892
nC,,(oil) 48.553

steam 0.0

Wet gasflow rate: steam(v ;) =15 g mole/sec

Rich ail flow rate (L ) =68.1825 g mole/sec
Stripping gastemperature (T ;) =350 K
Rich oil temperature (T,) =309 K

Column pressure (P) =1 atm

Number of stage (N) =8
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Fig. (3.1): Absorption— Stripping network of system A
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Table(3.2a) Data for absorber and stripper of system B [21]

Wet gasflow rate

Lean ail flow rate

Component (g mole/sec) (g mole/sec)
CO, 3.077 0.103
C, 38.890 4.281
C, 2.320 0.848
Cs 2.875 1.236
iCq4 0.706 0.362
nC, 1.362 1.062

C5+(taken as C6) 1210 1691
nCs 0.0 42.119

Wet gasrate (v¢) =50.44 g mole/sec
L ean oil rate (L ,;) =51.705 g mole/sec
Wet gastemperature (T ;) =300 K

L ean oil temperature(T,) =300 K
Column pressure (P) =21.068 at m
Number of stage (N) =6

Rich oil flow rate

Component (g mole/sec)
CO, 1.48
C, 5.28
C, 1.445
Cs 3.548
iC, 1.031
nC, 2.281
C5+(taken as C6) 2.794
nCg(oil) 42.042
steam 0.0

Wet gasflow rate: steam (v ;) =15 g mole/sec
Rich ail flow rate (L ) =68.1825 g mole/sec
Stripping gastemperature (T ;) =350 K

Rich oil temperature (T,) =350 K
Column pressure(P) =1atm
Number of stage (N) =8
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Fig. (3.2): Absorption— Stripping network system B
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Table (3.3) Data for absorber of system C [3]

Wet gasflow rate

Lean oil flow rate

g ! (g mole/sec) (g mole/sec)
N, 2.9031 0.0
CO, 15.8383 0.0
C, 181.0917 0.0
C, 23.1704 0.0
Cs 7.6284 0.0
iC, 0.7478 0.0
nCy 1.0593 0.0
iCs 0.18663 0.0
nCs 0.1286 0.0
Cs 5.2966* 1E-2 0.0
C, 8.8277* 1E-3 0.0
nCs(oil) 0.0 18.9166

Wet gasrate (v ;) =232.816 g mole/sec
L ean oil rate (L ;) =18.9166 g mole/sec
Wet gastemperature (T ;) =255.372K
L ean oil temperature(T,) =255.372 K
Column pressure (P) =68.0272at m
Number of stage (N) =6

3.2.3. Selection of equation of state:

The most popular class is formed "

The Redlich Kwong (RK) equetion of date modified by Soave Redlich
Kwong (SRK) and the Peng Robinson (PR) equaions are two of the currently

popular equations.
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Cubic equation of daé' which if
expanded , would contan volume terms raised to ether the firs ,second , or third
power [36].The cubic eguaions ae Van der Wads , Redlich Kwong (RK), Soave
Redlich Kwong (SRK) and Peng Robinson (PR) equations .




The Peng Robinson equation has rapidy ganed acceptance by the
hydrocarbon processng indusry. Because of the rdative smplicty of the eguaion
itsdf and because of its apicablity for a large number of tet mixtures therefore in
this sudy the PR-EOS was chosen for cdculating the thermodynamic properties of
the process desgn.

3.2.3.1. Peng Robinson (PR EQYS):

A new modification of Redlich Kwong (RK)eguation of dae is gven by
Peng Robinson equation by making the atraction parameters as a function of
reduced temperature and reduced pressure, and introducing the acentric factor as a

third parameter to improve the prediction of enthalpy and phase equilibrium .

3.2.3.2. Peng Robinson EOS parameter [37];

The Peng Robinson equetionis

szR:l'b_ l\/l\/+bjib|_\/-b“ .

The PR-EOS parametersare: [10]

P -
a; =045723%; . o2
Tr.z
P. (3-3)
b; = 0.07779% —%
Tri
Where P. = P and Tri = T
" Pg Tci
And
[1+m @ T05)] &4
= [0.37646 +1.54226w; - 0.26992w2 | (35)
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Where
i=refersto component i

The properties T, and P, and ? can be found for each component ae given in
appendix A-l.

3.2.3.3. PR EOS mixingrules[5, 19, 37]:

The equaion of date are generdly developed for pure fluid fird, and then
extended to mixtures. The mixture extenson reguires O — cdled "mixing rues "
which amply means of cdaulding mixture paamges equivdent to those of pure
substances . The mixing rules of PR-EOS for vapor phase are :

o o (3-6)
a=a a vYiY;aj

i=1 j=1

Where;
3-7

a; = (aiaj)o.s (3-72)

C
o= & yib @

The Peng Robinson equation of dae (EOS) can be goplied to light gases if
the binay interaction parameter (k;) is incorporated into a revison of equation (3-
6) gvenas
ai = (1 ki Jaya; ) (3-8)
The key of obtaning a good representation of experimentd daa is by
fitting Snglebinary interaction parameter k;;, to each set of binary data

In this sudy, the vdue of (kj) are assumed zero vaue for hydrocarbon —
hydrocarbon pairs and for other pairs the (k;) vaue assumed congant because the
(kj) as function of temperature, pressure, and compositions for each binary pars are

rady avalddein literature
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3.2.3.4. Peng Robinson compressibility factor:

To cdculate the compresshility factor (Z) usng Peng Robinson equation
[5, 19
z%-(1- B)z2+(a- 28- B3)z- (AB- B2- B3)=0 (3-9)

The (2) factor for liquid and gas phases are cdculated from above equaion
iterativdly usdng Newton Regphson method. And the solution of this equetion gives
three roots, the vaid root is the highet and the lowest one, for a gaseous and a
liquid phase, repectivdy. The middle root is of no Sgnificance and the problem by
cdculating the compressihility factors through the following equation [14].

For gas phase:
Vi =R p. alv - by)
P Topv, (v, +b) (3-10)
For liquid phase:
Vi :i§i3_5\/i2_ ?E 2
C T ' T19%pg (3-11)
Where
C= b2 + bRT i a
P T105p (3-12)
These equaions are used for evaduding the volume of gas and liquid phease
Thefirg assumption for volume of gasesis V. mégjrliquidis .V =b
Thevduesof (a) and (b) are cdculated by usng (PR-EQOS) asfallows
2
3-13
a = 0.457235 m (3-13)
Cc
RT 3-14
b =0.077796 —= 319

C
And the compressihility factor calculated by using equation (2-7).
PV (2-7)
RT

Z =
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3.2.3.5. Residual enthalpies of Peng Robinson (EOS)[19]:

The folowing equation is used to cdculae the resdud enthdpies for
vgpor and liquid phases with approprigie phase compodtion and compressbility
factor are used:

4 05y
1 e mT% mT;°U éz4 205 1))
HR—RTeZ l-zl—aayly] ij - |0”5 - 05 l,JIng (05 ) ¢
e B i=1 j=1 8 25, 2aj U ez- |2 ( )Bqﬂ
(3-15)

3.2.3.6. Peng Robinson (PR EOS) Fuqgacity coefficient[19]:

PR fugecity coeffidentsequation (for vapor and liquid pheses) is:

é b, @®>AO05 B O é 05 ou
f=EXPZ-1) - In(z- B)- —A ¢~ Bi g2z +iby
8 b 21.588 A BB éz_ 20.5_1 w

(3-16)

The PR —EOS is vdid for both liquid and vapor phases and due to the fact

that the fugadty for both pheses is egqud at equilibium equation (2-14) , the
equilibium condant can be cdoulded udng the fugadty coeffident of liquid and

vgpor phases asinthe queti on (2-26).
K =Yi_fi (2-26)

3.2.4. Actual enthalpies of gas and liquid phases[14]:

The actud enthdpies of gas and liquid are necessay to cdculae three types
of enthalpiesH,’, ?, H".

For non ided sysem the actud enthdpies equd to the sum of ided enthdpy
and resdud enthdpy. In this dudy, the actud enthdpies are cdculaed rdative to a

datum of idedl gas a reference temperature equd to (0 K) and 1 atm.
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3.2.4.1. | deal gas enthalpy (Hv?) [14]:

Theided gas enthdpy is cdculated from equation (2-18)
T
Hy = d:,%VdT 218)
.. B C D
=AIT-T P2 12 )+ =213 - 78 )+ 214 - T4
( o)+2( o)+3( o)+4( )

o

The congant (A), (B), (C), and (D) for the component beng
considered in this Sudy are given in gppendix A-Il1.

3.2.4.2. Enthalpy of vaporization (?) [14]:

Vaious methods have been proposed for edimating the latent heat of
vgporization or the enthapy of vaporization (? Hv).
In this sudy, two methods are chosen for cdculding the enthdpies of
vgporizetion, these two methods are:

I. Chen modification to Pitzer acentric —factor correlation :

Chen [38] had obtaned a genadized corrdation rdaing the vepor —
pressure and temperature to the enthapy of vaporization asfollows.

oy = T(7.9T, - 7.82- 7.11l0gP,p, )
(Lo7-T,)
In this dudy, Riedd — Plank — Miller [4] equetion is used to cdculate

vapor-pressure, which gives good resllts and it is rddivdy essy to use and the

(3-17)

form of this equationis given asfollows

e, PCE T gl 1]

G =0.2271 + 0.425 h (3-19)

(3-18)
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€ & P, oU (3-20)
h =T, éln g————=(
e 1- Ty (o118}
Where: T
Tbr _T_
b
€z O U
&= [L+Tpr)g (3-21)
_é&Go U
2
(1' Tbr)

I1. Antoinevapor —pressure equation:

One of the mos sdidfactory methods in this fidd is the etimaion of the
latent heat of vaporization from vapor- pressure equetion.

In this sudy , Antoine vapor- pressure eguation is used and manly
conddered in the cdculdions. It is more stidfactory and accurate than Chen's
equation , Antoine vapor — pressure equation hastheform [5, 14]:

Az (3-22)
T +Ag

In PVPi =A1'

The condant A; A, and A; ae Antoine condants are given for each
component in Appendix A-1l where Tin F°..
The dating point to evduae the laent heast of veporization is by applying
the dassicd thermodynamic equation for ided solution at low pressures[5]:

HAInPp 0
|, =RT2( " = (3-23)
m 5
And from Antoine equation:
TnRe - A (3-24)

T (T +Ag)?

The find eguation of the laent hest of veporization that is used in this dudy by
subdtituting equation (3-24) into (3-23) is



A,RT ? (3-25)
(T +A3)?
Whee T in (RP and ? (BTU/Ibmol). The following expresson was obtained from
the above eguaion (3-25) in order to cdculae the laent heat of vaporization in S-

unit:

2
. RA,(1.8T) 1055 (326)

(18T - 459.67+ A;)*> 454
Where T in K , R=1.987Btu/bmole.°R,and ? in Jmole.

3.3. Rigorous design method: [12]

By usng Rigorous method the compogtions, temperaure, flow rate profiles,
and heat trandfer a each Sage were determined .

3.3.1. Equation tearing procedure: [5]

Condder a generd, continuous, deady —dage vapor — liquid separator
condging of a number of dage aranged in a counter current cascade .Assuming
that phase equilibrium is achieved a esch dage, no chemicd reactions occur, and
entranment of liquid drop in vapor and the vepor bubble in liquid are negligble
Fig. (3.3) represented the equilibrium stage | for avapor — liquid separator.

Entering stage j can be one sngle or two phase feed of mold flow rae F,
with over dl compostion in mole fractions Z;; of component i , temperaure Ty ,
pressure Pg , and corresponding overdl molar enthapy hy. Feed pressure is
assumed equa to or grester than dage pressure Py Any excess feed pressure (P=P)
is reduced to zero adigbaticdly acrossvaueF.

Also the liquid entering dage j from dage j-1 aove , if ay , of molar flow
rae L;; , with compodtion in mole fractions X;;,;, enthdpy h;; , temperaure T,
and pressure P, , which is equd to or less then the pressure of hydrogtatic heed



change across heed L . Smilaly , from dage j+1 bdow enter sage of mold flow
rate Vj.1 , with compostionYj.1 , enthdpy Hyj+ , temperature Ty and pressure By
can enter dtage j . Any excess pressure (P, —P, is rediced to zero adiabatically

arossvaueV.

Leaving stage j is vapor of intendve properties Y;;,h;T;, ad P, .This
sream can be divided into a vapor sde stream of molar flow rate W, and enter sage
stream of molar flow rate V, to be sent to stage j1 or , if j=1 to leave the column as
product . Also leaving dage j is liquid intensve propeties X;; , Hy, T; , and P,
when is in equilibrium with vgoor (V; + W, ). This liquid can be product stream of
mold flow rae L; to be sent to stage j+1 or, if j=N, to leave multi Stage separator as
a product. Heat can be tranderred a a rate Q; from (+) or to (-) dage j to Imulae
dageinter coolers, inter hesters, condensars, or boilers.
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Fig. (3.3) General equilibrium stage

Thefollowing indexed equations expressed as.

1. M —eguations, materid baance for each component :

Mij=Lj1Xij1*VjuYijna- FjZ,

- Ly-ug X - bvy+wy =0

(3-27)

2.E- equations, phase equilibrium relation for each component :

Ei,j :Yi,j - Ki,in,j =0
Ki;: the phase equilibrium ratio .

3.S-equation, molefraction summations::

C
(sv); =4 vi,;-10=0
i=1
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C
(sx); =a X,;-10=0
i=1
4.H-equation , energy baance:

(3-30)

Hy = Liahe g Vb, #F e - (LU e - Wy - Q(é-glc))

Where the kinetic and potentid energy areignored
In gened, the K- vdue and the enthapies of liquid and vapor of MESH
equation are functions of temperature, pressure, and compaosition a each Sage.

Kij=Kij{Tj.Pi.X5.Y) (3-32)
Hy; = Hy, (1), Py (3-33)
HLJ-:HLJ-U—]’P]’X]) (3-34)

The MESH eguaions ae non linexr equations tha must be solved by
iterativetechinque.

3.3.2. Tri-diagonal matrix algorithm: [5]

The key to the success of the BP and the SR tearing procedures is the tri
diagond matrix tha results from M-equations (3-27) when they ae torn from the
other equaions by sdeding T; and V; as the tear vaiddes which leaves the
modified M-eguaions liner in the unknown liquid mole fractions This st of
equations for each component is solved by a highly efficent and reigble dgorithm
due to Thomeas as applied by Wang ard Henke [39].

By subdtituting equation (3-28) into (3-27) to diminate Y; jand Y j+; to give:

L% otV X a2 - - U X - M AWK 6 = (339)

Next eguation (3-27) is assumed over the C components and over dage 1
through j and combined with eguation (3-29), (3-30), and ?Z;;-1.0=0 to give a totd
materia balance over stage 1 through j.

J
_ o 3-36
I—j —Vj+1+a(Fm'Um'Wm)'Vl ( )

m=1
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By subdituting equetions (3-36) into (3-27) to diminate L, , the results for each
component and each sageisasfollows

iji,j-l+Bin,j +iji,j+1:Dj (3'37)
Where: i1
[} .
A=V +Q Fm-Wn-Up)-Vvy 2=j=N (3-39)
m=1
é d u 1=j=N (3-39)
Bj =&/ 1+ @ (Fm - Wi - Un)- Vi +U; +{v; +Wj )i
m=1 3
Cj :Vj+1Ki,j+l 1=j:N-1 (340)
Dj =-FjZi; 1=j =N (341)

With X; =0, V,,+=0, W=0, and U,=0, asindicated in Fig (3.4).

The modified M - egudaions ae linesrized in tems of unknown
components  X;; by sdecting unknowns V; and T; as tear vaidbles and usng velues
of vector X; and Y; from the previous iteration to compute vaues of K;; for the
curent iteration . In this maner dl vaues of A;, B, and C; can be edimated.
Vdues of D; ae fixed by feed spedifications further more, they can be partitioned
into C sas, one for each component, and solved separately for the velues of X;
which petans to dl j vaues of X;; for the paticular species i. Each st of N —
equation is cdled tri —diagond marix equation, which hes the foom a shown in
Fig (35 @ for a five — dage example in which, for convenience, the sub script | hes
been dropped from the coefficient B, C, and D.

For this type of gparse matrix equeion, one can goply a highly effident
vason of the Gaussan diminaion procedure cdled “Thomas dgorithm™ which
avoids matrix inverson, dominates the need to dore the zero codfidents in the
matrix, dmost dways avoids buildup of truncation erors because usudly none of
deps involves — sub traction of nearly equd quantities and rardly produces negdive
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vaues of X;j;. Thus the Thomas agorithm begins by a form the top row, to give the
following replacement shownin Fig. (3.5b) for row 1.

_ G

pl—Bl

_D

O B,
Xij =01~ PXjj

Thus , the coeffidents in the matrix become B;? 1 ,C,?

where? means"isreplaced by

@B, C, 0 0 O0®WXyu éDgi
é By U é~ U
€0 A3 By C3 0 WXzU=éDzU
é a é.’a
0 0 Ay By CypXay ag
€0 0 0 As BsHeXsH EDsH
& p, 0 0 O0dX,0 6éqy0
S ey, U €. U
e L P2 0 Puer2g el
€ 0 1 py OueXzu=eqgyUu
é e, U € " u
d 0 0 1 pageXan &lag
0 0 0 0 1HXsH &asH
61 0 0 0 O0uéXqu éru
é ué a é u
€0 0 1 0 O0UéXsu=eérgd
e ue u e u
eO 0O 0 1 0@§X4@ §r4@
80 0 O O 1HEXsH ErsH

(3-42)

(3-43)

(344)
pi,and D1? gl,

(a)

(b)

©

Fig. (3.5) Tri-diagonal — matrix equation for a column with five

theoretical stages
(a) original equation
(b) after forward elimination
(c) after backward elimination
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For all subsequent rows:

3-45
p -Pi~ A4 -1 49
1By - AP -1
C. (3-46)
P. = J
B - AP -1
Xij=d;- P;X;; +1 (3-47)

with A? 0,B,? 1,G? P,
D;? q; only of P, and ¢ need be stored.
At the Bottom row for component i, isolates

XiN =dN (4-48)
The remaining values of x for species i are computed recursively by backward
substitution:
Xij-1=09j-1- Pj-1Xi,j =rj-1 (3-49)

3.3.3.Sum rates (SR) method:

The chemicd components present in most absorbers and drippers cover a
rdaivdy wide range of volaility. The BP mehod of solving the MESH equation
will fal because cdculaion of dage temperaure by bubble —point determination is
too sengtive to liquid — phase compostion and the dage energy bdance is much
more sengdtive to dages temperaiures than to inter dage flow rates. In this case,
Friday and Smith [31] showed that an dterative procedure devised by Sujaa [40]
could be successtully applied.

This procedure, termed the sumrates (SR) method, was further developed
in conjunction with the tridiagond matrix formulaion for the modified M
equations by Bumingham[5, 21].



It is important to specify the necessay number of independent variable in
advance For absorbers and srippers the specification condst of conditions and
dage locations for dl feeds pressure a any dage totd flow raes of any dde
dreams, heet trandfer rates to or from any sage, and number of dage.

An iniid st of tear vaiddes T, and V; is asumed to intige the
caculations. For most cases it is suffident to assume a st of V; vaues based on the
assumption of congant mold inter dage flows, working up from the bottom of the
column usng gpecified vapor feeds and st T, vaues ae obtaned by linear
interpol ation between the top and bottom stage temperature.

Vdues of X;; are obtaned by solving equation (3-38) through equation (3-
41) by the Thomas dgorithm. These vaues of X;; are corrected to provide better
vdues of the assumed iterdtion varidbles for the next trid, therefore for each
iteration, the computed set of X; ; veues for each dege will, in generd, not satify
the summation condrant given by equaion (3-30). The vadues of X;; can be
normdlized usng the following relation:-

X i (3-50)
(Xi,j)normlized o -
a X

i

The new imér:1stage liquid rates can be obtaned by mutiplying the previous
inter dage, liquid rates by corresponding un-normdized liquid mole fraction
.Summeation computed from the tri- diagond metrix agorithm.

(K41) = | ()& S5
+1) _
L7 =hra X
i=1
Where K is the iteration number the vaues of L; © are obtained from Values of

Vj(k) by equation (3-36). Corresponding vaues of V,-(k“) are obtained from a totd
materid badance which is deived by summing eqution(3-27) over the C
components, combining the results obtained with equation (3-29) and (3-30) and
summing the result over stﬁgej through N to give-

Vi=L;;-Ly+Q (Fm - Um - Wm) (3-52)

m=1
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Normalizing values of X;; are next caculated from eguation (3-50)
corresponding values of y; are computed from equation (3-28).

A new set of values for stage temperaure T, is obtained solving
simultaneous set of energy balance relation for the N stages given by equation (3-
30).

The temperatures are embedded in the specific enthalpies corresponding to
the unspecified specific vapor and liquid flow rates. In general, these enthalpies are
non linear in temperature. Therefore an iterative solution procedure such as
NewtonRaphson method is required. In the NewtonRaphson method, the
simultaneous non linear equations are written in the form.
i=1, 2... n (3-53)

Initial guesses, marked by asterisks, are provided for the n variables and
each function is expanded about these guesses in a Taylor’s series that is terminated
after the first derivatives to give:

I (3-54)

Where Dxj=x - % and X’ are the initial tear variables. Equations (3-54) are linear

and can be solved directly for the correctionDx;. If the corrections are found to be

zero, the gausses are corrected and equation (3-53) is solved; if not, the correctiors
are added to the guesses to provide anew set of guesses that are applied to equation
(3-54). The procedure is repeated until al the corrections and thus the functions,

become zero to within some tolerance. In recursion form equation (3-54) are

n
f. .
é [(L)k[)x(k) = fi(k) i=1,2......n (355)
j=1 Txg J
(k+1) _ k (k) (k) .

42



As applied Newton —Raphson to solvea new set of T; values from energy
equation [equation (3-31)], therecursion energy equationfor New ton Rephson
method is:

Myt + MMy DT+ (1 H; R Worpr) =1, @87

ﬂTJ_]_ ﬂTJ ﬂTJ+1
Where:-
pT(K) = (K+) _ 1 (K) (3-58)
LAV I T (3-59)
a7,
THi g soaTH oy THy (3-60)
T; ARl T; Vi W) 17,
TH; THy a1 3-61)

=V - - -
Mg T

Equation (3-57) indicates that the earor in heat bdance for one Sage was
caused by the errorsin that stage, the stage above, and the stage below.

The N rddion is gven by equaion (3-59) from tri-diagond matrix
equation that isidentica to equetions (3-38), (3-39), and (3-40), thus

A;DT; ;+B;DT; +C;DT;; =D 3-62)
Where,
TH ;. 2<j<N (3-63
AJ = Lj-lﬁ J ( )
171
H 1<j<N (3-64)
Bj :('-j +Uj ) - (V) +W, )
j J
H
Cj=Vju Ay 1<j<N-1 (3-65)
ﬂTj+1

j 1<j<N (3-66)



The matrix of partial derivativesis called “Jacobin correction matrix”. The

Thomas algorithm can be employed to solve for the set of corrections ? T; ® thus:

DTj =0n j=N (3-67)
And in generdl,

Where p; and g are defined by equations (3-45) and (3-46), new set of T; can be
determined from:
DT _(k+1) =T (k) +DT (k) (3-69)
j j j
When all the corrections ? Tj(") have approached zero, the resulting values of

T; are used with the following criterion (to determine whether convergence has been

achieved):
o N  T-Tled  Noykoylen (3-70)
am[Thq[T] £10°N
J =1 J
But Wang and Hankes [42] use:
N (k)
af, -7%Y Peoon (3-71)

1

]

If the convergence is not achieved before beginning new k iteration, one can
adjust of V; and T;. Rapid convergence is generally observed for the SR method.

3.3.4.Rigorous method computer program:

A computer program is developed for rigorous method for absorption —
stripping system which is written in Mat lab language. A listing of the program of
rigorous method is given in (Appendix C attended in compact disk).

The developed computer program based on the ‘Burningham — Otto SR method”
(that discussed previously) which calculates:

1- Stream composition for each stage.



2- Stream flow rates for each stage.
3- Temperatures profile for each stage.
4- Recovery fraction in wet gas stream.
The thermodynamic properties (K -values with vapor and liquid enthal pies)
were calculated by using Peng- Robinson equation of state and Soave Redlich
Kwong equation of state that programmed usng MAT LAB 6.5.

