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1.0  CHEMICAL PLANT SIMULATION

Digital simulation is becoming an accepted tool for studying the interactions
among individual pieces of equipment, or groups of equipment, in o chemical plant.

A simulation can be used both to evaluate alternate proposals suggested to improve the
operation of an existing plant, or to evaluate a proposed plant design. Based on criteria
involving cost and technical feasibility, many proposals and alternate operations can

be readily evaluated once the simulation has developed.

The steady-state simulation of a chemical or a petroleum plant is complicated
by two factors. First, many of the processing units that must be described are
mathematically complex and may also be highly non=linear. Secondly, recycle streams
exist in many chemical processing plants. The description of the feed (flow and
thermodynamic state) to a processing unif such as a reactor or a separation unit, depends
not only on the operation of the equipment preceeding the unit, but also on the
performance of the unit itself, and on following units because of recycle. Thus, the
steady-~state solution must be obtained usually by an iterative calculation of the
mathematical models used to describe the process. Hand calculations of the tedious, |
repetitive, non-linear models required to describe a process could lead to exhorbitant

expenditure of manual labour with a high probability of error.

1.1 The "PACER" and "MACSIM" Simulation Executives

The executive routine used in this simulation controls the storing and transfer

of information, and the execution of the various mathematical models used in a study.



The PACER (Process Assembly Case Evaluator Routine) executive was written by

(M2) 110 MACSIM (McMaster Simulator

Professor P.T. Shannon and H. Mosler
System) is a modified version of PACER developed by the Department of Chemical
Engineering at McMaster University. A detailed description of the MACSIM

(€2)

executive can be found in Chapters 2, 3 and 4 of reference The executive
can only deal with the steady=-state behaviour of a process. No process computations
are performed by the executive program; it only transfers information from one model
to the next in a logical prescribed sequence. Thus mathematical models are written
to describe the various units making up the process. Not all process equipment need
be modeled. The relative importance of the various units, and its effect on the
questions to be answered, determine whether it is simulated, and the level of
sdphisticoﬁon of the simulation that is required.

The MACSIM simulation system is based on the concept of modularity. The
executive program conirols the execution of the modules which are mathematical
models representing pieces of equipment in the overall simulation. The basic premise
upon which the mathematical models are formulated is as follows: all input information
to a module (feed and operating parameters) is known; the module is required to calculate
and to specify the output information. Modules can be easily added, improved or
removed. Thus, the description of one equipment in the plant can easily be altered
or improved by changing only the particular module.

The executive program requires an analog of a plant flow sheet called the

"information flow diagram". The information flow diagram informs the executive of



the structure of the process to be studied. That is to say, the information flow diagram
indicates the modules (mathematical models) used to represent the processing equipment,
process controllers, simulation optimizers and controllers, and the connecting streams
through which information is passed from module to module. Thus, just as a plant is @
set of equipments with connecting pipes carrying material, the simulation is a set of
modules described by mathematical models connected by streams transferring information.
In most cases, the modules and the lines of information flow in the simulation correspond
to processing equipment and process streams in the plant. However, there need not be,
and frequently there is not, a one-fo-one correspondence between simulation modules
and processing equipment, and lines of information flow ond process streams.

1.2 Objectives of the Present Study

During the past decade there has been an increasing use of digital computers in
the steady state simulation of chemical processes. This is manifested by the ever
increasing number of chemical industries which are forming separate simulation groups
to work with research teams, designers and plant operators to improve the efficiency
of the total technical team and to optimize present and future processes.

Experience and proficiency in simulation has been shown to be expensive to
obtain, both in the cost of highly technical personnel and in computer time. |t
therefore becomes imperative that the effectiveness and the efficiency of these
simulation teams must be improved by providing general and specific guidelines in
the practice of simulation, just as these guidelines have been developed for design
teams over the past fifty years. Hence one of the main objectives of this investigation

is fo review one of our previous simulation studies and to delineate the shortcomings
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and mistakes in this work, to generalize some of the developed procedure and to
make recommendations concerning future programs.

This "know=how" has been generated by pufting. the simulation to work.
That is, the simulation has been used to invesi‘iéate changes in operating conditions,
process layout, equipment size, feed purity etc. To measure the correct response
to these changes, the economics of the process are required. For a complete
economic evaluation, a sensitivity analysis should be included to ascertain the
relative importance of each element of the total set of input information to the

simulation. In this way the maximum knowledge of the process can be obtained.



2.0 DEVELOPMENT OF THE SIMULATION

The simulation of the Alkylation unit within Shell Canada's refinery, located
at Bronte, Ontario, will be used to demonstrate some of the generai principles of
simulation and how a simulation may be used as an aid in directing future operations
and,//or programmes. The Alkylation plant is an ideal one to use for this purpose
since it is fairly large, complex and the units within it are highly interactiva.

in this chapter, a general description of the plant will be presented together
with the development of the information flow diagram from the general process flowsheet.
In later chapters, the evolution of the various models and the total simulation is
presented to demonstrate the requirements and pitfalls within any given simulation.
Specifically this presentation concentrates on the philosophy associated with the
formulation of the models required for any given level of simulation. Many factors,
such as the end use of the simulation (i.e. questions to be answered), the relative
importance of the model and the state of total knowledge, must be evaluated, if the
equipment is to be described effectively and the model is fo be used efficientily
within the computer. Since several leveis of sophistication may exist for any given
model, the justification for each must be evaluated.

Some of the experiences with these aspects of simulation and the philosophy
related to model formation have been generalized in the discussion of the models that

are presented in this chapter of the thesis.

-5-



2.1 Description of the Alkylation Unit

Alkylates are used to improve the octane rating of motor gasoline. The
alkylates are produced from the reaction of propylene and butylenes with an excess
of isobutane in the presence of sulphuric acid which acts as a catalyst. The excess
isobutane must be separated from the product alkylate, combined with fresh olefin and
isobutane feed, and recycled back to the reactor. The olefin and isobutane feed
streams are not pure and the propane and butane, which are the main impurities
would add to the recycle volume, and are therefore removed as byproducts. Thus
the plant has three product streams: alkylate, propane and butane. The description
which follows relates to the present operation of the unit.

The flow sheet of the alkylation unit can be broken into three sections, as
shown in Figures 2.1(a), 2.1() and 2.1(c). The first section is the reactor and the
initial separator circuit, and it is followed by the depropanizer and deisobutanizer
circuits, removing propane and butane plus alkylate.

2.1.1 Reactor and Separator Circuit

The organic feed to the reactor, is a combination of fwo recycle streams, one
from each of the columns, and an olefin-rich, plus an isobutane=rich feed stream.
This combined reactor feed first passes through ¢ coalescer to remove water. |t is
then fed to the Stratco reactor, along with an equal volume of suiphu-ic acid. The
Stratco reactor is a large horizontal shell containing cooling coils to remove most of
the heat of reaction, and an impeller. The emulsion that is formed is acid continuous.

If the acid strength is above 89%, and the temperature is between 45°F and
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55°F, desirable alkylate is produced, and undesirable side reactions are minimized.
The reaction rate of the olefins with the isobutane is very high, and as a resuit, no
olefins leave the reactor. The production of alkylate in the reactor is controlled by
its ability to remove the heat of reaction and maintain the temperature at the
desired level. The propane and butane fed to the reactor are'inerts. The emulsion
of acid, alkylates, propane, butane, and isobutane leaves the reactor at high
pressure (ca. 80 p.s.i.g.) and enters an acid-emulsion settler.

In the acid~emulsion seftler, shown above in the reactor in Figure 2.1(a),
fHe acid and organic phases are separated. The acid is recycled to the reactor.
Before entering the reactor, some of the acid is bled off and fresh acid added; this
compensates for the dilution of the acid catalyst by water from the organic feed, and
the "acid oil " produced by side reactions. The organic phase from the settler is
passed through a throttling valve and then through the reactor heat exchanger coils,
where it removes some of the heat of reaction. From the reactor coils, the flow
enters a flash drum called the product separator.

The product separator splits the organic reactor effluent. The cverhead
vapor is mainly propane,isobutane and butane, and is the depropanizer feed.

The remaining liquid contains alkylate, butane, isobutane and some propane, and is
the feed for the deisobutanizer column. Additional heat may be added to the
product separator to change the relative amounts of vapor and liquid from this
separator.  The bottoms recycle from the depropanizer, which has already been

partially cooled to about 80°F, is further cooled in the product separator heat



exchanger coils before entering the reactor. In this way, an additional heat ioad is
supplied to the product separator.

The product separator pressure is used to control the vapor flow. The vapor
is compressed in a three~stage centrifugal compressor, and then condensed. If the
condensers cannot liquify the total flow, the product separator pressure is raised above
the base level to reduce the load on the condensers.

2.1.2 Depropanizer Circuit

The liquified vapor flow from the product separator is pumped under high
pressure to the depropanizer (DeC3) circuit as shown in Figure 2.1(b). Any entrained
acid and water is removed by caustic washers and water settlers. The feed passes
through a bottom=to-feed heat exchanger, a steam heater, where any desired temperature
is obtained, and then into the depropanizer. The overhead is a high-purity propane
stream that is sold as LPG. The underflow is partially cooled and then passes through
the product separator heat exchanger coils. This stream contains only a few percent
propane.

2.1.3 Deisobutanizer Circuit

The liquid flowing from the product separator is fed to the deiscbutanizer (DIB)
circuit. Entrained water and acid are removed in a caustic wash and coalescer train as
shown in Figure 2.1(c). The column feed quality is adjusted in a bottoms-to-feed
exchanger. The reboiler is gas fired. The bottoms flow is the produc: alkylate, and
the vapor side draw is a butane=rich product. The distillate flow contains butane, most

of the isobutane, and propane. This stream is recycled back to the reactor.
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2.2 Construction of Information Flow Diagram

An information flow diagram is required for the MACSIM simulation system.

The information flow diagram describes the transfer of information (stream composition
and thermodynamic variables), from model to model, just as the piping transfers fluid
from equipment to equipment in the actual plant. The plant flow sheet, as discussed

in Section 2.1, must be thoroughly understood before an information flow diagram is

generated.

The models in the information flow diagram describe plant operations or plant
equipment. There need not be a one-to~one correspondence between equipment on
the flow sheet, and the modules of the information flow diagram. Modules may be
required at mixing points, or to describe the acid make-up, where no such equipment
actually exists in the plant. Conversely, it may be decided to group several equipments,
such as the deisobutanizer column, the condensers, the reboiler, and the reflux coalescer
into one module.

The full description of the plant equipment, and its operation will be presented
in Section 2.3 along with the detailed presentation of each model, and the philosophy
of its development. This section will only demonstrate the conversion of a flow sheet into
an information flow diagram, and its description. .. fine points, such as why some
pieces of equipment were grouped into one module, will be presented with the detailed
description of that module.

The information flow diagram for the alkylation study is shown in Figure 2.2.
First consider the reactor area. Module 3 describes the reactor and the flash coils,

while moduie 4 represents the acid settler. Also, modules 14 and 11 are required to
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describe the feed coalescer, and the acid make-up operation. Medule 18 is o mixer
that aliows the entry of a feed stream into the system.

The product separator and the vapor control loop is important. Module 5
describes the product separator and the internal heat exchanger coils. Module 8
represents a line pressure drop, the centrifugal compressor, and the vapor condensers.
Module 9 describes the pressure control loop, and 10 is the high pressure pump.
Module 32 is a dummy model of the product separator that is used in the recycle loop
to reduce calculation time, and will be explained in Section 2.3.4.

Next the depropanizer circuit must be converted. Modules 16, 17 and 25 are
needed to describe the acid wash, the water wash, and the coalescer. Module 29
is the bottoms to feed exchanger, and 23 is the steam heater for the feed. The
depropanizer, as well as the reboiler and the condenser are combined to form module
12. The depropanizer bottoms recycle is cooled in module 28 before entering the
product separator coils.

The deisobutanizer feed leaves the product separator as a liquid. It is pumped
by module 26 to a process heat exchanger 30, where it cools part of the reactor feed,
and is then steam heated in module 33. Before this stream is fed to the deisobutanizer
it is caustic washed, water washed and coalesced in modules 19, 20 and 21, and then
heated in module 22. Module 2, the deisobutanizer, represents the column, the
reboiler, the bottoms-to-feed exchanger, the reflux coalescer, as well as the overhead
condenser and the side~draw condenser. Modules 34 and 35 represent coolers for the

product alkylate and butane.
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Modules 13, 24 and 31 are mixers for the combination of the recycle and feed
streams to the reactor. Module 1 is used to read in a physical property package.
Module 15 does the final cost summing and reports the cost, as well as the values of
some important parametfers from the solution of case being studied. Module 36 is a
special control module for the isobutane feed, and its function will be explained in
Section 3.3.

Now each of the modules of the information flow sheet must be developed.
The reader will be presented with the basic philosophy of model building, and its
application, as each of the widely different modules are formulated.

2.3 Development and Description of Models

Large plant simulation is used to study the interaction of equipment rather than
the isolated performance of a single piece of equipment for a fixed feed. The aims of a
simulation study are stated in the questions to be asked. The development of a model
will depend on the questions to be answered by the simulation, and how the equipment
it describes, contributes to the answering of the questions. "How important is the
model to the simulation, and to the questions to be answered?", is the dominant
criteria used for developing an individual model.

in the final analysis, the state of knowledge of the phenomena occurring in
any equipment may determine the final formulation of the model, although the
desired level of sophistication may be defined by criteria relafing to the end use of
the simulation. The state of knowledge is defined by plant operating experience, and
by the information available in the literature, including physical properties and

equilibrium data.



The application of simple models in a total simulation is an important first-step
in any development of an overall plant model. Simulation studies answer questions
about the interaction of equipment. Initial studies with simple models are essential
in determining the extent to which various models influence the answers to the questions
asked. 1t is often found that the relative importance of a given model only becomes
apparent after the interaction of all units has been studied. Those models which have
been suggested to be important in the initial study should then be described in as much
detail as possible; otherwise the accuracy of the simulation is dictated by the accuracy
of these models.

2.3.1 Stratco Reactor

Even without a preliminary simulation, it is obvious that the reactor model is
the most important. The octane rating of the alkylate, and thus its dollar value,
depends on the amount of each of the alkylate isomers produced in the reactor.

The Stratco reactor is a horizontal shell operated at about 80 p.s.i.a., and
contains cooling coils and an impeller. The organic feed is a combination of C3
and C4 olefins and normal paraffins, isobutane, and some pentanes. The second
feed is an equal volume of acid. The impeller circulates the acid-continuous emulsion
around the cooling coils to remove the heat of reaction. The reactor effluent is
settled; the organic phase is passed through a throttling valve, and vaporized further
in the cooling coils of the reactor. Most of the acid phase is recycled to the reactor.

The reaction mechanism is very complex, and the quality of the alkylate
produced is offected by many variables. Past reactor operation, and observations

(J1,A1,P1,C1,P2)

reported in the literature , point to the following variables



affecting reactor operation and alkylate quality:
1. High isobutane-to-olefin ratios promote the production of
desirable alkylate.
2. Higher acid strengths, result in higher alkylate quality.
3. Reactor temperatures below 45°F produce too high a viscosity
with the ensuing excessive mixing power requirements. On
the other hand, increasing temperatures dbove about 55°F
results in poor alkylate quality, and increased acid dilution
from side reactions.
4. Increased mixing improves alkylate quality.
5. Lower olefin space velocity results in higher alkylate quality.
To describe the kinetics of the reaction, many sets of equations have been proposed.
A partial set of some of the possible reactions were proposed by Crowe, Sutton and

(

. R M1 .y .
Gleave during an initial reactor study ), but it is noted that the reactions for the

polymerization of propene, and the reactions of normal butene are not included.

(i) iC + iC

ey C

) iC, : .

@ ¢g + iC, —— c,,
@) G + G . Gt C
W) Gy — g+ G
{v) c, c;' . C,
vi) ic, 3(:2 ¢, . o
(vii) iC, o G,
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(viii) C, + C — C

(ix) iCy + C8 — 2C
This list must also be extended when the various isomers of C7, and greater, produc‘r§
are considered.

Our ability to describe the performance of an alkylation reactor is still quite
limited. The reactor operation in the plant is guided by the aforementioned five
variables that aoffect, in some way, the quality of alkylate produced. Four levels of
sophistication of reactor modeling will be discussed.

The first level is a simple setter model, based on the normal operating
conditions. The amounis of each isomer produced is calculated from the flowrate of
olefin feed times a constant factor. No account is taken of the effect of the reactor
temperature. The second level of sophistication is based on a set of possible reactions
and one set of input-output plant reactor data. The extent of conversion for each of
the proposed reactions was obtained using linear programrﬁing. The third level of
sophistication is the one used in 1‘he‘presen’r study. The reactor femperature was not
calculated from a heat balance, but was set, based on plant operating experience,
at a constant value above the feed temperature. Average data for the reactor operation
under twenty~one distinctly different operafing conditions were used in a linear
regression analysis to relate output flows of each component to input flows. Higher
level models would include a description of the heat transfer rate in the coils, and/or
kinetic expressions fo describe the reaction rate within the required flow and temperature

ranges.



Lovel -1, sTirolMD)

The level=1 model is based on general reactor operating conditions. Variables
such as acid strength, stirring rate, reactor temperature, and isobutane-to=~olefin
ratio are not considered. All olefins are assumed to react completely, and the
amount of each C7 and C8 isomer produced, is a constant times the propene and butene
feed rates respectively. The amount of pentane, C9 and C9+ produced is a constant.
One mole of isobutane is assumed to react with one mole of olefin. The reactor
temperature is set at a reasonable value, and a heat balance calculates the amount of
heat that the heating coils would have to remove.

This model is very satisfactory for initial interaction studies, particularly
when applied over a small range of feed compositions. This model will err in the
prediction of the amount of each alkylate isomer produced as the feed deviates from
that used to establish it.

Level-2, REACTTMD)

The level~2 model is similar to the level=1 model, except that the amount of
each isomer produced is calculated from a set of rate equations. A likely set of
reactions was chosen from the Iiterature(A] ) Linear programming techniques were
used with these equations to choose the best set of rate constants to fit a set of input
-oufput analysis for the reactor.

This was found to be only slightly better than "STIRO1" since there was loss
of accuracy when the feed rates deviated from the conditions under which the constants
were derived. Again, the effect of temperature is not considered. A far more

powerful model could have been developed using this formulation if a number of sets
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of reactor operating conditions and flows had been available at the time.

Level-3, REAC25

This is the model that is presently used in the simulation study. During the

summer of 1967, a set of 21 data points describing the reactor feed, effluent and

(F1)

operation was collected A reactor model could now be developed that was

applicable over a wider range of feed flows and compositions. The model would
still suffer from the lack of knowledge concerning the fundamental mechanism

involved.

The outlet flow of the C. and greater components could be predicted knowing

5

the reactor temperature, and the inlet flow rate of the C3, C4, and C5 components.
The 21 sets of data points were regressed to give an equation of the form:

Iso-Octane = Cl + C2+Propane + C3*Propene
+C4*|sobutane + C5*N-Butane
+C6*|-Butene + C7*N~Butene
+C8*|-Pentane + C?*Temperature

(2A)

where the chemical names represent the flow of that component in pound moles per hour.
A set of constants is calculated for each of the products.