3.3.5. The Enthalpy partial derivatives:

The partial Derivatives of enthalpies for liquids and vapor with respect to

temperature are given as follows;

1. Ideal enthalpiesderivatives:
By Differentiation equation (2-18) and combining the result with equation
(2-19), asfollows:

For ideal vapor
H'¢ S THy (B-72)
= a Yi
m < T
For ideal liquid the differentiation of equation (2-20) as follows:
id A o )
Mu” g, &M g (373)
qT o T T ol



2. Enthalpy of vaporization (or Latent heat of vaporization) derivatives:

The Term fbH, or n can be caculated either from:
1T 1T

I. Chen modification for Pitzer acentric factor correlation:

Thederivation of equation (3-17) isgiven as:

oH, _
T

° .9 flogRp 6 u
1.07- T.)d79T - 7.82- 711logRp |+ TE" - 7.11 = (- T.(79T. - 7.82- 711l0 ]
or- 7 st o T T [ o

(Lo7- T, )?
38-74)

Where;
flog Pp, @

2 Tgog £+Sg(1- T, )28e iw+— G(_ZTC)L' T2 +9(1- T, )3]
5 u élogPp U
F R T e e
Tr 8 T C b é T g
(3-75)

I1. Antoinevapor pressure:

Thed erivation of the Antoine equation [equation (3-25)] isasfollows:
M 2T +Ag)°RA,T - 2RA,T2(T +Ag)  2RTA,(T+Ag-T)  2RTA,A;

Ll (T+As) (T +As)° (T+As)°
(3-76)

3. Residual enthalpy derivatives:

The residual enthalpy partial derivatives with respect to temperature for
Peng Robinson equation of state is obtained by derivation of equations (3-1)
through equation (3-15) For example, for gas phase:



'”H_R:Rgz- 1_% 1 Iéz+(?'5+l)8%§%YjAj%- geqTr?f’Q 8¢nTr?5%
m ¢ &% gz-[P-1pghn @ g 2”5 gal M
é ¢ 5 daga €C é 54 5Ll
a "ﬂz 1 €Z+( +])Bl;jﬂ A0 O A %Trl 9 éﬁ’]JTn e
+gRT)§—- —Iné ——0_— 8 q VYA 8- & 05; o
$ o 28 gz-F '])Bﬂwajd ¢ &5 g2)° JO
6 Sy ah B BTG 1 1 % Gz el e A adl)
e;:lj:ll J Jg 825‘05_ g2p° 3521581]T$ 8z- (205 )399 - 20 1BgﬂTeB%&ﬂ
(3-77)
Where
a 05m; 0 - m;,a E
8 _ o m, fo-7.09) |22 Miya, (3-78)
TedTE T
A éﬂa/ 2, |
=0457235p, & /AT _ <5 U 379
e T AT o7
e ¢
B P T B
ﬂ—'—-0077796—“ c=_. 2L
T T2 T (3-80)
B _s . 1B
T al Vi (3-81)
i=
é A . ou
ﬂ—”:é0-5(1‘ Kij N, Aj) OoCh; el Aj LAk (3-82)
LI T 7 &
c ¢ } (3-83)
Mogavw oy
T = T
The derivation of equation (3-9) isas follows:
(3-9)

23- (1- Bz +|A- 28- B3z (AB- B2- B3)=0
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Chapter Four
Results and Discussion

4.1. Introduction:

In the previous chapter the analysis and the design method for the multi
component multistage absorption — stripping network were considered.
In this chapter the final results of the total vapor and total liquid flow rates profiles,
vapor and liquid fractions profiles, temperatures profiles , fraction absorbed and
stripped and amount of water used for cooling the liquid solvent from the stripper

were obtained by using MAT LAB version 6.5 computer programs .

The effects of some process variables on the performance of absorption,
stripping and absorption — stripping network such as (number of stages,

temperature, operating pressure, and solvent) were studied.

The accuracy of the developed model and simulation computer program
were checked and compared with references [1, 2] because the experimental data

are not available.

4.2. Comparison between the present work and references:

In the present work, and preliminary step, a developed computer program
using Mat Lab 6.5 was constructed using Peng Robinson and Soave Redlich Kwong
equation of states for thermodynamic calculations and SR —method for the design

calculation for absorption, stripping and their networks.

The results obtained for the fraction absorbed of system C using Soave
Redlich Kwong equation are given in Table (4-1) were compared with AL-Mula [2]
and. Maddox [2], the results are approximately identical with AL-Mula [2] . The
difference is due to the fact that in the present work MAT LAB 6.5 computer
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program was used, while AL-Mula [2] used QUICK BASIC computer program.

But with results obtained by Maddox [1] the differences is due to the computation

method and to the solvent used. In Maddox [1] petroleum fractions were used as

solvents while in the present work n-octane is used as a solvent. And this

comparison gives the accuracy of the developed computer program.

Table (4-1) comparison between the present work and other references
of the fraction absorbed by using SRK EOS of absorber system C

Fraction absorbed (a %)

Component o S Naddox [1] | AL-Mula[2] Present work
N, 4.52 4.52 4.492
CO, 31.97 31.99 31.73
C, 10.12 10.13 10.065
C, 36.66 36.68 36.40
C, 76.32 76.32 75.94
iC, 96.43 96.42 96.29
nC, 98.95 98.95 98.906
iCs 99.96 99.96 99.961
nCs 99.99 99.99 99.989
C, 99.999 99.999 99.999
C, 100.0 100.0 100.0

Table (4-2) show the fraction absorbed for system A using PR-EOS. The results

compared with SRK-EOS and show there is 0.0010 % increase in the fraction

absorbed of the C; while the total vapor and liquid flow rate profiles and

temperature profile are approximately identical. Fig. (4 -1).

Table (4-2) Comparison between the results obtained by using PR-

EOS and SRK-EOS for system A

component Fraction absorbed (a %)
PR-EOS RRATGS
G 11.660 11.652
G 47.179 17072
G 91.405 91313
nC, 99.607 99 600
nCs 99.979 99.978
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Fig. (4.1) Comparison between the results obtained by using PR and
SRK equation of state in the computer program of absorber system A
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Table (4-3) shows a comparison of the fraction stripped of the present work
for system A using SRK-EOS with that of AL-Mula [2]. The results obtained are
approximately identical. The only difference is due to the fact that in the present

work MAT LAB 6.5 was used while AL-Mula used QUICK BASIC.

Table (4.3) Comparison between the present work and other references
by using SRK equation of state for fraction stripped of stripper system A

component Fraction stripped (s %)
Present work AL-Mula|2]
C, 100.00 100.00
C, 100.00 100.00
C; 100.00 100.00
nC, 100.00 100.00
nCs 99.999 99.999
QOil 19.984 19.994

Table (4-4) shows the fraction stripped for system A using PR-EOS and
SRK-EOS. The results show that there is4.7*10™ % decrease in the fraction stripped
of oil. Fig. (4-2) shows the total vapor and liquid flow rates profiles these are
approximately identical while the temperature profiles decreases, this is because of

the reduction in the fraction stripped.

Table (4.4) Comparison between the PR and SRK equation of state for
the fraction stripped of stripper system A

component Fraction stripped (s %)
PR EOS SRK EOS
Ci 100.00 100.00
G 100.00 100.00
GCs 100.00 100.00
nC, 100.00 100.00
nCs 99.999 99.999
Oil 20.023 19.984
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Fig. (4.2) Comparison between the results obtained by using P- R and
SRK equation of state of stripper system A
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4.3. General discussion:

The general discussion of absorber and stripper results:

4.3.1. Discussion of absorption results:

Systems A, B, and C for absorption process. Tables (3-1a), (3-2a) and (3-
3) are chosen for general discussion. The results obtained from the developed
computer program for system A, B and C show that the vapor flow rates profiles
decrease as it passes up the column, the wet gas enters at the bottom of the column
and its amount decrease when it passes up the column due to the transfer of the
gases present in the vapor phase throughout the column, Figs. (4-3a), (4-4a), and (4-
5a). Therefore, the liquid flow rate profiles increases as it passes down the column.
The previous figures show that the bulk of overall absorption occurs at the two
terminal stages (top and bottom); this can be observed as a dip on these stages Figs.

(4-3b), (4-4 b), and (4-5 b).

For system A, Figs. (4-3 a, b) shows that a large decrease and increase in
the total vapor and liquid flow rate profiles , respectively take place in stage 4 this
is due to the entering of the secondary oil feed which causes an increase in the

absorption ability of the liquid .

Figures (4-3c),(4-4c) and(4-5c) show that the temperature profile increases
from the top to the bottom due to the increase in the rate of absorption, i.e.,
increasing the heat of absorption, in addition to the entering of the wet gas at the
bottom of the stage at higher temperature, and Fig. (4-3c) shows a decrease in the
temperature profile that occurs in stage 4 and stage 7 this is due to the enteryof the

secondary feed oil at lower temperature and the inter cooling stage respectively .

For system C, Fig. (4-5c) shows an irregular temperature profile due to

small ratio of lean oil to wet gas (L,/Vy), therefore the temperature profile increases
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in the top stage 1 and 2, because of the maximum (L/V) ratio and then the

temperature profile begins to fall due to the decrease in the ratio below these stages.

Figure (4-6) for systems A, B, and C shows that the vapor fraction profiles
for the light components (C,; and C,) decreases at the two top stages due to the
increase in the degree of absorption, and the absorption of the component heavier

than C; occurs through out the column but mainly at the bottom stages.

Figure(4-6 a) for system A shows that the vapor fraction profiles for the
heavy components decrease after passing the secondary feed oil due to increase in

the fraction absorbed of these components .

Table (4-4) for systems A, B, and C shows that the fraction absorbed by the
lean oil of the light gases is less than that of heavy gases this because of the

similarity in chemical nature between the lean oil and the heavy gases.

Table (4.4a) Fraction absorbed of system A, B and C

Fraction absorbed (a %)

System A System B System C

C 11.660 CO, 41.884 N, 4.776
C, 47.179 C 0.9555 CO, 31.548
C; 91.405 C, 21.679 C,; 10.427
nC, 99.607 C; 78.209 C, 36.624
nCs 99.979 iCy 89.221 C; 75.330
nC, 88.485 iCy 95.834

Cs, 97.693 nC, 98.685

iCs 99.946

nCs 99.984

nC, 99.999

nC, 97.693
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Fig. (4.3) Vapor, liquid flow rate and stage temperatures for absorber
system A
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Fig. (4.4) Vapor, liquid flow rates, and stage temperature for absorber
system B
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Fig. (4.5) Vapor, liquid flow rates, and stage temperatures for
absorber of system C
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Fig. (4.6) Vapor mole fraction profiles for absorber of system A, B and
C
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4.3.2 Discussion of stripper results:

Systems A, and B for stripper process Tables (3-1b) and (3-2b) are chosen
for general discussion. The results obtained from the developed computer program
for systems A and B show that the total vapor flow rate profile is slowly increased
as it passes up the column and this increase become sharp at the two terminal top
stages Figs. (4-7 a) and (4-8a). This is because at these stages a first contact
between rich oil feed and vapor phase is achieved and the degree of stripping is high
for the liquid component take place from the rich oil to the vapor phase. Therefore
the liquid flow rate profile is decreased as it passes down the column, where the rich
oil feed enters the column at the top stage and its amount decreases due to transfer
of the components from the liquid to the vapor phase Figs. (4-7 b) and (4-8b). These
figures show that the bulk over all stripping take place at the two terminal stages

(top and bottom), this can be observed as a dip on these stages.

The temperature profiles decreases from the top to the bottom, because the
sensible heat content of the liquid phase is decreased as it passes down the column,
and the heat of vaporization of liquid component is supplied from sensible heat of
liquid Figs. (4-7c) and (4-8c). Figures (4-9a, b) for system A and B, respectively
show that the liquid composition profiles decreases sharply for the light
components, but for the heavy components the liquid composition profiles are
slowly decreased and the main decrease take place at the two terminal(7-8) bottom
stages. The rates of stripping of the component lighter than C; is very high and
occurs through out the column, but for the heavier components are less than that for
light components and also occur through out the column but mainly at the bottom
stages. Table(4-5) shows that the stripping fraction of light components are higher
than the heavy components because the boiling point of the light components is
lower and their evaporation can occur at lower temperature than the heavier

components .
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of system A
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Fig. (4.9) Liquid mole fraction for stripper of system A and B
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Table (4.5) Fraction stripped for the stripper systems A and B

Fraction stripped(s %)

System A System B
component S% component S%

C, 100.00 CO, 100.00
C, 100.00 C, 100.00
C; 100.00 C, 100.00
Cy 100.00 C; 100.00
Cs 99.999 iCy 99.999
Oil 20.023 nC, 99.999

Ce 98.290

Oil 9.786

4.4. Effect of process variables on the performance of the multi

component absorption, stripping and absorption-stripping network:

In this study the effect of changing some of the process variables such as
number of stage , operating pressure , feed temperature and the lean oil (solvent) on

the performance of absorption and stripping column and their networks.

The effect of these variables on the vapor and liquid flow rate profiles ,
temperature profiles , vapor fraction profiles , and the fraction absorbed (a%)for
absorption process and fraction strip(s%) for stripping process for each component

were considered:

4.4.1. Absorption process:

Before studying the effect of the process variables the following points must be
considered:
1. The effect of the changing process variable is studied under constant of other

variables.
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2. For system A, the secondary lean oil is used in this process and this enters in at
stage 4.

3. Inter cooling effect used in system A in the stage number7.

4.4.1.1. Effect of changing the number of stage:

Figure (4-10 a,b) for system A, and Figs.(1a, b)and (2a, b)for system B, and C
(Appendix B attended in compact disk) show that increasing the number of stages
will decrease the total vapor flow rate profiles at constant wet gas flow rate. The
effect of increasing the number of stages on the vapor flow rate profiles is very
small at the first stage while it was more significant in the bottom stages. Therefore
increasing the number of stage will decrease the liquid flow rate profiles at constant
lean oil rates and the effect is very small at the first stage then it will be more

significant at the bottom stages.

Figure (4-10c) for system A and Figs. (1c¢) and (2¢) for system B and C
(Appendix B attended in compact disk) show that increase of the number of stages
will decrease the temperature profiles and this is due to the decrease in the rate of

the absorption for the components present in the vapor phase.

The increase of the number of the stages will increase the surface and time
of contact between the vapor and liquid phases and increases in the fraction

absorbed as shown in Table(4-6a , b, ¢ )]for system A, B, and C respectively.

Figure(4-11) for system A and Figs.(3)and (4) for system B, and C
(Appendix B attended in compact disk) show that increasing in the number of
stages causes a small decrease in the vapor mole fraction profiles due to the small

increase in the degree of absorption for each component.
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Table (4.6a) Effect of change number of stages of the absorber on the

fraction absorbed for system A

Fraction Absorbed (a %)

Component N=3 N=10 N=12
C1 11.660 11.651 11.649

C2 47.179 47.522 47.604

C3 91.405 92.733 93.354
nC4 99.607 99.618 99.621
nC5 99.979 99.979 99.979

Table (4.6 b) Effect of change number of stages of the absorber on the

fraction absorbed for system B

Component

Fraction absorbed (a %)

N=6 N=9 N=10
CO2 41.884 41.978 41.985

C1 0.955 0.949 0.948
C2 21.679 21.844 21.860
C3 78.209 79.100 79.174
iC4 89.221 89.286 89.291
nC4 88.485 88.540 88.544
Cé 97.693 97.704 97.705

Table (4.6 c¢) Effect of change number of stages of the absorber on the

fraction absorbed for system C

Component

Fraction absorbed (a %)

N=6 N=8 N=10
N2 4.776 4.8164 4.841
CO2 31.548 31.857 32.029
C1 10.427 10.526 10.579
C2 36.624 36.978 37177
C3 75.330 76.409 76.928
iC4 95.834 97.213 97.939
nC4 98.685 99.394 99.691
iC5 99.946 99.992 99.998
nCS 99.984 99.998 99.999
Cé 99.999 99.99 100.00
C7 97.6930 100.00 100.00
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Fig. (4.10) Effect change the number of stages on the vapor, liquid
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4.4.1. 2 .Effect of changing the inlet wet gas temperature:

Figures (4-12 a, b) for system A and Figs. (5a, b) and (6a, b) for system B
and C (Appendix B attended in compact disk) show that increasing the wet gas feed
temperature will increase the total vapor flow rate profiles at constant wet gas. This
increase very small in the first stages and it will be more significant in the bottom
stages while increase in the feed temperature will decrease the liquid flow rate

profiles but this decrease is very small that can be ignored.

The increasing of the feed temperature will increase the temperature
profiles Figs. (4-12c) for system A and Figs.(5c) and (6¢) for system B, and C
(Appendix B attended in compact disk) and decreases the fractional absorbed Table
(4-7) for system A, B and C and there is no large effect on the vapor mole fraction
profiles Fig. (4-13) for system A and Figs(7) and(8) for system B and C (Appendix
B attended in compact disk). This is due to the decrease in the rate of absorption for

the component present in the vapor phase.
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Table (4-7a) Effect of change wet gas feed temperature of the absorber on
the fraction absorbed of system A

T Fraction Absorbed (a %)
T=305.372K T=315 K T=325K
C, 11.660 11.565 11.468
C, 47.179 46.792 46.389
C; 91.405 91.289 91.174
nC, 99.607 99.603 99.601
nCs 99.9790 99.978 99.978

Table (4-7b) Effect of change wet gas feed temperature of the absorber on
the fraction absorbed of system B

Component Fraction absorbed (a %)
T=300K T=305K T=310K
CO, 41.884 38.621 35.704
C, 0.955 0.554 0.179
C, 21.679 17.647 14.010
C; 78.209 75.233 71.860
iC, 89.221 87.725 86.076
nCy 88.485 86.771 84.872
Ce 97.6930 97.209 96.645

Table (4-7c) Effect of change wet gas feed temperature of the absorber
on the fraction absorbed of system C

Component Fraction absorbed (a %)
T=255.3722K T=260K T=265K
N, 4.776 4.477 4.204
CO, 31.548 29.423 27.359
C, 10.427 9.757 9.126
C, 36.624 34.300 32.029
C; 75.330 72.122 68.962
iCy 95.834 94.558 92.946
nC, 98.685 98.162 97.440
iCs 99.946 99.917 99.871
nCs 99.984 99.975 99.961
Cs 99.999 99.999 99.999
C, 99.999 99.999 99.999
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71



—+— C1
gl| & C2 |
—— (C3
—=- nC4
7+ —— nC5 B
—%— Oil
6} ]
9
% 5F i
k]
3 ar .
€
2
3t ]
2t ]
1+ ]
T=305.372K
0 1 1 1 (a)
10° 10" 10 10°
vapor mole fraction ,Y
9
—— C1
gl| & C2 |
—<— (C3
—+- nC4
7r —~ nCS5 % i
—#— 0il
6 A ]
S
2 5f L i
s
54t i ,
€
2
3L 4 i
21 + i
Al l | Te=315K
(b)
0 L L L
10° 10" 10? 10°
vapor mole fraction ,Y
9 ‘
—— C1
gl| & 2 i
—— (C3
—+= nC4
7+ —# nC5 4
—%— Oil
6} ]
9
3 5[ .
s
8 4+ A
€
2
3t ]
27 —
T=325K
g . (©)
0 L L L
10° 10" 10 10

vapor mole fraction , Y

Fig. (4-13) Effect of change feed temperature on the vapor mole
fraction profiles of absorber system A



4.4.1. 3. Effect of changing the operating pressure:

Figure (4-14a, b) for system A and Figs.(9a,b) and(10a,b) for system B and
C (Appendix B attended in compact disk), show that increasing the operating
pressure will decrease the vapor flow rate profiles at constant wet gas . The increase
1s significant for the first stages, while the liquid flow rate profiles will increase at
constant lean oil and this increase is approximately identical in the stage 3 and 4

when the secondary feed oil enter the column for system A Fig. (4 -13 b).

The increase in the operating pressure will increase the temperature profiles
Fig. (4-13c) for system A and Figs. (9¢) and (10c) for system B and C (Appendix B
attended in compact disk), therefore the fractional absorbed will increase as in Table
(4-8). While the vapor mole fraction will be decreased as in Figs. (4-15) for system
A and Figs. (11) and (12) for system B and C (Appendix B attended in compact
disk), this is due to the increase of the rate of absorption for the component present

in the vapor phase.
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Table (4-8a) Effect of change operating pressure of the absorber on the
fraction absorbed of system A

Component Fraction Absorbed (a %)
P=27.20atm P=30atm P=32atm
C, 11.660 13.452 14.758
C, 47.179 52.409 56.045
C; 91.405 93.766 94.997
nC, 99.607 99.718 99.774
nCs; 99.979 99.984 99.987

Table (4-8b) Effect of change operating pressure of the absorber on

the fraction absorbed of system B

Component Fraction absorbed (a %)
P=21.068atm P=23atm P=25atm
CO, 41.884 45.838 49.840
C, 0.955 2.176 3.455
C, 21.679 26.530 31.357
C; 78.209 80.051 81.622
iC, 89.221 89.975 90.637
nC, 88.485 89.263 89.946
Cs 97.693 97.803 97.898

Table (4-8c) Effect of change operating pressure of the absorber on the
fraction absorbed of system C

Component Fraction absorbed (a %)
P=68.0272atm P=70atm P=71atm
N, 4.776 4.926 5.068
CO, 31.548 32.002 32.423
C, 10.427 10.695 10.936
C, 36.624 37.064 37.470
C; 75.330 95.831 75.781
iC, 95.834 98.673 95.828
nCy 98.685 99.944 98.662
iCs 99.946 99.984 99.942
nCs 99.984 99.999 99.983
Cs 99.999 99.999 99.999
C; 97.693 95.831 99.999
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4.4.1. 4. Effect of changing the solvent:

In this study different solvents were used nCg, nC,, nC, for systems A,

B and C [28, 39].

Figure (4-16a, b) for system A and Figs.(11a, b) and(12 a, b ) for system B
and C (Appendix B attended in compact disk), show that the total vapor flow rates
profiles decreases and the total liquid flow rate increases when the carbon number
of the solvents is increased. The decrease in vapor flow rate profile is due to the
increase in the solvent ability for absorbing components from the vapor phase with
increasing the carbon number of the solvent Fig. (4-16a) for system A, and therefore
the liquid flow rate increase Fig. (4-16b) for system A and the effect of the solvents
in the vapor and liquid flow rate profiles is not significant and the curves are

approximately identical.

Figure (4-16c¢) for system A and Figs. (11¢) and (12c¢) for system B and C
(Appendix B attended in compact disk), show that the temperature profile decreases
with increasing the carbon number of the solvent this is due to the decrease in the
heat of absorption for each component as results of increasing the similarity

between these component and the solvent used in chemical nature.

Figure (4-17) for system A and Figs.(13) and(14) for system B and C
(Appendix B attended in compact disk) show that the vapor fraction profiles
decrease with increasing the carbon number of the solvent, this is because of
increasing the fraction absorbed of the solvent for these components Tables (4-9) of

system A, B, and C, respectively.
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Table (4-9a) Effect of change solvent on the fraction absorbed for
absorber system A

Fraction Absorbed (a %)

Component nC, nCy nCo,
C, 8.365 10.992 11.660
G, 35.541 43.607 47.179
C; 77.974 88.016 91.405
nC, 98.267 99.354 99.607
nCs 99.872 99.961 99.979

Table (4-9b) Effect of change solvent on the fraction absorbed for
absorber system B

Fraction absorbed (a %)

component
lle HCIO nClz
CO, 49.840 54.008 55.707
C, 3.455 5.903 6.571
C, 31.357 38.677 40.949
C; 81.622 83.457 83.928
iCy 90.637 91.586 91.822
nCy 89.946 90.729 90.949
Cs 97.898 98.061 98.112

Table (4-9¢) Effect of change solvent on the fraction absorbed for
absorber system C

Fraction absorbed (a %)

Component nG, nCyy nCo,
N, 4.776 4.551 4.633
CO, 31.548 30.833 31.230
C, 10.437 10.035 10.178
C, 36.624 35.846 36.486
C; 75.330 75.524 77.732
iCy 95.834 96.382 97.375
nC, 98.685 98.953 99.301
iCs 99.946 99.963 99.978
nCs 99.984 99.990 99.994
Cs 99.999 99.999 99.999

C, 99.999 100.00 100.000

78




—— nC8
874&nC10 i
—%— nCl12

number of stage

O Il Il Il Il Il Il Il
42 44 46 48 50 52 54 56

vapor flow rate leaving stage (gmole/sec)

—— nC8

number of stage

1 1 1 1
35 40 45 50 55 60 65 70
liquid flow rate leaving stage (gmole/sec)

number of stage

0 1 1 1 1 1 1
325 330 335 340 345 350 355 360
stage temperature,K

Fig. (4-16) Effect of change solvent on the vapor, liquid flow rates and
stage temperatures of absorber system A

79



—+— C1
gl| = c2 |
—— (C3
—H- nC4
7+H —=— nCS5 * B
—> nC8
6 * -
$
% 5F + -
k]
_g 41 * B
S
2
3L * N
2L * N
1l L | nC;g (solvent)
(a)
0 -5 ‘ “““74 ‘ ““““73 ‘ HHW"Z - HHH‘71 ‘ HHW‘O o 1
10 10 10 10 10 10 10
vapor mole fraction ,Y
N i
g
= i
k]
3 i
€
3
c
1 nCyg (solvent)
I (b)
0 ‘HH‘A ‘ ‘HHH‘—S 0 H‘—2 ‘ HHW‘"\ ‘ HHM‘O e 1
9 10 : 10 10 10 10‘ 10
— C1
sl - C2 |
—— C3
- nC4
7H —# nC5 4
—%— 0il
6L i
(]
&
s i
ks
S 4 1
£
=5
==
3L i
2L i
nCy; (solvent)
1L i
(©
| | |

10° 10* 10° 10

vapor mole fraction ,Y

Fig. (4-17) Effect of change solvent on the vapor mole fraction of the
absorber system A

80



4.4.2. Stripping process:

The effects of several process variables on the performance of stripper
were studied for stripper systems A and B to obtain the best solvent recovery
process. The process variables studied are:

1. Effect of changing number of stage.

2. Effect of changing the rich oil feed temperature.
3. Effect of changing the operating pressure.

4. Effect of changing solvent.

4.4.2. 1. Effect of changing number of stage:

Figure (4-18 a, b) for system A and Figs.(15 a, b) for system B (Appendix
B attended in compact disk) ,show that increasing the number of stage will increase
the total vapor and liquid flow rate profiles at constant wet gas and lean oil flow

rate and this increase is significant at the first stage .

This will increase the stage temperature profile Fig. (4-18c) for system A
and Fig. (15¢) for system B (Appendix B attended in compact disk). While this
decreases the vapor mole fraction profiles Figs. (4-19) for system A and Figs. (16)
for system B (Appendix B attended in compact disk). This will cause a small
increase in fraction stripped due to increasing the surface and the time for the

contact between the liquid and gas phases Table (4-10 a, b).
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Table (4-10a) Effect of change number of stage on the fraction stripped

for stripper system A
Fraction stripped (s %)
Component N=38 N=10 N=12
C, 100.00 100.00 100.00
G, 100.00 100.00 100.00
Cs 100.00 100.00 100.00
Cy 100.00 100.00 100.00
Cs 99.9998 99.999 100.00
Oil 20.023 20.026 20.023

Table (4-10b) Effect of change number of stage on the fraction stripped for

stripper system B

Fraction stripped (s %)

Component N=38 N=10 N=12
CO, 100.00 100.00 99.999

C, 100.00 100.00 100.00
C, 100.00 100.00 100.000

C; 100.00 100.00 100.00

iCy 99.999 99.999 100.00
nC, 99.9998 99.9993 100.00

Cs 98.2905 98.8265 99.163

Oil 9.786 9.790 9.792
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4.4.2. 2. Effect of changing the rich oil temperature:

Figure(4-20a,b)for system A and Figs.(17a,b)for system B (Appendix
B attended in compact disk), show that increasing the rich oil temperature will
increase the total vapor flow rate profiles and this is sharply increased at the
top stages. While the liquid flow rate profiles will decrease at constant wet

gas and lean oil.

Figure (4-20c) for system A and Fig. (17c¢) for system B (Appendix B
attended in compact disk), show that increasing of the rich oil temperature
will increase the stage temperature profiles and this increasing is very

significant.

The increasing of the rich oil temperature will increase the vapor
fraction profiles Figs. (4-21) for system A and Figs. (18) for system B
(Appendix B attended in compact disk). due to increase the fraction stripped
Table (4-11) for system A and B and this will increase the rate of evaporation
of the component in the liquid phase and decrease the condensation rate for

the stripping gas in the liquid phase.
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Table (4-11 a) Effect of change the rich oil temperature on the fraction
stripped of stripper system A

Fraction stripped (s %)
Component T=445K T=450K T=455K
C1 100.00 100.00 100.00
C2 100.00 100.00 100.00
C3 100.00 100.00 100.00
C4 100.00 100.00 100.00
C5 99.999 99.9998 99.99
oil 16.914 20.023 23.594

Table (4-11 b) Effect of change the rich oil temperature on the fraction
stripped of stripper system B

Fraction stripped (s %)
Component T,~450K T,=455K T,=460K
CcOo2 100.00 100.00 100.00
C1 100.00 100.00 100.00
C2 100.00 100.00 100.00
C3 100.00 100.00 100.00
iC4 99.999 99.999 99.999
nC4 99.9998 99.999 99.999
C6 98.2905 98.888 99.2999
oil 9.786 11.203 12.725
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4.4.2. 3. Effect of changing operating pressure:

Figure (4-21a, b) for system A and Figs. (20a, b) for system B in
(Appendix B attended in compact disk) show that increasing the operating pressure
will decrease the total vapor flow rate profiles at constant wet gas . While the total
liquid flow rate profiles will increase at constant rich oil. The effect of increasing

the operating pressure is significant on the first stage.

The increase of the operating pressure will increase the stage temperature
profiles Fig. (21c) for system A and Fig. (20c) for system B (Appendix B attended
in compact disk) and decrease the fraction stripped Table (4-12). This increase of
operating pressure due to the increase of the vapor mole fraction Fig. (4-22) for
system A and Figs. (21) for system B (Appendix B attended in compact disk) and
this increase of the column pressure will decrease the components ability in the
liquid phase to evaporate especially the heavy components, while this increase will

increase the stripping gas ability to condense or to be absorbed by the liquid phase.
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Table (4-12a) Effect of change operating pressure on the fraction

stripped of the stripper system A

Fraction stripped (s %)
Component P=1atm P=2atm P=3atm
C, 100.00 100.00 100.00
C, 100.00 100.00 100.00
C; 100.00 99.999 99.999
C, 100.00 99.999 99.995
Cs 99.999 99.988 99.656
Oil 20.0233 9. 843 6.3456

Table (4-12b) Effect of change operating pressure on the fraction

stripped of the stripper system B

Fraction stripped (s %)

Component P=1atm P=2atm P=2.5atm
CO, 100.00 100.00 99.999
C, 100.00 100.00 100.00
C, 100.00 99.999 99.999
C; 100.00 99.9998 99.9989
iC, 99.999 99.992 99.951
nC, 99.999 99.971 99.836
Cs 98.290 83.218 74.745
Oil 9.786 5.558 4.544
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4.4.2. 4. Effect of changing solvent of the rich oil:

In this study different solvents were used, nC;, and nC,, for system A

and B [2].

Figures (4-24a,b) for system A and Figs.(22a, b) for system B (Appendix B
attended in compact disk), show that the total vapor flow rate and the total liquid
flow rate decreases when the carbon number of the solvent are increased. The
decrease in vapor and liquid flow rate profiles are due to increasing the solvent
ability for stripped of the component from the liquid phase with increasing the
carbon number of the solvent and the decreasing in the total liquid flow is

significant from the first stage.

Figure (4-24c) for system A and Fig. (22c) for system B (Appendix B
attended in compact disk), show that the temperature profiles decreases with
increasing the carbon number of the solvent this is due to the decrease in the
evaporation rate of the component in the liquid phase and decrease the condensation
rate for the stripping gas in that liquid phase and this decrease is very sharp in the

last stage.

Figure (4-25) for system A and Fig.(23)for system B (Appendix B attended
in compact disk), show that the vapor mole fraction profiles decrease with
increasing the carbon number of the solvent, this is because of the decrease of the

fraction stripped of the solvent for these components Tables (4-13) of system A and

B.
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Table (4-13a) Effect of change solvent of the rich oil on the fraction
stripped of the stripper system A

Fraction stripped (s %)
Component nCuo nCo
C, 100.00 100.00
C, 100.00 100.00
Cs 100.00 100.00
Cy 100.00 100.00
Cs 99.999 99.999
QOil 20.3628 20.0233

Table (4-13b) Effect of change solvent of the rich oil on the fraction
stripped of the stripper system B

Fraction stripped (s %)

Component —C10 12
CO, 100.000 100.00

C; 100.000 100.00

C, 100.000 100.00

C; 100.000 100.00

iCy 99.999 99.999
nCy 99.999 99.999

Cs 97.594 98.290

Oil 18.751 9.7862
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4.5. Absorption -Stripping network:

In order to simulate the absorption —stripping network for system A and B ,
the bottom product from the absorber (rich oil ) will be the feed of the stripper , and
the bottom product of the stripper (lean oil) is recycled to the absorber . Therefore,
the bottom product of the stripper must have the same specifications of the lean oil
fed to the absorber. There is a loss in the amount of the solvent used in the absorber

due to evaporation through out the two processes. And the lean oil exit from
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stripper must be cooled to the temperature of the absorber feed by using a heat

exchanger that uses water for this cooling.

4.5.1. Effects on the absorption — stripping network process:

The effect of changing the number of stages, wet gas feed temperature , operating
pressure and the type of solvent of the absorber on the performance of absorption —

stripping network were studied for system A and B.

4.5.1. 1. Effect of changing number of stage:

By changing the number of stages of system A and B of the absorber there
will be some effect on the stripper of the network, Figure (4-26) for system A and
Fig. (23) for system B (Appendix B attended in compact disk), show that increasing
the number of the stages in the absorber will increase the total vapor flow rate
profile and decrease total liquid flow rate profile of the stripper at constant wet gas
and lean oil Fig. (4-26a, b). The effect of increasing the number of stages on the
total vapor flow rate is very small in the first stages, then it will be more significant
for system A Fig (4-26a), but for the liquid flow rate the increase is very large from
the first stages of system A Fig. (4-26b)

Figure (4-26¢c) for system A and Fig. (23c) for system B (Appendix B
attended in compact disk), show that increasing the number of stages of the
absorber will increase the temperature profiles of the stripper and this increase is

very large and significant for the first stages.

The increase number of stages in the absorber will decrease the vapor mole
fraction on the stripper but these decrease very small Figs. (4-27) for system A and
Fig. (24) for system B (Appendix B attended in compact disk). While the increasing
number of stage of the absorber will increase the fractions stripped Tables (4-14a,

b) for system A and B.
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Increasing the number of stages will increase the amount of the water used

for cooling the exit stream from the stripper in the network Table (4-15a, b) for

system A and B.

Table (4-14a) Effect of change number of stages of absorber in the

fraction stripped of stripper in the network A

component

Fraction stripped (s %)

N=8 N=10 N=12
C1 100.000 100.00 100.00
C2 100.000 100.00 100.00
C3 100.000 100.00 100.00
C4 100.000 100.00 100.00
Cs 99.999 99.999 99.999
Oil 18.508 19.909 19.906

Table (4-14b) Effect of change number of stages of absorber in the

fraction stripped of stripper in the network B

Fraction stripped (s %)

component N=6 N=8 N=10
CO, 100.000 100.000 100.000
C; 100.000 100.000 100.000
C, 100.000 100.000 100.000
C; 100.000 100.000 100.000
iCy 99.999 99.999 99.999
nC, 99.999 99.999 99.999
Cs 99.477 99.476 99.476
Oil 11.417 11.416 11.416
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Table (4-15a) Effect of change number of stages of the absorber on the
water flow rate using to cool exit stream of the stripper system A

Number of stage | Water flow rate need for each component (mole/sec)

8 5.713
10 5.784
12 5.783

Table (4-15b) Effect of change number of stages of the absorber on the
water flow rate using to cool exit stream of the stripper system B

Number of stage | Water flow rate need for each component (mole/sec)

6 3.341
8 3.340
10 3.340

4.5.1. 2. Effect of changing wet gas feed temperature:

By changing the wet gas feed temperature of the absorber some effects can
be considered on the stripper as in Fig. (4-28) for system A and Fig. (25) for system
B (Appendix B attended in compact disk). Increasing the wet gas temperature will
increase the vapor flow rate and decrease the liquid flow rate profiles at constant
wet gas and rich oil respectively. This increases in the vapor flow rate and decreases
in the liquid flow rate are very small in the first stages but it get more significance at
the bottom stages Figs. (4-27a, b) for system A and Figs. (25a, b) for system B in
(Appendix B attended in compact disk).

The increase of the wet gas feed temperature of the absorber will increase

the temperature profiles of the stripper Fig. (4-27c¢) for system A and Fig. (25c) for
system B (Appendix B attended in compact disk). While the fraction stripped of
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system A is unstable for increasing wet gas feed temperature so increasing then

decreasing and for system B the fraction stripped will decrease Table (4-16) for

system A and B and the vapor mole fraction increase Fig.(4-28) for system A and

Fig.(26) for system B (Appendix B attended in compact disk).

Increasing the wet gas feed temperature of the absorber will increase the

water flow rate used for cooling the exit stream from the stripper and recycled to the

absorber Tables (4-17 a, b) for system A and B respectively.

Table (4-16a) Effect of change feed temperature of absorber on the
fraction stripped of the stripper of the network system A

Fraction stripped (s %)

EOIIEITIEIT T=305372K T=315K T=325K
C1 100.00 100.00 100.00
C2 100.00 100.00 100.00
C3 100.00 100.00 100.00
C4 100.00 100.00 100.00
C5 99.999 99.999 99.999
oil 18.508 19.905 19.893

Table (4-16b) Effect of change feed temperature of absorber on the
fraction stripped of the stripper of the network system B

Fraction stripped (s %)

component T=300K T=305K T=310K
Co, 100.000 100.000 100.000
C, 100.000 100.000 100.000
C, 100.000 100.000 100.000
C, 100.000 100.000 100.000
iC, 99.999 99.999 99.999
nC, 99.999 99.999 99.999
C, 99.477 99.498 99.518
oil 11.417 11.398 11.380
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Table (4-17a) Effect of change wet gas feed temperature of absorber on
the water flow rate used to cool exit stream of the stripper of the
network system A

teml‘)Z:;tg];se(K) Water flow rate need for each component (mole/sec)
305.37 5.713
315 5.789
325 5.791

Table (4-17b) Effect of change wet gas feed temperature of absorber on
the water flow rate used to cool exit stream of the stripper of the
network system B

tem;‘)t]:;tgui-se(l() Water flow rate need for each component (mole/sec)
300 3.341
305 3.349
310 3.356

4.5.1. 3. Effect of changing operating pressure:

By changing the operating pressure of the absorber system A and B some
effects can be considered Fig.(4-30)for system A and Fig.(27) for system B
(Appendix B attended in compact disk), increasing the operating pressure in the
absorber will increase the total vapor flow rate profile of the stripper and decrease
the total liquid flow rate profile. The effect of increasing total vapor flow rate is
very small that can be ignored Fig. (4-30a) for system A and Fig. (27a) for system
B. The total liquid flow rate will decrease, then it will be more significant for the

first stages, Fig. (4-30b) for system A and Fig. (27b) for system B.

Figure(4-30c) and Fig. (27c) show that increasing the operating pressure of

the absorber will increase the stage temperature profiles of the stripper, this is due to
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the decrease of the vapor mole fraction Fig.(4-31) for system A and Fig.(28)for
system B .

Table (4-18) for system A and B show that increasing the operating
pressure of the absorber will increase the fraction stripped of the stripper. This is
due to the increase in the evaporation rate of the component in the liquid phase and

the decrease of the condensation rate for the stripping gas in that liquid phase.

Tables (4-19) for system A and B show that increasing the operating
pressure of the absorber will decrease the water flow rate that is used to cooling the

exit stream from the stripper

Table (4-18a) Effect of change operating pressure of the absorber on
the fraction stripped of the stripper on the network A

Fraction stripped (s %)
Component P=27 atm P=30 atm P=32 atm
C1 100.00 100.00 100.00
C2 100.00 100.00 100.00
C3 100.00 100.00 100.00
C4 100.00 100.00 100.00
C5 99.999 99.999 99.999
QOil 18.508 20.099 20.249

Table (4-18b) Effect of change operating pressure of the absorber on
" the fraction stripped of the stripper on the network B

T Fraction stripped (s %)
P=21.068atm P=23atm P=25atm
CO, 100.000 100.000 100.000
C 100.000 100.000 100.000
G, 100.000 100.000 100.000
C; 100.000 100.000 100.000
iCy 99.999 99.999 99.999
nC, 99.999 99.999 99.999
Cs 99.477 99.451 99.423
Oil 11.417 11.477 11.534
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Table (4-19a) Effect of change operating pressure of the absorber on
the water flow rates used to cool the exit stream from the stripper on
the network A

Operating Water flow rate need for each component (mole/sec)
pressure (atm)
27.327 5.713
30 5.747
32 5.717

Table (4-19b) Effect of change operating pressure of the absorber on
the Water flow rates used to cool the exit stream from the stripper on
the network B

pr(zslgf:;it(l:t%n) Water flow rate need for each component (mole/sec)
21.068 3.313
23 3.298
25 3.283

4.5.1. 4. Effect of changing solvent:

In this study nCg, nC,o and nC,,, were considered as solvents for system A
and B [1, 21]. Changing the type of solvent in the absorber will effect on the

performance of the stripper.

Figures(4-32a,b) for system A and Fig.(29a, b) for system B (Appendix B
attended in compact disk) show that the vapor flow rate profiles of the stripper
decrease when the carbon number of the solvent of the absorber are increased while
the liquid flow rate profiles of the stripper will increase . And the effect of
decreasing vapor flow rate is very small in the first two stages (1, 2) but it's

significant in the bottom stages Fig. (4-32a) for system A and Fig. (29a) for system
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B. Therefore the increase of liquid flow rate profiles is significant for the first stages
Fig. (4-32b) for system A and Fig. (29b) for system B (Appendix B attended in
compact disk).

Figure (4-32c) for system A and Fig. (29c) for system B (Appendix B
attended in compact disk) show that the temperature profiles of the stripper decrease
with increasing the carbon number of the solvent of the absorber this is due to the
decrease in the evaporation rate of the component in the liquid phase and the

decrease in condensation rate for the stripping gas in that liquid phase.

Figure (4-25) for system A and Fig.(23)for system B (Appendix B attended
in compact disk) show that the vapor mole fraction profiles of the stripper decrease
with increasing the carbon number of the solvent of the absorber, this is because of
the decrease of the fraction stripped of the solvent for these components Tables (4-
20) of system A and B.

The increase of the carbon number of the solvent of the absorber will
decreases water flow rate used for cooling the exit stream of the stripper Tables (4-

21) for system A and B respectively.

Table (4-20a) Effect of change solvent of the absorber on the fraction
stripped of the stripper on the network A

Fraction stripped (s %)
Component nC8 nC10 nC12
C1 100.00 100.00 100.00
C2 100.00 100.00 100.00
C3 100.00 100.00 100.00
C4 100.00 100.00 100.00
C5 99.999 99.999 99.999
0Oil 19.706 19.864 18.508
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Table (4-20b) Effect of change solvent of the absorber on the fraction
stripped of the stripper on the network B

component

Fraction stripped (s %)

Ing IlClo IlC12
CO, 100.00 100.00 100.00
C, 100.00 100.00 100.00
G, 100.00 100.00 100.00
C; 100.00 100.00 100.00
iCy 99.999 99.999 99.999
nC, 99.999 99.999 99.999
Ce 99.477 99.437 99.426
Qil 11.417 11.507 11.531

Table (4-21a) Effect of change operating pressure of the absorber on
the water flow rates used to cool the exit stream of the stripper on the

network A

Type of solvent | Water flow rate need for each component (mole/sec)
nCg 5.795
nCy 5.800
nC, 5.713

Table (4-21b) Effect of change operating pressure of the absorber on
the water flow rates used to cool the exit stream of the stripper on the

network B

Number of stage

Water flow rate need for each component (mole/sec)

nCg 3411
IlClo 3.331
llClz 3.313
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Chapter Hve
Conclusions and Suggestion

5.1. Conclusions:

Thefollowing condusions have been drawn from thiswork:

5.1.1. Absorption column:

1. The reallts obtained from the developed computer program using SRK EOS
gve identicadl with AL-Mula [2] and Maddox [39] for the desred product and this
givetheaccuracy of the developed computer program.

2. Usng PR EOS gives beter reslts of the fractiond absorbed of the desired
product than SRK EOS.

3. There ae some €effect of process varidbles on the performance of absorption
column, suches

a. The increese of the number of dages will decrease the totd vgpor and liquid
flow rate profiles temperaiure profiles and vapor mole fraction but the
fraction absorbed increased.

b. Incressing the wet gas feed temperaure will incresse the totd vapor flow
rate and temperaure profiles , while the totd liquid flow rate and fraction
absorbed and vapor mole fraction decreases.

C. Incessng the operdting pressure will decreese the totd vapor flow rate and
the vgpor mole fraction and incresse the totd liquid flow rate profiles
fraction absorbed and temperature profiles.

d. The increae of the type of solvent will decrease the tota vapor flow rate
profiles, fraction absorbed and vapor mole fraction and increese the totd
liquid flow rate profiles and temperature profiles
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The best effect of changing the vaiables for sysem A is by increesng the

operding pressure to P 32atm and number of dage = 8 tha gave the best percent
fraction absorbed of C 5is 94.99%.

5.1.2. Stripper column:

1. The reaults obtained from the developed computer program using SRK EOS
gave identical with AL-Mula [2] for the desred product and this give the accuracy

of the developed computer program.
2. Uing PR EOS gives beter resllts of the fractiond dripped of the desired
product than SRK-EOS.

3. There ae some effect of process variables on the peformance of dripping

process , such as:

a.

Increesng the number of dages will increese the totd vepor and liquid flow
rate profiles, temperature profiles and fractions dripped and decrease the vgpor
mole fraction.

Increasing rich oil temperature will increese the totd vapor flow rae profiles,
temperature profiles, vapor mole fraction and fraction sripped and decrease
liquid flow rete profiles

Increesng of operating pressure will decrease the total vepor flow rate and
increase the totd liquid flow rate profiles, temperature profiles, vapor mole
fraction and fraction stripped.

. Increeang of cabon number of solvet on the rich ol will decreese the totd

vgpor and liquid flow rae profiles, temperature profiles vegpor mole fraction
and fraction stripped.

The bes effect of changing the vaiades for sysem A is by incessng

cabon number of the solvent in rich oil such as a cabon number C;, and number
of sage = 8 gave the percent fractiongtripped of ail = 20.02%.

115



5.1.3. Absorption-Stripping network:

The dfect of variables on the peformance absorptior <ripping network

a. Inceaang the number of dages of the absorber will increase the totd vapor
flow rate profiles, temperature profiles and the fraction dripped on the Sripper
of the network system.

b. Incressing wet gas feed temperaure of the absorber will increese the totd
vgpor flow rate profiles and temperature profiles , while the fraction ripped
will decrease on the Stripper of the network .

C. Incessng opeating pressure of the absorber will increese the totd vepor
flow rae profiles temperature profiles and fraction dripped on the dripper,
while it decrease the liquid flow rate profiles of the network.

d. The vapor flow rate profiles, temperature profiles and fraction stripped will
decrease when the number of carbon used as solvent of the absorber incresse
while the liquid flow rate profile increasein the network.

€. Amount of the water used in the absorption — dripping network for cooling
the ligud dreem leaving the dripper that is recycled to the absorber changes
when the process variables of the absorber was changed.

The bet effect of changing process desgn in the peformance of

absorption - dripping network for system A is by changing the type of solvent of
the absorber that decreases percent fraction sripped from 19.70% of nCg to 18.51%
of nC,, of the ail is and the waer used for cooling the exig dream is decrease from
20.847Kg/hr of n"Cgto 20.55 Kg/hr of nC,.
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5.2. Recommendation:

Thefollowing recommendations are suggested:

1. Studying another process varidble for absorber — stripper network, such as leen
ol and wet gas feed compogtion, inter cooling for the absorber and by changing
the process variables of the dripper and adsorber  such as by changing number of
dages of the absorber and changng the number of dages of the dSripper in the some
time.

2. Maodification of the computer program of absorber —stripping network by
combingion in the same column thet is called re-boiled column.

3. Modification of the computer program for sysems contaning high polar
components by adding the activity coefficient caculation to the VLE reations

4. Application of the computer program to indudrid sysems and compaing the
theoreticd results obtained by the computer program with experimenta results.

5. Modified the computer program by comparing the results obtained by network
with  multi-component  didillation according to energy requirements and cost
egimetion.
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Appendix C: Figures of the results chapter four.