The reactor temperature was found to be 8°F above the feed temperature for
a very wide range of operating conditions and feed temperatures. This was used to
set the reactor temperature, and then a heat balance was performed to calculate the
heat to be removed in the reactor coils.

The isobutane usage is calculated from plant factors times the feed of each
oiefin. The production of alkyl sulphate, assumed to be the acid diluent other than

water, is calculated as a function of acid strength, temperature, and isobutane~to-
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olefin ratio. The olefins are assumed to be completely reacted. The propane and
butane are assumed to be inert.

The model performs well over a range of feed concentrations. It does include
the effect of temperature, and indirectly, the effect of isobutane-to-olefin ratio.

The effects of acid strength and mixing, two very important variables, are not included
since the 21 sets of data points did not include measurements of these variables.

There are several changes that should be made to the present model. First,
since propane and butane are both inerts, the effect of their feed flows should be
combined, and not included separately.  Second, there should be some estimate of
the effect of the acid strength, even if it is a simple linear relationship.  Also, some
higher power terms, perhaps of the isobutane, should be included. More significance
should be given to forms of the correlation equations that reflect the state of knowledge
(theoretical or operational), rather than arbitrary linear forms that include all the
measured variables.

Higher Level Models

Before a higher level model is developed, the effort to develop the model
must be justified, based on the additional questions the new model will answer in
the overall simulation study. Future reactor models, allowing extrapolation with
confidence to feed conditions and operating parameters well outside the present
limits, involve two areas of description: the reaction kinetics and/or the heat
transfer |
(i)  The kinetics, which at present are not completely understood, and mass

transfer with chemical reaction could be described by fundamental equations.

Activation energies would have to be incorporated in the kinetic rate constants so
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that extrapolation to other temperature conditions would be possible.
Moreover, the degree of stirring, which effects the mass transfer, the
heat tfcnsfer, and the heat generated by viscous dissipation would have to
be included. Also, acid activity would have to be included in the rate
expressions.
(ii) By describing the heat transfer phenomena in the exchanger coils, a better
prediction of the reactor temperature would be available for a kinetic
model. Moreover, changes in operating conditions, or the addition of
equipment could be evaluated. For example, the effect of placing a freon
chiller to cool the hydrocarbon before it entered the exchanger coils could
be evaluated. Similarly, some of the hydrocarbon could bypass the exchanger.
This would allow a lower pressure in the coils, thus producing a greater temperature
difference over the reactor coils, and hence, greater heat transfer. The
description of the heat transfer would require an extremely complicated
description of two-phase flow and boiling heat transfer. Such a description
would involve a large commitment of time.
2.3.3 Depropanizer
The depropanizer feed is the overhead from the product separator. The vapor
is condensed, caustic and water washed, and the water is removed in a colescer before
enfering the distillation column. The feed is mainly isobutane, butane and propane,
with small amounts of propene and penianes. The cclumn operating ot about

280 p.s.i.a, has 37 Koch Flexitrays, with the feed tray being 19 from the top.



The reboiler is steam heated.

The depropanizer has two purposes:

1) To remove propane from the system, so as to reduce the recycle

volume fo the reactor.

2)  To produce a high purity propane product.

In actual plant operation, the depropanizer is controlled so as to maintain the propane
conceniration in the bottoms flow below a maximum allowadble level fo minimize the
recycle back fo the reactor. To achieve this conirol, the column is run ot maximum
condenser capacity. In plant operation, when the bottoms purity specification is
obtained, the additional condenser capacity is used to produce an LPG distillate
product of highest purity (normally greater than 95% propane).

Several distinctly different models were developed to describe the depropanizer.
Initially, a linear splitter model was used in which the fraction of each component in
the feed leaving in the overhead was specified. This model was used to study the
interaction of the column with other units in the initial simulation studies. The final

F2)

model, which is discussed below, was based on the Fenske equaﬁons( , and the

Gilliland plot(G] ). The Petryschuk model(PB) ., based on the relaxation technique as
- (B1) (M1)

originally suggested by Ball , was adapted to the MACSIM system to study the

(M3)

depropanizer. Later, Brown and Williams developed a correlation model based
on the response of the Petryshuk model to changes in feed composition, reflux ratio
and draw=-off rate. It had been hoped that this model would retain the accuracy of

the sophisticated Petryschuk model, while requiring less storage space and execution

fime.
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Modeling the depropanizer, which is a relatively simple column to describe,
points out one of the basic rules of equipment modeling: "The model must be
constructed to act, and to react, in the same way that the actual plant equipment
would act and react.” This implies that a detailed knowledge of the control or
operating procedures must be built into any model. It will be shown that a column
model based on the bottoms purity control, and using a simple distiliation technique,
reacis far more realistically in this instance than a comprehensive model based on

classical distiliation parameters such as product-to~feed ratio, and reflux ratio.

Earlier Models

The Petryschuk plate-to-plate model(PB) was used to replace the simple
splitter model in earlier studies of the depropanizer. Several of the problems
encountered were:

(i) Excessive execution time required per loop (five minutes on |BM 7040).

(ii) Excessive storage required.

(iii)  The model would not respond to changes in the propane content of the
feed in the same way the plant column did, since the reflux ratio

and the product flow rates had to be specified.

The model did, however, very accurately describe the column operation for a
specified feed and operatfing conditions.

In an attempt to reduce the execution time and the program storage required,

(M3)

a correlation modef, DCORO1 was developed The Petryschuk program was
used to generate a set of outlet flows for a given set of feed compositions, reflux ratios,

and product-to-feed ratios. This set of predicted output compositions was regressed
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against the feed composition, and the operating parameters. The constants obtained
from the regression analysis were used to develop a correlation depropanizer model.
The model was much faster and required less computer storage space than the
Petryschuk model. It still,however, required that the reflux ratio be known; more
seriously, it would not respond to feed composition changes in the same way that the
controlled piant column would. Also, the range of feed and operating parameters
used to develop the model were not wide enough, and the feed to the model in later
studies on the whole plant was often outside the range of the model.

Final Model, DEPRP2

(F2)

The Frenske equations' “’, as indicated below, were used to calculate the

minimum reflux ratio, and the component distribution in the product.

XD (- XB)

log m = NlOg a (ZB)

where XD and XB are the mole fractions of a component in the distillate and bottoms

respectively, and ais the relative volitility. N is the minimum number of stages

for a specified separation. The minimum reflux ratio is obtained from the equation

, Xl[')K LK XHK HEK

RMIN = | —= - G D a (2¢)
LK . HK THK [K 7 HAK
;__XF Lo XF ¢ i

where the superscripts LK and HK refer to the light key and heavy key respectively
(propane and isobutane), and the subscripts D and F refer to the distillate and the feed

respectively. The relative volitility is a and X is a mole fraction. A linear equation
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representing the low reflux ratio portion of the Gilliland plot, which is an empirical
plot of a function of the actual stages and the minimum stages versus a function of the
reflux ratio and the minimum reflux ratio, is used to determine the reflux ratio required
for the specified separation. Then, knowing the reflux ratio, the condenser duty can
be calculated.

The model has not been extended to search for the operating conditions that
correspond to the maximum condenser duty. Instead, knowing the number of ideal stages,
a required recovery of propane, and the fraction of propane in the distillate, the output
flows from this column are specified. In fact, the total flow and com‘posi‘rion of the two
outlet streams can be calculated directly. Moreover, it is not difficult to choose the
proper. value of propane recovery to yield a required propane content in the bottoms.

The model, when the recovery of propane, rather than a product-to-feed ratio,
is specified will react properly to a change in propane composition in the feed. The
distillate and the bottoms flow rates are very non=linear functions of the fotal feed
fiow, but are more directly affected by the fraction of propane in the feed. It was
found that earlier models would not react to a change in propane content of the feed
at a constant feed flowrate, unless the propane recovery was the parameter used.

The next stage of development would be to search for a propane recovery that
will satisfy a specified maximum propane content in the bottoms, subject to a condenser
duty limitation. This search would be done initially at o reasonable propane concentration
in the distillate (98%) and then the exact value, that would correspond fo the maximum

condenser duty, would be found by a second search. A model with these specifications
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would respond to changes in feed flow and composition in the same way that the actual
unit would respond.
The use of the Fenske equations must be evaluated since they rely on the
assumptions:
(i) constant relative volitility.
(i) constant model overflow .
(ili) ideal feed=plate location.
The first two assumptions are reasonable for the accuracy required, when considering
a system of propane, butane, and isobutane. The assumption of an ideal feed plate
focation is the weakest. |f a wide range of feed compositions are to be evaluated,
a more exact method of calculating the column performance might have to be considered.
If the present model is to be applied over a wide range of feed compositions, its
accuracy should be evaluated by comparing these predictions with those of the
Petryschuk model(P3). This can be done external to the simulation,as it should be.

2.3.3 Deisobutanizer

The liquid flow from the product separator is caustic and water washed, and
the water is removed in a coalescer before it is fed to the deisobutanizer. The column
feed contains approximately 75% normal butane and isobutane; the remainder is made
up of the alkylate, propane and pentanes. The column contains 80 Koch Fiexitrays
with the feed on tray 31, and a vapor side-draw near the bottom on tray 74. The
reboiler is gas=fired. A reflux coalescer is used fo separate water from the reflux.

The three main purposes of the column are:




(i) To remove the product alkylate.
(i) To remove butane from the system so as to reduce the recycle
volume to the reactor.
(iii) To return as much as possible of the isobutane back to the
reactor.
The plant operation of the column is based on controlling the bottom of the column
to a Reid vapor pressure. Almost all of the isobutane fed to the column leaves in the
distillate, and is recycled to the reactor. This is accomplished by controlling the
condenser and reboiler heat fluxes, and the vapor side-draw rate. In practice, the flow
rate of the butane side-cut is increased until its isobutane content exceeds the allowable
limit.
Models for multicomponent distillation columns as indicated in the discussion
of the depropanizer, require a large amount of storage and execution fime. When a
vapor side-draw is included, the problem is even more complex. A simple splitter
model is only sufficient for initial plant studies. There are a number of plate-to-plate
models available in the literature, and several of them have been evaluated by

Pei’ryschuk(PB) .

The Petryschuk model was adapted to include a side-draw by Powell
and Kifcher(M]). When this program was inserted into the MACSIM system, it

required excessive execution time and storage. A correlation model, DCOR02, was
developed using the modified Petryschuk program to describe the deisobutcnizer(MB).

The correlation model was similar in theory to DCORO1, in Section 2.3.2, developed

to describe the depropanizer. The model proved to be unreliable. The correlation
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equations were developed over too narrow a range of feed compositions. Also,
the form of the equations chosen, and the variables used to predict outlet flows and
compositions, were dictated only by the regression analysis, and fundamental and

theoretical equations and variables were not used.

Present Model DISOBI

The present model illustrates the same rule of model development, as did the
depropanizer model: "Make the model respond to feed changes in the same way that
the plant equipment would respond." Thus, classical models that require a reflux
ratio or a product-to-feed ratio, may be of limited use in a simulation when the feed
composition is not known initially. The actual plant column is controlled, and the
effect of the control should be included in the model.

A typical column feed and the corresponding product stream compositions are
shown in Table 2.1. It can be seen, that under desired plant operation, all the propane
goes overhead, and all C6 and heavier components leave the column in the bottoms

flow. Thus, only the distribution of the C4 and the C. components in the three

5
output streams need to be described. Furthermore, there is never any isobutane in

the alkylate or any pentanes in the distillate. In addition, the plant is run to a
maximum isobutane specification in the side=draw. On the basis of these observations
and recalling the three main purposes of the column, the model DISOBI1 was developed.
It was found, as in the case of the propane in the depropanizer, that the recovery of

butane in the side cut was the "best” variable to use to describe the flow in the side~

cut.



TABLE 2.1 : AVERAGE FEED AND EXIT FLOW OF EACH COMPONENT
FOR THE DEISOBUTANIZER

—

{ Percent of each entering component feaving

in the exit streams

Percentage
of FEED COMPONENT TOP S/C BOTTOMS |
4.6 nC, 100.0 0.0 0.0
0.0 cg 100.0 0.0 0.0
L 37.2 LC, 97.5 2.5 0.0
39.3 nC, 38.0 57.6 4.4
0.4 iC4: 0.0
0.4 nC4 0.0 ‘
0.9 nC5 0.0 ,
3.4 iC, 0.0
0.0 iCy 0.0 100.0
13.8 C + 0.0 0.0 100.0
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Future Model

Any future model developed to describe the operation of the deisobutanizer must
include the effect of the control system. A possible method would be one that would
start with the heavier components, and then add the lighter components to the bottom
flow, until the desired Reid vapor pressure was obtained. Then the component flows
in the side~draw and the distillate might be calculated using a Fenske approach, since
the remaining C3 - C4 - C5 mixture would be close to 90% normal butane plus
isobutane. A model of this type would predict exit flows similar to the flows that would
be produced by the controlled plant column. In developing a model of this type, it is
essentfial to have an accurate plate~to~plate model available to check the flows that

the model predicted for the converged plant solution.

2.3.4 Product Separator

The product separator is very important in the simulation of the alkylation
plant. The organic reactor effluent, after leaving the reactor heat exchanger coils,
is split into two streams. The lighter components leave as vapor, and enter the
depropanizer circuit, while the heavier components leave as liquid, and are fed to
the deisobutanizer circuit. An error in this model causes errors in the feed flow and
composition to both of the columns.

The product separator is a low pressure flash drum, and contains a heat exchanger
coil. The vapor-liquid reactor effluent from the reactor heat exchanger coils is fed
to the product separator where it flashes further. Additionci heat is added to the
product separator as the bottoms from the depropanizer, at a controlled temperature,

is further cooled in the heat exchanger coils. The product-separator pressure is
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controlled and the temperature adjusts according to this pressure and the heat input
in the following way. If the vapor flow is too great for the downstream condenser
capacity, the product separator pressure rises, thus reducing the vapor flow. The
pressure continues to rise until the vapor flow does not exceed that which can be
condensed.

initial Model

initial plant studies can be carried out using a simple component splitting
model to represent the product separator, along with another simple temperature setter
to fix the temperature of the bottoms stream from the depropanizer which passes through
the coils of the product separator on its way back to the reactor. Under these conditions,
however, the two exit flows from the product separator to the depropanizer and the
deisobutanizer would not reflect the heat transferred in the reactor or the heat
transferred in the product separator coils.

Comprehensive Model, EXCH14

The product separator model must search for an operating temperature, at a
specified operating pressure, so that a heat balance around the unit is sarisfied. This
obviously implies that the total input enthalpy must equal the fotal output enthalpy.
On the other hand, the amount of the feed that is flashed depends on the operating
femperature.

The reactor temperature is set by rhe reactor model. With this temperature,
the amount of heat that must be removed in the reactor coils is calculated through
a heat balance on the reactor. Since the quality of the product separator feed is not
defined, the feed to the product separator model is taken to be the liquid leaving the

acid seftler, and the heat load calculated for the reactor coils is considered as input
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heat to the product separator model.

At any temperature, the vapor and liquid flows from the product separator
must be calculated. The derivation of the flash calculation is given in Appendix (7.2).
Then the exact operating temperature, at a specified operating pressure, must be
found so that the model satisfies a heat balance. A reguli-falsi search routine is
used fo find the exact operating temperature that satisfies the heat balance.

It is necessary for fhc; product separator model to be calculated twice during
one MACSIM loop: once after the reactor so as to define the column feeds, and
once at the end of each MACSIM loop to cool the newly calculated depropanizer
bottoms. To avoid recalculating of EXCH14 at the end of the loop, a simple model
MSTEM1 was written. It modifies only the depropanizer-bottoms recycle stream leaving
the cooling coils of the product separator. The outlet composition is set equal to the
new depropanizer bottoms composition, but the temperature is set equal to the previously
calculated value for the exit stream frem the heat exchange coils. As the simulation
nears convergence, the error iniroduced by this model rapidiy approaches zero.

2.3.5 Compressor Control

The vapor from the product separator is compressed and condensed. |If the
condenser is not overloaded, the product separator pressure remains at the base
value of 17.7 p.s.i.g. [f the condenser duty is exceeded, the croduct separator
operating pressure is increased and this,in turn,acts to reduce the amount of vapor
produced.

Two modules are used to describe this conirol loop. The moduie COMPRS
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represents three pieces of equipment in the alkylation unit:

(i) The pipeline, and the corresponding pressure drop between
the product separator and the compressor.
(ii) The centrifugal compressor.
(iti) The condensers.

The pipeline pressure drop, the compressor exit pressure, and the condenser operating
pressure are all calculated as a linear function of the flow rate. The equations used
are linear fits of pldni‘ pressures over a range of vapor flow rate.  The second model,
CONTO02, considers the condenser to be overloaded if the calculated compressor
discharge pressure is less than the condenser operating pressure. |f the condenser is
not overloaded, the control module takes no action.

if the condenser is overloaded, the control module assumes command of the
product separator and the pressure drop-compressor~condenser modules. A reguli-
tfalsi search is used to determine the lowest product separator pressure, above the base
value of 17.7 p.s.i.a., that will reduce the amount of vapor produced, and relieve
the overloading at the condenser.  Once the minimum allowable product separator
pressure is determined, CONTO2 allows the MACSIM calculation to continue in the

specified order.

2.3.6 Heat Exchangers

Chemical plants often empioy a large number of heat exchangers for the
recovery of heat, and the control of processing streams. Often the questions to be

answered by simuiafion studies involve heat recovery studies and heat-and-mass



interactions. In addition, the utility usages required for temperature control may
represent a sizeable portion of the operating costs. Moreover, operating restrictions
on feed temperatures may require that the temperatures be accurately known. To
describe unit operations that involve interactions between heat and mass (for example,
a reactor or a flash drum),an accurate knowledge of both heat and mass inputs is
required if the equipment performance is fo be properly described. Utility costs,

such as water and steam, will be useful in an economic evaluation.

The level of sophistication used in describing heat transfer operations is
dictated by the importance of the performance of the model on the questions to be
answered by the simulation study. Models range from simple temperature setting
models, to models that depend on the flow rates and fluid characteristics in order
to predict the amount of heat being transferred. Heat exchanger models, therefore,
can be subdivided into fwo groups:

(i) Temperature settlers where only one ouflet temperature is important.

(ii) Temperature of both exits streams must be predicted given input

flows, temperatures and exchanger size.

Setting Model, SETST2

In initial simulation studies, process heat exchangers can be replaced by
temperature=setting models. In the final study, sefting modules can be used to
describe a perfectly-controlled heat exchanger using steam, or some other utility,
to maintain a stream temperature at a specified set point. The model can also

caiculate the required utility usage to produce the desired temperature.
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Both Exit Temperatures Required, EXCHI11

A setting model may not be sufficient if both exchanger feeds are process
streams, and the outlet temperatures of each are important. The effectiveness factor

(K2)

method can be employed to describe the performance of an exchanger when the

product of the overall heat transfer coefficient and the area is known. The calculation

is direct, and no iterating is required to obtain the outlet temperatures if the overall

coefficient and the heat capacities can be assumed to be independent of temperature.
The model EXCHI1 contains the effectiveness factors for eight types of shell-

and-tube exchangers: counter current, parallel, crossflow with four mixing patterns,

parallel=counter flow with multiple pass, and condensing or evaporating systems.