Appoadix A

Appendis Acll
Table (1): physical properties of the component

A-1



component

Appendin A-N

Table (2): Antoine constant

5.316656

1184.797

454.5328

6.470323

3521.259

455.869

5.14135

1742.638

452.974

5.3838%4

2847.921

434.898

5.353418

3371.084

414.488

5.611805

3870.419

409.949

5.741624

4126.385

409.5179

5.49978

4221.154

387.287

5.853654

4598.287

394.4148

6.039243

5085.758

382.794

5.98627

5278.902

359.5259

6.4141

5947.491

360.26

6.33557

6213.998

317.6512

6.561135

A-2

6739.22

292.574




3.11E+01

[P

Table (3): Coefficient of the specific heat

-1.36E-02

2.68E-05

-1.17E-08

1.98E+01

1.34E-02

-5.60E-05

-1.72E-08

1.93E+01

5.21E-02

1.20E-05

-1.13E-08

541

1.78E-01

-6.94E-05

8.71E-09

-4.224

3.06E-01

-1.59E-04

3.22E-08

-1.39

3.85E-01

-1.85E-04

2.90E-08

9.487

3.31E-01

-1.11E-04

-2.82E-09

-9.53

5.07E-01

-2.73E-04

5.72E-08

-3.63

4.85E-01

-1.85E-04

5.31E-08

-4.41

5.82E-01

-3.12E-04

6.49E-08

-5.15

6.76E-01

-3.65E-04

7.66E-08

-6.10

7.71E-01

-4.20E-04

8.86E-08

-7.91

9.61E-01

-5.29E-04

1.13E-07

-9.33

1.149

A-3

-6.35E-04

1.36E-07




Appondix B
Computior progiam

1. Computer program for network system A

For absorber:

dc;
clear all

t111 = clock;

% @@QQOEPEEEOOOEE@EQ@@E@E@@Q@ RIGOROUSMETHOD
C@@eeeeeeeeeaeeeeeeeeele)

% kkhkkkhkhkkkkkkhkkhhkkkkhkkhkhkhhhkkkhkkhkhkhhhhkkkhkhkkhkhhhkkkhkkhkhkhkhhkkkkhkkhkhkhkhhkkkkkhkhkhhkkkkkkkkk*x

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT

% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING

% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN

% kkhkkhkkhkkhhkkhkhkkhkkhhkhhkhhkhkkhhkhhkhhkhhhkhhkhhkhhkhhkkhhkhhkhhkkhhkhhkhhkhkhkkhkkhhkkhdhkkk,kkk,*,*%x%
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC, N

NC = 6;

N = 8§;

SYf =0;

SXo=0;

Q = zeros(1,N);

X = zeros(NC,N);

%
% i RIGOROUS CAL CUL AT ON #HHHHHHHHHHHHHHHHHHH
% F =zeros(1,N);

% W=F, U=F, SWV =F;, SWL =F;

%

% Ti=zeros(1,N);

% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;

% pox=Ti;qox=Ti; TN=Ti; T=Ti; P=Ti; L =Ti; V=Ti,

%

% MAS = zeros(N,N);

% MAS1=MAS, ENT = MAS

%

% Yf=zeros(1,NC);

% Xo=Yf; Lco=Yf; Vfc=Yf, RECF = Yf;

%

% Vc=zeros(NC, N);

% Y =Vc, X=Vc, Z=Vc, Lc=Vc;

% ===========without define C$(NC)

DT = zeros(1,N+1);

%

SRK FOR FEED #HHHHHHHHHHHHHHAHHH A

B-1



X = zeros(NC,N);
% HVYo=zeros(1,NC);
% Prf = zeros(1,NC);
% Trf=Prf; Pro=Prf; Tro=Prf; Ho=Prf;
% SSf =Prf; SSo=Prf; Sf =Prf; So=Prf; Mi =Prf; aR = Prf; bR = Prf;
% ACl=Prf; AC2="Prf; AC3=Prf; AC4="Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

% AR SRK FOR EACH ST AGE #HHHHHHHHHHHHHHHHHTH
Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY =AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX; HVLo=AX; HV = AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY =AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY =AX; SX = AX;

%

% Ai=zeros(NC, N);

% Bi=Ai; S=Ai; Hoi =Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX =Ai; Pr=Ai; Tr = Ai;

00 HiHHHHHIHHHHHHHH DERIVATIVES

% DA =zeros(NC, N);

% DBi = DAIi; DBX =DAIi; DBY = DAIi; DAX = DAi; DAY = DAi; DHoi = DAI;

% DHVo=DAI; DSS=DAIi; DS=DAI;

%

% Kij =zeros(NC,NC);

%

% DZV = zeros(1,N);

% DZL =DZV; DJIJX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DZV; DSY =DzZV; DSX =DZV,;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]

ER =1e-3*N;

Num = 30;

%

R =8.314
Tref =0;

Rb =4.6173;
%
% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;[]

%

VT = 450% (454/3600);

L ol = 250* (454/3600);

L 02=164* (454/3600);

Tf =((90-32)/1.8)+273.15;
TO =((80-32)/1.8)+273.15;

p = (101325/14.7)* 400;

Q(7)=150000* (1055/3600);




%
% STEP OF READING THE WET GAS COMPONENTS
%
NC = 6;

C_S=drvcat('Cl','C2,'C3, 'nC4', 'nC5',ail');
fprintf('\n');

for | =1:NC,
fprintf('%s,C_S(1,:));
end;

forJ=1:N,

SWL@J) =0, SWV(J)=0;

if (J==1)
SWLEI)=1 SWV(@)=0;
dlsaif (J==4)
SWLE)=1, SWV(@J)=0;

end;

if 3==N)

SWLIJ)=0;, SWV@Q)=1,
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0p ========= Page NoO. 1 ===========
for1 =1:N,

F(1)=0;, W()=0; U(l)=0;
if (I == 1)

F(1) = Lol; W(1) = 0; U(l) = 0;
end;
if(1==4)

F(I)=Lo2;W(1)=0;U(1)=0;
end;
if (I ==

F() =V, W()=0; U(l) =0;
end;
end;

% n n
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,L co)
fprintf(‘\n );

Lcol =[0,0,0,0,0,250];
L co2=[13,3,4,4,5,135]
Vfc = [360,40,25,15,10,0];

L col(6) = Lcol(6) * (454 / 3600);



for1=1:NC

L co2(I)=L co2(l)* (454/3600);
Vic(l) = Vic(l) * (454 / 3600);
end;
%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[190.4 ,305.4 ,369.8 ,425.2 ,469.7 ,658.2];
PC = [4600000,4880000,4250000,3800000,3370000,1820000];
ww =[.011,0.099 ,0.153 ,.199,251 ,0575 |;

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FOR1=1TO2
% 'FORJ=1TONC

% 'IF I =JTHENKIj(l,J)=0: GOTO 7

% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij("; 1;","; 3;")="; Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15

AC1=[ 1925e+1, 5.409, -4.224, 9.487,-3626,-9.328 1;
AC2=[5213E-2,1.781E-1 ,3063E-1 ,3.313E-1 ,4.873E-1,1.149];

AC3=[1197E-5 ,-6.938E-5,-1.586E-4 ,-1.108E-4 ,-1.846E-4 ,-6.347E-4];

AC4 =] -1.132E-8 ,8.713E-9,3.215E-8,-2.822E-9 ,5.305E-8 ,1.359E-7];
%
% READING THE ANTIONE CONSTANTS
%
A1 =[5.14135,5.383894,5.353418,5.741624,5.853654,6.561135];
A2 =[1742.638,2847.921,3371.084,4126.385,4598.287,6739.22];
A3=[452.974,434.898,414.488,409.5179,394.4148,292.574]

%
% CALCULATION OF FEED'SCONCENTRATION (Xo01,X02,Yf)
%
for I =1: NC,
Xol(l) = Lcol(l)/Lo1;
Xo2(1)=Lco2(l)/Lo2;
Yf(l) =Vic(l) / VT;
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi,j]
%
for | =1: NC,
for J=1: N,
Z(1,3)=0;




if J==

Z(l, J) = Xol(l);

end;

if J==
Z(1,J)=Xo2(1);

end;

if J==
Z(1,J) = Y1),
end;

end;
end;
S
% END OF READING
% *khkkkhkkhkkkhkkkhkkx
%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
%% % % % % GOSUB 250
step_250S1
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj,Lj,Tj)
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATES FROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TO;

Ti(N) = Tf;
for1 =1:N,

P() =p;

Vi(l) = Vf;

if(l~=D&& (I =N)

DT1 =(Ti(N) - Ti(1)) /(N - 1);

Ti(l) = DT1+Ti(l - 1);

end;

end;

for 1 =1: N,
V(1) = Vi(l);
T() =Ti();
end;

for KfF=1: N,
for If=1: NC,

X(If, Kf) = Xo2(If);
Y (If, Kf) = YT(If);
end;
end;



%
% ==
sep_ 1551

%
%

% 15 REM %% % % %% % %% % %% %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(I TREATION NUMBER =%f",IT);
%

fprintf(’
:::::::v;

% fprintf( STAGE \t TEMP.t V');
%
fprintf(’

);

%

% for J =1: N,

% fprintf('%ft %f\t %f\t',J,T(J),V());
% end;

% %
% % CALCULATION OF K-VALUES & ENTHALPIESFOR EACH STAGE
% %
% GOSUB 260
% %
% % CALCULATION OF CONCENTRATION PROFILES (Xi,))
% %
% GOSUB 270

% % 'PRINT" "

% % 'PRINT " THE CONCENTRATION PROFILESof ALL COPONENTS; X(i,j)"
% % 'PRINT" "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT"
% % 'FORI|=1TO NC: PRINT ; C¥(l); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "#.####" ; X(l, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

% % 'PRINT " -----m-mmmmeeee- NORMALIZATION STEP
% for J=1: N,

% S1=0;

% for | =1: NC,

% S1=S1+X(l,J);

% end;

% SUMX(J) =81,

% fprintf(' SUMX(%g)=%f",J,SUM X(J));

% end;

% % 'INPUT FG




% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, )"

% % 'PRINT"
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT "
% for | =1:NC;

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% X(I,J3)=X(,J)/ SUMX(J);

%  %'PRINT USING "#####" ; X(1, J); SPC(5);

% end;

%  9%'PRINT

% end;

% % 'PRINT " !

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(i,j)"
% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT " "
% for | =1: NC,

%  %'PRINT C%(l); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l, J);

% % 'PRINT USING "#####"; Y(1, J); SPC(5);

% end;

% % 'PRINT

% end;

%

% for J=1: N,

% S1=0;

% for | =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=S];

% fprintf(SUMY = %f', SUMY (J));

% end,;

% % 'PRINT" "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS :-"

% % 'PRINT"
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K
% % 'PRINT"
% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y(U,))=Y(,J)/SUMY(J);

%  %'PRINT USING "#####" ; Y(l, J); SPC(5);
% end;

% %'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % khkhkhkhkhkhkhkkhkhkhkhkhkhkhkhdhkhhdhdhhdhhhhhhdkxkx

% % ESTIMATING LIQUID FLOWRATE

% %




% for J=1:N,

% S=0

% forM=1:1J,

% S=S+FM)-UM)-WM);
% end;

% ifJ==

% LJ)=S-V(Q);

% €else

% L=V +1)+S-V(D),
% end;

% end;

%

% forl=1:N

% fprintf(L=%g',L(1));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
% for J=1:N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf( - ;i
% % ----mmmmmmmmemeen THE NEW VAPOR FLOW RATE
% for J=1: N,

% S=0;

% for M =J: N,

%  S=S+F(M)-W(M)-UM);

% end;

% VA)=LJ-D-L(N)+S

% ifJ==

% V@I)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf('Vi=\tV=\tL=");

% fprintf( 'h
% for J=1: N,

% fprintf('%f\t %f \t %f' ,Vi(J), V(J), L());

% end;

% %
% % ---------mm--- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %
% fprintf( '}
% fprintf(' BEGAIN OF ENARGY BALANCE'};
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% fprintf( 'L
%

% GOSUB 280

%

% % ---
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@IJ)=TQ@Q)+DT(@);

% fprintf('STAGE = %f \t T NEW = %f",J,TN(J));
% end;

% %
% % CONVERGENCE CHECK STEPS
% %
% RR=0;

% S2=0;

% S3=0;

% for J=1:N,

% RR=RR+(TN@J)-T@Q)" 2
% end;

while (RR >ER) && (IT <500))
fprintf(\n ERROR = %f\t ITRATION NUMBER = %f ',RR,IT);
% 'INPUT RFD

fprlntf( \n*****************************')

fprintf(\nTHE ITRATION MUST BE RETURNED");
fprlntf( \n*****************************'),
IT=IT+1;

forJ=1:N,

T(J) = TNQ);

end;

step 1551

end;

%% % %% GOSUB 290

Y

fprintf("\n DIVERGEN ACCUR ");

fprintf(‘\n Y;
%
% THE CONVEGENCE ACCURE
%

step_290S1

% % (D)
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '‘Marker FaceColor','r',
% ‘Marker Size',3)




% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...

% 'MarkerEdgeCoIor k',

% '‘Marker FaceColor', g,

% 'Marker Size' ,5)

%

% plot(Z,Y(;,2*N+3),'-*' 'LineWidth',1,...
% ‘Marker EdgeColor','k’,...
% '"MarkerFaceColor','b',...
% '‘MarkerSize'\5)

%

% h =legend('j_1(2)','u(2)','\ps_o(2)',2);

%

%

% % title(]'At N =" ,num2str(N)," , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i="num2str(Epsail)])

% grid on

% xlabel('z")

% ylabel(")

f_time=etime(clock,t111);

fprintf(\nThe final timeis=%f second',f_time);
RFS=input('\nRFS =");

RIGOROUS METHOD finalS2

Rigrous Method For Stripper S2

dc
clear all

t111 = clock;

% @OQQEEEOQQEEEE@AA@E@E@@Q@ RIGOROUSMETHOD
C@eedeeeeedeeeeeeeeeeley

% hkhkkhhkkkkhkhkhkhhhkhkhkhkhhhhkkhkhkhhhhhhkhhhhhhkhkhhhhhhkhhdhhhhhkhhhhhhhkhkhdhhhhhkhddhhxhkdkxdx*x

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT

% MULTISTAGE STRIPPING PROBLEMESBY (SR) METHOD FOR CALCULATING
% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN

% kkkhkkkhkkhkhkkhhkkhkhkhhkkhhhkhhkhhkhhhkhhkhdhhkhhkhhkhkhhkhhkhkhhkhhkhhkkhhkhhkkhhkhhkkhkkhkhkkhkkhkkkx**%

% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES"; NC, N

NC=7;

N =8;

SYf=0;

SXo=0;

Q = zeros(1,N);

X= zeros(NC,N);

%
% #H T RIGOROUS CAL CUL AT ON #HHHHHHHHHHHHHHHHHT
% F =zeros(1,N);
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% W=F, U=F, SWV =F;, SWL =F;

%

% Ti=zeros(1,N);

% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;

% pox=Ti;qox=Ti; TN=Ti; T=Ti;P=Ti;L=Ti;V=Ti,
%

% MAS = zeros(N,N);

% MASL=MAS, ENT = MAS;

%

% Yf=zeros(1,NC);

% Xo=Yf; Lco=Yf; Vfc=Yf, RECF = Yf;

%

% Vc=zeros(NC, N);

% Y =Vc, X=Vc, Z=Vc, Lc=Vc

% ===========withait define C$(NC)

DT = zeros(1,N+1);

%
X= zeros(NC,N);

% HVYo=zeros(1,NC);

% Prf=zeros(1,NC);

% Trf=Prf; Pro=Prf, Tro=Prf; Ho=Prf;

% SSf=Prf; SSo=Prf; Sf =Prf; So=Prf; Mi =Prf; aR =Prf; bR = Prf;

% AC1l=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

SRK FOR FEED

% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

O HiHHHHHEHHEHAHAE SRK FOR EACH ST AGE #HitHHHHHHHAHHAHHAHHHHH
Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX =AX; BY =AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX; HVLo=AX; HV = AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX;YVY =AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY =AX; SX = AX;

%

% Ai=zeros(NC, N);

% Bi=Ai; S=Ai; Hoi =Ai;

% HVo=Ai; OL = Ai; OV =Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX =Ai; Pr =Ai; Tr = Ai;

% HAHHHTHHH A DERIVATIVES

% DAI =zeros(NC, N);

% DBi =DAi; DBX = DAIi; DBY = DAi; DAX = DAi; DAY = DAIi; DHoi = DA:;

% DHVo=DAI; DSS=DAIi; DS=DAI;

%

% Kij = zerog(NC,NC);

%

% DZV = zeros(1,N);

% DZL =DzZV; DJIX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DZzZV; DSY =DZV; DSX =DZV;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]
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ER =1e-3*N;

Num = 30;

%

R =8314
Tref =0;

Rb =46173,
%
% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;[]

%

Vf =15

Lo = 68.1126;
Tf =500;

TO =450;

p = 101325;
%
% STEP OF READING THE WET GASCOMPONENTS
%
% NC =7,

C_S=drvecat('C1,'C2,'C3,'C4, 'C5/ail',/'steam’);
fprintf('\n');

for I = 1:NC,
fprintf('%s,C_S(1,:));
end;

forJ=1:N,

SWL@J) =0, SWV(J)=0;

if(J==1)

SWLI) =1, Swv(Qd)=0;
end;
if (J==N)

SWL(J)=0;, SWV(QJ)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%

for 1 =1: N,

F(h=0; W({)=0; U(l)=0;
if (1 ==1)

F()=Lo;, W()=0; U(1) =0;

end;
if (I ==N)
F() =V, W()=0; U(l) =0;
end;
end;
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o " "
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf('\n---- );
Lco =[6.933141, 2.758254 , 3.386262 , 2.388677 , ,0];
Vfc =[0,0,0,0,0,0,15];

%
% STEP FOR READING CRITICAL PROPERTIES

/) mmm o

TC =[1904 ,305.4 ,369.8 ,425.2 ,469.7 ,658.2,647.3 1;

PC = [4600000,4880000,4250000,3800000,3370000,1820000,22120000 |;
ww = [.011,0.099 ,0.153 ,.199,.251 ,0.575 ,.3477 ],

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FORI1=1TO2
% 'FORJ=1TONC

% 'IF 1 =J THEN Kij(l, J) =0: GOTO 7

% 'READ Kij(l, J)

% '7 REM

% "PRINT "Kij("; 1;","; J; ")="; Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15

AC1 = [ 1.925e+1, 540, -4.224, 9.487, -3.626,-9.328,3.224E+1];

AC2=[ 5.213E-2 ,1.781E-1 ,3.063E-1 ,3.313E-1 ,4.873E-1 ,1.149,1.924E-3];

[=)

AC3=[1197E-5 -6.938E-5,-1.586E-4 ,-1.108E-4 ,-2.58E-4 ,-6.347E-4,1.055E-5];

AC4 =] -1.132E-8 ,8.713E-9,3.215E-8,-2.822E-9 ,5.305E-8 ,1.359E-7,-3.596E-9];

%
% READING THE ANTIONE CONSTANTS
%
A2 =[5.14135,452.974,2847.921,5.353418,414.488,4126.385,5.853654,394.4148,6739.22,7173.79
I;

A3 =
[1742.638,5.383894,434.898,3371.084,5.741624,409.5179,4598.287,6.561135,292.574,389.4747];
%
% CALCULATION OF FEED'SCONCENTRATION (Xo,Yf)
%
for | =1: NC,
Xo(l) =Lco(l)/Lo;
Yf(l) =Vic(l) / VT;
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi,j]
%
for | =1: NC,
forJ=1:N,
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z(1,3)=0;

if J==
Z(1,3) = Xo(l);
end;

if J==
Z(1,J) = Y1),
end;

end;
end;
S P —
% END OF READING
% *kkkkhkkhkkkkkhkhkhkkkk
%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
%% % % % % GOSUB 250
step_250S2
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj,Lj,Tj)
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti(1) =TG;

Ti(N) = Tf;
forl =1:N,

P() =p;

Vi(l) = Vf;

if(l~=D&& (I =N)

DT1 =(Ti(N) - Ti(1)) / (N - 1);

Ti(l) = DT1+Ti(l - 1);

end;

end;

for 1 =1: N,
V(1) = Vi(l);
T() =Ti();
end;

for KfF=1: N,
for If=1: NC,

X(If, Kf) = Xo(If);
Y (If, Kf) = YT(If);
end;
end;

IT=1,
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%
%
step 1552
%
%

% 15 REM %% % % %% % %% % %% %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(ITREATION NUMBER = %f',IT);
%

% fprintf( STAGE \t TEMP.\t V');
%
fprintf("

)

%

% for J=1: N,

% fprintf('%ft %f\t %f\t',J,T(J),V(Q));
% end;

% %

% % CALCULATION OF K-VALUES & ENTHALPIESFOR EACH STAGE
% % --

% GOSUB 260

% %
% % CALCULATION OF CONCENTRATION PROFILES (Xi,j)
% %
% GOSUB 270

% % 'PRINT" "

% % 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,))"
% % 'PRINT" "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT" "

% % 'FOR I =1TO NC: PRINT ; C$(l); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "###H##" ; X(1, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

% % 'PRINT " ---m-m-mmmmeeeee NORMALIZATION STEP
% for J=1: N,

% S1=0;

% for | =1: NC,

% S1=S1+X(l,J);

% end;

% SUMX(J) =81,

% fprintf(' SUMX(%g)=%f",J,SUM X(J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT " !
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% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT"
% for|l =1:NC;

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% X(I,J)=X(,J)/ SUMX(J);

% 9% 'PRINT USING "#####" ; X(l, J); SPC(5);

% end;

%  9%'PRINT

% end;

% % 'PRINT " !

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATION ISY(i,))"
% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT " "
% for | =1: NC,

%  %'PRINT C¥(1); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l, J);

% % 'PRINT USING "######" ; Y(1, J); SPC(5);

% end;

% %'PRINT

% end;

%

% for J=1: N,

% S1=0;

% for 1 =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=S];

% fprintf('SUMY =9%f', SUMY(J));

% end;

% % 'PRINT" "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT" "
% % 'FOR K =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT" "
% for | =1: NC,

%  %'PRINT C¥(1); SPC(5);

% forJ=1:N,

% Y(U,))=Y(,J)/SUMY(J);

%  %'PRINT USING "#.4###"; Y(1,J); SPC(5);

% end;

% %'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % khkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhdhdhdhhdhhhhhhdxkx

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,
% S=0;

% forM=1:],
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% S=S+FM)-UM)-WM);
% end;

% ifJ==

% LJ)=S-V(Q);

% €else

% L) =V +1)+S-V(Q);
% end;

% end;

%

% forl=1:N

% fprintf(L=%g',L(1));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
% for J=1:N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf(’ ;
% % ------mmmmememe- THE NEW VAPOR FLOW RATE
% for J=1:N,

% S=0;

% for M =J: N,

%  S=S+F(M)-W(M)-UM);

% end;

% V(J)=L@-)-L(N)+S

% ifJ==

% VQ)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf('Vi=\tvV=\tL=");

% fprintf( 'h
% for J=1: N,

% fprintf('%f\t %f \t %f',Vi(J), V(J), L(J));

% end;

% %
% % ------m-mmmee- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %

% fprintf( '}
% fprintf(' BEGAIN OF ENARGY BALANCE'};
% fprintf( 'L

%
% GOSUB 280

B-17



%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@)=T@)+DTQ);

% fprintf((STAGE = %f \t T NEW = %f",J,TN(J));
% end;

% % -

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1:N,

% RR=RR+(TN@J)-T@Q))" 2

% end;

while (RR >ER) && (IT <500))
fprintf('\n ERROR = %f\t ITRATION NUMBER = %f ' RR,IT);
% 'INPUT RFD

fprlntf( \n*****************************'

fprintfC(\nTHE ITRATION MUST BE RETURNED)

fprlntf( \n*****************************')

IT=IT+1;
forJ=1:N,
T(J) = TNQ);
end;
step_15S2
end;

% %% % % GOSUB 290
%
fprintf('\n DIVERGEN ACCUR");
fprintf('\n );
%
% THE CONVEGENCE ACCURE
%

step 290S2
% % (1))
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '‘Marker FaceColor','r',
% '‘Marker Size',3)
% hold,

%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...

B-18



% 'Marker EdgeColor','k’,...

% ‘MarkerFaceColor','d ...

% 'Marker Size' ,5)

%

% plot(Z,Y (:,2*N+3),'-*' 'LineWidth' 1,...
% 'Marker EdgeColor','k’,...

% 'MarkerFaceColor','b',...

% ‘Marker Size' ,5)

%

% h =legend('j_1(2)','u(2)','\ps_o(2)',2);
%

%

% % title(]'At N =" ,num2str(N)," , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i="num2str(Epsail)])
% grid on

% xlabel('Z)

% ylabel(")

f_time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);

for I = 1:NC,
CPi(l) = AC1(1) + (AC2(I) * TN(2)) + (AC3(I) * TN()*TN(1)) + (ACA(1) *TN()"3);
CPw = 4180;
TO =((80-32)/1.8)+273.15;
Tref =0;
M (1) = (Lc(l,2)*CPi(l) * (TN(L)- Tref))/(CPw* (TO-Tref));
fprintf(\nTHE VALUE OF M =%f" M(l));
end;
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2. Computer program of network system B

For Absorber:

dc;
clear all

t111 = clock;

% QPOQOOEPOQEEOEOQOEE@E@Q@A@@ RIGOROUSMETHOD
C@@eeeeeeeeeceeeeeeeeele)

% kkkkhkkhkhkkkkkhkkhhkhkkkkhkkhkhkhhhkkkhkkhkhkhhhhkkkkhkkhkhhhkkkkkhkhkhhhkkkkkhkkhkhhkkkkkkkkkkkkkkkkk%x

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT
% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING
% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN
% EE SRS SRS LS ST ST LTSS LSS LT LTSS EE LS LTS LT LT E LT LS LT L LS EEEE LT LS EEE LS LR LR R R R R R LR
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC, N
NC =8§;
N =6;
SYf=0;
SXo=0;
Q = zeros(1,N);
X = zeros(NC,N);
%
O HiHHHHHHHHH T RIGOROUS CAL CULATI ON #HHHHHHHHHHHHHHHHHT
% F =zeros(1,N);
% W=F, U=F, SWV=F, SWL =F;
%
% Ti=zeros(1,N);
% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;
% pox=Ti;qox=Ti; TN=Ti; T=Ti;P=Ti;L=Ti;V=Ti,
%
% MAS = zeros(N,N);
% MASL=MAS, ENT = MAS;
%
% Yf=zeros(1,NC);
% Xo=Yf; Lco=Yf; Vfc=Yf; RECF = Yf;
%
% Vc=zeros(NC, N);
% Y =Vc, X=Vc, Z=Vc, Lc=Vc,
% ===========without define C$(NC)
DT = zeros(1,N+1);
%
X = zeros(NC,N);
% HVYo=zeros(1,NC);
% Prf=zeros(1,NC);
% Trf=Prf; Pro=Prf, Tro=Prf; Ho=Prf;
% SSf=Prf; SSo=Prf; Sf =Prf; So=Prf; Mi = Prf; aR =Prf; bR = Prf;
% AC1l=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;

SRK FOR FEED
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% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

% Afij = zeros(NC, NC);

% Aoaij = zeros(NC, NC);

00 TR SRK FOR EACH ST AGE #HHHHHHTHHHHHHHHHHHHHHHHT
Kij = zeros(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX;HVLo=AX; HV =AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY = AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY = AX; SX = AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi = Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX =Ai; Pr =Ai; Tr = Ai;

O HHHHHHHHH I DERIVATIVES

% DAI =zeros(NC, N);

% DBi =DAIi; DBX = DAI; DBY = DAIi; DAX =DAIi; DAY = DAi; DHoi = DAI;

% DHVo=DAIi; DSS=DAI; DS=DA:I;

%

% Kij =zeros(NC,NC);

%

% DZV =zeros(1,N);

% DZL =DZV; DJIX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]
ER =1e-5*N;

Num = 30;

%
R =8314
Tref =0

Rb =4.6173;

%

% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS

% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;|[]

%
Vf =50.44;

Lo =51.705;

Tf =300;

TO=Tf;

p=21.068 * 101325 ;

%

% STEP OF READING THE WET GASCOMPONENTS

%

NC =8;

C_S=drvcat('C0O2,'C1,'C2,'C3,'iC4, 'nC4, 'C6','nC8Y);
fprintf('\n');

for | = 1:NC,
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fprintf('"%s,C_(1,:));
end;

for J=1: N,

SWLJ)=0; SwWV(@Q)=0;

if(J==1)

SWLJ)=1, SWV@I)=0;
end;
if J==N)

SWLJ)=0; SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%

for 1 =1:N,

F()=0;, W()=0; U(l)=0;
if (1 ==1)

F()=Lo; W(1)=0; U(l) =0;
end;

if (I ==N)

F(1) = Vf; W(1) =0; U(1) = 0;
end;
end;

% n n
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf('\n Y;

Vfc =[3.077,38.890,2.320,2.875,0.706,1.362,1.210,0.0];
Lco =[.103,4.281,.848,1.236,.362,1.065,1.691,42.119];
% Lco(12) = Lco(12) * (454 / 3600);

% for1=1:NC

% Vfc(l) = Vic(l) * (454 / 3600);

% end;

%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[304.1 ,190.4 ,305.4 ,369.8 ,408.2 ,425.2 507.5 ,568.8 |;

PC = [7380000,4600000,4880000,4250000,3650000,3800000,3010000,2900000 ];
ww = [0.239,0.011,0.099,0.153,0.183,0.199,0.299,0.398];

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FOR1=1TO2
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% 'FORJ=1TONC

% 'IF1 =JTHENKIj(l,J)=0: GOTO 7

% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij("; I;","; J;")="; Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,12,.15,.15,.15,.15,.15,.15,.15,.15,.15

AC1=[198e+l, 1.925e+1, 5.409, -4.224,-1.39, 9.487, -4413,-6.096 ];

AC2=[7.344E-2 5.213E-2 ,1.781E-1 ,3.063E-1 ,3.847E-1 ,3.313E-1 5.82E-1 ,...
7.712e-1];

AC3=[-5.602E-5,1.197E-5 -6.938E-5,-1586E-4 ,-1.846E-4 ,-1.108E-4 ,...
-3.119E-4 -4.195e-4];

AC4=[1.715E-8 -1.132E-8,8.713E-9,3.215E-8 ,2.895E-8 ,-2.822E-9 ,...
6.494E-8 ,8.855e-8];

%
% READING THE ANTIONE CONSTANTS
%
A2 = 3521.259, 1742.638, 2847.921, 3371.084, 3870.419, 4126.385, 5085.758, 5947.491 ],
A3 = 455.869,452.974 , 434.898 , 414.488 , 409.949 , 409.5179, 382.794 , 360.26 ];

%
% CALCULATION OF FEED'S CONCENTRATION (Xo,Yf)
%
% Xo(8)=Lco(8)/Lo;
for I =1: NC,
Xo(l)=Lco(l)/ Lo;
Yf(l) = Vfc(l) / Vf;
end;
%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi j]
%

for 1 =1: NC,
forJ=1:N,
Z(1,J)=0;
if J==
Z(1,J) = Xo(l);
end;
if J==
Z(1,J) =Y1();
end;
end;
end;

S
% END OF READING
% *kkkhkkhkkhkkhkkhkhkhkk*k

%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
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% % % % % % GOSUB 250
step_250S1
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj.Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TC;
Ti(N) = Tf;
forl =1:N,
P() =p;
Vi(l) = Vf;
if(l=1)&& (I =N)
DT1 =(Ti(N)-Ti())/ (N - 1);
Ti(l) = DT1+Ti(l - 1);
end;

end;

forI=1:N,
V(1) = Vi();
T() = Ti(1);
end;

for Kf=1: N,

for If =1: NC,
X(If, Kf) = Xo(lf);
Y (If, Kf) = Y{(I);

end;

end;

IT=1,

%
%
step_15S1
%
%

% 15 REM %% % % %% %% %%%% %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(I TREATION NUMBER = %f' | T);
%

fprintf(’

% fprintf(STAGE \t TEMP.\t V')
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%

fprintf(’

)E
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

for J=1:N,
fprintf('%fit %\t %f\t',J,T(J),V(J));
end;
%
% CALCULATION OF K-VALUES & ENTHALPIESFOR EACH STAGE
%
GOSUB 260
%
% CALCULATION OF CONCENTRATION PROFILES (Xi,j)
%
GOSUB 270
% 'PRINT" "
% 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,j)"
% 'PRINT" "
% 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% 'PRINT" "
% 'FOR I =1TONC: PRINT ; C¥(l); SPC(5);
% 'FORJ=1TON
% 'PRINT USING "#####" ; X(l, J); SPC(5);
% 'NEXT J: PRINT : NEXT |
% 'PRINT " —-mmmmmmmmmmmeeeeee NORMALIZATION STEP "
for J=1:N,
S1=0;
for 1 =1: NC,
S1=S1+X(l,J);
end;
SUMX(J) = S1;
fprintf(' SUM X (% g)= %f',J,SUM X(J));
end;
% 'INPUT FG
% 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER

NORMALIZATION X(i, j)"

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

% 'PRINT " "
% 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% 'PRINT"
for 1 =1: NC;
%'PRINT C$(l); SPC(5);
for J=1:N,
X(1,J)=X(l,J)/ SUMX(J);
%'PRINT USING " #######" ; X(l, J); SPC(5);
end;
%'PRINT
end;
% 'PRINT" !
% 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(i,j)"
% 'PRINT" !
% 'FORK =1TO N: PRINT SPC(8); K; : NEXT K
% 'PRINT"
for | =1:NC,

B-25



%  %'PRINT C$(l); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l, J);

% % 'PRINT USING "#.######" ; Y(1, J); SPC(5);

% end;

% %'PRINT

% end;

%

% for J=1:N,

% S1=0;

% for | =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(@J) =SI;

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT " "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT " !
% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y({,3)=Y(,Jd)/SUMY(J);

%  %'PRINT USING "######"; Y (1, J); SPC(5);

% end;

% 9%'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % Ahkhkhkhkhhkhkhhkkhkhkhkhkhddddhddddhdkdkdxdd*x%x

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1],

% S=S+FM)-UM)-WM);
% end;

% ifJ==N

% LJ)=S-V(Q);

% €else

% LA) =V +1)+S-V(Q);
% end;

% end;

%

% forl=1:N

% fprintf('L=%g ,L(1));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
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% for J=1: N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf(’ ;
% % ----m-mmmmemeeee THE NEW VAPOR FLOW RATE
% for J=1: N,

% S=0;

% for M =J:N,

% S=S+FM)-W(M)-UM);

% end;

% VJ)=LU-1)-L(N)+S

% if J==

% V@I)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf(Vi=\tvV=\tL=");

% fprintf( %
% for J=1:N,

% fprintf('%f\t %f \t %f' ,Vi(J), V(J), LQ));

% end;

% %
% % ---m-mmmmme- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %

% fprintf( 'h
% fprintf(' BEGAIN OF ENARGY BALANCE'};
% fprintf( By

%

% GOSUB 280
%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@Q)=T@)+DTQ);

% fprintf('STAGE =%f \t T NEW = %f",J,TN(J));

% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TN@)- TQ) " 2
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% end;

while (RR > ER) && (IT <500))
fprintf(\n ERROR = %f\t ITRATION NUMBER = %f ' RR,I T);
% 'INPUT RFD

fprintf('\n*****************************‘)-

fprintfC(\nTHE ITRATION MUST BE RETURNED");

fprintf('\n*****************************‘)-

IT=IT+1,;
for J=1:N,
T(J) = TNQ);
end;
step 15S1
end;
%% % % % GOSUB 290
%
fprintf("\n DIVERGEN ACCUR ");
fprintf('\n Y;
%
% THE CONVEGENCE ACCURE
%
sep 290S1
% % ((2)
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '"MarkerFaceColor','r',...
% 'MarkerSize',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'MarkerFaceColor','d',...
% 'Marker Size',5)
%
% plot(Z,Y(:,2*N+3),'-*','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'Marker FaceColor','b',...
% '‘Marker Size' ,5)
%
% h=legend('j_1(2)','u(2)',"\psi_o(2)',2);
%
%
% % title(]'At N =" ,num2str(N),' , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i=",num2str(Epsail)])
% grid on
% xlabel('z")
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% ylabel (")

f time=etime(clock,t111);

fprintf(\nThefinal timeis=%f second',f_time);
RFS=input(\nRFS =");

RIGOROUS METHOD final

For Stripper

dc;
clear all

t111 = clock;

% @OQQEEEO@Q@O@EPEE@QQ@@E@E@@Q@ RIGOROUSMETHOD
C@lg@eeedeeeeeeeeeeeele)

% dhkhkkhkhhhkhhkhkhkhhhhhhkhkhhdhhhhhkhhdhhhhhhhdhdhdhhhhhkhhdhhhdhhhkhdhdhdhhhhhhddhdrddhkdddxdxxx

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT

% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING

% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN

% AhkA A A A AR ARk A kA Ak A hA Ak Ak h Ak hkd ok hkhkhkhhkhhkhkdhhhkhkhkdkhdhhkhkdkhdhhhkhdhdhkdhdhxdxx
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC, N

NC =9

N =8;

SYf=0;

SXo=0;

Q = zeros(1,N);

X= zerog(NC,N);

%
0 AT RIGOROUS CAL CULATI ON #HHHHHAHHHHH
% F =zeros(1,N);

% W=F, U=F, SWV =F;, SWL =F;

%

% Ti=zerog(1,N);

% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;

% pox=Ti;qox=Ti; TN=Ti; T=Ti; P=Ti;L=Ti;V=Ti;

%

% MAS = zeros(N,N);

% MASL=MAS, ENT = MAS;

%

% Yf=zeros(1,NC);

% Xo=Yf; Lco=Yf; Vfc=Yf;, RECF = Yf;

%

% Vc=zeros(NC, N);

% Y =Vc, X=Vc, Z=Vc, Lc=Vc;

% ===========without define C$(NC)

DT = zeros(1,N+1);

%
X=zeros(NC,N);

% HVYo=zeros(1,NC);

SRK FOR FEED
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% Prf = zeros(1,NC);

% Trf=Prf; Pro=Prf; Tro=Prf; Ho=Prf;

% SSf =Prf; SSo=Prf; Sf = Prf; So=Prf; Mi =Prf; aR = Prf; bR = Prf;

% ACl=Prf; AC2="Prf; AC3=Prf; AC4="Prf; A2="Prf; A3 =Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

O i SRK FOR EACH ST AGE #HHHHHTHHHTHHHHHHHHHHHHHHHT
Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX; HVLo=AX; HV =AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX;YVY =AX; VYV =AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY = AX; SX = AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi =Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX = Ai; Pr = Ai; Tr = Ai;

O HHHHHHHH A DERIVATIVES

% DA =zeros(NC, N);

% DBi =DAIi; DBX = DAi; DBY =DAIi; DAX =DAIi; DAY = DAi; DHoi = DAI;

% DHVo=DAI; DSS=DAIi; DS=DAI;

%

% Kij =zeros(NC,NC);

%

% DZzZV = zeros(1,N);

% DZL =DZV; DJIJX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]

ER =1e-3*N;

Num = 30;

%

R =8.314
Tref =0;

Rb =4.6173;
%
% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;|[]

%

Vi=7,

Lo = 59.040069;
Tf =500;

TO =450;

p = 101325;

%
% STEP OF READING THE WET GASCOMPONENTS
%
% NC=09;
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C_S=drvcat('CO2,'C1,'C2,'C3,'iC4, 'nC4','C6','ail','steam");
fprintf('\n');

for | =1:NC,
fprintf('%s,C_(1,:));
end;

forJ=1:N,

SWL(J) =0, SWV(Q)=0;

if(J==1)

SWLJ)=1, SWV@I)=0;
end;
if J==N)

SWLJ)=0;, SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0 ========= Page NoO. 1 ===========
for 1 =1:N,

F(1)=0; W(l)=0; U()=0;
if (I == 1)
F()=Lo; W(1)=0; U(l) =0;
end,

if 1 ==N)

F(1) = Vf; W(l) = 0; U(l) =C;
end;
end;

0% " "
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)

fprintf('\n Y;

L co =[1.391787,4.652606,1.350957,3.48512,0.991904,2.270170,2.873086,42.025047,0];
Vfc =10,0,0,0,0,0,0,0,7];

%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[304.1 ,190.4 ,305.4 ,369.8 ,408.2 4252 ,507.5 ,658.2,647.3 1;

PC = [7380000,4600000,4880000,4250000,3650000,3800000,3010000,1820000,22120000 |;
ww = [0.177,0,0.1064,0.1538,0.1825,0.1954,0.2972,0.575 ,.3477 |;

%
% STEP FOR READING INTERACTION COEFFICIENTS
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%

% 'FORI=1TO2

% 'FORJ=1TONC

% 'IF 1 =JTHENKIj(l,J)=0: GOTO 7

% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij("; 1;","; J;")="; Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15

AC1=][ 1.98e+1, 1.925e+1, 5.409, -4.224, -1.39, 9.487, -4.413,-9.328,3.224E+1];

AC2=[7.344E-2 5.213E-2 ,1.781E-1 ,3.063E-1 ,3.847E-1 ,3.313E-1 ,5.82E-1 ,...
1.149 ,1.924E-3];

AC3=[ -5.602E-5,1.197E-5,-6.938E-5 ,-1.586E-4 ,-1.846E-4 -1.108E-4 ,...
-3.119E-4 ,-6.347E-4,1.055E-5];

AC4=[1.715E-8 -1.132E-8,8.713E-9,3.215E-8 ,2.895E-8 ,-2.822E-9 ,...
6.494E-8 ,1.359E-7 ,-3.596E-9];

%
% READING THE ANTIONE CONSTANTS
%
A2 = 3521.259, 1742.638, 2847.921, 3371.084, 3870.419, 4126.385, 5085.758, 6739.22,7173.79
I;

A3=[455.869, 452.974 , 434.898 , 414.488 , 409.949 , 409.5179, 382.794 , 292.574,389.4747];
%
% CALCULATI ON OF FEED'S CONCENTRATION (Xo,Yf)
%
for 1 =1: NC,
Xo(l)=Lco(l)/Lo;
Yf(l) =Vic(l)/ VT,
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi j]
%

for 1 =1: NC,
forJ=1:N,
Z(1,3)=0;
if J==
Z(1,J) =Xo(l);
end;
if J==
Z(,J) = Y1),
end;
end;
end;

S
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% END OF READING
% kkkkhkkkhkhkkkhkkhkx
%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
% % % % % % GOSUB 250
sep 250
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj.Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TC;

Ti(N) = Tf;
for 1 =1:N,

P() =p;

Vi(l) = Vf;

if(l=1)&& (I =N)

DT1 =(Ti(N) - Ti(1)) /(N - 1);
Ti(l) = DT1+ Ti(l - 1);

end;

end;

forI=1:N,
V(1) = Vi();
T() =Ti();
end;

for KF=1: N,

for If =1: NC,
X(If, Kf) = Xo(If);
Y (If, Kf) = Y(IT);

end;

end;

IT=1,

%
%
step_15
%
%

% 15 REM %%% % %% %% %%%% %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(1TREATION NUMBER = %f' I T);
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%

fprintf(’

% fprintf( STAGE \t TEMP.\t V');
%
fprintf(’

);
%
% for J=1: N,

% fprintf('%ft %\t %f\t',J,T(J),V(J));
% end;

% %
% % CALCULATION OF K-VALUES & ENTHALPIESFOR EACH STAGE
% %
% GOSUB 260
% %
% % CALCULATION OF CONCENTRATION PROFILES (Xi,j)
% %
% GOSUB 270

% % 'PRINT " "

% % 'PRINT " THE CONCENTRATION PROFILESof ALL COPONENTS; X(i,j)"
% % 'PRINT " "
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT" "

% % 'FOR | =1TO NC: PRINT ; C¥(1); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "####" : X(1, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

7 = =1\ e —— NORMALIZATION STEP "
% for J=1:N,

% S1=0;

% for | =1: NC,

% S1=S1+X(l,J);

% end;

% SUMX(J)=S1;

% fprintf('SUM X(% g)=%f',J,SUM X (J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT "
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT "
% for|l =1:NC;

%  %'PRINT C$(1); SPC(5);

% forJ=1:N,

%  X(1,J)=X(,J)/ SUMX(J);

%  %'PRINT USING "####" : X(1, J); SPC(5);
% end;

% % 'PRINT
% end;

% % 'PRINT" !

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(i,j)"
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% % 'PRINT "
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K
% % 'PRINT "

% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l, J);

% % 'PRINT USING "#.######" ; Y(1, J); SPC(5);

% end;

% %'PRINT

% end;

%

% for J=1:N,

% S1=0;

% for | =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J) =81,

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT " "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT" "
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT" "
% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y({,3)=Y(,Jd)/SUMY(J);

%  %'PRINT USING "#####" ; Y(1, J); SPC(5);

% end;

% % 'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % kkhkhkkkhkkhhkkhkkhhkkhkhkkhhkhkkhkkikkhkkikkk*%x

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1J,

% S=S+FM)-UM)-WM);
% end;

% ifJ==

% LJ)=S-V(Q);

% €else

% L) =V +1)+S-V(Q);
% end;

% end;

%

% forl=1:N

% fprintf('L=%g',L(1));

% end;
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% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
% for J=1: N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf(’- ;
% % ----m-mmmmememe THE NEW VAPOR FLOW RATE
% for J=1:N,

% S=0;

% for M =J:N,

% S=S+FM)-W(M)-UM);

% end;

% VJ)=LU-1)-L(N)+S

% ifJ==

% V@Q)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf(’ s

% fprintf('Vi=\tv=\tL=");

% fprintf(’ 'h
% for J=1: N,

% fprintf('%f\t %f \t %f' ,Vi(J), V(J), LQ));

% end;

% %
% % -----mmmmme- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %

% fprintf( 'h
% fprintf(' BEGAIN OF ENARGY BALANCE'};
% fprintf(’ 'h

%

% GOSUB 280
%

% % -
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@Q)=T@)+DTQ);

% fprintf('STAGE =%f \t T NEW = %f",J,TN(J));
% end;

% %
% % CONVERGENCE CHECK STEPS
% %
% RR=0;
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% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TN@J)-T@Q)" 2
% end;

while (RR > ER) && (IT <500))
fprintf(\n ERROR = %f\t ITRATION NUMBER = %f ', RR,|T);
% 'INPUT RFD

fprintf('\n*****************************‘)-

fprintf(\nTHE ITRATION MUST BE RETURNED");

fprintf('\n*****************************‘)-

IT=IT+1,;
for J=1:N,
T(J) =TNQ);
end;
step_15
end;
%% % % % GOSUB 290
Y
fprintf("\n DIVERGEN ACCUR ");
fprintf('\n ;
%
% THE CONVEGENCE ACCURE
%
step 290
% % (D)
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '"MarkerFaceColor','r',...
% 'MarkerSize',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% '‘MarkerEdgeColor','k',...
% ‘MarkerFaceColor','d ...
% 'Marker Size' ,5)
%
% plot(Z,Y(;,2*N+3),'-*','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '‘Marker FaceColor','b',...
% 'MarkerSize',5)
%
% h=legend('j_1(2)','u(2)',"\psi_o(2)',2);
%
%
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% % title(]'At N =" ,num2str(N),' , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i="num2str(Epsail)])

% grid on

% xlabel('z")

% ylabel(")

f_time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);
for I = 1:NC,
CPi(l) = ACL(1) + (AC2(I) * TN(D)) + (AC3(l) * TN(1)*TN(1)) + (ACA(1) *TN(D)"3);
CPw = 4180;
TO =450;
Tref =0;
M(I) = (Lc(l,1)*CPi(l) * (TN(L)- Tref))/(CPw* (TO-Tref));
fprintf(\nTHE VALUE OF M =%f"' M(l));
end;
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3. Computer Program For Absorber System A Using PR-
EOS

dc;
clear all

t111 = clock;

% @Q@@AAAAAAA@EPEE@@@@@@@ RIGOROUSMETHOD
@eeeececeeeeeeElEEEEEEele)
% R R LSS LSS LTSS LS LS LTSS LSS LTSS LTS LT LS EEEE LT LS EEEEEEEE LS E R R LR TR R R
% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT
% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING
% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN
% kkkhkkkhkhkhkkhhkkhkhkkhhkkhhhkkhhkhhkhhhkhhkhhhkhhkhhkhkhhkhhkhkhhkhhkhhkkhhkhhkkhhkhhkkhkkhkhkkhkkhkkkx**%
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC, N
NC = 6;
N = 8;
SYf=0;
SXo=0;
Q = zeros(1,N);
X = zeros(NC,N);
%
O HHH A RIGOROUS CAL CUL AT ON #HHHHHHHHHHHHHHHHHT
% F =zeros(1,N);
% W=F, U=F, SWV =F;, SWL =F;
%
% Ti=zeros(1,N);
% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;
% pox=Ti;qox=Ti; TN=Ti; T=Ti;P=Ti; L =Ti; V=Ti,
%
% MAS=zeros(N,N);
% MASL=MAS, ENT = MAS;
%
% Yf=zeros(1,NC);
% Xo=Yf; Lco=Yf; Vfc=Yf, RECF = Yf;
%
% Vc=zeros(NC, N);
% Y =Vc, X=Vc, Z=Vc, Lc=Vc;
% ===========without define C3(NC)
DT = zeros(1,N+1);
%
X = zeros(NC,N);
% HVYo=zeros(1,NC);
% Prf = zeros(1,NC);
% Trf=Prf;, Pro=Prf, Tro=Prf; Ho=Prf;
% SSf=Prf; SSo=Prf; Sf = Prf; So=Prf; Mi = Prf; aR =Prf; bR = Prf;
% AC1l=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

SRK FOR FEED
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% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

00 R SRK FOR EACH ST AGE #itHHHHHHHHHHHHHHHHHHHHT
Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX; HVLo=AX; HV =AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY =AX; VYV = AX; LL = AX; XLX =AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY = AX; SX = AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi = Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX = Ai; Pr =Ai; Tr = Ai;

00 TR DERIVATIVES

% DAI =zeros(NC, N);

% DBi =DAIi; DBX = DAI; DBY = DAIi; DAX =DAIi; DAY = DAi; DHoi = DAI;

% DHVo=DAIi; DSS=DAI; DS=DA:I;

%

% Kij = zerog(NC,NC);