The type of exchanger is indicated in the equipment vector, and the correct effectiveness

factor relation is used fo calculate the outlet temperatures. Heat capacities are

calculated using the physical property package as described in Section 2.3.10.

2.3.7. Acid=-Emulsion Settler

The acid-emuision settler separates the acid and the organic phase leaving the
reactor. The organic phase from the settling drum flows to the product separator
and the gcid phase returns fo the Stratco Reactor. General plant operation has
indicated that there is very little acid carry-over into the organic effluents.

It was originally thought that the settler operation might contiibute more to

"acid loss" rhan was beiieved by the plant operating personnei. This conciusion was

reached from experimental work done on a scale model of the settler by Giimour and

(1)

Chappell These experiments indicated an acid carry-over of 61 barrels per day

as compared to a value of 3.6 as suggested by the operating personnel. This low
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value was obtained from plant operation by determining the caustic usage in the
distillation column treaters and measuring the acid removed in an acid leg in the
product separator. Further study revealed that the main cause of "acid loss" was not
carry-over from the settler, but was caused by dilution of the acid catalyst caused by
water in the feed streams, and reactions occurring in the Stratco reactor to produce
"acid oils". The "acid oils" are a large range of acid-soluble materials that are
referred to in the component list as propy! sulphates.

Final Model, SETLO1

The model employed to describe the seftler is a simple setting model. An
average value of the acid carry-over, 3.6 barrels per day, is supplied as an equipment
parameter. The model assumes that the acid phase contains all the water, alkyl
sulphate and sodium sulphate. Thus, some of these components also leave in the
hydrocarbon effluent because of the acid carry~over.

2.3.8 Coalescers, Caustic and Water Washers

The feed to each column is washed with caustic to neutralize the acid carried
over from the acid emulsion settler. Then,any caustic carry~over is removed in a
water wash tank. Finally, water is removed in a coalescer.

These three models are only important to the simulation study in that they
affect the water and acid added or removed from the system. The caustic wash is a
simple acid-caustic reactor, and the water wash is a dilution tank. Temperature
affects the performance of all three models since the solubility of water in hydrocarbons

is a function of temperature. Each model uses the subroutine FSOL to calculate the
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amount of dissolved water in the hydrocarbon according to the equation:

Dissolved Water = (moles of component i)(exp(C1(i) - %—(L (2D)

where C1 and C2 are constants for each component, and T is the absolute temperature
The amount of entrained water leaving with the hydrocarbon is calculated from
a specified efficiency of removal of entrained water. The value of this parameter must
be determined from a water balance on each unit. Thus, each of the models, WASHO1,
WASHO02, and COALO1, calculates the amount of water leaving with the hydrocarbon to
be the sum of the dissolved water and a specified fraction of the total entrained water

in the unit.

2.3.9 Acid Mdkeup, MAKEUP

Plant operation of the Stratco reactor requires that 45 to 50% of the total acid
and hydrocarbon feed be acid of a specified strength. Water in the organic feed to the
reactor and "acid-oil" produced in the reactor dilute the acid. Present operation of
the acid bleed system does not allow weak acid to be bled and fresh acid to be added
continuously. Instead, fresh acid is added batchwise whenever the acid strength drops
below the desired concentration for the alkylation reaction. It is important to note that
the cost of acid required to maintain the activity of the acid catalyst at the desired
level, as calculated from the present study, exceeds the total cost of steam,
eleciricity and cooling water. Hence, any reactor model should pay particular
attention fo the loss of acid.

An unsteady=-state process, like the batch addition of acid, cannot be

described by MACSIM. Instead, the flow of makeup acid must be assumed to be

(M

).
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constant to maintain the acid feed at a constant flow and concentration. The module
that calculates the required acid makeup and waste-acid flows is unique in that an
outlet stream, the reactor acid feed, is specified in the EN list, and an input stream,
the makeup acid, is calculated.

The makeup model has two input streams : the acid from the emulsion settler,
and the fresh makeup acid. The two outlet sireams are the acid feed to the reactor,
and the acid waste stream. The acid strength of the reactor feed must be specified in
the EN vector, and the total flow of this stream is calculated knowing that it is a
specified fraction of the total reactor feed volume. Then, if the strength of the makeup
acid is known, the module will calculate the flow of the waste stream, the required
flow of makeup acid, and the composition of the acid feed to the reactor. Five
linear equations consisting of an overall mass balance, and four component balances
(on water, acid, alkyl sulphate, and sodium sulphate) are sufficient to describe the
performance of the acid makeup model. If is assumed that the composition of the
waste stream is equal to the composition cf the acid recycle to the makeup model.

2.3.10 Physical Property Calculations

Many of the models require physical property data. A physical property
package was developed to avoid one function statement, and one set of physical
property data in every model where a physicai preperty was required. Ore subroutine
reads ail the required data into a physical property biock, and the other two sub-
routines can be cailed from any model to calculate ghysical properties using the

daia stored in this block. A complete description of the physical property calculations,
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. . . . . (M3)

and all the regression coefficients are given in reference .
The first groups to study the alkylation plant proposed a list of 17 required

(MT)

physical properties. Li regressed all the required data, for each of the twenty-
six components, against temperature in degrees Fahrenheit, and obtdained a set of
constants for each component for each property. Later, when the models to describe
the unit operations were developed, only five of the physical properties were actually
required for each component: molecular weight, heat of vaporization as compared to
water, and liquid heat capacity, liquid density, and K~equilibrium ratio at 18.0
p.s.i.a., all as a function of temperature.
READIN

This subroutine is executed only once, at the start of the simulation study.
It reads in each set of correlation coefficients for temperature, for each component
for each physical property that is required,and stores them in the physical property
data block. |n addition, it reads in the code that specifies which of the several
parametric equations, in the propérry calculating subroutines, is to be used for the

calculation of each physical property.

PROCAL and PROMIX

These two subroutines calculate the required physical properties, and can be
called from any model used in the information flow diagram. PROCAL is called if
the physical property, at a specified temperature, is required for each component.
If instead, a property is required for a known mixture of components, such as a feed

stream, PROMIX is called. PROMIX calls PROCAL to evaluate the property of



each component at a given temperature. Then, with a given composition of the
mixture, this subroutine calculates the property for the mixture, weighting each
property according to the amount of the component that is in the defined mixture.

2.3.11 Costing and Reporting Module

To summarize a case study, and in order fo have an economic evaluation, as
well as an estimate of the technical feasibility, a reporting module is required. The
function of such a model, is the presentation of only the pertinent parameters that
characterize the case being studied. The report must be complete in itself, and
any parameter presented should be in sentence or tabular form.

The main function of the COSTER module is the evaluation of the cost of feeds,
products and utilities. There are many possible costs that can be included in an analysis,
and there are many different methods of including such costs. In the alkylation study,
the difference in costs between case studies of an existing plant are to be compared.
Thus, costs that may be assumed to be constant from case-to-case, such as capital,
inventory, and maintenance costs, as well as other fixed costs, are not included. The
value of the materials flowing in the plant, or the utilities associated with each
operation can be carried with each stream list (SN), with each equipment parameter
list (EN), or can be evaluated as required in an overall costing module. It was
decided to perform all the costing in one module, COSTER, that requires a cost matrix
which includes utility costs, as well as the cost per componert in the input feeds,
and the values of the product streams.

The COSTER module also evaluates two functions used by Shell to reflect the

economics of operation of the case being studied. The cost function is defined as the



sum of the utility costs, the caustic, isobutane, and olefin feed costs, plus the
net cost of the makeup acid. The profit function is defined as the value of three
product streams, alkylate, butane and propane, minus the cost function.

As long as the purity of the propane and butane product streams is above a
minimum purity specification their value can be expressed in dollars per barrel.

No penalty was included for failure to meet this specification because the present
simulation ensured the purity of these streams.

The value of the alkylate depends on its composition and this is reflected by
the magnitude of the octane number. Thus the octane number must be evaluated,
and with the value of an octane-barrel, the value of the alkylate product stream is
determined. The value of the isobutane and olefin feed streams is assumed to be the
sum of the equivalent thermal value of each component in each of the feed streams.

The flow and the value per day of each of the feeds, products and utilities
are calculated for the case being studied. In addition, the corresponding values
for a base case are also presented for the purpose of comparison. The profit function
and the cost function are presented per day and per barrel of alkylate for the case
study being evaluated and for the base case. Also the difference between the cost
and profit functions for the base case and the particular trial is presented to provide
a direct comparison of the economic merits of the two cases.

The second function of the costing module is to monitor specific flows and
operating variables in the converged solution. Any flow, composition or operating

parameter can be compared fo an average or a limiting value, and printed out.



3.

This final check on the converged solution, along with the cost summary, can supply
the user of the simulation with most of the information that is required. The user
does not have to search through the final equipment matrix for all equipments, and
the stream matrix for all streams in order to locate the few values that will characterize
a particular case study.

in the present alkylation study, the following parameters are reported:

(i)  The product separator pressure.

(ii)  Any correlation limits that are exceeded in the reactor model.
(iti)  Strength and volume fraction of the acid in the reactor.
(iv)  The depropanizer condenser duty and vapor velocity in the
column.

A sample printout of the operating cost summary and the summary of the
process and correlation limits are given in Figures 2.3(a) and 2.3(b)

In summary, the complete stream matrix and the complete equipment matrix
will be important during the time that the simulation is being developed. When this
initial phase is complete, any parameter that is important to the solution should be
presented in a report of form presented here, rather than in a mairix of many numbers,

most of which are not critical to the case being studied.



FIGURE 2. 3(a) OPERATING COST SUMMARY

Run Number 2
Conditions Shell Alkylation Simulation - Enriched 1-C4 Feed

Summary of Material Flows Quantity per day

Run No.2 Base Case
Feeds Isobutane (bbls) 990. 1576.
' Olefin (bbls) 3180. 3180.
Sulphuric Acid (bbls) 75. 74.
Caustic (100 Ibs.) 11. 1.
Products Alkylate (bbls) 1881. 1923.
Propane (bbls) 723. 839.
Butane (bbls) 1131. 1552.
Utilities Steam (50 psig) (1000 Ibs) 68. 84.
Steam (200 psig) (1000 Ibs) 327. 301.
Fueld (MM Btu) 495, 510.
Electricity (Kw) 32376. 32928.
Cooling Water (1000 gals. ) 3052. 3077

The debutanized R=3 octane rating of the alkylate is 104.52

Run No.2
Cost function per day 13426.3
Profit function per day 1109.1
Cost function per bbl. of alkylate 7.137

Profit function per bbl of alkylate 0.5%90

Value per day

Run No.2
3080.
9132.

648.
39.

7950.
2604.
3981.

26.
124,
140.
204.

34.

Base Case

15205.4

1392.0
7.907
0.724

Base Case
4857.
9132.

645.
39.

8114.
3020.
5464.

32.
114.
144.
207.

34.

Difference

-1779.16
- 282.93
- 0.7706
- 0.1347

R4%



FIGURE 2.3(b) : SUMMARY OF PROCESS AND CORRELATION LIMITS

The following limits have been exceeded in the reactor module
The correlation limit of 52.5 is exceeded for STRMI (I, 16) which is 56.0

The DC3 vapor velocity is 5.05 and the present limit is 13.00 cubic feet per second
The DC3 overhead condenser duty is 10.09 and the present limit is 10,00 million Btu per hour

The product separator pressure control was not required and the pressure remained at the base value of 17.7 psia

The fresh make=-up acid is 99.20% acid. The acid feed to the reactor is 48.0% of the total flow and
is 91.00 weight % acid and 1.63 weight % water.

O



3.0 ESTABLISHING A BASE CASE

The base case provides a set of conditions and economic worths against which
alternate proposals can be compared. Furthermore, there will be parameters within
various modules that cannot be obtained theorefically, and must be set on the basis of
the performance of the model for the base case.

To establish the actual flows, compositions and temperatures in Shell's alkylation
unit, the plant was operated under constant feed and operating conditions for four hours.
In this case,many more engineers, operators and students were assembled and,with this
close supervision the process was run under conditions which approximated steady-state
as closely as possible. The flow concentration and operating data, shown in Table 3.1,
are from that plant run; these data represent the base case. It is important to have these
data available, not only to test the overall simulation,but also to test the individual
models as they are developed. Moreover, the experience with the simulation discussed
in this thesis has indicated that it is advantageous to have one set of plant data to test
all models. This leads to easier incorporation of the models into the overall simulation
later. This problem is more acute when a number of models of difficult levels of
sophistication are developed at the same time. |t must be emphasized, however, that
models should be tested on more than one set of operating conditions.

3.1 Initial Study with Simple Models

Initial plant studies should be performed with simple setting and splitting models

in order to establish the importance of various models in the overall simulation and to



TABLE 3.1

MASS BALANCE FROM PLANT TRIAL AND FROM BASE CASE SIMULATION STUDY

(Simulation Study Flows in Brackets)

STREAM TOTAL FLOW PROPANE PROPENE
eactor - Feed 1732.0 190.9 65.0
(1730.8) (191.3) (65.0)
- Effluent 1561.6 189.4 0.0
(1563.6) (191.3) (0.0)
‘eed - Olefin 498.0 122.0 65.0
- Isobutane 234.4 21.5 0.0
(232.3) (21.1) (0.0)
Jepropanizer - Feed 839.6 166.4 0.0
(837.8) (162.9) (0.0)
- Propane 144.3 142.0 0.0
(145.3) (143.1) (0.0)
- Bottoms 695.3 24.4 0.0
(692.5) (19.8) (0.0)
)eisobutanizer - Feed 955.0 44.5 0.0
(958.1) ( 49.5) (0.0)
- Overhead 537.0 44.5 0.0
(539.8) ( 49.5) (0.0)
- Side Cut  258.0 0.0 0.0
(227.2) ( 0.0) (0.0)
- Alkylate  160.0 0.0 0.0
(191.1) ( 0.0) (0.0)

BUTANE ISOBUTANE ~ N-BUTENE  [-BUTENE  N-PENTANE  |-PENTANE
498.0 854.0 56.7 60.0 4.9 1.5
(490.8) (854.3) (58.0) 61.6) 2.3) 6.5)
507.1 689.5 0.0 0.0 8.4 32.7
(490.8) (689.2) (0.0) ( 0.0) (5.0) (30.9)
116.0 80.0 55.4 58.6 0.0 1.5
108. 4 95.5 3.2 3.2 0.5 2.1
(107.5) (94.7) (3.2) (3.2) (0.5) @.1)
239.0 429.3 0.0 0.0 4.9 0.0
(250.3) (413.5) (1.3) (1.5) (0.8) 6.5)

0.0 2.3 0.0 0.0 0.0 0.0
( 0.1) ( 2.1) (0.0) ( 0.0) (0.0) (0.0)
239.0 427.0 0.0 0.0 4.9 0.0
(250.2) (411.4) {1.3) (1.5) (0.8) 6.5)
376.5 355.7 3.¥ 3.9 8.4 32.7
(348.0) (370.4) (1.9) (1.6) 4.7) (26.6)
143.0 347.0 1.3 1.4 0.0 0.0
(124.6) (362.9) (1.3) (1.5) (0.0) (0.0)
217.0 8.5 2.4 2.5 8.3 15.0
(204.3) ( 7.5) (0.6) (0.1) (1.4) (13.3)

16.5 0.2 0.0 0.0 0.1 17.7
(19.1) ( 0.0) ( 0.0) (0.0) (3.3) (13.3)

A
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develop experience with the mathematical problems associated with it (e.g. convergence
promotion).

The flow sheet for the initial alkylation plant studies is shown in Figure 3.1.
The simple reactor model ,“STIROT", plus temperature and pressure setting models were
used. The product separator model and the models for the two distillation columns
specify the exit flows of each component in the outlets as a set fraction of the feed of
that component. The required settings for these models were determined using the
base data set.

Once the initial simulation is developed, convergence promotion techniques
(0-1) (K-1) can be applied. The component flows in the main recycle streams are

adjusted according to equation 3a:

Adjusted Calculated

o = G x(Fg - F oy (3a)

where Fi,G is the flow rate colculafed for component i qf the 8'th iteration, and Ci
is a constant for component i, and depends on the process (0-1). Thus,the convergence
promotion subroutine adjusts the newly calculated flow of component i, based on the
previous value and the present one, to accelerm‘é the convergence to the steady-state |
solution.  Convergence promotion becomes essential when the simple models are
replaced by sophisticated models (usually non-linear) that require a large amount of
computer time. Some difficulties have been encountered when applying these

linear techniques on plant studies containing non-linear models.

From studies using the initial information flow diagram, models requiring
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more sophistication can be defined. The models are listed in order of importance to
the present study:
(i)  The product separator to define the flows to both
distillation columns.
(ity  The reactor which controls the production of alkylate, the
loss of acid, and the heat generation in the system.
(it1i)  The debutanizer ond depropanizer models,since they define
the production of propane, butane and alkylate, and recycle
to the reactor.
(iv)  The process heat exchangers to describe the heat recovery,
and the interaction between the heat and the mass balance.
(v)  The compressor=condenser system with its control loop that
interacts with the product separator when the condenser is
overloaded.
Once the required models and the required level of sophistication are defined by the
questions to be answgred, the models can be developed. Each model should then be
tested under a wide range of conditions, including the base set of data, before it is
inserted into the initial plant simulation or used to replace an existing model. Once
incorporated in the overall simulation, models may still require some parameter
adjustment.

3.2  Parameter Adjustment

As each new model replaces the simple one describing the base case, no

drastic changes should occur. The sophisticated models must be added one at a time,



and then the simulation should be allowed to iterate for 4 or 5 loops. The component
flows, and the temperature for the major plant streams should be printed after each
iteration. If there is a drift away from the converged, base-case values, adjustment of
the empirical parameters within the model may be required. The parameters and sets
of parameters that requiréd adjustment in the alkylation study are discussed below:
(i) The heat transfer~area product, UA, had fo be adjusted for the heat
exchanger in the product separator and for process heat exchangers
(modules 29 and 30 in the information flow diagram).  The design
value, supplied by Shell, could only be used as an approximation since
fouling had occurred, and the flow rates were different than the design
flow rates.
(i1) Both distillation models required that the recovery of the paraffin product
be specified as a fraction of its flow in the feed. This parameter had to
be adjusted in order to obtain the base set of exit flows from the columns.
(iii) Shell engineers indicated that the heats of reaction, as reported by

(P1)

Putney" 7, were slightly high. The reported values, as used in the
reactor model, were adjusted in order to fif the plant trial mass and
heat bc!once around the reactor and the product separator.

(iv) The efficiency of removal of the entrained water in the washers and

coalescers was adjusted so that an overall water balance for the plant

could be achieved.
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3.3 Isobutane Buildup

After all the models had been incorporated into the information flow diagram,
a steady buildup of the isobutane in the feed to the reactor was detected. When a
convergence promotion routine was used, this buildup only increased more rapidly and
the solution became unstable, even though the initial estimates used for the recycle
streams were very close to the correct base case values. Discussions with the Shell
personnel indicated that this phenomena is also observed in actual plant operation.

It is difficult to define the required isobutane feed. Thus, isobutane is fed to the
plant at approximately the correct rate. Then, if a buildup or depletion is detected
in the recycle level of isobutane, the feed flow is adjusted, just as it would be in
actual practice.