%

% DZzZV = zeros(1,N);

% DZL =DZV; DJJX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]
ER = 1e-3*N;

Num = 30;

%
R =8314
Tref =0

Rb =4.6173;

%

% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS

% [Vf,LoTfTOl & THE RESSUR OF THE COLUMN|[]

%

Vf = 450* (454/3600);

L ol = 250* (454/3600);

L 02=164* (454/3600);

% Tf =((90-32)/1.8)+273.15;
for Tf=305.375:

TO =((80-32)/1.8)+273.15;

p = (101325/14.7)* 400;
Q(7)=150000* (1055/3600);
%
% STEP OF READING THE WET GASCOMPONENTS
%

NC = 6;
C_S=drvcat('Cl,'C2,'C3, 'nC4', 'nC5',ail');
fprintf('\n');
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for | =1:NC,

fprintf('%s,C_(1,2));
end;

for J=1: N,
SWLJ)=0; SWV@J)=0;

if (J==1)
SWLE)=1, SWV@J)=0;
dlsaif (J==4)
SWLE)=1, SWV@J)=0;

end;

if J==N)

SWLJ)=0;, SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0 ========= Page NoO. 1 ===========
forI=1:N,

F()=0; W(l)=0; U(l)=0;
if (I == 1)
F(1) = LoL; W(I) =0; U(1) =0
end;
if(1==4)

F(1)=Lo2;W (1)=0;U(1)=0;
end;
if (I == N)

F(I) = Vf; W(1) =0; U(1) = C;
end;
end;

o0 " n
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf('\n Y);

Lcol =[0,0,0,0,0,250];
L co2=[13,3,4,4,5,135]
Vfc = [360,40,25,15,10,0];

L col(6) = Lcol(6) * (454 / 3600);

for1 =1:NC

L co2(I)=L co2(l)* (454/3600);
Vic(l) = Vic(l) * (454 / 3600);
end;
% -
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% STEP FOR READING CRITICAL PROPERTIES
%
TC =[190.4 ,305.4 ,369.8 4252 ,469.7 ,658.2];

PC = [4600000,4830000,4250000,3800000,3370000,1820000];
ww = [.011,0.099 ,0.153 ,.199,.251 0575 I;

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FORI=1TO2

% 'FORJ=1TONC

% 'IF1=JTHENKIj(l,J)=0: GOTO 7

% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij("; 1;","; 3;")="; Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15
AC1=[ 1.925e+1, 5.409, -4.224, 9.487,-3.626,-9.328 1|;
AC2=[5213E-2,1.781E-1 ,3.063E-1 ,3.313E-1 ,4.873E-1 ,1.149];

AC3=[1197E-5 -6.938E-5,-1.586E-4 ,-1.108E-4 ,-1.846E-4 ,-6.347E-4];

AC4 =] -1.132E-8 ,8.713E-9,3.215E-8,-2.822E-9 ,5.305E-8 ,1.359E-7];
%
% READING THE ANTIONE CONSTANTS
%
A1=[5.14135,5.383894,5.353418,5.741624,5.853654,6.561135];
A2 =[1742.638,2847.921,3371.084,4126.385,4598.287,6739.22];
A3=[452.974,434.898,414.488,409.5179,394.4148,292.574]

%
% CALCULATION OF FEED'S CONCENTRATION (X01,X02,Yf)
%
for 1 =1: NC,
Xol(l) = Lcol(l)/Lo1;
Xo2(l)=Lco2(l)/Lo2;
Yf(l) =Vic(l) / VT,
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi,j]
%
for | =1: NC,
for J=1: N,
Z(1,3)=0;

if J==
Z(1, ) = Xo1(1);
end;
if J==
Z(1,2)=Xo02(l);
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end;

if J==
Z(1,J) =Y1();
end;

end;
end;
O P —
% END OF READING
% *kkkkhkkhkkkkkhkhkhkkkk
%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
% % % % % % GOSUB 250
dep 250
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj,Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TO;

Ti(N) = Tf;
forI=1:N,

P() =p;

Vi(l) = VT;

if(l~=D&& (I =N)

DT1 =(Ti(N) - Ti()))/ (N - 1);
Ti(l) = DT1+Ti(l - 1);

end;

end;

for1 =1:N,
V(1) =Vi(l);
() =Ti();
end;

for Kf=1:N,

for If=1: NC,
X(If, Kf) = Xo2(If);
Y (If, Kf) = YT(If);

end;

end;

%
%
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step_15
%
%

% 15 REM % % %% % %% % %% % % %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(ITREATION NUMBER = %f',IT);
%

fprintf(’
:::::::');

% fprintf( STAGE \t TEMP.t V');
%
fprintf(’

);

%

% for J=1:N,

% fprintf('%ft %f\t %f\t',J,T(J),V());
% end;

% %
% % CALCULATION OF K-VALUES& ENTHALPIESFOR EACH STAGE
% %
% GOSUB 260
% %
% % CALCULATION OF CONCENTRATION PROFILES (Xi,j)
% %
% GOSUB 270

% % 'PRINT " "

% % 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,j)"
% % 'PRINT" "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT" "

% % 'FOR | =1TO NC: PRINT ; C$(l); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "#####" ; X(1, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

% % 'PRINT " -m-m-mmmmmmeeee NORMALIZATION STEP "

% for J=1: N,

% S1=0;

% for | =1: NC,

% S1=S1+X(l,J);

% end;

% SUMX(J)=S1,;

% fprintf(' SUMX(%g)=%f",J,SUM X(J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT "
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT "
% for 1 =1:NC;

%  %'PRINT C%(1); SPC(5);
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% forJ=1:N,

%  X(I,J3)=X(,J)/ SUMX(J);

% 9% 'PRINT USING "#####" ; X(l, J); SPC(5);

% end;

% 9% 'PRINT

% end;

% % 'PRINT " !

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(i,j)"
% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT " "
% for | =1: NC,

%  %'PRINT C%(l); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,Jd)* X(l, J);

% % 'PRINT USING "######" ; Y(1, J); SPC(5);

% end;

% 9% 'PRINT

% end;

%

% for J=1:N,

% S1=0;

% for 1 =1:NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=S1,

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT" "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT" "
% % 'FOR K =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT" "
% for | =1: NC,

%  %'PRINT C¥(1); SPC(5);

% forJ=1:N,

% Y(,J)=Y(,d)/SUMY(J);

%  %'PRINT USING "#####" ; Y(1, J); SPC(5);

% end;

% %'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % khkhkhkhkhhkhkhkhkhkhkhkhkhkhdhdhdhdhdhhdhdhhdhdhhd*x%x

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1J,

% S=S+FM)-UM)-WM);
% end;

% ifJ==

% L) =S-V(Q);
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% €else

% LAJ) =V +1)+S-V(Q);
% end;

% end;

%

% forl=1:N

% fprintf('L=%g',L(1));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
% for J=1:N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf(’ ;
% % ----m-mmmmememe THE NEW VAPOR FLOW RATE
% for J=1:N,

% S=0;

% for M =J:N,

% S=S+FM)-W(M)-UM);

% end;

% VIJ)=LJ-)-L(N)+S

% ifJ==

% VQ)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf('Vi=\tvV=\tL=");

% fprintf( 'h
% for J=1:N,

% fprintf('%f\t %f \t %f',Vi(J), V(J), L(J));

% end;

% %
% % ------m-mmmee- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILEY(Tj)
% %

% fprintf( '}
% fprintf( BEGAINOF ENARGY BALANCE'};
% fprintf( 'H

%
% GOSUB 280
%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
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% for J=1: N,

% TN@IJ)=T@Q)+DT(@);

% fprintf('STAGE = %f \t T NEW = %f",J,TN(J));
% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1:N,

% RR=RR+(TN@J)-T@Q)" 2

% end;

while (RR > ER) && (1T <500))
fprintf('\n ERROR = %f\t ITRATION NUMBER = %f ',RR,IT);
% 'INPUT RFD

fprlntf( \n*****************************')

fprintf(\nTHE ITRATION MUST BE RETURNED");

fprlntf( \n*****************************')

IT=IT+1,;

for J=1:N,

T(J) = TNQ);

end;

step_15
end;

%% % %% GOSUB 290

%

fprintf("\n DIVERGEN ACCUR');

fprintf(‘\n Y;
%

% THE CONVEGENCE ACCURE
%

step 290
% % ((2))
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '‘Marker FaceColor','r',
% 'MarkerSize',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'MarkerFaceColor','d ...
% '‘Marker Size' ,5)
%
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% plot(Z,Y (;,2*N+3),-*' 'LineWidth' 1,...

% '‘MarkerEdgeColor','k',...
% '‘Marker FaceColor','b',...
% '‘Marker Size' ,5)

%

% h =legend('j_1(2)','u(2)',\ps_o(2)',2);

%

%

% % title(]'At N =" ,num2str(N)," , \rho =" ,num2str(ro), ', C_i =',num2sr(Cc),...
% % "\psi_1 i="num2str(Epsail)])

% grid on

% xlabel('z")

% ylabel(")

f_time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);

4. Computer program of absorber system A by using SRK-EOS:

clc;
clear all

t111=clock;

% @QO@QOAQ@A@EAO@A@E@@@@@ RIGOROUSMETHOD
eleleleleeeeeleEeeceeEeee)

%
khkhkkhkhkhkhkhhhhhdhdhdhdhdhdhkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhdhdhdhdhdhdhdhdhddkhkhkhkhkhkhkhhhhhhkkkkkdkkdkdx%x%
% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT

% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING

% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN

%
*2***************************-k******************************************
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES"; NC, N

NC = 6;

N = 8;

SYf=0;

SXo=0;

Q = z2ros(1,N);

X = zeros(NC,N);

O R RIGOROUS CAL CUL AT ON #HHHHHHHHHTHHHHHHHT
% F = zeros(1,N);

% W=F, U=F, SWV =F;, SWL =F;

%

% Ti=zeros(1,N);
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%
%
%
%
%
%
%
%
%
%
%

Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti; D=Ti;
pox=Ti;qox=Ti; TN=Ti; T=Ti;P=Ti; L =Ti; V=Ti;

MAS = zeros(N,N);
MASL1=MAS; ENT = MAS;

Yf = zeros(1,NC);
Xo=Yf; Lco=Yf; Vfc=Yf; RECF = Yf;

Vc = zeros(NC, N);
Y =Vc, X=Vc, Z=Vc, Lc=Vc;

=========== without define C$(NC)

DT = zeros(1,N+1);

%

SRK FOR FEED

X = zeros(NC,N);

%
%
%
%
%

HVYo = zeros(1,NC);

Prf = zeros(1,NC);

Trf=Prf, Pro=Prf, Tro=Prf;, Ho=Prf;

SSf = Prf; SSo = Prf; Sf = Prf; So = Prf; Mi = Prf; aR = Prf; bR = Prf;

AC1l=Prf; AC2=Prf; AC3=Prf; AC4="Prf; A2=Prf; A3=Prf; Afi =Prf; Bfi =

Prf;

%

%
%
%

Aoi = Prf; Boi = Prf; HVYo = Prf; HVXo = Prf;

Afij = zeros(NC, NC);
Aoij = zeros(NC, NC);
R SRK FOR EACH STAGE s aaHar iRttt

Kij = zeros(NC,NC);

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

AX = zeros(1,N);

AY = AX; BX = AX; BY = AX;

ZL = AX; ZV = AX; FV = AX; FL = AX; ZV1=AX; ZL1 = AX;
HVVo=AX; HVLo=AX; HV = AX; HL = AX; HVT = AX; HLT = AX;
VV =AX; YVY = AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;
PC = AX; TC=AX; ww =AX; SY = AX; SX = AX;

Ai = zeros(NC, N);

Bi = Ai; S=Ai; Hoi = Ai;

HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

YY =Ai; YYY = Ai; XX =Ai; XXX =Ai; Pr=Ai; Tr = Ai;
HHHHHHHHHEHH A DERIVATIVES
DAI = zeros(NC, N);

DBi = DAI; DBX = DAi; DBY = DAi; DAX = DAIi; DAY = DAi; DHoi = DAi;
DHVo = DAi; DSS=DAi; DS=DAI;

Kij = zeros(NC,NC);
DZV = zeros(1,N);

DZL =DZV; DJIX =DZV; DJJY =DZV,
DHVVo=DZV; DHVLo=DzZV; HLDT =DZV; HVDT =DZV,
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% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;

0/0 _____________________________________

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF
ITRATION;[Num]

ER =1e-3*N;

Num = 30;

%
R =8.314;
Tref =0;

Rb =4.6173;
%
% THE STE OF READING THE TEMRETAURE,FLOWRATESOF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN|[]

%
VT = 450*(454/3600);

L o1 = 250* (454/3600);

L 02=164* (454/3600);

Tf =((90-32)/1.8)+273.15;
T0=((80-32)/1.8)+273.15;
p = (101325/14.7)* 400;
Q(7)=150000* (1055/3600);
%
% STEP OF READING THE WET GASCOMPONENTS
%
NC =6;

C_S=strvcat('Cl1,'C2,'C3,'C4, 'C5ail");
fprintf('\n');

for | = 1:NC,

fprintf('%s,C_S(1,:));
end;

for J=1:N,
SWLIJ)=0; SWV(@Q)=0;
if J==1)
SWL@IJ) =1, SwV(@d)=0;

dlsaif (J==4)
SWLJ)=1; SWV@J)=0;

end;
if (J==N)
SWL@IJ)=0; Swv(@)=1;
end;
end;
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%
% STEP OF READING Fj,Wj,Uj
%

for 1 =1: N,
F()=0;, W(l)=0; U(l) =0;
if (I ==1)
F(1)=Lol, W(I)=0; U(l) =0;
end;
if(1==4)
F(1)=Lo2;W(1)=0;U(1)=0;
end;
if (I ==N)
F(1) = Vf; W) =0; U() = 0;
end;
end;

% n
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
oL 11{ G E N:;

’

L col =[0,0,0,0,0,250];
L co2=[13,3,4,4,5,135]
Ve = [360,40,25,15,10,0];

L col(6) = Lcol(6) * (454 / 3600);
L co2(4)=L co2(4)* (454/3600);

forl =1: NC
Vic(l) = Vic(l) * (454 / 3600);
end;

% --- - ——

% STEP FOR READING CRITICAL PROPERTIES

% --- - —

TC =[190.4 ,305.4 ,369.8 ,425.2 ,469.7 ,658.2 |;

PC = [4600000,4880000,4250000,3800000,3370000,1820000];
ww =[.011,0.099,0.153 ,.199,.251 ,0.575 |,

0ffy i mmmm e

% STEP FOR READING INTERACTION COEFFICIENTS
O —mmmmmm e

% 'FORI=1TO?2

% 'FORJ=1TONC

% 'IF I =JTHEN Kij(l,J)=0: GOTO 7
% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij("; 1;","; 3;")="; Kij(l, J)
% 'NEXT J, |
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% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15
AC1=[1.925e+1, 5.409, -4.224,9.487, -3.626,-9.328 I;
AC2=[5.213E-2,1.781E-1 ,3.063E-1,3.313E-1 ,4.873E-1,1.149];,

AC3=[1.197E-5 ,6.938E-5 ,-1.586E4 ,-1.108E-4 ,-2.58E-4 ,-6.347E-4];

AC4=[-1.132E8,8.713E-9 ,3.215E-8 ,-2.822E-9,5.305E-8 ,1.359E-7];
%
% READING THE ANTIONE CONSTANTS
%
A1=[5.14135,5.383894,5.353418,5.741624,5.853654,6.561135];
A2 =[1742.638,2847.921,3371.084,4126.385,4598.287,6739.22],
A3=[452.974,434.898,414.488,409.5179,394.4148,292.574]

% --- - -
% CALCULATION OF FEED'S CONCENTRATION (Xo,Yf)
% - -
X01(8) =Lcol(8)/Lo1l;

for | =1: NC,
Yf(l) = Vfc(l) / VT,
end;

7
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi ,j]
0 ----
for 1 =1: NC,
forJ=1:N,
Z(1,J)=0;

if J==
Z(l,J) = Xo(l);
end;

if J==
Z(l,3) =Yf();
end;

end;

end;

% ______________

% END OF READING

0/0 *kkkkkkkhkkhkkhkkhkkhkhkkhk

Oy mmmmmmmmmmm e

% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)

Q) mm o e
%% % % %% GOSUB 250
step_250
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% REM
% REM STEPOF INITIAL ASSUMTION OF VAPOR,LIQUID AND
TEMPETAURE PROFILES
% REM (Vj,Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT -
CUT METHOD IS:-
% REM
Ti(1) =TO;
Ti(N) = Tf;
for| =1: N,
P() =p;
Vi(l) = Vf;
if(l~=1)&& (I ~=N)
DT1 =(Ti(N)-Ti(1)/(N-2);
Ti(l)= DT1+Ti(l -2);

end;

end;

for | =1: N,
V(1) =Vi(l);
T()=Ti();
end;

for Kf=1: N,
for If=1: NC,

X(If, Kf) = Xo(If);
Y (If, Kf) = Yf(If);
end;
end;

IT=1,

%
%
step_15
%
%

% 15 REM %% %% % % %% %% % % %% BEGINING OF ITREATION
PROCEDURE % % % % % % % % % % % % % % %

% % REM ---
% fprintf(I TREATION NUMBER =%f",IT);
%

fprintf("
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% fprintf(STAGE \t TEMP.\t V');
%

fprintf("

);
%
% for J=1: N,
% fprintf('%fit % f\t % f\t',J,T(J),V(QJ));
% end;
% % --
% % CALCULATION OF K-VALUES& ENTHALPIESFOR EACH STAGE
% % --
% GOSUB 260
% %
% % CALCULATION OF CONCENTRATION PROFILES (Xi,})
% %
% GOSUB 270
% % 'PRINT"
% % 'PRINT " THE CONCENTRATION PROFILESof ALL COPONENTS;
X(i,))"
% % 'PRINT" --"
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT "--- "
% % 'FORI=1TO NC: PRINT ; C%(l); SPC(5);
% % 'FORJ=1TON
% % 'PRINT USING "####"; X(1, J); SPC(5);
% % 'NEXT J: PRINT : NEXT |
% % 'PRINT " =-mmmmmmmmmeeeee NORMALIZATION STEP "
% for J=1: N,
% S1=0;
% for | =1: NC,
% S1=S1+X(l,J);
% end;
% SUMX(J) = S1;
% fprintf(' SUMX(%g)= %f',J,SUMX(J));
% end;
% % 'INPUT FG
% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"
% % 'PRINT "--- !
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT "--- !
% forl =1: NC;
%  %'PRINT C%(l); SPC(5);
% forJ=1:N,
% X(I,J)=X(l,J)/ SUMX(J);
%  %'PRINT USING "#.###" ; X(1, J); SPC(5):
% end;
%  %'PRINT
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% end;

% % 'PRINT "---

% % 'PRINT"THE VAPOR MOLE FRACTION BEFOR NORMALIZATION IS
Y(@i,j)"

% % 'PRINT "---
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT "-----
% for | =1: NC,

%  %'PRINT C¥(1); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l,J);

% % 'PRINT USING "######H#" ; Y (1, J); SPC(5);

% end;

% % 'PRINT

% end;

%

% for J=1: N,

% S1=0;

% forl =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J) =S,

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT "---
% % 'PRINT "THE Y(i,j) AFTER NORMALIZATION IS:-"
% % 'PRINT"
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT "--- !
% for | =1: NC,

%  %'PRINT C$(l); SPC(5);

% forJ=1:N,

% Y(,))=Y(1,J)/ SUMY(J);

%  %'PRINT USING "#####"; Y(1, J); SPC(5);

% end;

% % 'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
0/0 % AhkhkA kA hAhhkdhkdhkhhkkkhhkdhdkdrhdhdk),kdkx%

% % ESTIMATING LIQUID FLOWRATE

% %
% for J=1:N,

% S=0;

% forM=1:1J,

% S=S+FWM)-UM)-WM);
% end;

% ifJ==
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% L) =S-V(Q),

% else

% LA)=VA+1)+S-V(Q);
% end;

% end;

%

% for | =1: N

% fprintf('L=%g',L(l));

% end;

00 Y0 —-----mmmmmmmmm -
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% % e

% for J=1: N,

% LJ)=L(@J)* SUMX(J);

% end;

% fprintf('----- -);

% %0 ------mmmmmmmmme THE NEW VAPOR FLOW RATE
% for J=1: N,

% S=0;

% for M =J: N,

% S=S+FM)-WM)-UM);

% end;

% VJd)=LJ-1)-L(N)+S

% ifJ==1

% V@A) =-L(N)+S;

% end;

% end;

%

%

% fprintf(' THE NEW LIQ.AND VAP. FLOW RATE");
% fprintf(- ---");
% fprintf('Vi=\tV=\tL=");

% FPrintf(*-mmmmmmm e e '}
% for J=1: N,

% fprintf('%f \t %f \t %f',Vi(J), V(J), L(J));

% end;

% %
% % ---m--mmmmme- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTESOF
TRIDIAGONAL MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY
% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE
PROFILES(T))

% %
% fprintf('- -4
% fprintf( BEGAIN OF ENARGY BALANCE'};
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% fprintf(- 'h
%

% GOSUB 280

%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TNQ)=T@J)+DTQ);

% fprintf(STAGE = %f\t T NEW = %f',J,TN(J));

% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TNW)-T))" 2

% end;

while (RR>ER) && (IT <500))
fprintf('\n ERROR = %f \t ITRATION NUMBER = %f ',RR,IT);
% 'INPUT RFD

fprlntf(' \n*****************************')-

fprintfC(\nTHE ITRATION MUST BE RETURNED"),

fprlntf(' \n*****************************')-

IT=IT+1;
for J=1:N,
T(J) =TNQ);
end;

step 15

end;

%% % % % GOSUB 290

fprintf(\n DIVERGEN ACCUR");

fprintf('\n -);
%
% THE CONVEGENCE ACCURE
%

step_290
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% % (ED))
% plot(Z,Y(:,1),-bs ' LineWidth' 1,...

% '‘MarkerEdgeColor','k’,...

% 'MarkerFaceColor','r',...

% '"Marker Size',3)

% hold,

%

% plot(Z,Y(:,2*N+2),'-d",'LineWidth',1,...
% '‘MarkerEdgeColor','k’,...

% '"MarkerFaceColor','d',...

% '"MarkerSize',5)

%

% plot(Z,Y(:,2*N+3),'-*','LineWidth',1,...
% 'MarkerEdgeColor','k’,...

% 'MarkerFaceColor','b',...

% '"MarkerSize',5)

%

% h=legend('j_1(2)','u(2)',"\psi_o(2)',2);
%

%

% % title(['At N =" ,num2str(N),' , \rho =',num2str(ro), ' , C_i =',num2str(Cc),...
% % ",\psi_1 i=",num2str(Epsail)])
% grid on

% xlabel('z')

% ylabel('")

f_time=etime(clock,t111);
fprintf('\nThefinal timeis= %f second',f_time);
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5. Computer Program of The Absorber System B Using

PR —EQOS.
dc;
clear all
t111 = clock;

% @Q@@AAAAAAA@EPEE@@@@@@@ RIGOROUSMETHOD
@eeeececeeeeeeElEEEEEEele)
% RS RS S S S LSS LTSS LTSS S LS LS L EL S LT LT LTS EEEELTESEEEEEEEEEEEEEEEEEEE LR SRR
% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT
% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING
% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN
% kkkhkkkhkhkhkkhhkkhkhkkhhkkhhhkkhhkhhkhhhkhhkhhhkhhkhhkhkhhkhhkhkhhkhhkhhkkhhkhhkkhhkhhkkhkkhkhkkhkkhkkkx**%
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC, N

NC =8;

N =6;
SYf=0;
SXo=0;
Q = zeros(1,N);
X = zeros(NC,N);
%
O HHH A RIGOROUS CAL CUL AT ON #HHHHHHHHHHHHHHHHHT
% F =zeros(1,N);
% W=F, U=F, SWV =F;, SWL =F;
%
% Ti=zeros(1,N);
% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;
% pox=Ti;qox=Ti; TN=Ti; T=Ti; P=Ti; L =Ti; V=Ti,
%
% MAS=zeros(N,N);
% MASL=MAS, ENT = MAS;
%
% Yf=zeros(1,NC);
% Xo=Yf; Lco=Yf; Vfc=Yf, RECF = Yf;
%
% Vc=zeros(NC, N);
% Y =Vc, X=Vc, Z=Vc, Lc=Vc;

% ===========without define C$(NC)

DT = zeros(1,N+1);
%
X = zeros(NC,N);
% HVYo=zeros(1,NC);
% Prf = zeros(1,NC);
% Trf=Prf;, Pro=Prf, Tro=Prf; Ho=Prf;
% SSf=Prf; SSo=Prf; Sf =Prf; So=Prf; Mi =Prf; aR = Prf; bR = Prf;
% AC1l=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo=Prf;

SRK FOR FEED
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% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

00 T SRK FOR EACH ST AGE #HHHHHHTHHHHHHHHHHHHHHHHT

Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX; HVLo=AX; HV = AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY =AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY = AX; SX = AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi = Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX = Ai; Pr =Ai; Tr = Ai;

O HHHHHHHHH I DERIVATIVES
% DAI =zeros(NC, N);

% DBi =DAIi; DBX = DAI; DBY = DAIi; DAX =DAIi; DAY = DAi; DHoi = DAI;
% DHVo=DAI; DSS=DAIi; DS=DA:I;

%

% Kij = zerog(NC,NC);

%

% DZzZV = zeros(1,N);

% DZL =DZV; DJIX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;
%
% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]

ER =1e-3*N;

Num = 30;

%

R =8314
Tref =0

Rb =4.6173;
%
% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;|[]

%

VT =50.44;

Lo =51.705;

Tf =300;

TO=Tf;

p 21.068 * 101325 ;
%
% STEP OF READING THE WET GASCOMPONENTS
%
NC =8;

C_S=drvcat('C0O2,'C1,'C2,'C3,'iC4, 'nC4, 'C6','nC8Y);
fprintf('\n');

for | = 1:NC,

fprintf('%s,C_S(1,:));
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end;
for J=1: N,

SWLIJ)=0;, SWV(@)=0;

if(J==1)

SWLJ)=1, SWV@I)=0;
end;
if J==N)

SWLJ)=0; SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0p ========= Page NoO. 1 ===========
for1 =1:N,

F(1)=0; W()=0: U(l)=0;
if (I == 1)

F()=Lo; W(1)=0; U(l) =0;
end;

if (I ==N)

F(1) = Vf; W(1) =0; U(1) = 0;
end;
end;

% n n
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf('\n Y;

Vfc =[3.077,38.890,2.320,2.875,0.706,1.362,1.210,0.0];
Lco =[.103,4.281,.848,1.236,.362,1.065, 1.691,42.119];
% Lco(12) = Lco(12) * (454 / 3600);

% forl =1:NC

% Vfc(l) = Vic(l) * (454 / 3600);

% end;

%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[304.1 ,190.4 ,305.4 ,369.8 ,408.2 ,425.2 ,507.5 ,568.8 ];

PC = [7380000,4600000,4880000,4250000,3650000,3800000,3010000,2900000 ];
ww = [0.239,0.011,0.099,0.153,0.183,0.199,0.299,0.398];

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FOR1=1TO2
% 'FORJ=1TONC
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% 'IF1 =JTHENKIj(l,J)=0: GOTO 7
% 'READ Kij(l, J)
% '7 REM
% 'PRINT "Kij("; I;","; J;")="; Kij(l, J)
% 'NEXT J, |
% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08
% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15
AC1=[198e+l, 1.925e+1, 5.409, -4.224,-1.39, 9.487, -4413,-6.096 ];
AC2=[7.344E-2 5.213E-2 ,1.781E-1 ,3.063E-1 ,3.847E-1 ,3.313E-1 5.82E-1 ,...
7.712e-1];
AC3=[-5.602E-5,1.197E-5 -6.938E-5,-1.586E-4 ,-1.846E-4 ,-1.108E-4 ,...
-3.119E-4 -4.195¢];
AC4=[-1.168E-8, 1.715E-8,-1.132E-8 ,8.713E-9 ,3.215E-8 ,2.895E-8 ,-2.822E-9 ,5.723E-8
5.305E-8 ,...
6.494E-8 ,7.658E-8 ,8.855E-8 ];

%
% READING THE ANTIONE CONSTANTS
%
A2 =1 1184.797, 3521.259, 1742.638, 2847.921, 3371.084, 3870.419, 4126.385, 4221.154,
4598.287, 5085.758, 5278.902, 5947.491 |,

A3 =[454.5328, 455.869 , 452.974 , 434.898 , 414.488 , 409.949 , 409.5179, 387.287 , 394.4148,
382.794 , 359.5259, 360.26 |;

%
% CALCULATION OF FEED'S CONCENTRATION (Xo,Yf)
%
X0(12) =Lco(12) / Lo;

for 1 =1: NC,
Yf(l) = Vic(l) / VT;
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi ]
%

for | =1:NC,
forJ=1:N,
Z(1,J)=0;
if J==
Z(1,J) = Xo(l);
end;
if J==
Z(1,J) =Y1();
end;
end;
end;

S
% END OF READING
% *kkkhkkhkkhkkhkkhkhkhkk*k

%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)

B-62



%
% % % % % % GOSUB 250
sep 250
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj.Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TC;

Ti(N) = Tf;
forl =1:N,

P() =p;

Vi(l) = Vf;

if(l=1)&& (I =N)

DT1 =(Ti(N) - Ti(1)) /(N - 1);
Ti(l) = DT1+Ti(l - 1);

end;

end;

forI=1:N,
V(1) = Vi();
T() = Ti(1);
end;

for Kf=1: N,

for If =1: NC,
X(If, Kf) = Xo(If);
Y (If, Kf) = Y(IT);

end;

end;

IT=1,

%
%
step_15
%
%

% 15 REM %%% % %% %% %%%% %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(I TREATION NUMBER = %f' | T);
%

fprintf(’

% fprintf('STAGE \t TEMP.\ V')
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%

fprintf(’

);

%

% for J=1: N,

% fprintf('%ft %f\t %f\t',J,T(J),V(J));
% end;

%
%
%
%
%
%
%
%

%
% CALCULATION OF K-VALUES & ENTHALPIESFOR EACH STAGE
%
GOSUB 260
%
% CALCULATION OF CONCENTRATION PROFILES (Xi,j)
%
GOSUB 270

% % 'PRINT " "

% % 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,j)"
% % 'PRINT " "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT " "

% % 'FORI|=1TONC: PRINT ; C%(l); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "####"; X(1, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

% % 'PRINT " -m-m-mmmmemeeeee NORMALIZATION STEP "
% for J=1: N,

%
%
%
%
%
%

S1=0;
for 1 =1: NC,
S1=S1+X(l,J);
end;
SUMX(J) = S1;
fprintf(' SUM X(% g)= %f',J, SUM X(J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT" !

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT "

%
%
%
%
%
%
%
%

% % 'PRINT "

for 1 =1: NC;
%'PRINT C$(l); SPC(5);
for J=1: N,
X(1,J)=X(l,J)/ SUMX(J);
%'PRINT USING " #######" ; X(l, J); SPC(5);
end;
%'PRINT
end;

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(ij)"

% % 'PRINT "

% % 'FORK =1 TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT "

% for | =1: NC,
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%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l, J);

% 9% 'PRINT USING "######H" ; Y (1, J); SPC(5);

% end;

% %'PRINT

% end;

%

% for J=1:N,

% S1=0;

% for | =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=SL,

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT " "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT " !
% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y({,3)=Y(,Jd)/SUMY(J);

%  %'PRINT USING "#####" ; Y (I, J); SPC(5);

% end;

% 9%'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % Ahkhkhkhkhhkhkhhkkhkhkhkhkhddddhddddhdkdkdxdd*x%x

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1],

% S=S+FM)-UM)-WM);
% end;

% ifJ==N

% LJ)=S-V(Q);

% €else

% LA) =V +1)+S-V(Q);
% end;

% end;

%

% forl=1:N

% fprintf('L=%g',L(1));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
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% for J=1: N,

% L(J)=LQ)* SUMX(J);

% end;

% fprintf(’ ;
% % ---m-m-mmm e THE NEW VAPOR FLOW RATE
% for J=1: N,

% S=0;

% for M =J:N,

% S=S+FM)-W(M)-UM);

% end;

% VJ)=LU-1)-L(N)+S

% if J==

% V@I)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf(Vi=\tvV=\tL=");

% fprintf( %
% for J=1:N,

% fprintf('%f\t %f \t% f',Vi(J), V), L(J));

% end;

% %
% % ---m-mmmmme- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %

% fprintf('-— 'h
% fprintf(' BEGAIN OF ENARGY BALANCE'};
% fprintf( By

%

% GOSUB 280
%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@Q)=T@)+DTQ);

% fprintf('STAGE =%f \t T NEW = %f",J,TN(J));

% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TN@)- TQ) " 2
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% end;

while (RR > ER) && (IT <500))
fprintf(\n ERROR = %f\t ITRATION NUMBER = %f ' ,RR,IT);
% 'INPUT RFD

fprintf('\n*****************************‘)-

fprintfC(\nTHE ITRATION MUST BE RETURNED");

fprintf('\n*****************************‘)-

IT=IT+1,;
for J=1:N,
T(J) = TNQ);
end;
step 15
end;
%% % % % GOSUB 290
%
fprintf("\n DIVERGEN ACCUR ");
fprintf('\n Y;
%
% THE CONVEGENCE ACCURE
%
step 290
% % ((2)
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'MarkerEdgeColor','k',...
% '"MarkerFaceColor','r',...
% 'MarkerSize',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'MarkerFaceColor','d',...
% 'Marker Size',5)
%
% plot(Z,Y(:,2*N+3),'-*','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'Marker FaceColor','b',...
% '‘Marker Size' ,5)
%
% h=legend('j_1(2)','u(2)',"\psi_o(2)',2);
%
%
% % title(]'At N =" ,num2str(N),' , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i="num2str(Epsail)])
% grid on
% xlabel('z")
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% ylabel (")

f time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);
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6. Computer program of absorber system C by using
PR EQOS:

dc
clear all

t111 = clock;

% @@QQ@O@E@EO@AQ@O@E@E@O@AQA@@@@Q@ RIGOROUSMETHOD
C@@ecdeeeeeaeeeeeeeeeele)

% kkkkkhkhkhhkhkkkkkkhkhkhkhkhhhkkkkhkhkhkhkhkhhhkkkkhkhkhkhkhhhhkkkkhkhkhkhkhkhhhkkkkhkkkhkkhkhkkkkkkk*k

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT
% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING
% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN
% kkhkkhkkkhkkhkhkhhkkhhkhhkkhhkhhkhhhkhhkhhkhkhkhhhkhhkhhhkhhkkhhkhhhkhhkhkhhkhkhhkhhkkhhkhkkhkkhkhkk kkk,kk,x*,%
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES"; NC, N
NC = 12;
N =6;
SYf=0;
SXo=0;
Q = zeros(1,N);
X = zeros(NC,N);
%
O T R | GOROUS CAL CUL ATION #HttHHHTHHHHHHHHHHHHHH
% F =zeros(1,N);
% W=F, U=F, SWV =F;, SWL =F;
%
% Ti=zeros(1,N);
% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;
% pox=Ti;qox=Ti; TN=Ti; T=Ti; P=Ti; L =Ti; V=Ti,
%
% MAS = zeros(N,N);
% MASL=MAS, ENT = MAS;
%
% Yf=zeros(1,NC);
% Xo=Yf; Lco=Yf; Vfc=Yf, RECF = Yf;
%
% Vc=zeros(NC, N);
% Y =Vc, X=Vc, Z=Vc, Lc=Vc;
% ===========without define C$(NC)
DT = zeros(1,N+1);
%
X = zeros(NC,N);
% HVYo=zeros(1,NC);
% Prf=zeros(1,NC);
% Trf=Prf; Pro=Prf; Tro=Prf; Ho=Prf;
% SSf=Prf; SSo=Prf; Sf =Prf; So=Prf; Mi =Prf; aR = Prf; bR = Prf;

SRK FOR FEED
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% ACl=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

Y% R SRK FOR EACH ST AGE HHHRHHHHHHHRHHHHHHH IR
Kij = zeros(NC,NC);

% AX = zros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX; ZV =AX; FV = AX; FL = AX; ZV1=AX; ZL1=AX;

% HVVo=AX; HVLo=AX; HV = AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY =AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC =AX; TC =AX; ww =AX; SY =AX; SX =AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi =Aj;

% HVo=Ai; OL =Ai; OV = Ai; Ke=Ai; SS=Aj;

% YY =Ai; YYY = Ai; XX = Ai; XXX =Ai; Pr =Ai; Tr = Ai;

% AT DERIVATIVES

% DAI = zeros(NC, N);

% DBi =DAIi; DBX = DAIi; DBY =DAIi; DAX = DAi; DAY = DAi; DHoi = DAI;

% DHVo=DAi; DSS=DAIi; DS=DAi;

%

% Kij =zeros(NC,NC);

%

% DZzZV = zeros(1,N);

% DZL =DzV; DJIJX =DzZV; DJJY =DZV;

% DHVVo=DZzZV; DHVLo=DzV; HLDT =DZV; HVDT=DZV;

% DYVY =DzZV; DXLX =DZzV; DSY =DzV; DSX =DzZV;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]

ER =1e-3*N;

Num = 30;

%

R =8314;
Tref =0;

Rb =46173,
%
% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;[]

%

Vf =1846.12 * (454 / 3600);

Lo =150 * (454 / 3600);
Tf=((0-32)/18) +273.15;
TO=TfF;

p = 1000 * (101325 / 14.7);
%
% STEP OF READING THE WET GASCOMPONENTS
%
NC =12;

C_S=drvcat('N2,'CO2,'C1,'C2,'C3,'iC4, 'nC4,'iC5, 'nC5, 'C6, 'C7', 'Oil(n-
octane)');

fprintf('\n');
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for | =1:NC,

fprintf('%s,C_(1,2));
end;

for J=1: N,

SWL@)=0; SWV(J)=0;

if(J==1)

SWLJ)=1, SWV@I)=0;
end;
if J==N)

SWLJ)=0; SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0 ========= Page NoO. 1 ===========
for1 =1: N,

F()=0; W(l)=0; U(l)=0;
if (I == 1)

F()=Lo; W(1)=0; U(l) =0;
end,

if (I ==N)

F(1) = Vf; W(l) =0; U(l) =C;
end;
end;

% n n
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf(‘\n ;

Vfc = [23.02,125.59,1435.97,183.73,60.49,5.93,8.4,1.48,1.02,.42,.07,0];
Lco=[0,0,0,0,0,0,0,0,0,0, 0, 150];
Lco(12) = Lco(12) * (454 / 3600);

for 1 =1:NC
Vic(l) = Vic(l) * (454 / 3600);
end;

%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[126.2 ,304.1 ,190.4 3054 ,369.8 ,408.2 4252 4604 469.7 5075 ,540.3 ,568.8
I;
PC =
[3390000,7380000,4600000,4880000,4250000,3650000,3800000,3370000,3370000,3010000,2770
000,2490000 |;

ww =[.0206 ,177 ,0 ,0.1064 ,.1538 ,0.1825,0.1954,0.2104 ,.2387 ,.2972 ,0.3403 ,.3992

I;
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%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FORI=1TO2
% 'FORJ=1TONC
% 'IF1=JTHENKIj(l,J)=0: GOTO 7
% 'READ Kij(l, J)
% '7 REM
% 'PRINT "Kij("; 1;","; J;")="; Kij(l, J)
% 'NEXT J, |
% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08
% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15
AC1=[31letl, 1.98et+1, 1.925e+1, 5.409, -4.224, -1.39, 9.487, -9.525, -3.626, -4.413, -5.146, -
6.096 1|;
AC2=[ -1.357E-2, 7.344E-2 5.213E-2,1.781E-1,3.063E-1,3.847E-1 ,3.313E-1 ,5.066E- 1
A873E-1 5.82E-1,...
6.762E-1, 7.712E-11];
AC3=][ 2.68E-5,-5.602E-5 ,1.197E-5 ,-6.938E-5 -1.586E-4 ,-1.846E-4 ,-1.108E-4 ,-2.729E-4 -
258E-4,...
-3.119E-4 -3.651E-4,-4.195E-4];
AC4 = -1.168E-8, 1.715E-8 ,-1.132E-8 ,8.713E-9 ,3.215E-8 ,2.895E-8 ,-2.822E-9 ,5.723E-8
5.305E-8 ,...
6.494E-8 ,7.658E-8 ,8.855E-8 [;

%
% READING THE ANTIONE CONSTANTS
0% ===
A2 =1 1184.797, 3521.259, 1742.638, 2847.921, 3371.084, 3870.419, 4126.385, 4221.154,
4598.287, 5085.758, 5278.902, 5947.491 ],

A3 =[ 454.5328, 455.869 , 452.974 , 434.898 , 414.488 , 409.949 , 409.5179, 387.287 , 394.4148,
382.794 , 359.5259, 360.26 |;

%
% CALCULATION OF FEED'SCONCENTRATION (Xo,Yf)
%
Xo0(12) =Lco(12) / Lo;

for 1 =1: NC,
Yf(l) = Vic(l) / VT;
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi j]
%

for | =1: NC,
for J=1: N,
Z(1,3)=0;
if J==
Z(1,J) =Xo(l);
end;
if J==
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Z(1,J) =Y1();
end;

end;
end;
0 P —
% END OF READING
% *kkkhkkhkkkkkhkhkhkkkk
%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
% % % % % % GOSUB 250
sep 250
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj,Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TC;

Ti(N) = Tf;
forI=1:N,

P(I) =p;

Vi(l) = VT;

ifl =1)&& (I =N)

DT1 =(Ti(N) - Ti(1)) /(N - 1);
Ti(l) = DT1+Ti(l - 1);

end;

end;

for1 =1:N,
V(1) =Vi(l),
T() =Ti();
end;

for KF=1: N,

for If =1: NC,
X(If, Kf) = Xo(If);
Y (If, Kf) = Yf(I);

end;

end;

IT=1,

%
%
step_15
%
%
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% 15 REM %% %% %% % %% %% %%% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(I TREATION NUMBER = %f' | T);
%

% fprintf( STAGE \t TEMP.\t V');
%
fprintf(’

);

%

% for J=1:N,

% fprintf('%ft %\t %f\t',J,T(J),V(J));
% end;

% %
% % CALCULATION OF K-VALUES& ENTHALPIES FOR EACH STAGE
% %
% GOSUB 260
% %
% % CALCULATION OF CONCENTRATION PROFILES (Xi,j)
% %
% GOSUB 270

% % 'PRINT" "

% % 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,j)"
% % 'PRINT" "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT" "

% % 'FOR | =1TO NC: PRINT ; C$(l); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "#####" ; X(1, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

% % 'PRINT " -m-mmmmmm oo NORMALIZATION STEP "

% for J=1:N,

% S1=0;

% for | =1: NC,

% S1=S1+X(l,J);

% end;

% SUMX(J)=S1;

% fprintf(' SUMX(%g)=%f",J,SUM X(J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT "
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT
% % 'PRINT "
% for |l =1:NC;

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

%  X(I,J3)=X(,J)/ SUMX(J);

% 9% 'PRINT USING "#####" ; X(l, J); SPC(5);
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% end;

%  9%'PRINT
% end;

% % 'PRINT " !

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(i,j)"
% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT " "
% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,Jd)* X(l, J);

% % 'PRINT USING "#.#####" ; Y(1, J); SPC(5);

% end;

% %'PRINT

% end;

%

% for J=1:N,

% S1=0;

% forl =1:NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=S1,

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT" "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT "- "
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT" "
% for | =1: NC,

%  %'PRINT C¥(1); SPC(5);

% forJ=1:N,

% Y(,))=Y(,J)/SUMY(J);

%  %'PRINT USING "#####" ; Y(1, J); SPC(5);

% end;

% % 'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % khkhkhkhkhhkhkkhhkhkhkhkhkhkhdhdhdhdhdhdhdhdhhdhdhd*x*x

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1J,

% S=S+FM)-UM)-WM);
% end;

% ifJ==

% LJ)=S-V(Q);

% €else

% L) =V@+1)+S-V(D),
% end;
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% end;
%

% for 1 =1: N
% fprintf('L=%g',L(1));
% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
% for J=1:N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf( ;
% % ----m-mmmmememe THE NEW VAPOR FLOW RATE
% for J =
% S=
% for M
% S=
% end;
% VIJ)=L@-1)-L(N)+S

% if J==

% VQ)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf(’ )
% fprintf('Vi=\tv=\tL=");

% fprintf( 'h
% for J=1:N,

% fprintf('%f\t %f \t %f',Vi(J), V(J), L(J));

% end;

% %
% % ---------mmm-- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTESOF TRIDIAGONAL
MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %

F(M>-W<M) -uM);

% fprintf( '}
% fprintf( BEGAIN OF ENARGY BALANCE'};
% fprintf( 'h

%

% GOSUB 280
%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@J)=T(@J)+DT(@J);

% fprintf((STAGE = %f \t T NEW = %f",J,TN(J));
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% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TN@J)-T@Q)" 2

% end;

while ((RR >ER) && (IT <500))
fprintf('"\n ERROR = %f\t ITRATION NUMBER = %f ',RR,IT);
% 'INPUT RFD

fprlntf( \n*****************************‘

fprintfC(\nTHE ITRATION MUST BE RETURNED' );

fprlntf( \n*****************************')

IT=IT+1,;
for J=1:N,
T(J) =TNQ);
end;
step_15
end;
%% % %% GOSUB 290
%
fprintf("\n DIVERGEN ACCUR ");
fprintf('\n ;
%
% THE CONVEGENCE ACCURE
%
step 290
% % ((2))
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'Marker FaceColor','r',
% 'Marker Size',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'MarkerFaceColor','d ...
% '‘Marker Size' ,5)
%
% plot(Z,Y(;,2*N+3),'-*','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '"MarkerFaceColor','b',...
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% 'Marker Size' ,5)

%

% h =legend('j_1(2)','u(2)',\psi_o(2)',2);

%

%

% % title(J'At N =" ,num2str(N)," , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i="num2str(Epsail)])

% grid on

% xlabel('z")

% ylabel(")

f_time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);
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7. Computer Program Of Stripper System A Using PR-
EQOS:

dc
clear all

t111 = clock;

% @OQQE@EPEO@AQE@E@EO@AQA@@@E@@Q@ RIGOROUSMETHOD
C@eedeeeeeeeeeeeeeeeeley

% kkhkkkhkhkkkkhkhkhkhhhhkkhkhkhkhhhhkhkkhkhkhkhhhhhkhkhkhkhhhhkhkhkhkhkhhhhhkhkhkhkhhhkkhkhkhkhkhhhkkkkkhkkkx*x

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT

% MULTISTAGE STRIPPER PROBLEMESBY (SR) METHOD FOR CALCULATING
% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN

% kkkhkkkhkkhkhkkhhkhkhkhhkhhhkhhkhhkhhhkhhkhhhkhhkhhkhkhhkhhkhkhhkhhkhhkkhhkhhkkhhkhhkkhkkhkhkkhkkhkkkx**%
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC,N

NC =7

N =8;

SYf=0;

SXo=0;

Q = zeros(1,N);

X= zeros(NC,N);

%
O A RIGOROUS CAL CULATI ON #HHHAHHHHHHHHHHHHHHH
% F =zeros(1,N);

% W=F, U=F, SWV =F; SWL =F;

%

% Ti=zeros(1,N);

% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;

% pox=Ti;qox=Ti; TN=Ti; T=Ti; P=Ti; L =Ti; V=Ti;,

%

% MAS=zeros(N,N);

% MASL1=MAS, ENT = MAS;

%

% Yf=zeros(1,NC);

% Xo=Yf;, Lco=Yf; Vfc=Yf; RECF = Yf;

%

% Vc=zerosg(NC, N);

% Y =Vc, X=Vc, Z=Vc, Lc=Vc;

% ===========without define C$(NC)

DT = zeros(1,N+1);

%
X= zeros(NC,N);

% HVYo=zeros(1,NC);

% Prf=zros(1,NC);

% Trf=Prf; Pro=Prf; Tro=Prf; Ho=Prf;

% SSf=Prf; SSo=Prf; Sf =Prf; So=Prf; Mi =Prf; aR = Prf; bR = Prf;

% ACl=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

SRK FOR FEED
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% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

00 T SRK FOR EACH ST AGE #HHHHHHTHHHHHHHHHHHHHHHHT

Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX;ZL1=AX;

% HVVo=AX; HVLo=AX; HV =AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY =AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY = AX; SX = AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi = Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX = Ai; Pr =Ai; Tr = Ai;

O HHHHHHHHH I DERIVATIVES
% DAI =zeros(NC, N);

% DBi =DAIi; DBX = DAI; DBY = DAIi; DAX =DAIi; DAY = DAi; DHoi = DAI;
% DHVo=DAI; DSS=DAIi; DS=DA:I;

%

% Kij = zerog(NC,NC);

%

% DZzZV = zeros(1,N);

% DZL =DZV; DJIX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;

%
% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]

ER =1e-3*N;

Num = 30;

%

R =8314
Tref =0

Rb =4.6173;
% -
% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS
% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;|[]

%

Vf =15

Lo =68.1126;
Tf =500;

TO =450;

p =101325;
%
% STEP OF READING THE WET GASCOMPONENTS
%
% NC=7;

C_S=drvcat('C1,'C2,'C3,'C4, 'C5ail',steam’);
fprintf('\n');

for | = 1:NC,

fprintf(%s,C_S(1,:));
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end;
for J=1: N,