This phenomena can be explained by examining the ways in which the
isobutane inventory in the unit can change. The main loss of isobutane is due to ifs
reaction with olefins, and this usage is determined by the amount of olefin being
fed to the alkylation unit. Isobutane can leave the unit in the propane or in the
butane product streams from the distillation columns. However, the amount of
‘isobutane in these streams is a plant operating parameter that is carefully controlled.
Thus, the amount of isobutane leaving in the propane and in the butane is a very
insensitive function of the amount of isobutane in the column feeds. The depropanizer
overhead must be a specified propane purity (minimum of 95%). The deisobutanizer
is controlled to a maximum allowable isobutane content of the side draw (normally
less than 3%). Thus, if too much isobutane is fed to the alkylation plant, the

isobutane inventory in the plant increases.
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The steady-state solution of a case study will be over=specified if the total
flow and the composition of both the olefin and the isobutane feeds are specified.
A control module, CONTOS3, was developed to monitor the isobutane flow in the
recycle to the reactor. If a constant increase or decrease, within a specified
tolerance, is detected between consecutive iterations, CONTO3 changes the total
isobutane feed so that its isobutane content is decreased or increased by an amount
equal to the change between iterations.

3.4 Base Case Mass Balance

The base case mass balance is shown in Table 3.1, along with the mass
balance from the plant trial (which the base case is intended to describe). A hydro-
carbon balance over all the input and outlet streams (including the organic content of
the propyl sulphate)was in error by only two pounds per hour for a feed rate of over
39,000 pounds per hour.

Three errors have been noted in the plant trial mass balance, as supplied by
Shell:

(i)  There should be no change in normal butane flow across the

reactor.

(i1)  The ratio of isopentane-to~normal pentane is high due fo

analytical problems at the time of the plant trial run.
(iti)  Too much of the butane fed to the product sesarator remains
as liquid, and is fed to the deisobutanizer.

It must be stated for a fixed set of feeds and for a fixed set of equipment



parameters (EN vectors), there exist an infinite set of solutions. Each one of the

solutions can be characterized by the level of isobutane in the main plant recycle.

54.

This is due to the way in which the plant is operated in order to return as much as -

possible of the isobutane that is fed fo the depropanizer and to the deisobutanizer
back to the reactor. The amount of isobutane leaving the alkylation unit in the
propane or in the butane product streams is a very insensitive function of the
isobutane content of the feed to the columns. This problem will be discussed

further in Section 4.1.1 as a case study.



4.0  SIMULATION STUDIES

Once a base case has been established, the simulation is ready to answer the
questions for which it was written. A report of the economic result, as well as the
flows, and the technical feasibility,is generated for each case. From these reports, the
answers fo questions concerning operating parameters, material costs, and plant
sensitivity can be readily evaluated, and will be directly comparable to the answers
from alternate questions.

In this study, a number of questions have been selected to demonstrate the
use of the simulation, and the relative importance of certain aspects of the modeling.
Each of these case studies is discussed in detail. A general discussion of plant
sensitivity analysis follows the presentation of the case studies.

4.1 Case Studies

All case studies were run using the same feed and operating conditions as in the
base case except one. In this way, the effect of a pcrficulor change could be followed
throughout the entire plant. Obviously,this leads to a sensitivity analysis in which the
change in concentration, temperature or flowrate, and finally, operating costs, can
be compared with the unit change in an operating parameter or a feed condition, etc.
Five selected examples to illustrate the use of the simulation follow.

4.1.1 Internal Change - Increase level of Isobutane Recycle

It has been observed that there are an infinite number of solutions for one set

of equipment parameters and feeds, based on the amount of isobutane in the recycle to
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the reactor, a situation which also occurs in the actual plant. The initial estimate
of the isobutane in the reactor feed was raised 200 pound moles per hour above the
base case flow of 854. With this increased isobutane recycle, the octane rating of
the alkylate was increased from 104.38,for the base case, to 105.24. The increased
isobutane flow in the recycle raised the total organic feed volume to the reactor by
approximately 10%. This increase in flow should have caused an increase in acid
usage for three reasons:

(i) More water in the organic feed to the reactor.

(ii) More acid required to maintain the acid-fo-organic feed

ratio to the reactor.
(ili) Increased temperature of reactor feed.
but the acid usage decreased by five barrels per day. Actually,the important point in
this case is that a higher isobutane-to-olefin ratio in the reactor reduces the amount
of acid-oil produced. This factor more than offsets the other factors which tended to
increase the acid usage. This result was surprising, and was contrary to the expected
acid usage af highef recycle volumes.

The cost function was reduced by $40 per day since the reduction in acid
costs far exceeded the slight increase in utility usage. The profit function, due to
reduced acid use, and increased octane ratfing of the alkylate, increased by $121 per
day. This case study is technically feasible for all models, with the possible exception
of the deisobutanizer. The present model for this column is insufficient to determine the
technical feasibility of operation, the basic restriction beirg the overhead condenser

capacity.



4.1.2 Control Set Point Change - Increase Temperature
of Flow to Product Separator Heat Exchanger Coil

Operating experience has suggested that the plant is sensitive to heat input
to the product separator through the product separator heat exchanger coil. Temperature
of this stream (i.e. bottoms from the debutanizer column) is controiled via a chilled-
water cooler. Normal operation (base case) uses a set-point temperature of 80°F out
of the exchanger, that is, for the feed to the coils of the product separator. Two case
studies were evaluated: the first with the control point seeting of 85°F and the other
with a setting at 90°F.

The resultant increase in the heat flux will produce more vapor in the product
separator. This effect may cause an increase in the product separator pressure if the
condensers become overloaded. Table 4.1 shows the results for the product separator
feed, vapor and liquid flow rates, as well as the operating temperature and pressure for
the three control temperatures. The rise in the product separator pressure almost
compensates for the increased heat flux. There is only a small increase in the main
recycle back to the reactor. The increase in flow to the depropanizer, and the
decrease in the flow to the deisobutanizer is mainly butane and isobutcne.

Thus,there is a slight decrease in the amount of butane removed frem the system
in the deisobutanizer side=cut. The propane flow to the depropanizer was unchanged.
This study implies that the limitation on the capacity of the depropanizer feed
condensers function efficiently in preventing any major upset from occurring. The cost
function and the profit function for the two cases are practically the same as for the base

case. Both case studies appear to be technically feasible.
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TABLE 4.1

EXCHANGER

EFFECT OF TEMPERATURE TO PRODUCT SEPARATOR
HEAT EXCHANGER COtL ON PRODUCT SEPARATOR
OPERATION IN THE ALKYLATION PLANT

PRODUCT SEPARATOR OPERATION

COIL FEED _
TEMPERATURE FLOWS (Ib.mole/hr.) PRESSURE

°F FEED VAPOR LIQUID p.s.i.a.

80 1798.6 840.8 957.8 18.03

85 1803. 4 849.9 953.5 18.26

90 1849.5 865.9 983.6 18.63

TEMPERATURE

o

32.16

32.61




Further studies in other areas of the plant involving changes in set points
could evaluate the effect of changing the operation of the two distillation columns.
These case studies could be used to weigh the economics of trying to remove more
inerts from the system (propane and butane).

4.1.3 Change in Piping - Isobutane Fed Directly
To the Reactor

The isobutane may be fed to the product separator (as in the Shell plant
trial from which the base case was developed) or it may be fed directly fo the
reactor. By feeding the isobutane to the product separator, some of the propane
and butane, which are inerts, will be removed by the distiliation columns, thus
reducing the recycle volume, and thus the reactor space velocity. But, this mode
of operation will remove some of the olefins in the isobutane feed, and they will not
be reacted.

Because this case study was run with the same amount of isobutane in the
reactor feed, as in the base case, there was almost no change in the economics.
However, the deisobutanizer feed was reduced by 8%, and most of this difference
was isobutane. The column could have been run to recover more butane product,
and thus to reduce the recycle volume. Both of these factors would increase profit.
it must also be noted that the water in the isobutane feed increased the reactor acid
usage by three barrels per day.

Changes in piping, along with adjustments in operating conditions, offer
many opportunities for increasing profit. The effects of introducing the feed stocks

(isobutane and olefin) into the reactor, the product separafor, or the two distillaticn
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columns can be easily evaluated using the present simulation.

4.1.4 Change in Feed Composition - Enriched
Isobutane Feed

The present isobutane feed contains 41 mole percent isobutane, but a potential
feed contains 62 mole percent isobutane. Moreover, the proposed feed would contain
substantially less butane and slightly less propane. A feed of this composition would
be introduced into the reactor, rather than the product separator, and so this case
study would be directly comparable to the base case.

The solution of this case study indicated that only 990 barrels per day of the
enriched isobutane feed would be needed to provide the required isobutane to react
with the olefin feed, as compared to 1576 barrels per day of the present feed. The
cost function, using the same cost figures for the components of the isobutane feed
as used for the base case, was reduced by $1779 per day. However, the profit function
was reduced by 283 dollars since the isobutane feed contained less olefins, less butane,
less propane, and as a result, there was less alkylate, butane, and propane produced.

It must be noted that this case study was performed by changing only the
isobutane feed so that the effect of this one change could be studied. In actual
operation of the plant,a number of changes, including the fiow of olefin feed, and the
operation of both distillation columns, would be made to take full advantage of the
reduced volumentric flows resulting from the new feed.

4.1.5 Error in a Physical Property - Decrease
K~Equilibrium for Butane in the Product Separator

Many of the comprehensive modeis require physical properties. Errors in the

caiculated value of a physical property may arise from two sources. First, the initial



physical property date may not be accurate. Secondly, further errors may be
introduced when the initial data is regressed for use in the computer. One incorrect
data point in a set will introduce an error into the regression coefficients. Further
error may arise when using the regression equation to calculate a physical property
if the form of the equation chosen for the regression does not reflect the theoretical
dependence of the property on the independent variable.

The base case was re=run using a value for the equilibrium constant of butane
in the product separafor that was 20% low. The converged solution indicated a 2.7%
increase in the deisobutanizer feed, and a 3.0% decrease in the combined recycle
from the two distillation columns. These changes appear to be small. However, the
reduced rec;ycle to the reactor resulted in an increase of 0.23 in the octane number.
Also, since the deisobutanizer was already overloaded at the base case conditions, a
further increase in the feed is undesirable.

Thus, such an error in the equilibrium constant for butane would have predicted
too high an octane number, and would have predicted a need for a larger deisobutanizer
column than was required. The predicted profict was only $32 per day too high.

An error in the equilibrium constant produced an eiror in the cost function.
The sensitivity of the system and the resultant cost of an error in knowledge can be
described by a sensitivity analysis. This topic will be presented in the foliowing
section.

4.2  Sensitivity Analysis

The end uses of a simulation are many. Not only can the steady-state

operation of the plant be predicted for any set of operating and feed conditions, but



-
P

a sensitivity analysis can also be performed. The sensitivity of the plant cost to an
incremental change in one operating variable, or an error in knowledge of a physical
property or a model parameter can be studied. For example, the sensitivity of the
profit function with respect to an error in the equilibrium constant, as indicated in

Section 4.1.5 would be given by:

(& Profit Function) / (Profit Function)
(a K-Equilibrium) / (K-Equilibrium)

Although the change in the cost, or in the profit is of great importance, the change
in equipment size may be the required result if the simulation is to be used for design
purposes.

The concept of a sensitivity analysis can be employed in many aspects of
simulation. |t can be used to better understand the operating characteristics of a plant,
and in the training of operating personnel and engineers. Sensitivity analysis can be
used, along with a simulation, to study the economic repercussions of an error in
knowledge of a design parameter. Also, the sensitivity analysis has vast pedagogical
potential when coupled with a simulation. The effect of an error in knowledge in one
specific equipment can be traced throughout an entire plant, and the relative

importance of many factors can be compared.



5.0 EXPERIENCES WITH LARGE SYSTEM SIMULATION

The development of a working simulation and cost analysis of a complex plant
has provided valuable experience in large system simulation. The various modeling
techniques and the case studies have already been presented. Now,a larger view of
general simulation topics are presented. The questions to be answered are first
discussed. Then, the choosing of a stream list, the identification of recycle problems,
the formulation of models, and the development of a physical property package are
discussed. All these topics depend on the questions to be answered.

5.1 The Questions to be Answered

A steady-state simulation employing MACSIM concepts is an excellent tool with
which questions relating to interactions between units in large chemical, metallurgical
or petroleum processing plants can be answered. It is very important that these questions
be very precisely and accurately stated if the simulation is fo yield accurate answers
with a minimum expenditure of man hours and computation time. Based on these
questions, the engineer must decide which chemical species must be included in the
stream list and which species should be excluded. Also, he must decide what
equipment fo model, and what equipment not to model, based only on the questions
fo be answered.

in an industrial environment, only these specific questions must govern the
development of the simulation. It must be remembered, however, that this present
work with the alkylation plant was carried out in a university environment and

. . . . . . ] . (M3
therefore considerable detail was included in the original simulation' ) because
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of its pedogogical value. Moreover, it represented an experience in solving general
simulation problems for complex processes and allowed experimentation with various
modeling techniques. For this reason,an overall general simulation was developed in
this case. Af the same time, the simulation was to provide information relating to the
following tasks or questions:

The simulation should be able to

(i) Evaluate the effects of different olefin and isobutane feed
compositions and feed entry points to the plant.

(ii) Describe the heat and mass flow interactions between the
reactor and product separator.

(iii) Describe the reactor performance for different feed and
operating conditions.

(iv) Describe the water flow in the plant.

(v) Describe the compressor-condenser loop as it functions in
the overall plant.

(vi) Evaluate the importance of the present control systems in
the steady=-state performance of the plant.

(vii) Perform o cost study involving feed, product and operating
utility costs.

The task of preparing a simulation, while answering the above questions, provided a
realistic definition of the purpose of the simulation. In addition, a large amount of
experience was gained in convergence-promotion technique., large system sensitivity
cnalysis, and the problems encountered with interactions between heat and mass

balances. The alkylation simulation was an excellent tool to rest the MACSIM technique,
and some of the results of work include recommendations that are presented in

Section 7.1.
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5.2 Formulation of the Stream List

The stream vector contains the flow per unit time of every component that
is considered in the simulation study. Choosing the proper chemical species to be
included in the stream list is of great importance. If the component list is foo small
or incomplete, the flow will not be properly described and the entire simulation will
be ineffective. If too many unnecessary components are included, storage requirements
and execution time far exceed that reanired for adequate description of the process.

Choosing the correct stream list, if done systematically,is not difficult,
and will result in a concise description of the material flow within the simulation.

It must be emphasized that this step should be done correctly since the problems
encountered when changing the stream list in the middle of a simulation study are
extremely time consuming. Unexpected problems will occur even weeks after a stream
list has been altered.

The choice of components for the stream list depends on the questions to be
answered by the simulation. Initially, the stream list should be mode as complete and
as large as possible. Any component that exists in a plant stream should be included.
To ensure that no components are omitted, the plant flow sheet should be checked
equipment-by-equipment for known components. Then, this stream list is contracted,
remembering that it is better to include an unnecessary component than to discard a
required component. Each component of the stream list is examined for each piece of
equipment in the plant flow sheet, and for each module of the information flow diagram.

The following questions are asked:
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(i)  Is the component a major flow component for the module
or equipment ?

(ii)  Is the component a “critical” or a "key” component to
the operation or performance of the module or equipment ?

(iii) s the "behaviour” of the component the same as the
"behaviour" of some other component in the module or
equipment?

(iv) Is a chemical analysis available, or can it be calculated

for the component in the module or equipment ?

After asking these questions for each module in the information flow diagram, and
each equipment in the plant flow sheet, the stream list can be sorted in two ways.
First, components having the same behaviour and properties, or components that are
not analyzed separately, can be grouped together. Secondly, components whose
flows are very minor, and which do not aoffect the questions to be answered by the
simulation, should be deleted from the stream list.

The stream list for the Alkylation simulation is shown in Table 5.1. Examples
of grouping of components can be seen in position 10 for the "acid oils"”, in position 16
for the cis and trans isomers, as well as in positions 28, 29, 30 and 31.

Whenever possible, the components should be arranged in some logical order.
In this study, the five non-organic components were placed first from positions 6 to
10.  Then the hydrocarbons were listed, roughly in order of decreasing volitility.
it is also important that the component in the stream list be in the form of the

species in the plant, and not in the form in which the plant analyzes for it.



TABLE 5.1

Location

29

30
31

STREAM VARIABLES LIST FOR ALKYLATION SIMULATION

Information

Stream Number

Stream Flag

Total Flow

Temperature

Pressure

Flow of Water

Flow of Sulphuric Acid

Flow of Sodium Hydroxide

Flow of Sodium Sulphate

Flow of Propyl Sulphate

Flow of C2 and Lighter

Flow of Propane

Flow of Propene

Flow of Normal Butane

Flow of Isobutane

Flow of Normal Butene

Flow of Isobutene

Flow of Normal Pentane

Flow of Isopentane

Flow of Isopentene

Flow of C6

Flow of 2,3-Dimethylbutane

Flow of C7

Flow of 2,4~-Dimethylpentane

Flow of 2,3-Dimethylpentane

Flow of C8

Flow of Iso~Octane

Flow of 2,4~Dimethylhexane
2,5~Dimethyihexane
2,2,3-Trimethylpentane

Flow of 2,3,4~Trimethylpentane
2,3,3-Trimethylpentane
2,3-Dimethylhexane

Flow of C9

Flow of C10 and Greater

Units

Ib.moles/hour
)

F
p.s.i.a.

Ib.moles/hour

{b.moles/hour
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5.3 Indentification of Key Recycle Components

Recycle creates problems in the steady=state simulation of chemical processes.
The solution to a case study must be obtained by iterative rather than direct calculations.
Early in the simulation, the recycle must be examined for two reasons. First, the
important recycle components must be identified. Also, the possibility of a steady
build up of one or more components, as in the case of isobutane, must be examined.

The first case is well known and easily identified. It is important to identify
the major recycle components, since special attention must be given to them in all
models in the recycle loop. The description of the flow of these components constitutes
the major task of modeling the many separation processes that occur in a recycle loop.
Looking now at the alkylation plant, several observations can be made:

(i)  Cé and heavier components do not recycle.

(ii)  Olefins do not recycle since they are completely reacted.

(iii)  Acid, propyl sulphate, sodium hydroxide and sodium
sulphate are not recycle components in the main plant
recycle.

From these three observations, the only important components of the main plant
recycle are:
(i) water
(ii)  propane
(iii)  butane
(iv)  isobutane
(v)  pentane
(vi)  isopentane

The two pentanes may be considered of secondary importance because of their low

flow rates, and because a large percentage of the pentanes are removed from the
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system atf the deisobutanizer. Thus the description of the main recycle loop, which

is made up of the reactor and the three main separation equipments (product separator,
depropanizer and deisobutanizer), is mainly a description of the flow of water, propane, .
isobutane and butane; obviously the reactor must consider many more components.
This description of the recycle, and the separation processes, puts the development of
models in the proper perspective. These are the important recycle components and,
therefore, they are the ones to be given prime consideration in modeling and in the
gathering of physical property data.

The recycle of heat is also very important. There is a strong interaction
between the heat and the mass balances in the plant, both in the reactor, and in
the product separator. Thus the temperature of the main recycle, as well as its
total flow, must be accurately described.