SWLIJ)=0;, SWV(@)=0;

if(J==1)

SWLJ)=1, SWV@I)=0;
end;
if J==N)

SWLJ)=0; SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0p ========= Page NoO. 1 ===========
for1 =1:N,

F(1)=0; W()=0: U(l)=0;
if (I == 1)

F()=Lo; W(1)=0; U(l) =0;
end;

if (I ==N)

F(1) = Vf; W(1) =0; U(1) = 0;
end;
end;

% " "
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf('\n ");

L co = [7.6045,4.03555,3.632,2.396111,1.896111,48.5527,0];

Vfc =1[0,0,0,0,0,0,15];

%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[1904 ,305.4 ,369.8 4252 469.7 658.2,647.3 1;

PC = [4600000,4880000,4250000,3800000,3370000,1820000,22120000 |;
ww = [.011,0.099 ,0.153 ,.199,.251 0575 ,.3477 ;

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FOR1=1TO2
% 'FORJ=1TONC
% 'IF1=JTHENKIj(,J)=0: GOTO 7
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% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij(": ;" ": J: ")=": Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15

AC1 = [ 1.925e+1, 5.409, -4.224, 9.487, -3.626,-9.328,3.224E +1];

AC2 = 5.213E-2 ,1.781E-1 ,3.063E-1 ,3.313E-1 ,4.873E-1 ,1.149,1.924E-3];

AC3=[1197E-5 -6.938E-5,-1.586E-4 ,-1.108E-4 ,-2.58E-4 ,-6.347E-4,1.055E-5];

AC4 =] -1.132E-8 ,8.713E-9,3.215E-8,-2.822E-9 ,5.305E-8 ,1.359E-7,-3.596E-9];

%
% READING THE ANTIONE CONSTANTS
%
A2 =[5.14135,452.974,2847.921,5.353418,414.488,4126.385,5.853654,394.4148,6739.22,7173.79
I
A3 =
[1742.638,5.383894,434.898,3371.084,5.741624,409.5179,4598.287,6.561135,292.574,389.4747];
%
% CALCULATION OF FEED'S CONCENTRATION (Xo,Yf)
%
for 1 =1: NC,
Xo(l) =Lco(l)/Lo;
Y f(I) = Vfc(l) / Vf;
end;
%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi j]
%
for 1 =1: NC,
forJ=1:N,
Z(1,J)=0;

ifJ==1
Z(1,J) = Xo(l);
end;

ifJ==N
Z(1,3J) =Y1();
end;

end;

end;

0 R —

% END OF READING
% kkhkkkkkkhkkhkkhkk%x

%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
% -
%% %% %% GOSUB 250
sep 250
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% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj,Lj,Tj)
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TC;
Ti(N) = Tf;
forl =1:N,
P() =p;
Vi(l) = Vf;
if(l~—=1)&& (I =N)
DT1 =(Ti(N) - Ti(1)) /(N - 1);
Ti(l) = DT1+Ti(l - 1);

end;

end;

forI=1: N,
V(1) = Vi(l);
T() =Ti();
end;

for Kf=1: N,
for If =1: NC,

X(If, Kf) = Xo(If);
Y (If, Kf) = YE(If);
end;
end;

IT=1,

%
%
step_15
%
%

% 15 REM %% % %% % % %% % %%%% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(I TREATION NUMBER = %f' | T);
%

fprintf(’

% fprintf( STAGE \t TEMP.\t V');
%
fprintf(’

)
%
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% for J=1: N,

%
%
%
%
%
%
%
%
%
%

fprintf('%ft %\t %f\t',J,T(J3),V(J));
end;

%
% CALCULATION OF K-VALUES& ENTHALPIESFOR EACH STAGE
%
GOSUB 260
%
% CALCULATION OF CONCENTRATION PROFILES (Xi )
%
GOSUB 270

% % 'PRINT " !
% % 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,j)"

% % 'PRINT "

%

% 'FOR K =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT " "
% % 'FOR | =1TO NC: PRINT ; C$(1); SPC(5);

%

% 'FORJ=1TON

% % 'PRINT USING " ####" ; X(1, J); SPC(5);
% % 'NEXT J: PRINT : NEXT |

%

PR =l =] V) —— NORMALIZATION STEP "

% for J=1: N,

%
%
%
%
%
%

S1=0;
for 1 =1: NC,
S1=S1+X(l,J);
end;
SUMX(J) =S1;
fprintf(' SUM X(% g)= %f',J,SUM X (J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT " "

%

% 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT" !

%
%
%
%
%
%
%
%

% % 'PRINT "

for 1 =1: NC;
%'PRINT C$(1); SPC(5);
forJ=1:N,
X(I,3)=X(l,J)/ SUMX(J);
%'PRINT USING "#####"; X(l, J); SPC(5);
end;
%'PRINT
end;

% % 'PRINT "THE VAPOR MOLE FRACTION BEFOR NORMALIZATIONISY(ij)"

% % 'PRINT "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT "

% for | =1: NC,

%
%
%
%

%'PRINT C$(l); SPC(5);
for J=1: N,
Y(,J)=Kel, J) * X(1, d);
% 'PRINT USING " ###1###" ; Y (I, J); SPC(5);
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% end;
% % 'PRINT

% end;

%

% for J=1:N,
% S1=0;

% for | =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=SL,

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT " "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT " !
% for | =1: NC,

%  %'PRINT C$(l); SPC(5);

% forJ=1:N,

% Y(,)=Y(,Jd)/SUMY(J);

%  %'PRINT USING "#####" ; Y (I, J); SPC(5);

% end;

% 9%'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % kkhkhkkkhhkkkhhkkhhkkhhkkhhkhkdhhkkhhkhhkdhhihkhix

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1],

% S=S+FM)-UM)-WM);
% end;

% ifJ==N

% L(J)=S-V();

% dse

% LA =V +1)+S-V(),;
% end;

% end;

%

% forl =1: N

% fprintf('L=%g',L(1));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
% for J=1: N,

% L(J)=L@Q)* SUMX(J);

% end;

% fprintf( ;
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% 9% -----------m-m-m-- THE NEW VAPOR FLOW RATE----------=-=----- -
% for J=1: N,

% S=0;

% for M =J: N,

% S=S+FM)-W(M)-UM);

% end;

% VJ)=LWU-1)-L(N)+S

% ifJ==

% V@I)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf(Vi=\tvV=\tL=");

% fprintf( %

% for J=1: N,

% fprintf('%f\t %f \t %f' ,Vi(J), V(J), LQ));

% end;

% %
% % --------------- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL
MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(T])
% %

% fprintf( 'h
% fprintf(' BEGAIN OF ENARGY BALANCE'};
% fprintf(’ 'h

%

% GOSUB 280
%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TNIJ)=TQ@Q)+DT(@J);

% fprintf((STAGE =%f \t T NEW =%f",J,TN(J));

% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TNJ)-TQ)" 2

% end;

while (RR > ER) && (IT <500))
fprintf(\n ERROR = %f\t ITRATION NUMBER = %f ', RR,|T);
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% 'INPUT RFD

fprintf('\n*****************************')-

fprintfC(\nTHE ITRATION MUST BE RETURNED");

fprintf('\n*****************************‘)-

IT=IT+1;

forJ=1:N,
T(J) =TNQ);
end;
step 15
end;
%% % % % GOSUB 290
%
fprintf("\n DIVERGEN ACCUR ");
fprintf('\n
%
% THE CONVEGENCE ACCURE
%
step 290
% % (D)
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'MarkerEdgeColor','k’,...
% '"Marker FaceColor','r',...
% 'MarkerSize',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'MarkerFaceColor','d',...
% 'Marker Size' ,5)
%
% plot(Z,Y (:,2*N+3),'-*' 'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '"Marker FaceColor','b',...
% 'Marker Size' ,5)
%
% h=legend('j_1(2)','u(2)',"\psi_o(2)',2);
%
%
% % title(]'At N =" ,num2str(N)," , \rho ="' nhum2str(ro),
% % "\psi_1 i="num2str(Epsail)])
% grid on
% xlabel('z")
% ylabel(*")

f_time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);
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8. ComputerProgram OF The Stripper System B Using
PR-EOS:

clc;
clear all

t111 = clock;

% @@QQOEEEEOOOEE@EQ@@E@E@@Q@ RIGOROUSMETHOD
C@@eeeeeeeeeceeeeeeeeele)

% kkkkhkkhkkkkkkhkhkhhkkkkkhkkhkhkhhhkkkhkkhkhkhhhhkkkkhkkhkhhhkhkkkkhkhkhhhkkkkkhkkhkhhkkkkkkkkkkkkkkkkk*x

% THISPROGRAMME ISUSED FOR EVALUATING THE PERFORMANCE OF
MULTICOMPONENT

% MULTISTAGE ABSORPTION PROBLEMESBY (SR) METHOD FOR
CALCULATING

% THE TEMPERATURE,FLOW RATE & CONCENTRATION PROFILES
THROUGHOUT THE COLUMN

% kkkhkkhkkhkhkkhhkkhkkhhkkhhhkkhhkhhkhhhkhhkhhhkhhkhhkhkhhkhhkhhhkhhkhdhhkhhkhhkkhhkhhkkhhkkhhkkhkkhkkk,x**%
% " THE NUMBER OF COMPONENTS & NUMBER OF STAGES'; NC, N

NC =9;

N =8;

SYf=0;

SXo=0;

Q = zeros(1,N);

X= zeros(NC,N);

%
O HiHHHHHHHHHHH T RIGOROUS CAL CULATI ON #HHHHHHHHHHHHHHHHH
% F =zeros(1,N);

% W=F, U=F, SWV =F;, SWL =F;

%

% Ti=zeros(1,N);

% Vi=Ti; Li=Ti; A=Ti; B=Ti;C=Ti;D=Ti;

% pox=Ti;qox=Ti; TN=Ti; T=Ti;P=Ti;L=Ti;V=Ti,

%

% MAS = zeros(N,N);

% MASL=MAS, ENT = MAS;

%

% Yf=zeros(1,NC);

% Xo=Yf;, Lco=Yf; Vfc=Yf;, RECF = Yf;

%

% Vc=zeros(NC, N);

% Y =Vc, X=Vc, Z=Vc, Lc=Vc;

% ===========without define C$(NC)

DT = zeros(1,N+1);

%
X= zeros(NC,N);

% HVYo=zeros(1,NC);

% Prf=2zros(1,NC);

% Trf=Prf; Pro=Prf, Tro=Prf; Ho=Prf;

% SSf =Prf; SSo=Prf; Sf =Prf; So=Prf; Mi =Prf; aR = Prf; bR = Prf;

% AC1l=Prf; AC2=Prf; AC3=Prf; AC4=Prf; A2=Prf; A3=Prf; Afi = Prf; Bfi = Prf;
% Aoi =Prf; Boi =Prf; HVYo=Prf; HVXo = Prf;

SRK FOR FEED
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% Afij = zeros(NC, NC);

% Aoij = zeros(NC, NC);

00 T SRK FOR EACH ST AGE #HHHHHHTHHHHHHHHHHHHHHHHT
Kij = zerog(NC,NC);

% AX =zeros(1,N);

% AY =AX; BX=AX; BY = AX;

% ZL =AX;ZV =AX; FV =AX; FL = AX; ZV1=AX;ZL1=AX;

% HVVo=AX; HVLo=AX; HV =AX; HL = AX; HVT = AX; HLT = AX;

% VV =AX; YVY =AX; VYV = AX; LL = AX; XLX = AX; LXL = AX;

% PC=AX; TC=AX;ww=AX; SY = AX; SX = AX;

%

% Ai=zerog(NC, N);

% Bi=Ai; S=Ai; Hoi = Ai;

% HVo=Ai; OL = Ai; OV = Ai; Ke=Ai; SS=Ai;

% YY =Ai; YYY = Ai; XX = Ai; XXX = Ai; Pr =Ai; Tr = Ai;

O HHHHHHHHH I DERIVATIVES

% DAI =zeros(NC, N);

% DBi =DAIi; DBX = DAI; DBY = DAIi; DAX =DAIi; DAY = DAi; DHoi = DAI;

% DHVo=DAI; DSS=DAIi; DS=DA:I;

%

% Kij = zerog(NC,NC);

%

% DZzZV = zeros(1,N);

% DZL =DZV; DJIX =DZV; DJJY =DZV;

% DHVVo=DZV; DHVLo=DZV; HLDT =DZV; HVDT =DZV;

% DYVY =DZV; DXLX =DzZV; DSY =DZV; DSX =DZV;

%

% THE STE OF READING MAX. ERROR(ER) ,MAX. NUMBER OF ITRATION;[Num]
ER =1e-3*N;

Num = 30;

%
R =8314
Tref =0

Rb =4.6173;

% -

% THE STE OF READING THE TEMRETAURE,FLOWRATES OF FEEDS

% [Vf,Lo,Tf,TO] & THE RESSUR OF THE COLUMN;|[]

%

Vi=7;

Lo =68.1125;
Tf =500;

TO =450;

p = 101325;

%

% STEP OF READING THE WET GASCOMPONENTS

%

% NC=09;

C_S=drvecat('CO2,'C1,'C2,'C3,"'iC4,'nC4','C6','ail', steam’);
fprintf('\n');

for | = 1:NC,

fprintf('%s,C_S(1,:));
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end;
for J=1: N,

SWLIJ)=0;, SWV(@)=0;

if(J==1)

SWLJ)=1, SWV@I)=0;
end;
if J==N)

SWLJ)=0; SwWVv(@l)=1;
end;
end;

%
% STEP OF READING Fj,Wj,Uj
%
0p ========= Page NoO. 1 ===========
for1 =1:N,

F(1)=0; W()=0: U(l)=0;
if (I == 1)

F()=Lo; W(1)=0; U(l) =0;
end;

if (I ==N)

F(1) = Vf; W(1) =0; U(1) = 0;
end;
end;

0% " "
% STEP OF READING THE COMP.FEED FLOWRATE ;(Vfc,Lco)
fprintf('\n Y;

Lco =[1.48,5.28,1.445,3.548,1.031,2.281,2.794,42.042,0];

Vfc =[0,0,0,0,0,0,0,0,7];

%
% STEP FOR READING CRITICAL PROPERTIES
%
TC =[304.1 ,190.4 ,305.4 ,369.8 ,408.2 4252 ,507.5 ,658.2,647.3 1;

PC = [7380000,4600000,4880000,4250000,3650000,3800000,3010000,1820000,22120000 ;
ww = [0.177,0,0.1064,0.1538,0.1825,0.1954,0.2972,0.575 ,.3477 |;

%
% STEP FOR READING INTERACTION COEFFICIENTS
%

% 'FORI=1TO2
% 'FORJ=1TONC
% 'IF1=JTHENKIj(,J)=0:GOTO 7
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% 'READ Kij(l, J)

% '7 REM

% 'PRINT "Kij(": ;" ": J: ")=": Kij(l, J)

% 'NEXT J, |

% 'DATA -.025,.02,.06,.08,.08,.08,.08,.08,.08,.08,.08

% 'DATA -.025,.12,.15,.15,.15,.15,.15,.15,.15,.15,.15

AC1=[ 1.98e+1, 1.925e+1, 5.400, -4.224, -1.39, 9.487, -4.413,-0.328,3.224E +1];

AC2=[7344E-2  5213E-2,1.781E-1,3.063E-1,3.847E-1 ,3.313E-1 5.82E-1 ,...
1.149 1.924E-3)];

AC3 =] -5.602E-5,1.197E-5,-6.938E-5 ,-1.586E-4 ,-1.846E-4 -1.108E-4 ,...
-3.119E-4 -6.347E-4,1.055E-5];

AC4=[1.715E-8 -1.132E-8,8.713E-9,3.215E-8 ,2.895E-8 ,-2.822E-9 ,...
6.494E-8 ,1.359E-7 ,-3.596E-9];

%
% READING THE ANTIONE CONSTANTS
%
A2 = 3521.259, 1742.638, 2847.921, 3371.084, 3870.419, 4126.385, 5085.758, 6739.22,,7173.79

]1

A3 =[455.869, 452.974 , 434.898 , 414.488 , 409.949 , 409.5179, 382.794 , 360.26,389.4747];
%
% CALCULATION OF FEED'S CONCENTRATION (Xo,Yf)
%
for I =1: NC,
Xo(l) =Lco(l)/Lo;
Yf(l) =Vfc(l) / Vf;
end;

%
% THE STEP OF READING THE CONCENRATION OF FEEDS;[Zi,j]
%

for 1 =1: NC,
forJ=1:N,
Z(1,J)=0;
if J==
Z(1,J) = Xo(l);
end;
if J==
Z(1,J) =Y1();
end;
end;
end;

S
% END OF READING
% *kkkhkkhkkhkkhkkhkhkhkk*k

%
% THE STEP OF CALCULATION THE ENTHALPIES OF FEEDS (HFi)
%
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% % % % % % GOSUB 250
sep 250
% REM
% REM STEP OF INITIAL ASSUMTION OF VAPOR,LIQUID AND TEMPETAURE
PROFILES
% REM (Vj.Lj,T))
% REM
% REM INTITIAL TERMINAL OF TEMP.& FLOW RATESFROM SHORT- CUT
METHOD IS:-
% REM
Ti() =TC;
Ti(N) = Tf;
forl =1:N,
P() =p;
Vi(l) = Vf;
if(l=1)&& (I =N)
DT1 =(Ti(N) - Ti(2))/ (N - 1);
Ti(l) = DT1+Ti(l - 1);
end;

end;

forI=1:N,
V(1) = Vi();
T() = Ti(1);
end;

for Kf=1: N,

for If =1: NC,
X(If, Kf) = Xo(lf);
Y (If, Kf) = Y{(I);

end;

end;

IT=1,

%
%
step_15
%
%

% 15 REM %% % % %% %% %%%% %% BEGINING OF ITREATION PROCEDURE
% % % % % % % % % % % % % % %

% % REM
% fprintf(I TREATION NUMBER = %f' | T);
%

fprintf(’

% fprintf(STAGE \t TEMP.\t V')
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%

fprintf(’

);

%

% for J=1: N,

% fprintf('%ft %f\t %f\t',J,T(J),V(J));
% end;

%
%
%
%
%
%
%
%

%
% CALCULATION OF K-VALUES & ENTHALPIESFOR EACH STAGE
%
GOSUB 260
%
% CALCULATION OF CONCENTRATION PROFILES (Xi,j)
%
GOSUB 270

% % 'PRINT " "

% % 'PRINT " THE CONCENTRATION PROFILES of ALL COPONENTS; X(i,j)"
% % 'PRINT " "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT " "

% % 'FORI|=1TONC: PRINT ; C%(l); SPC(5);

% % 'FORJ=1TON

% % 'PRINT USING "#####" ; X(l, J); SPC(5);

% % 'NEXT J: PRINT : NEXT |

% % 'PRINT " -m-m-mmmmemeeeee NORMALIZATION STEP "
% for J=1: N,

%
%
%
%
%
%

S1=0;
for 1 =1: NC,
S1=S1+X(l,J);
end;
SUMX(J) = S1;
fprintf(' SUM X (% g)= %f',J,SUM X(J));

% end;

% % 'INPUT FG

% % 'PRINT "THE CONCENTRATION PROFILESOF ALL COMP. AFTER
NORMALIZATION X(i, j)"

% % 'PRINT" !

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K: PRINT

% % 'PRINT"

%
%
%
%
%
%
%
%

% % 'PRINT "

for 1 =1: NC;
%'PRINT C$(l); SPC(5);
for J=1:N,

X(1,J)=X(l,J)/ SUMX(J);

%'PRINT USING " #######" ; X(l, J); SPC(5);
end;

%'PRINT
end;

% % 'PRINT "THE VAPOR MOLE FRACTION BEFORNORMALIZATIONISY(ij)"

% % 'PRINT "

% % 'FORK =1TO N: PRINT SPC(8); K; : NEXT K

% % 'PRINT "

% for | =1:NC,
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%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y(,J)=Kel,J)* X(l, J);

% % 'PRINT USING "#.######" ; Y(1, J); SPC(5);

% end;

% %'PRINT

% end;

%

% for J=1:N,

% S1=0;

% for | =1: NC,

% S1=S1+Y(l,J);

% end;

% SUMY(J)=SI;

% fprintf(SUMY =%f', SUMY(J));

% end;

% % 'PRINT " "
% % 'PRINT "THE Y(i,j)) AFTER NORMALIZATION IS:-"

% % 'PRINT " !
% % 'FORK =1TO N: PRINT SPC(9); K; : NEXT K

% % 'PRINT " !
% for | =1: NC,

%  %'PRINT C%(1); SPC(5);

% forJ=1:N,

% Y({,3)=Y(,Jd)/SUMY(J);

% 9% 'PRINT USING "#####" ; Y (1, J); SPC(5);

% end;

% 9%'PRINT

% end;

% %
% % THE END OF NORMALIZATION STEP
% % Ahkhkhkhkhhkhkhhkkhkhkhkhkhddddhddddhdkdkdxdd*x%x

% % ESTIMATING LIQUID FLOWRATE

% %
% forJ=1:N,

% S=0;

% forM=1:1],

% S=S+FM)-UM)-WM);
% end;

% ifJ==N

% LJ)=S-V(Q);

% €else

% LA) =V +1)+S-V(Q);
% end;

% end;

%

% forl=1:N

% fprintf(L=%g',L(l));

% end;

% %
% % ESTMATION OF THE NEW LIQUID FLOW RATESBY THE SUM-RATE
RELATION

% %
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% for J=1: N,

% L(J)=LQ)* SUMX(J);

% end;

% fprintf(’ ;
% % ----m-mmmmemeeee THE NEW VAPOR FLOW RATE
% for J=1: N,

% S=0;

% for M =J:N,

% S=S+FM)-WM) -UM);

% end;

% VJ)=LU-1)-L(N)+S

% if J==

% V@I)=-L(N)+S;

% end;

% end;

%

%

% fprintf( THE NEW LIQ.AND VAP. FLOW RATE');

% fprintf( );

% fprintf(Vi=\tvV=\tL=");

% fprintf( %
% for J=1:N,

% fprintf('%f\t %f \t %f' ,Vi(J), V(J), LQ));

% end;

% %
% % ---m-mmmmme- BEGAIN OF ENARGY BALANCE
% % THE STEP OF CALCULATION OF THE COEFFICIENTES OF TRIDIAGONAL

MATRIX

% % THISMATRIX AISO KNOWN ASJACOBIAN MATRIX

% % THISSTEP CONTIANSTHE SOLUTION OF THISMATRIX BY

% % GSUSSMETHOD FOR OBTAINING THE NEW TEMPERATURE PROFILES(Tj)
% %

% fprintf( 'h
% fprintf(' BEGAIN OF ENARGY BALANCE'};
% fprintf( By

%

% GOSUB 280
%

% %
% % CALCULATION OF NEW TEMPERATURE (TNj)
% %
% for J=1: N,

% TN@Q)=T@)+DTQ);

% fprintf('STAGE =%f \t T NEW = %f",JTN(J));

% end;

% %

% % CONVERGENCE CHECK STEPS
% %

% RR=0;

% S2=0;

% S3=0;

% for J=1: N,

% RR=RR+(TN@)- TQ) " 2
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% end;

while (RR > ER) && (IT <500))
fprintf(\n ERROR =%f\t ITRATION NUMBER = %f ' RR,IT);
% 'INPUT RFD

fprintf('\n*****************************‘)-

fprintfC(\nTHE ITRATION MUST BE RETURNED");

fprintf('\n*****************************‘)-

IT=IT+1,;
for J=1:N,
T(J) = TNQ);
end;
step 15
end;
%% % % % GOSUB 290
%
fprintf("\n DIVERGEN ACCUR ");
fprintf('\n Y;
%
% THE CONVEGENCE ACCURE
%
sep 290
% % ((2)
% plot(Z,Y(:,1),'-bs,'LineWidth',1,...
% 'Marker EdgeColor','k’,...
% '"MarkerFaceColor','r',...
% 'MarkerSize',3)
% hold,
%
% plot(Z,Y(:,2*N+2),'-d','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'MarkerFaceColor','d',...
% 'Marker Size',5)
%
% plot(Z,Y(:,2*N+3),'-*','LineWidth',1,...
% 'Marker EdgeColor','k’,...
% 'Marker FaceColor','b',...
% '‘Marker Size' ,5)
%
% h=legend('j_1(2)','u(2)',"\psi_o(2)',2);
%
%
% % title(]'At N =" ,num2str(N),' , \rho =",num2str(ro), ' , C_i =',num2str(Cc),...
% % "\psi_1 i=",num2sr(Epsail)])
% grid on
% xlabel('z")
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% ylabel (")

f time=etime(clock,t111);
fprintf(\nThefinal timeis=%f second',f_time);
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Appendix

Figuresof results obtained in chapter four:
For absorber system B and C.
For stripper system B.

For absor ption —stripping network system B.
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Fig (27) Effect of change operating pressure of the absorber on the vapor,
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