The second reason for the close examination of the recycle is the possibility
of a steady buildup of one component. Often this problem is not discovered when
simple, linear models are used to describe the process. Inerts or impurities, often
removed by purging, are not the compéunds that build up in a chemical plant.

The removal of isobutane from the alkylation plant is a very insensitive function
of the internal flows within the plant. Primarily, the reaction with olefins in the
Stratco reactor accounts for the isobutane usage. The amount reacted is almost
“entirely dgpenden’r on the amount of olefin present, and on no other conditions.
The only other route by which isobutane leaves the alkylation plant is in the

propane or the butane product streams. However, both columns are controlled to
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allow as little as possible isobutane to leave in these streams; consequently, the
exit concentrations of isobutane in these two products is a very insensifive function
of the isobutane content of the feed to the columns.

Plant operation is designed to keep isobutane within the system. Thus,
if too much isobutane is fed fo the plant, a build up will occur. Examination of
the plant operation indicates that this does occur, and the amount of isobutane being
fed, for a constant olefin feed rate, is continually being adjusted by the operators
to achieve the desired control.

This phenomena creates two problems. First a converged solution cannot
be obtained if there is a change in component flows from iteration to iteration.
Secondly, the isobutane feed flows will be incorrect, and this will affect any
economic evaluation that is performed.

There are some general characteristics of this material build up problem
that was encountered here. |t can be seen that this increase in inventory will arise
for those components which enter into the process as feed and/or reaction products,
and then recycle. In addition, if the removal of these components, either by reaction
or in an exit stream, is a non=linear function of its flowrate within the plant, then,
unless adequate control schemes are included in the process or operating procedures,
the flow of these components will either increase or decrease continually. Any
control scheme must then monitor and fix the component flow or concentration. Just

as control must be exercised in the real plont, so it must be included in the simulation.



5.4 Model Development

Although each module of each simulation study is unique, there are five

cardinal rules of model development that can be applied to any large steady-state

simulation of a.chemical plant.

()

(i1i)

(iv)

(v)

Formulation of every model must only be influenced by
the questions to be answered by the simulation.

A MACSIM - like simulation is a tool to study the
interaction among many models, rather than the
performance of one or two very complex models.

Start with simple models and replace them as their
importance becomes known.

Models should be specific to a given simulation rather
than general.

Construct models so that they operate with the same
specifications and constraints as the actual plant.

It is to be noted that there is a certain similarity with all of these rules but the specific

points are underlined since all of these rules must be applied to any simulation study.

Further amplificaf ion is indicated below.

Models must be developed to assist in the answering of questions asked of the

simulation. The questions to be answered, and the important flow components must be

kept in view at all times. A sophisticated model, or a sophisticated section of a model,

is a costly waste of time and resources if it contributes nothing of value to the questions

to be answered. Conversly, one weak model that has not sufficiently described a

particular operation which is critical in answering the simulation questions, may

negate the work done on many other sophisticated models. For example, all possible

reactions between the organic and the acid phases might be described in order to
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accurately predict the required acid makeup. However, if the solubility of these
components in acid was not well known, the question to be answered ~ acid usage
- could not be accurately described. On the other hand, if the performance of the
seftler had been described in terms of drop~size distribution, but this distribution
could not have been predicted for the discharge stream from the reactor, then this
particular settler model would have been of no use in the simulation.

It cannot be emphasized enough that the power of a MACSIM-=like system
is in the study of interactions among process equipment, rather than in the performance
of one very complex model. There always seems to be a tendency to develop very
sophisticated models when they are not required. A sophisticated model may be
required to answer some of the questions that have been posed, but the main objective
of the simulation is still the study of inferactions.

Simulation studies must start simply. Efficiency of time alone dictates this
rule. If is often impossible to tell what areas of the plant require sophisticated models
until a model of the plant has been assembled. Simple reactor models, along with
temperature and pressure setters, and linear splitting models must comprise the initial
simulation of the plant. Perhaps some of the questions may be able to be answered
using a simulation comprised of simple modules. As one uses this simple simulation of
the plant to answer the questions, it rapidly becomes very obvious which models
require sophistication, and which modules are sufficiently sophisticated, even in
their very simple form.

Experience has shown that the development of general models, as opposed to

specific models, in most cases, is not justified. The only exception to this rule is



73.

the simple temperature and pressure setting models, the linear splitting models, and
the junction or mixing models that can be used to assemble the initial simple plant
simulation. The general principle that an engineer should be able to "select modules
off the shelf" when he assembles a plant simulation is an excellent concept, but seems
to be as difficult to achieve in practice as the concept of choosing general hardware
"off the shelf" for any specific plant. When a model is developed,it is very difficult
to guess all of the uses to which that model will be put; some modification always seems
to be necessary. On the other hand, after experience has been gained in cny‘specific
modeling area, in most cases, revisions required for a given system are very easily
incorporated into existing models. In situations where some generalization is possible,
it should probably be incorporated as it was in EXCH11.

Finally, the rule that is most often overlooked is, "Construct a model based
on the same specifications and constraints under which the plant equipment operates”.
This ruie contains two sections: operating specifications, and operating constraints.

In order to develop a model that responds in the same way as the plant equipment and
its control system dc;es, operating specifications must be an integral part of the model.
The depropanizer operates to a maximum propane content in the bottoms, and the
deisobutanizer is operated to a maximum isobutane concentration in the butane side-cut.
To properly model these units, these operating specifications must be incorporated;

the conventional specifications of reflux ratio and product-to~feed ratios, which are
useful in design calculations, may not be useful in simulation models for distillation
columns. This point was most important in the alkylation plant simulation since the

general design model did not describe the actual plant operation and its response to
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a variety of feed compositions.

Plant operating restrictions must also be included in a model. If the
solution of the simulation suggests operation beyond the capacities of any of the
equipment, then it is not a meaningful simulation of actual plant operation. Flowrates,
condenser capacities, compositions, temperatures, and pressures that would result in
non~allowable plant or equipment operation must be detected by a model, and an
error message printed out. Otherwise, a technically unfeasible solution to a case
study may be accepted.

5.5 Development of a Physical Property Package

A modular approach to physical property calculation provides a
concise package and allows additional properties to be easily added. The package
described in Section 2.3.10 contains one subroutine to read in the physical property
constraints, one subroutine to calculate physical properties, and one subroutine to
calculate the physical property for a specified composition. This section discusses
the compiling of physical property data, and the regression of this data.

The physical properties that must be obtained, and their accuracy, depend
on the questions to be answered by the simulation. For example, if a heat balance
is of little importance, average heat capacities may be sufficient. It must also be
stressed, as in the case of model development, the cardinal rule is "start simple".
More precision can be included if it is necessary. It must also be stressed that great
care must be taken in preparing a set of physical properties for future use. When
the simulation of the aikylation plant was initiated, seventeen physical properties

were collected and regressed before the actual requirements were ascertained. In
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actual fact only five of these properties were found to be needed to answer all questions
that had been proposed.

The regression of physical property data, usually against temperature, can
lead to several problems if not carefully done. First, the basic premise of all regression
techniques is that the form of the equation used relates to the fundamental background
of the phenomena to be described. Although this is more important for regressing
experimental data containing significant but random errors, it is also an important
consideration in the fitting of physical properties. As an example, it was found that
a simple polynomial form was not sufficient to relate the liquid-vapor equilibrium
constants at 18 psia with temperature. Although the polynomial was used for all
other physical properties it was found that a logarithmic dependence on temperature,

as indicated by theory, was necessary to obtain the required accuracy.

5.6 Summary and Contributions to Knowledge

An accurate working simulation of the steady-state behaviour of the Shell
alkylation unit at Bronte, Ontario has been assembled and tested. This simulation
incorporates a costing analysis that includes feed, product, and operating utility
costs. A number of case studies were performed to test the simulation and to provide
data for a sensitivity analysis. In addition to a complete description of tne process
and the simulation, the experience gained from the development of a simulation for
a large complex plant has been presented, and can be summarized as follows:

(i) New modeling techniques have been fried and evaluated.
(i) The necessity of including control modules, as well as convergence

promotion techniques, in order to obtain a solution to a case study,



(iii)

(iv)

has been demonstrated.

The MACSIM Simulation system has been tested with a large
complex pl;:nf in which there are interactions between the
mass and energy balances.

Guidelinés for the development of a simulofioﬁ of any process
are presented for questions concerning the preparation of the
stream list, model development, and the identification of

recycle problems.
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7.1 Flash Equation for Product Separator

The flash calculation is used to predict the equilibrium distribution of vapor
and liquid produced when a multicomponent mixture is flashed. The equilibrium
constant K is assumed to be only a function of temperature and pressure.

Consider a flash drum with inlet liquid flow F, and exit vapor and liquid

flow V and L respectively. Overall and component mass balances give the equations:
F = V+1 (7A)
f f
in= Vyi+in (7B)

. . .. f f
where Xi is the mole fraction of component i in the feed, and Y; and x, are the
i
mole fractions of component i in the exit vapor and liquid streams respectively.

But x: and yif are related by the equilibrium constant Ki

f f
y; = Ki X (7C)
Substitute Equations 7A and 78 in 7C, and define v to be (I-IT:-). But the
sum of the mole fractions in the vapor must equal one.
S
et A 7o
= -l )

An iterative technique can be used to find the value of ¢ which is L , for which

F

the following function of ¢ tends to zero.

X,
i

f(v) =

n s
4

‘ {
=1 ]"lb(]"k—)
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The Newton-Raphson method is used in the iterative search of a y for which f( )

approaches zero,

- f(v)
Yoew Yold ~ () 7F)
n - X (1= o) }
where f' (y) = Z ' ' Vi (7G)

=1 L0 -y (- )
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7.2  Suggestions for the Improvement of the MACSIM System

The MACSIM executive is a MAP version of PACER that was written for
the McMaster IBM 7040 by Dr. W. Fléming. It was not possible to alter the executive
during the Alkylation study, but several recommendations for future revisions are
presented, based on the experience obtained while using the system.

(i) The order of calculation for the modules should always be specified by
the user, and the section of the executive that calculates this could be
deleted.

(i1) The debugging printout from the executive should be controlled by a
large number of specific switches, perhaps in the EN vector of each
equipment, rather than by the variable KSETS which often produces
far more than the desired information.

(ii1) All printout of stream and equipment vectors should be limited to only
those with non-zero numbers.

(iv) The varidble KSETS should not be used for printout control in any
module that is written. All modules used in a simulation should contain
their own print switches in the EN or ENC vectors.

(v) It is not necessary that all streams u;ed in the simulation be stored.
Those to be saved can be indicated by the "stream flag" (second
position in the stream vector). This position in the stream vector will
not be required once the order of calculation is specified.

{vi) Not all streams need to be tested during the check for convergence.



APPENDIX 7.3

Base Case Input Data
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APPENDIX 7.4

Program Listings in Alphabetical Order



et

IONe!

oy

[

N YNy O

[

C

[aW;

)

PTC CoaLDl
SUAROUTINF €O
WRITTEN FERB,
REVISED MAY

~COALESCER MOU
~ENTRAINED WAT
~THE EXIT ORGA

1%
15

STRMO( 1)
STRMO(2s J}

EN VECTOR
FRACTION U

le

Ze

HAFHFRARMACS]
COMMON NOCONMP
COMMON AEN(4,

JJ = NOCOMP =+
FENTW === ENT
FWATT === TOT

FAATT = STRWMI
CAL(ULATE

X = TRMI (1,
Co ]2 J=l.;f!.f\(_
12 XMOLEA(J) = ST

CALL FSCL ( F

WATFR

Al

Ao URLICKAS 70.
e SHAW
ubt WRITTEN FURK SHELL UARVILLE STHJULATION

LR TS REMOVoL ACCORDIKRG TO A
NIC STREAM CONTAINS ueNTRALINED

SPECIFIEDL BEFFICIENCQY
AND DISSULVED WATER

THE EXIT ORGANIC STREAM
THE EXIT AGULOUS STREAM
NOe

FOoENTRAINED WAToK RE&OVEL BY CUALESCER
MOCOMMON DECK s FOR ALKYLATIONe APRe30591968¢ TeTown*n
sKSETSeNINSNOUTsNEsSTRMI (5931 ) s STRMO(S5931 1 9EN(50s20)

1UZ)YoENCU50s20 71 sNOPP o X s XMULE(Z61 oPPSC(17926719PPMX{17]

5
RAITNED WATER IN HYUROCARBUN STRIZAM
AL INPUT WATERK FLOWRATE
(196)
SOLUBTLITY AND CHECK WATER BALANCE
Otp
RMICLeu+5)

S0LW )
s FWATT i

IF ( FSOULWN e LY T ZU
FENTW = (FWATT = FSOLw ) % 1 leu Eriini a2
STRMO(1+6) = FENTW + FSOLwW
IF { STRMO(1e6) oGFe rWATT + O TO 20
STRMO(296) = FWATT = STRMO(1s6)
SOTO0 21
STRMO(1s6) = FUATT
STRMO(296) = DU
21 STRMO(1+3) = STRVEO(146])
STRMO(292) = STRiFO(246)
RATIO = (STRMO(146)=FSOLWI/Z{FWATT~rSGLY
D0 30 J=Te10
STRMO{LIsd) = STRMIITISIIXRATIC
STRMO(Z294) = SGTRMI(1ed) = STRVO(6eJ
STRMC(1e3) WOl eBd + LTRMUL s
3 STRMO(Z923) = )T‘ {2 eEl 4 SikiulZed)
NOOCORCANTC LEAVLS I o wnTok LTReAN
20 AD J=11 600
STRMO(Yeud = STHMI(Y1ed)
STRMO{2s ) H.U
4 STRMO{193) = RiMO(]+3) + AL e
TRAMNSFUK T(«P'VAT\ I AND prUSU\l
S0 50 J=4e 5
STRIO{Lsd) = STRMI(LsJ)
Ho STRMG(2eJ) = STRMI(14J)
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$IBFTC COMPRS

oy Y

N

Oy OOy OYOY O O 0

(@]

O N

(@)

151

SUBROUTINE COMPRS
WRITTEN BY Ae CRLICKAS Pe MELNYK
REVISED BY [e SriAW SEPT 1568

91.

MODULE WRITTEN FOR THE SHELL ALKYLATIUON SIMULATION TO DESCRIBE
- THE PRESSURE DRCP FRUM THE PRODUCT SEPARATOR TO THbt COMPESSOR
- THE COMPRESSOR
- THE CONDFENSER FOR THE FEED TO THE DEPROPANIZFER COLUMN

NC EN VECTOR

¥HHHFXX MACSTH COMMON DLCKy FOR ALKYLATIUNe TeTe APReZ291968 o # ¥t
COCMNMON  NOCOMP oK SETSoNTHeNCUT oNE 9 STRMI (5931 ) o STRMO(59%1)9EN(50520)
COMMON AEN(491U2) oENC(S50 0207 o NOPP s X s XMOLE(26 9PPSC(1T926sPPMX(1T)
OMMON  SN(759¢31)sDELS(31)s KPM(50910) 9 US(T5) 4KPS(3)

JJ = NOCOMP + 5

DO 20 J=6+JJ -
STRMO(1sJd) = STRMI(1sJ)
STRMO(1e3) = STRMI(1s3)

CALCULATE PRESSURE KNOWING FLOW AND ASSUMING IDEAL GAS BEHAVIOR
PDROP = 243G5F=05%STRMI( 193 )% (STRMI(194)+460e0)%061788/STRMI(195)

CALCULATE COMLRESSOR OQUTLET PRESSURE Fruih COMRESSICN KATIC
VFLOW = STRMI(193)#(STRMI(1+4)+460e0)%¥0e 1788/ (STRIAI{195) = PURUPI
IF(VFLOWeGT 04500 eU) WRITE(S541517! VIFLOW

RATIO = 15610 = Ue0026T#VFLOW

NN = KPM(NEs2)

SN(NNs5) = RATIO¥(STRMI(14s5) = PDROP)

STRMI(195) = SN(NNs5)

COSTING DATA

SHTHP = UelB87*#VFLOW + Oel24&

KWPrH = SHTHP / Ue746

ENC (NEs16) = KWPH

CALCULATE COMNDENSCR QUTLET PRESSURE ANU CPERATING COSTS
STRMO(14+5) DelUL®XSTRMI(192) = 13,90

ENCINES17) = 18448

ENC{NES18) = 11458

RETURN

FORMAT (/124 %% POwew CUTURE LIMLIT 7.0 Tro LU xooSUx mbo b cAC
1EEDED BUT Th¥ CALCULATIONS ARE CONTI oL USInG Tz OVE=LUGAL CONOIT
2IONS/5X 15HTHE CGAS FLOW ISe FUalss 249 H ST ThHE ~0bPLR LINIT IS 4

3600, ¥¥x)
END
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CLBRANTINE FANTN? 92
NAYNVTLIFE REETMEDRPY STV ATTINAN )

s “WRTTTEN EAR TuC SHE| |
a THE STRPFANS FAR THTC V”ﬁHLE ARFT Twre EXTT raUpReCcenD CTREAY T“
C AMD TUE EXTT cANDENMESER QTofAy NNT

~

- AL \ECTAR

r 14 FALITDVMEMT AIIMDED

r Vs _’*‘7!\ PRECAIIDE NTFFEDEMCTE IN THE GCGFEARQCtI (CFT nNY THFE .""‘)f\(',')/\h‘)

C 2, MEW DRFAQHIDE RTFEFERCMAT TN TUur SEARAIL (ST NY THE DDAMDANY

~ b o CNNVYEPAFNMCE T FRAMCE FAR Tur DREQQININE NRAD ('\"‘ri"‘/\_[l\/ f\.])

o Be MIMPER NE MARNY FS TN A0 DACY TO TO TUE DRAINNICT SENADRATNR

s g FNNITPMEMT MIMOED AF THE PRANIICT CEDARATADR

s Te CHAMGE TN AF| D WITu A CHANGE AF 1 DSy, (THITTALLY 20)

-~ 0, PRIMT F~AMTDRA) (MOARMALLY NN - MO O psT ey

- e SHWITrHI FAD NIRECT AR | OND CA| AL ATINAN

C - NIDRFCT rALruL«TTnM 1 o0

r — LOND CALCIIATTAN 240

r 1N, | NODB rOMTDN| (TMTITTALLY ~Y™MIAL TN 1,.)

g 116 LD PRANIICT SERPATATAR DRESTNINE TN THE COADCY

r 126 NFEW PRANLICT SEPRARATAR DRECCI!'DE M THE QrAD L

- 12, NEL D AT 1767 DST, CAYTN™ I'Aan Tue pRECCHIpT cranrsiy

-

. S AAE MACLC T COVINK NEerY g ENR R VY ATTON TaTe ADR 2041040  #it#R
ratatl Lila BN Mﬂrﬁ”h,erTP.an,“ﬁrT,”r’CTﬁwT(;.71),rmeA{;,q1\,rm(cn,qn)
ORI 77(B762) e MACNg | TMTT,e | T*T7T2e VYVY(21/4)a M TET

~
NEI P = STRPYT({1e48) = TR ] e5)

LONPRC = FN(MF410)+0,

MEE = FAM(NMT4A)

CAMIME 41Ny = | AADA- 4 9

1 E({{ NODE (AR o 7 ) nn TA an
r Eat{ M g9y TS TUE DRFCCIINE AF TUr PoafrirT CORnADATAD
-

10 TF(NFLP AT CeN)  £A TA 4n

EM(MFg2) = NFID

FAM(MEG12) = TM{MFF42)

EP‘(MC(‘.')‘ - F‘M(Ml—,-y')) s "\C'LD/[_—‘\V(\|'-"7‘

CM(MEG12) = NN

MMz EN(NEREY

JTREIFN(ME gy gy 1 00 METET = Ml TET oML,

TRE(FN(NE ) FN 2,0 MASM = MACM L

TN AN

P

o SEARCH FODR DONANIEET QroaAnATAD POEQSHIDE €N TiaT N D 1€ 7629

2N FM(ME42) = CM(NME42)
PM(MF,1]) - CM(MF,];)
FM(ME42) = NP
!‘N(Mt,jj) = CM(ML‘}"’Q)
AN = EM(NMFg2) o FAN(NE 4D
FN(MEF92) = FM(ME12) = (FN(MFa12)=F N (MFE 17 ) )%MCM(MNE 42 /AA
FAN(MF 7Y = FN(NES12)/(17,7=FN(F412))
Tf(«qC(PFLD\.L".FM(NF,A‘) N T 40
MM = EN(NF g6 )
r:(CM(ME,Q).Cm.w.ﬂ) MLTPT - “ITtT-”“—1
TF(EM(MCQO).'ﬁ.ﬂ.ﬁ) MACAN = NN MR
N TN &N

~
NN FM(NMF 1Y) = 140
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nann

CM(MEr a2y = 17,7

TE(TN(NTg0) T 0GR
PreceT Tuoc SAMUYTDAOCNoC
[ TMTIT2 = 0

RETHIRDN

rARtA LY 4O NEY D =
(s I
joall ARy

MPTTE (Aynn0n)

MY mn. = 1
TTAR £,

nELo
TA 700N

93.



SIRETC CONTO?
SUBRODUTINE CONTO? 94.

¢ ORNTROL MODULF FOR I1-C4 BUTLDUP TN THE SHFLL ALKYLATIUN ST OULATION
C
C EN VECTOR
C Le EQUIPMENT NUMBER
C Ze STREAM NUMBER OF ORGANIC Fetu TU Trit REACTOR
1 Je NUMBER CF LOOPS BrlLOW Trt ACCELERATIGN TOLERoNCL (31
C Le MAXIMUM ABSULUTE CACCELERATIUON UF I-C4 FRUM LUUP TO LOUFP (0003
C 5 STREAM NUMBER OF THE I-C4 FEED ,
C 9¢ LAST VALUF OF T-C4 TO THE RECACTOR (SUT RY PROGRAMI
C 1o PRESENT VALUE OF 1-C4 TC THE REACTOR (SET DY PROGKAMI
i
C NO CINPUT OR CUTPUT STREAMS REWUIRED
~
C FXFREFRFMACS T COMMON DECKs FOR ALKYLATIONe APRe3051968e TeT e*kx%
COMMON  NOCOUMP oK SETSsnINaMNOUT sinE 9 STRMI (59317 o STRMO( D931 sENIG0Q920)
COMMON AEN(49102) 9 ENC{HUs20) sNOPP o X s AMULEL 261 o PPSCL1Te261 sPPMX(17)
COMMON  SN(75+21)s DELS{31)s AA(1I806)s LCOP
DIMFNSION DIFF(10)
C
CALL XDATA
LOCP1U = LOCP + 10
NFEED = EN(NEs2) + Oel
NLOOP = ENI(NFs2) + 0Oul
NLCOP1 = NLOOP + 1
EN(NE®9) = EN(NES1O)
EN(NE910) = SNINFEFDs15)
AEN(1oLOOPLIU) = ENINEslu) = EN(NEe9)
IF{LOOP«LTeNLOOF1) RETUKRN
DELSIU = DELS(10)/240
IF(AEN(Y2LOOP1C) oL TeDELSLIUF  RETURRN
C
DC 20 M=1aNLOOP
NN = LOOP1G + 1 = M
MM o= NN - 1
20 DIFF(MI = AEN(LoNNIT — AFN(1gMMi
C
DU 60 M=1sNLCOP
6L IF(AUS(UDIFFIM) 1 oGTeENINEs& ) P RETURN
C
C
MIC4 = FN(NE9R) + 0,1
ADJUST = lev = (AEN(ISLOUPIGI/SNIRICL 157
SNINICHe3) = el
DO 10U J=6s31
SNANICasd) = EN(RICGH s I */,5000T
Tuwe SNINICHe ) = il lGe i NN NS RPN
AR = =AFN(1 L0001
WRITEA(E$D999)Y LOGR e i
C

RETURN
9995 FURMAT(//  19r AT ThE ENL oF LUUPs las &3r1 Tre TUTAL 1=C4 FEcu wi
1S CHANGEU TO ASJUST Thd Freb UF I=C4 oYs Fived //1
END
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$IBFTC COSTER

SUBROUTINE COSTER 5.
¢
¢ SRITTEN 83Y le SHAw COSTING MOUULE FUR SHbLL ALKYLATION STULY
N
C FNOVECTOR
C le FQUIPMENT NUMBRER
C 2e LOCATION CF DENSITY FOR LIQUIDS (131
C S
C ho TEMPERATURE OF INLET COULING WATER
C Ee COST IN DUOLLARS PEK 1000 PUUNDS UF LUW PRESSURE (50 PSIGH STEAM
C 7e COST IN DOLLARS PER 10600 FOUNDS OF 200 PSIG STEAM
C Be COST IN DULLARS PER MM eTeUe OF 111t REZOILER FUEL GAS
g 9e COST IN DOLLARS PER KeWete OF ELICTRICTY
C 1ie COST IN DULLARS PFR 1007 I8P GALLONS OF COOLING WATER
.
C ATM VECTOR
C ALL COSTS ARE ITa DULLAKS PER BARREL UNLESS UTHERWISE STATEL
C le EQUIPMENT NUMHBER
C 2¢ LENGTH OF AEN LIST
C 3e COST OF PROPANE IN ThE ISCO=-GUTANE FEEU
C 4o COST OF PROPENE IN ThE ISO-BUTANE FEED
C 5e COST OF N=8UTANE IN THE I1SO-BUTANE FELED
C 6o COST OF ISO-BUTANE IN THE 1SO=-BUTANE FEED
C 7e COST OF N=BUTENF IN THE I1SO=-BUTANF FEED
« 8e COST OF ISG-sUTLNE IN Tii I50-nUTANE Fiku
C 9e CUST OF N=PENTANE IN THE ISO-BUTANE FEEL
C 1Ue COST OF I1SC-PENTANE IN THE 1SO=-pUTANL FEED
C 1le CCST OF ISO=-PENTENE IN TrfE ISC-BUTANE FEED
C 12,
C 12., COST OF PROPANF IN THE OLEFIN FEfO
C 14« COST OF PROPENF IN THE OLEFIM FEED
c 15 COST OF N=RUTANFE IN THL. OLEFIN FECD
C 16¢ COST OF [SO=HUTANE IN THL OLEFIN FLRD
C T <L,5T OF N=GUTENE IN Trib GLEFIN FEED
C 18e COST OF TS5C=-BUTENE I THL OL&FIN FLeu
C 19« COST OF N=~PENTANE IN Tetl OLoFIN FrtL
C 2ve COST OF ISO=PENTANL IN THE uL.FIf Fity
C 2le COST OF ISO-PLNTUNE IN THE OLEFIN FELD

Z23e¢ VALUE IN DCLLARS PER gARKREL CF 0% OGCTANE (k=271 ALLKYLATE

Z4e VALUE IN DULLARSE PER BARREL OF PROUULT PrUFANE

25« VALUE IN DOLLARS PER BARREL OF PROUSJCT wdTA

7he NET COST IN LOULLAKS PER BARRFEL UF 99 FoxlenT =~ulLPAURIC ACTH
277« COST IN DOLLARS PFR 100 POUNDS OF CAUSTIC

e STREAM NiMHER OF 1S50-HBUTANE FEED

e STREAM NUYH-R OF CGLFFIN FFED

Ay STREAM NUMEBLR OF PROOUCT ALAYLATE
344 STREAM NUMBLR OF FROUULCT LPG

256 STREAM NuMBEER OF PROUUCT UTAMNL
366 STREAM NUMBLR OF ACIL Fetlh

37« STREAM NUMHER OF DI CAUSTIC

384 STREAM NUYMLR OF LEPROP CAUSTIC

29, FLQUIPMENT NUMBER -OF THL ACLD MAKE=-UP “0udL L
Lig FQUIPMINT NUMBEFR OF DFPROGP COLUMN
7%
4

AN NANONANANA NGNS NANANANANANS

le STREAM NUMBER OF THE LIGUID LEAVING Trb PRUGUCT SEPARATON
2e STREAM NUMBER OF ORGANIC FELD TO REACTOR

SO MY DY




Ot Uy L":,(_"\Q F Uik ALKYLAT recy el
P e ST TS e IlienGUT oMNE o 5TRIT (D {5910 et
T2 9 FRC(E 920) o NOPP e X s X, (170260 8PP X (17
N -

sl 32187 e nRUN

021 ) owl(T338) o TITLL(24) sz

')I.-i'r:'i"\&;:l(),"\ FLOWT e FLOABCC( T e COBT(Tdy COUSTl(T)
DIMENSTION  UT ILTY(S)J CTLYBC(S5) s CETUTL(D4s CSTutsC(5!
IMENSION R3OVCTIN(L14) o KEACHI(9)y REACLO(S)

194

THE FLOWLC AND THE COSTHC VIECTORS ARE Thie <45%F CASE FLOGW AND COSTS
FOMATERIAL FGR A 24 HOUR DAY i

£ OUTLYSC AML THL CSTURC VECTORS ARE Trib UASE CASE FLOW ANG COSTS
UF UTILITIES FOR A 26 HOUR DAY

THE RK30CTHN VECTOK CUNTATLNG TrE <=3 OCTAMJE NUSBES UF £ACH CulPontnT
TAINING FIVE OR FORE CARuORNS
FLUWHC 157T6e Jit30es 192360 11le 7/
COSTRC 48357 a9 G132e9 61llées ey 27e /

Blhes 301es L1776 27292360

2769 11bUes 1446 i Tas Zhe [/

-)1029 Gl2eus UTals Z2ads 11L9e59 el 35 e39 1
L o 11369y Ylele 1LlheSe YHhelle Y6e. /

DATA REACHI / 245669 Ylehs 6HUeld YBYelus “leDy GLeFe 1L,eUs el
180ed /

GATA REACLO 7/ 97 eb9 BY9ebe [Tl 6659 G3bedlds Zlele 35ele Leise Dels Lel/

DATA UTLYRC
DATA CSTURC
DATA K30CTN

NNNN N

CALL. XDATA

CALCULATE VALUF AMD FLuUw Pl HOUR wf T LErd Aou 104 FELUS

AA = 7.481/4(,.

FORP = cN(RNEZe2)

X = 6ued

CALL PROCAL

DO 20 I11=142

I = 1uxlll-14

II = AEN(leITI+30)

FLOW(CITII) = Geu

Cosierrn)y = .

UG 19 JsTelb

J o= I+J

JJ = J+5

IF(SN(TIT odJ) eCTeve sleliNlieAE N (1ol J) ettia 0iiy WRITL (& e wB3E JUell
R = SN{ITeJJ)HAL/PPSCNUPP I

FLOWCITLY = FLOW{IID)+

COST(ITL)Y = COSTIIIT ) +uiidtaih(LlelJ!

CONT INUE

CALCULATE Tl Ry IV = S RS & 1 . i RN

I1 = AEMN(Ye33)
FLGW(3) =
OCTAMN = a0
DU 3 J=18.31

+ it L v
H ()’—77Iﬂ'lp + (T
UGCTANN = OCTARN/FLUW(D)
17

= FLOW(3) 4 SN(Ilsul#AA/PPSCNUY I eu=54



m

[

CCST3) = (AFN(1s23) + (OCTANN=1O03 e *¥0ei5 I 2FLTA(2)

97.

CALCULATE VALUE FER HOUR UF PRoPANL ARD BUTANE SThieANs
AA = Teb81l/427
NOPP = EN{(NEs2)
DO 50 I11=4+5
IT = AENC(LsI111+20)

X = 600

DO 45 T=14NOCOMP

XMOLE(I) = SN(TLs1+5)

CALL PROMIX(2)

FLOW(IIL) = SN(IIe3)%AA/PPMX(NOPPRI
SLOCOSTHITL)Y = FLOWCITTI®AEN(L,IT1+201

AND FLUW

Lk
[

CALCULATE VALUE AND FLOW PER HOUR OF

SULPHURIC ACID STREAM
ASSUME THAT THE ACID FEED 1S 99 PERCENT ACIDs IS5 AT 65 DEGREES Fa

YYD

AN

oy

S

(%N

-

AND HAS A DENSITY OF 18342
IT = AEN(1+36)
B = SN(IIs7)%*98e¢1/0e99
B = BBE/(62.4189%1e8347)

FLOW(6)
COST(6)

BB*AA
AEN{1926)%FLOW(E)

o

CALCALATE VALUF AND FLOW PFR HOUR OF Tw0O CAUSTIC STREAMS

MM = AEN(1+37)
NN = AFN(1+38)
FLOW(T)
cosST )

AEN(L9 27 )®FLOW(T)

SUM ALL UTILITY
NOO200 T=145

CTILTY(I) = Cof
DO 210 X=1sNEMAX

USAGES

IF(ENC(KslielTeCel) GO TU 710

UTILTY (1) = UTILTY (1) + ENC(Kell
uTIiLiy(2) UTTLTY(2) + bnCidsl2)
UTTILTY(3)Y = UTTLTY(3) + ENC(<914)
UTILTY (&) = UTILTY (&) + ENC(K 167
UTILTY(5) = UTILTY(®) + FENC(<e17)

COMT INUE

DO 220 I=165

b J

CSTUTLIT) = UTILTY (L I*ENINLG s I+5/
CHANGE COSTS AND FLOWS BROM —QURS
TIM!. = Plhels

NG 305 T=147

FLOWLT)
COST(IY
PISEECRES s"
JTILTY S = UTTLTY (D) %TIND
CSTUTL(L)Y = CSTUTL(TI*T1wME
WRITE(599999) KRUNs TITLE
WRITE(6s9998) KRUNs KRUN
WRITE(695997) FLOW(1)s FLOWRC(I)
WRITE(£99994) FLOWI(?)s FLOWRC (2]
WRITE(699995) FLOW(E) s FLOWRC(6!
WRITE(6999G4) FLOWI(T7)s FLOWRC(TI

FlrLow(ly*TIME
COST(IY#TIMF

ls5

- oo

e

Y B I

(SMNINNsBI+SNIMM B I#(40e 07100 e

TG

uAY S

COST(Y )
COST(2)
CCET(E D
CUOST(T i,

CoSTRC(1!}
COSTHRC(2)
COsTPL(E)
COSTHRC(T7)


http:Cf,;\NC.1L
http:IFIENC(K,ll.LT.C.ll
http:SNINNtBl+SN<MM,8i1*(4Ue0/l~O.UI

\,JDITC((\.(\‘(\Q’)) F[_ﬁ“"(’l)g rL(\‘u,lp(-(fg), CNCT(2Y g CACTOC (7))
WMRTTF (440002 FLAM(AY s FLOMRC(LY s COACT (L) e CORTEOLA)
(A

MRTTI (Asnnnt) Sl AN(E), CNURA(EY, ANCT(E), CASTRC(F)
WRTTE(Aeanany HTTLTV(1)e "TLYRA(Y )y FETHT (1) £OTHRO(T)
WBTTr(Asnnosy VT TV (2Yy, T VOr(9ye FOTHHTI (71, TS
WOITE(fenno7y NITTI TV 2y, HTLVYVDAIAYy e ~ATTHTE (7Y, sOTHIN A/ ()
WP TTE (L ennon) "TTITV{/‘). "T[VD."(A)- COTUTL LY . r-cTIvr.‘(‘(/,)
WRTTE (Aennomy HITTI TV (RY, TIVYDRA(EY, COTHTE (R, AOTUIN Ay

WDTTFE (AeQ0ORT ) NCT AN

FETENC = 1B2NE 4

PETER, = 1202 .5

N o= 7,007

E = Ng724h

FETE = FASTITY 4+ 7OCT {2y & r£rNCT(ay 4 7ACT(7) 4 AOTHITYE vy 4
1 FETITL(A) + COTUTI (2y 4 CCTHTLA{2Y 4 COTHT (R)

NeTE = (‘an(ﬂ) + r‘nc"“(;) 4 rr\':‘r('t) - T

A = CETE/FLNE{R)

N o= RETE/F N ()

FETNTE = CCT0 - ceTrEe”

D:Tmfr = PETT o DBETENC

C = A D
[ S
WDTTE (Rynnan
WRITF (As00 7N [}

) v
)

LRTITE (AenO70) PRETC, NETEOC, NCTNTE
)
)

reTme roTernl reTnTc
WD TTE (A eDDT77
WD TTF (4 eQ0T74

LTS CD e AT TN AN EAITOENT L T T T AT T AMG

WOTTE (AeN0T7MY)

ey | Y"’TT‘- AT NI ACTAD (‘"Of—‘,’_' AT TN
N ATN(T /42
AA — N

“A1997 21007

o= J=-11

TRELEN (N g) o7 aPTACLACLY) AN T2 1210
o= M)

T (MaTn 1) TN T T (AeTTAR)

WMOTTF(AanO&R ) DEACLA(] ) Jy SNIN4 )
ANTA 12090

TO1N T (AN Ny 1Y gl TgRITAMLIT (1)) coNTA 19920
LY - V\A_‘_ﬂi
TF{MTNGT)  "RITE(44N0AA)

MDTTE (A eNREAT ) REACUT (| Yy Jg OF (Mg )
1200 COMTINUE
TE(MeFN ) HOTTE(AaTNAN)

fﬁM“F“CCP NEITY AN AV ADAD VFLAFTTY [ Ve B o S VR AR N
Moo= AN g N

MV = FMF(M,A)/aAhﬁ.ﬁ

CAN — ENC (M GBR) /] NE0A

WO TTE (Ae0QATY VL

WP TTE (£,0060) CAN
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99.

i)

CHECK PRESSURE CONTROL ON THE PROLUCT SLPARATOR
N = AFENM{1+41)
IF(SN(NesS)eNFEel7e7) GC TO 1300
RITE(69995G)
G0 TO 1310
1200 WRITE(699958) SN(N#5S)
1210 CONTINUE

(
C RINT VALUES IN ACID MAKE-UP CIRCUIT
N = AEN(1+39)
A = EN{Ns2 I %1006l
B = EN(Ne4&)*100T
C EN(Ns3)#100e0
D = EN(N,11I#1004C
WRITE(699957) Ay He Co D
c v
RETURN
C

9QUs7 FORMAT(////726H ThHE FRESH MAKE=UP ACIU 1S5 FTeZy 4711 PERCENT ACIue
1 THE ACID FEFD TGO THE REACTOR ISs FSels 32H PERCENT OF THE TOTAL
2 FLOW AND 157 40Xs FTels 24H WEIGHT PERCERT ACIL AUy FHely
3 21H WEIGHT PERCENT WATERI

Q9958 FORMAT(////745H THE PRODUCT ,kPARATUR PRESSURE wWAS RAISED TOs FbHelo
1 T7O0H FROM A BASE OF 17«70 PSIA TO CONTROL THE VAPOR LOAD TG Tnt
2COMPRESSOR)
5959 FORMAT(///113H THE PRODUCT SEPARATOR PRISSURE CUMTROL WAS NUT REWU
1IRED AND THE PRESSURE REMAINED AT THE HASE VALUE OF 1747 PSlAY
G960 FORMAT( 35H THE DC3 OVERHEAD CONDeNSER DUTY TSsF6be2s 524 ARND TrHr P
IRESENT LIMIT IS 10600 MILLION BTU PLR #OURI

9961 FORMAT(//77 26H THE DC3 VAFOR VELOCITY [S5s FHe29s  H53H AND THE PRLS
TENT LIMIT IS 13600 CURIC FEFT PER SECONLDI

GO64 FORMAT(///  S8H NO CORRFLATION LIMITS WORKE EXCEFLCEDL IN THE REACTOR
T MODULE/Z /)

G965 FURMAT( 2%+ THE CORRELATION LIMIT CFeFT7els 25H IS EXCELDED FOR S
ITRMTI(les 12y 10H)Y WHICH IS%s FT7el)

9966 FORMAT(////7/7 €24 THE FoLLuwlNG wImiTS oAVE obblN EXCEiUbo 1IN THe K
TIEACTOR MCDULF /)

9570 FORMAT(1Hls /// 2¢tXs 92H 5 U M M A R Y o P ROCCE S5 S
1 AN D COoO R R L LA T IO Lol T &r/0
G976 FCORMAT(2UXs 25HPROFIT FUNCTION PeR oo oF ALAYLATE s r21le3s Fluels

1 F2Ce4)

9677 FORMATI2UX e32HCUST FUNCTION FER 5ol OF 40 Yo Tierb 2e3eF1VesdeF et

9978 FORMATI20Xs 23HPROFIT FUNCTION PEX DAYs Fi53els FlSeis F2lec

9973 Fu<\AT(/bA9 2IHCOST FUNCTIUN FER UAYs F3%els ~LUeis ~20el)

9G8u FORMAT (/777 6ETXs  THIXUKN NOes léas YXs  9moAlS: CloE s 11X
IPRENCE /)

9981 FURMATL/ /7 OXe H2HTHE LooUTANILZLY R=% UCTANG 0 TILAG OF Trilh ALaYL
TATE I5s F7e2)

QYGE R FURMAT(LIX s &4OHHx® NO CUST WwALUER HAS e 2EAL Ty Sor COMPONEST s
113 116 IN STREANMs T4 36 ARL IT fiAn sei i TASEN AS ZERC %)

D985 FURMAT(20Xs 19HSTEAMIZ200U PSTGHe 1Xe 1ol labLD Litde F2leresFldeis
1F23eUsb 14 e

G986 FURMAT(9Xe 27THCHANGE Iiv urPLeATING COLT = (N NG a4y, SH) =~ (A
158 CASED s / 35Xse lil=s Foe0!

QU877 FORMAT (20X s 4HFUEL s 14Xe 8IH{MNM DTUls r21el0srltelisi Z2%aNsF Lbae)

GYBE FORMAT(20Xs 1T1IHELFCTRICITYs11Xs  4HIKv s FP2le0sf 14 elioF23a0sF1taN)

9989 FORMAT(20Xs 26HCCOL TRG WATER (100D GALS e FZ2l el sl iniall s 23eNyF1her


http:i;�;,.�i,FlL~.ol
http:EN(N,3l*lUO.ll
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1) 100.

99U FORMAT(/9Xs 28nUTILITIES STEAMIS0 PSIGIs 2Xs 10R10G0C0 Lende llel?
1eFldeUsF23alisli4eu) :

GOO1 FORMAT(20Xs OGHBUTANE s 14Xs 6HIBELS F2leUsir 14eCeF23a0eFlael

969972 FORMATI(20Xs THPROPANLE» 13X» GEHIBELS) sy F2leUsF1b4elisF23e0sF14e0!

99492 FURMAT(/9Xs 19HPRODUCTS ALKYLATE s 12Xe 6H(EBLE)y F2leUsFl4elsF o2
leOeFl4e0)

9994 FORMAT(20Xs THCAUSTICs 1UXs 9H(10U LPSI, F2leCoFlbelsF23elsF1lba!

G9GL FURMATIZ2UXs 1&4HSULPHURIC ACIDs 6Xs 6H(DBLLS!S FZleQoFltealat 23e0ofr L4
lel)

9956 FORMAT(20Xs 6HULEFINsL4Xs 6H(BBLST FZleUsFlheGob23eUoF14e0)

GUYT FURMAT(9Xs BSHFELULSs 6Xs GHISCBUTANE 911X EHIEBLS T 9F21eUsF 14eCoF 2%

104F1440) |

G998 FORMATIOXs28HSUMMARY  OF  MATERIAL  FLOWSs 25Xs 20HGUANTITY  PER
TOAY s 18Xs 16HVALUE PER DAY 7/  59Xs (HEKUN NG s13s 14H HASE
SCASTs 13Xs THRUN HO s 139 13H HASE CASTs /)

Gyt FORMAT(LHLe//941Xs4TH O P £ K AT 1 N G CousT S U MM A K

T Ye// /e 8Xe 1M RUN NUM@EH ’ 13y /79 8Xs 11H CONLITIONSs//
219X 4 12A6/19X s 12A6/ /)
END

McMASTER UNIVERSITY. LIBRARY
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AN

YD DY OY Y

Y OYDY YOy Y

-~

¥

ARG NANGNA]

™o

oy

EPRPZ
SUBROUTI NG

WRITTEN BY
REVISED Y
WRITTEN TO

%R KK R
CUMMON

MACSTM
NOCUME oK SETS oNINsmOUT o NE 9 STRMI (5 931) o STRYMO(H 931 s EN(5Gs20)

DEPRPZ

ALAN Ge RPROWN 101.
e SHAW _
DESCRIBE THE LEFROPANIZER AT Srbil OARVILLL

COFMOUN DECKs FGIK ALKYLATIOUNS TeTe APRGZ20s1968 ¢ ¥xx*

COMMON AEN(49102)eFNC{50920) sNCPP s X s AMOLE(26) 4PPSC{1T926) 9PPMX{17)
CIMENSTION A4 oA(G)Y

FQUIPMENT VECTOR

le FQUIPMENT
Ze NOe OF

3.

TDEAL
FRACTION CF PROCPANE

NO e
(USUALLY 30)
IN FFED GUING

STAGES

OVERHEAD (ARCUT nl.86)

Lo OUTLET TEMPERATURE OF CCOLING WATER (ABQUT 120 LcGREES Fael
5¢ LOCATICN OF SPECIFIC BEAT IN PHYSICAL PROPERTY PACKAGE

6o THE NUMBER OF THE COSTING MOLULG

Te MOLE FRACTIOK OF PROPANE IN UDISTILLATL (98 = o991}

8e ENTHALPY CHANGE OF 200 PSIG STEAM IM BTU (B4T7,04

Ge REFLUX RATIO (CALCULATED BY PRUORANI

1tie MINIMUM

ENC VECTOR

RIFLUX RATIOC (CALCULATEDL uvY PROGRAMI

4o VAPOR VELUCITY IN CUBIC FEET PER AUUK {(CALCULATEL Y PRUGKAM)
54 OVERHEAD CONUENSER DUTY (CALCULATEL uY Trik PRUGRAM]

JJ = NOCOMP + 5

STRMO(1e4) = 78B40

STRMN(195) = 27447 .

STRMO (196} = STRVI(1+6)

STRMO{1e7) = 0aD

STRMG(198) = (el

STRMD(199) = 00

STRMO(1910) = Q60

STRMO(1s11)

STAMO{1912)=5

=5TRMI(1911)
RMI(1913)

STRMO(1s18)=040
STRMO(1s17)=000aD

O 24 I=

STRMO(246)
STRMO( 25 7)
STRMO(2+8)
STRMO(299)
STRMO(2+10)
STRMO{2511)
STRMO(Z2s13)
STRMO(29 161
STRMO(2s17)
Do 27 1

T

i
STRMO(2s1)=

19,00
STRMO(1s1)=
STRMO(2+5) =

Lel

791427

el

STRMI(1s7)

STRMI(1s8

STRM™T(199)
STRMI(1s1u)

=NgN

= et

=HTRMI(1416)
=STRMI( 14171

TeJJ
STRVI(Ls 1

i

{1

T = STRMI(1s4)

SUMI = STRMI(1912) + STRiI#I(1sl4) + STR [{1s15) » STRAI(1+18)
X1 = STRMI(1s12)/5UMl

X2 = STRMI(1s14)/5UMI

X2 = STRMI(1s15%)/75UMI

Aty ARE VaAPOR-LIQUIL LWUlLIBRIUM CONSTANTS
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)

ANONS!

™

DYDY DY N

EEEARY

AXAT) = =NG2U045FN1 4+ ((e26205E=N1 = 0e42B411E=N4%T)*T 102.
AK(2) = =0490056F00 + (Ue91234F =07 = Ne2N431E=07*THTIxT

AY () = =0,11584FG] + (Ce)1035F =1 = “e41N412F=0T#T#T)*T

AK(6) = =04493020000 + Ue43GT26=02%T

ACJ) 1S THE RELATIVE VOLITILITY

DO 18 J = 1.4
ALJ)Y = AK(J)I/AK(3) ‘

SUMOT = ((STRMI{1912)%EN(NE 3 ) /{ENINE 971 ¥5TRMI (1930 1 i%SUMI
XX1 = FN(NFs7)

STRMO(1s12) = XX1#5UMO1

AS A FIRST APPROXIMATION ASSUME CNLY C3 AND IC4& 'IN DISTILLATE
XX3 = lea0 = XXI1 ‘

STRMO{1s15) = XX3%S5UMO1L

STRMO(2s12) STRMI(1912) = STRMO(1s12)

STRMO(2s15) STRMI(1915%) = STRMO(1e15)

SUMD2 = SUMI ~ SUMC1

XXX1 = STRMO(2412)/8UMO2

XAX3 = STRMO(2+15)/5UMO2

AAA = A1) /7A(R) :

RR = STRMO(2412)/5TRMO(1s12)

ot

STAGMN IS THE MINe NOe OF STAGES UBTALGED FRUM THE FERKE EWUATIUN
(le AND Lo Ces V245 NOeH Po 482-5)

STAGMN = {ALOGEXXLI#XXX3/{XX2¥XXX1) ) ) 7ALOG(AAA)

STRMO(1s14)t = STRMI(Le14)/C(U(ALLI/A{2I ) *¥¥STAGMNI¥RR) + 160
STRMO(1915) STRMI(1915)/(({(ALL}/A(RII*RXSTAGMNI¥RRI + 1e07
STRMO{(1s18) STRMICL)IBI/Z((C(ACL) /A4 ) #%¥STAGMNI*RRI + 1e0)
DDD = STRMO(1s14) + STRMOLIS15) + STRMO(Lsl8)

CCC (5UMUL = STRMG(1e.1230 /700D

STRMU(Ys14) STRMU(1 9141 %CCC

STRMO(1s15) STRMO(1s151#CCC

STRMG{1.18) STRMC(Ls 181 *CCC

STRMO(2914) STRMI(1914) = STRMO{(Llel4)

STRMO(?2915) STRMI(1915) = STRMO(1s15)

STRMO(2918) STRMI(1e18) = STRMO(1918)

STRMO( 193 ) =1a0)

STRMO(293)=040

O 22 1=6s31

STRMO(193)1=STRMO(193)4STRIFG(1e1)
STRMO(293)=STRMO(2 93 +STRMO (251

o

o
oo

H

o

RIN IS THE #INe REFLUX RATIO UBTAINED FROM THE FENKE EGUATION
(Te AND FaCaes V24 sNOS Pesp?2)

R 1S THE REFLUX RATIO OBTATAED BY LINEARIZING A PORTIUN OF Tr:

GILLILANUD PLOT

RMN = (XX1/X1 — AAARXX3/X20/(AAA = 10

STAG = (EN(NES2) = STAGMNI /(EN(NEs2) + letii

Rom (1ef + lelO6¥RMN = 1e7*5TAGI/(1aT%¥STAG + o156

EN(NES9) = R

FMINES10) = RMN

MUAT BALANCL TO CALCULATE Trbt BOTTOMS ToMPERATURE
GCOND= 1000 «*¥(0el123966E0L4+ HelUDZ203L0L¥RY

QREB=T 1U0Ue*(DelCY620E04%R + 0elb2164E061

NCOST = EN(NE6) -

W= QCOND/(ENINE 94 ) =EN(NCOST o4 )

FMC(NF517)= w/10000,

ENCIME$12) "= QREB/(EN(NEs8)}#100061



NOPPR = EN(NE45)

X = STRMI(1s4) 103.
DO 100 J = 1sNOCOMP
160 XMOLE(J) = STRMI(1sJ+5)
CALL PROMIX(1)
QFEED = PPMX {NOPP ) %X
X = STRMO{1e4)
DO 101 J = 14NQCOMP
141 XMOLE(D)= STRMO(1sJ+5!
CALL PROMIX (1)
QLIST = PRMX (NOPP ) %X
0T = GFFED + GRER = QCONL -@DIST
X = 230,
DO 102 J = 14NGCOMP
10?2 XMOLE (J) = STRMO(2sJ+5)
CALL PROMIX(1) .
STRMO(2s4) = QRBOT/PPMX(NOPP)
C CALCULATE THE VAPUR FLCOW AT THE Tur UF THE COLUmin ASSUMING PRUPANE
C AT 128 DEGREES Fe o 28Ue7 PSIAs AND CUMPRESSARILITY OF (e675
ENCINEs4) = (R+140)%0e6T5*STRMO(193) %1072 (128 e44604//28067

ENC(NES®)

t

QCOND

RETURN

FMND




SIRFTC DISORT

SUBROUTINF DISORT 104.
WRITTEN BY le SHAW AUGUST 1968

APPROXTMATE MODEL OF THE D18 COLUMN IN THE SHELL ALKYLATION &TulY

EMN VECTOR

1e EQUIPMENT NUMBER

2« FRACTION OF INPUT N=Ch REMOVED IN STuE CUT (U655 = 0.65)

3, MOLF FRACTION T-C4 IN SINDF CUT (D2 = Da04)

4e FRACTION OF INPUT N=C4 OLEFIN LEAVING IN OVERHEAD (ABGUT De70)
5. FRACTION OF INPUT I-C4 CLEFIN LEAVING IN OVERrEAD (ABOUT Ce90))!
6e FRACTION OF INPUT N=C5 LEAVING I SIDE CUT (ABGUT 06300

7e FRACTION OF INPUT I-C5 LEAVING IN SISE CUT (A3C0UT Ge50)

8e FRACTION OF INPUT I-C5 OLEFIN LEAVING IN SIbz CuT (ABLYT Cet5)
9e MOLE FRACTION N=C4 IN THE ALKYLATE (AcDUT Ce10)

ENC VECTOR

le EQUIPMENT NUMBER

4o OUTLET TEMPERATURE OF COOLING WATER (1n4e)

5. FQUIPMENT NUMBFER OF COSTING MODULE

6o MAXIMUM ALLOWABLE REFLUX KATIO {CALCULATED uwY THE PROGRAM)
7. LOCATION OF COX CHART RATIOS IN PHYSICAL PROPERTIZS (61

8e FRACTIONAL EFFICIENCY OF REFLUX COALESER (A3CUT Ce9!

(\(\f\(’\(\(\:'\ﬁﬁ(\ﬂﬁf\(‘.ﬁﬁ’\{'\f\("‘.ﬁ(\f\

KHAHREXRAXMACSIM COMMON DECKs FOR ALKYLATICN. APRe3051968e TeTeX¥i*
COMMON NOCOMP;KSETS9NIN$NQUT9NE,STRWI(5931)9STRMO(5931)9EN(50920)
COMMON AEN(Qo]O?)sFNC(%OsZO)yNOPP,X9XMOLF(26)yPPSC(17326)sPPHX(l7)

C

C
STRMO(Lle4) = 380
STRMO(2s4) = 168
STRMO(3s4) = 381,

C
STRMO{(1s%) = 1117
STRMO(295) = 12667
STRMO(3s5) = 13347

C
STRMO(196) = Oeu
STRMO(296) = Cal
STRMO(3+6) = Ual

C
DO 20 K=T7,10
STRMO{1sK) = Daf
STRMO{2sK) = (el

26 STRMO(3,K) = STRMI (1K)

C
DO 4 K=11s173
STRMO(19K) = STRMI(1eK!
STRYMO(29¥) = (040

G STRMO(3eK) = 0ol

C SET SOME OF THY N=C4 AN I-Ch FLOWS
STRMO(1s14) = (a0
STRMO(Z2s14) = STRMI(1e14)%uN(NL2)
STRMO( 39141 = Ued
STRMO(1915) = Gel
STRMO(2915) = T
STRMO(3415) = 00



)

m

&

MO

A NANG!

&l

s

STR

i

MO(1e16)
Ol29e16)
STRMO(3916) =

S5TR

i

TRMO(1s17) =
STRMC(2s17)
STRMO(U3s17)

i

it

STRMO(1+181
bTr dOo{( 29180
STRMO{3418)

Ho#

i

STRMO(1919)
STRMO{2s19)
STRMO{3+19) =

it

i

1

STRMC(1s20)
STRMO(2+20)
STRMO(3920)

]

t

DO 8O K=21e31
STRMO(1sK)Y =
STRMO(24K)
STRMO (2 9K)

LI

STRMO(193)
STRMO(293)

]

STRMO(3s3) =
O 200 UJ=64+721

TRMO(1+3) =
STRMO(293) =

STRMO(393)

t

ST OUTLET FLOWS

5TP%O(391& =
STRMO( 33 =
STRMC(2915) =
STR wo(?,J) =
STRMO(1s14)
STRMO(1s158)
STRMO(193) =

it

i

CALCULATE CLHULH

IS RUN AT TH
OC 500

XMOLE(J) =

STRMO(2e3) +

MAUINE o4
STREOCT s 160

STRMI(1e16 0%
STREI(1I9167 —~

Oell

STRMI( T o1 7)*EM{NF ¢5)
STRMI(1e17) = STRMO(1417)

NN
® .F

gt

STRMTI (1918 ¥EN(NE 96)
STRMI(1918) = STRMO(Z2918)

STRMI( 1912 %EN(NE$7)
STRMI(1919) = STRIMC(Z2+19)
Vel)

STRMI( L1920 ) %N (ML 98)
STRMI(L1e201) = STRMO(ZyZ20)

ol

D60
STRIME(L 9K )

Dell
Oel

el

STRMD(1eJ)
STRMO( 29U
STANND(Re )

STRMO(193) +
STRMO(393) +

OF N=C4 AND 1-C4
(STRMO( 3 5)/(L.O"[‘\(HE9))" -
STRMO{(R93F + STEMO(R914)
{STRMO ! 2, >/(1.0 EN(NE 93301 =
STRMO(293) + STRIMO(2s15)

STRMU( 3931

STRMI(244)

STRMI( 1914 = (STRMO(2 6140+ TRMEO( el it
STRMI(1935) = (STRMO(P o 1% 14 TRMO (%5431
STRMU(1 9271 4+ STRMGELel4id 4 STRMULTeLE
SER AND WDl LEr LuTyY il AL s TenaT HL L
EOMAXIMUY OVERIEADY Culitsst o AT Lt TS

J=1aNOCHP
STRMO(1sJ+5)

105.

({STRMG(194)=37e0)/1e8) + 27247

= (1187719 =04GG10735%¥TTTHTTT +16e16
it INCINT 9 7)
CALL PRUMIXTD)
REAX = {09 e r+UG/(HZULAMFRP X INGRR I = T ag

ENCINE )Y = RMAX

DB T10 0 =1 g NOCOMD

XMOLE(J) = STRMO(22J45)

TTT = ((STRMO(Ps4) =320 /et + 27360
AP0LAN = (11877219 =-0eU015720%TTTHRITTI*
NOPP = ENC(\T»?)

CALL PROMIX(1

Lo


http:STRt'C)(;>,Ltl-??�:_ll/l.Hi
http:IISTR~0(1,4l-3?.0l/l.8l

Y D

H2OLAM®PE WX (NOEP )
4) = (19eCF+NA+S5TUCHTI /100 +0¢ 106.
MFsSY + 041

= (19 NF+0H+STNCHT I/ (100060 X TG al* (FNC (NI o4 b= M (1Nt ) 1

CALCLATE FLOWS OF WATER AS CHANGED BY REFLUX CUNDENSE
CU 30U J=1leNOCOMP
300 XMOLE(J) = STRMO(Y4J+5)
X = STRMO(1e4)
CALL FSOL(FSOLY)

STRMO(196&) = FSOLW + (STRMI(1e&6/=FfSOLWI/(ENCINE 98BI #RALX+1a0)
STRY O(w’io = STRMI(1+6) - S‘Rwu(l &)

STR¥Q(4s4) = STR¥D(194)

STRNMU(LG951 = STRYG{(195)

STRMO(4e6) = STRMO(G4 93]

DO 320 J=74731

A2 BTEMO{GeJ) e D

1

RETHRN

FND



TIPETA ATSTNY

. 107.

r SURPROUTING nT1STO1 (NTSTILLATION — STMDLE MONYLF)
s PEVISEN 2V T, TAONG FFEN 2041040
- #THTS MONEL PERMITS AcTTINA AF ERACTINNG AF FEEN FAYNAMEMTe TA or

#TAVEN AFE A5 AVERUEAN QTPEAM (16T AU'THIIT CTAEAMY, CTAE CTREA
F(ONNY ANN AATTAM CTREAV (2PA)

XOMNE TNDUT CSTREAM AND TURFE ALITPIIT ©TpoArc
EMANX TRV MMRER QF FLOW COMPOANITRTE TS 94

CAUTPVEMNT YECTAR -
Te FALITOMENMT MijMACD .

Ve GPFCTETFED NAYEDREADN CTD5 AN Tf“hrOATUhr, nNEe oo
Qe SDECTIFIED QINE CTRE AR T:MDFGATUDr, 2N el =

/i o qn;‘(TFTr_‘r\ nr\TThAA QTQ:/\.‘.,', Tr‘r,ﬁrﬁr‘r\A_T[‘lrJC, [N S T o
Ba SPECTFTIEN ONALLIMN DRECQALIRF, DAQTA

EANTOMENT FANTRAL VEATAR (ARTIAMAL ) -
1e FAHTIDMEMT nIpMDEDR

2. FIAC
2y LENATL AT N [ TET (FAD PDRDIMTINAY

SRR T T B T B N N N T e I NYY Y Y

N

TPEAM VFOTAR -
e CTPREAM mMtmnep
De CTOEAM Fi A
TOTAL T Ay P mnp e /un
4o Tt"‘OI‘DATIIDr‘, nen o
Re PRESSHDE ¢DQTA
F*_L_(\"" al= (-f\nADr\r\ch_‘T 1’ L'.)_ ‘;‘ﬂL:T/LJQ
7- FTC.

CTREAY FONTD AN VECTAD o NMOT hr(‘;]TDrh

ARNTTTIANAL CALTNMEANT VVErATOAD
Te FNITOMENMT NP ED
2 LENATH AT ACN VVFeTAR

IR N O T N U N T S T N N T T TR T YT

L[]
Re TN B (DI ANK)
“e9 769090000 FRACTINANG NF Al | THE FEFM FAAUDANMONTE [ AYTPLE AR
c STREAM, EALINAVEN PY EDAFATIANE A AL THE rron
- COAMDANETNTES T SIRNECTPE AN
-
~
~
-
CUIRPAUTINME NISTN)
~ FAAFXHRLIACCTM OO ALY, EAD A KY [ ATIAN, ADR g AN g 10RO, T T gu¥rx
COANAM R N(\f’\","},VQC‘T",,MTM,?\!A]_!T.\g;_-.c“rr_n-T(:‘Q1 ).CT"’“”(Rgﬁ‘! ) ,f‘M{:r\"jf\)
COMYON ATN (40109 sFNA{RNL2NY s NN gV g XA £ (24 aPDCA (17494 ) aDIDMY (17
~ SIS A R SR N M SN T R N M N B 3 3 M 2 LN M N M N M AN e 3
CALL XDATA
C CALCULATING FLOMS TN Tae QUTPHT aTRrava




10

L

AN T T=0 4 MNY
CTRMA( T4 =

J= BeNNCAVD
nNA 2 )= Aeltld
Jl= JENnCnup
STR¥N(1eJ)=

STRYN (24 ))=

STRMNA( 2, J) =

NA 2 T2 g NN
CTD”ﬁ(T,O):

CETTING TEMD
NACIN T2 4MN
CETPMN (T et =

nOC1Y T=] e
CTRPMA(T45)=

RETILION

£

T

n'

CSTRMT (T o) HAFN (19 ))
STRMT (1 aJ)*AFMN{T 9 J1)

CTRMT () 9. 1) =TV ) =CTPY (26 ])

T
CTRMA(T 42 )+ TEMA( T4 ))
CoATHPSZ G AMnny DDEQAtIDeC
T

EA(NE T 47)

T

CN (N ¢ 5)

A AT OLT

cTPE AN G

108.



FIBFTC EXCHLL
SUSROUTIME PXCHLL 109.
PEVISED Py Te SHAW JAMUARY 1968

THE PROBRAM CALCULATES Trik CUTLET TEMPLRATURE LIRECTLY FOR
& TYPES OF HEAT EXCHANGERS USING EFFLCTIVENESS FACTORS
THE PRODUCT OF THF AREA AND THEL HEAT TRANSFER CUEFe 1S READ In

STRMI(1e1) IS THE INLET TO THE TuuiE SILE

STRMI(291) 1S THE INLET TO THE SHELL SIDE

UA 1S THE THFRMAL CONDUCTANCE OF THE EXCHANGER

Z 18 THE EFFECTIVENESS FACTOR FOR THi EXTHANGER
CMAX IS5 THE LARGER OF Thi TwU TobERESAL CAPACITANCE S
CqvIn 18 THE SMALLER OF Tt TwO THurMAL CAPACITARNCES

NN NN ANN

EN O VECTCR

1e” EQUIPMENT NUMPER
2l UA
3¢ EXCHANGFR TYPE

~COUNTERCURRENT iel
~PARALLEL Zels
~CROSSFLOWs DUTH STREAMS CRMIXEU Sef
~CROSSFLOWs BOTH STREAMS MIXEu Col
~CROSSFLOWs STREAM CHMINK UNMIXED 560
~CROSSFLOWs STREAM CHAX UNMIXED 640G
~PARALLELCOUNTER FLOW wWITH N SHELL PASSES 7
~COND..iSING OR £VAPGRATING SYSTew 8

4o NUMBER OF SHE. . PASSES TF PARALLELCOUNTER FLUW

5e¢U FOR CONWENSING CR EVAPCE (1MG SYSTci

-FLUID CONDENSING OR EVAPORATING ON . uUoco SIot iel
=FLUID CUONDENSING OR EVAFPURATING Un SnmELL SI0c 2ol

e LOCATION OF mbEAT CAPACITY CucfFrilIEnTS FOR Fiulo I TUL . Slud
7e LOCATION OF HEAT CAPACITY COEFFICIENTS FOR FLUID Tiv SHELL SILE

MO OO DY OO OY DYDY DYDY MDY MY

EHXARRX MACSTH COMFON DFECK s FON ALKYLATIOMNe Tele APReZUs1YAE o H#kA
CUMMUN  NOCOMP o ASETS oI o NGLT oNE s TRMI (S 931 9STRYU(S 9311 90EN{509201
COUMMON AEN(49102) sENCIB 920 sNUPRP o X e X CLi (2L ) o 50117926 oPPYX(1T7)
GIMENSTION TAVE(Z2)$CP(2)

IF{STRMI(L B iet Toaveleites TRIAI(293 ) oi.T ool GO O To 1o
NTYRE = EN(RND 92 )+ 4001

UA= EN(NE 97

IFINTYPE S e?) GO TO 8

buly DO 2 KK=1e/

TAVELKE ) = VSTRMIIRE o4 45T LRG0 /00

X = TAVE (k<)

NOFP = EN(NLsx . +5

DC 1 Js1leaNOCOHwVPR

XMOLE () = STRMI(KK yJ+51

CALL PRCMIX(1)

7 CR(XKY = PPYX(NOPP)
IF(STRMI{ 1 eb a7 «STRVII(Z 9040
o= CP(1)
CC = Coh({21}
TrilN= STRMIC(Lew)
TCIN= STRMI(Z2+4)
GOTO 4

20w o= ORI

-~

[

TO 4

~
o~
[


http:lf\TYPF.f.~.Pl
http:SYSTt.li
http:COf\IDl.JCTM.CF

ot

~

20

4]

L0007
(X%

70

- 4
[IE®)

83

N =X S
T
H R

CC = CP{1)

THIN= STRMI(2+4)

= STRMI(144)

{(CC=CH) alLl«aCel) GG TO B
0 6 /
CMIN= CC
CMAX= CH

coO 7O 7

Cwvin= CH
CMAX= (CC

GO TOLI0e20 930 G0 a6 THs G0y NTYPE
X=(1leU=CMIN/CMAX) .

Y= EXP{~{UA%X)/CMIN)

Z = {le=Y)/{(le=(CMINKY/CMAXII
GO TO 90
Z
G

= (1e=EXP({=UA/CMINI #( e+ {CMIN/CHMAXI )i/ (et (CHMIN/CMAXT)

50 TO 90
CMINZUAI XN G272
UARCH dINEX D)/ (CH LiN*¥Cwin X}

G0 TO 90
X=UA/CMIN
Y=UA/TMAX
7

= X/UUX/(1e=FXP(=X)I)14(Y/(1e=FXP (=Y}

GO TO 9N

X=CYIN/CMAX

Y=UA/CMIN

7 = (le=EXP(=X¥(1a=EXP(=Y))1)/X
GO 7O 90

7 = le=EXP{=(CMAX/CM IN'*(;- EXPAA~UA/CHE

-O TO 90
= CMIN/ZCMAX
= QORTUlatU4X¥#R240)

le=EXP({EXP{=Y)=Lei*(CIAX/(CMlIN®X)I)

)’10)

De/{latX+YH((LatEXP(=S)Y I/ (Le=EAP{=0%Y I

.
X

Y

S= UA/CMIN
£ o=

IF({XeEGelou) GO TO 78

Tz ({le=E*¥X)/{lae=F) ) *¥EN(iEodh)

7= (R=1e0)/(R=X)

CO TO 90

7 = (E*EN(NF94))/(1e+(ENINC st =1a)%E)
GO TO 90

MM = EN(NE 95)1+06u001

NN o= 1

IF(MMeFEQel) NN=2

TAVG = (STRMI(NNe4) + STRMUGINNSG4II1/2,
X = TAVG

NOPP = EN(NF oMH+5)

S0 84 U= 14NOCOMP

XMOLE (D) = STRMIINN,J+5)

CALL PROMIXUT)

7 = le = FXP(=UA/PPMXINOPE

:T MO(Mivs4) = STRMI(MMe4)

EF\AnJ(THVu ~ (STRMOUNNs 4 I +STRIAT (iNNob ) 1724

GC TO 873

sl.TeDe !

STIRMO (NiNe &) = SETRMT (NN 41 =LX (STRA AL (NN el ) =STRMT (ipr 9L d )

5(

O

TO

110.

108


http:1F(Ar<":dTAV(J-<SH<I'-10(NI'o4l+~,Ti-</d(i�~f"4)112.1.LT
http:IFCX.E0.l.JI

YU

91

1vb

108

1v9

THOT= THIN=(Z%CMIN#®(THIN-TCIN /7 QMY
TCOLD= TCIN+(Z*CHMINK(THIMN=TCINI /CCH
[F(STRMI(194) eGTaSTRMI(2s41 7 0O TO
STRMO(1ls4)= TCOLD

STRMO(294)= THOT

GO TO 92

STRMO(1e4)= THCT

STRMO{( 24 )= TCCLL

AVEL= (STRMO(ls4)+ STRMI(Ls411/2e0

AVE2 = (STRMO(2s4) + STRMI(294 1010/ 2e0

YY ARS(AVE2=-TAVE(2)}

72 = ABS(AVE1=-TAVE (1))
IF(YY.LTO5..:"\.NDQZZ.LT05¢; GO TGO 168
GO TO 600

il

STRMO(1e4)= STRMI(1ae4)
STRMO(294)= STRMI(Z441
WRITE(65105) NE
FORMAT(//22R #¥%¥%% BYPASS nuDULE
1ONDITIONS 33tk )

JJ = NOCOMP4+©

DO 129 K=1e2

STRMO(Ks3) = STRMI(Ks3)
DO 109 J=5sJJ
STRMO(Ksd) = STRMI(KedJ)
RETURN

END

91

U

T4 939H

OF

N

1171,

FLOwW

C



TINFTC TXCHLA
SUSROUTINE EXCHlg 112.
TAN SHAW  JANUARY 1468

THIS MObeL PREUDICTS THE VARPCUR ARND LIQUID COMPOSTITION AN Trio
GUTLET TEMPIRATURE OF A LIwJly 5TREAS T oo PARTIALLY UK
FULLY FLASHED IF THE PRESSURE AFTER FLASHING 1S SPECIFIED

FLASHING OCCURES IN THE SelcLbL 8UT THE HOT FLUIL IN ThHE TUBES
UNDERGOES NO PHASE CHANGE

THE UA FOR THE EXCHANGER 15 KEAD IN AND 1S NOT CALCULATED

AN ADDITIONAL POSITIVE CR NEGATIVE HEAT LOAD TO THE STREAY BEING
FLASHED CAN RE ADDED FROM THE EN VECTURe THE STRATCU REACTOR
HEAT LCAD 15 ADDED TU Tel PRUDUCT SEPARATUR FEED I.4 THIS HALKNESR

THE LIQUIL INPUT TG .ol FLASHED

THE STREAM TO THE HEAT EXCHANOGER TUBLS
THE VAPOUR STREAIN AFTER FLALHING

THE LIQUID STREA4M AFTER FLASHING

THE STREAM FROM THe HEAT EXCHARNGER TUBES

STRMI(1sJ)
STRMI(2ed)
STRMO(1eJl
STRMO(Z9J)
STRMO(394J)

g et Pt gt
ERUEL RSN

EiN VECTORS

le EQUIPMENT MNUMBER

2e UA FOR THE HEAT EXCHANGER

2e¢ INITIAL PRESSURE AT wWhiICH FLASHING CALCULATION IS5 UUNE

e PRESSURE AT WHICH EQUILIBRIUM CUONSTANTS WERE EVALUATED

Se ADDITIONAL HEAT INPUT IN BeTeUe/HOGUR IF REQUIRED

6e INITIAL TEMPERATURE USED IN SEARCH FOR THE FLASH TEMPERATURE
7e FINAL FLASHING PRESSURE (CHANGED IN CONTROL MODULE)

2e PRINT SWITCH SET AT Ce0 TO SUPRESS PRINT IN TEMPERATURE SEARCH

ENC VECTORS

le EQUIPMENT NUMBER

Ze EQUIPMENT IDENTIFIER

3o LENGTH OF EN LIST TO BE PRINTHU

4e LOCATION CF HEAT CAPACITILS FOR LIGUILL

5¢ LOCATION OF COX CHART RATIOS

Heo LOCATION OF EQUILIBRIUM CUNSTANTS AT 14 PSIA

7e LOCATION OF HEAT CAPACITIES FOR rLULL IN EXCAANGEER TuosktS

OO OO YOOI OY YOy DYy ;e Ty DY

R HE*E MACS i COMMON DECKs FOR ALKYLATIUMNe TeTe AFPReLYsLTOE o * ¥ ¥R
COMMON  NOCUONMP oK SETSsNINsNMUGUT sNEsSTR™MI{% 921 ) 9 STRMSIS 6311 9EN(505201
COMMON AEN(49102)9sFNCIB5Us20) sNOPP s X s KMULE(Z51 9PPSCULT 261 9PP X1 T)
DIMENSTION XX(26)

DIMENSION DIF(20)s TDIF(20)

NITMAX = 20

C XX{J) MUST BE DIMENSIONEDL AT Lo AST AL LARGE Ao NCCOWP
C DIF(J) AND  TDIF(J)  MUST BE DIMENSIOREL TO NITMAX
C
C
TCOLY = Ga000]
TOLZ2 = TOLI*ION G0
C
C CALCULATE THE INPUT ENTHALPY AcUVE %o LoGRECS Fe
C ENTHIL IS THE TINPUT ENTHALPY OF 5Twel (o) AbovE T JLoxibs Fo
C ENTHIZ2 TS ThHiE INPUT ONTHALEY OF STRAIIZD nagiuVE 2o UEORFES b

X = STRMI(1+4)
MOPP = ENC{NE o4)
DOA J=1sNOCOMD
4 OXMOLE(J) = STREI(1e4+5)



NOYOY DYDY

5

ate!

oy

o)

8

2U

hS]
(V)

40
45

CALL PROMIX(1)

ENTHILT = PPMXINUPP IR{STRMI(Ls4 =324
IF(STRMI(293)eGTele0ld GG TG 4
ENTHIZ2 = (40

ENTHO3 06l

GO TO 8

X = STRMI(244)

NOPP = ENC(NFo7)

DO 6 J=1sNOCOMP

XMOLE(J) = STRMI(2s0+5)

CALL PROMIX(1)

ENTHIZ = PPEXINOPPI#(STRMI(29s41-324)
HIN = ENTHI1L + ENTHI?2 + EN(NE$S?

HIN IS THE TOTAL INPUT ENTHALPY ABOVE 32 DEGREELS Fe INCLUDING
ANY ADDITIONAL HEAT IN FROM EN(NMFEs5)

113.

CALCULATE THE OUTPUT STREAMS FOR A GIVEn TEMPERATURE
THE FIRST TEMPERATURE GUESS FOR THE CURVE FIT IS EN(NEs6)
TEFLASH=EN(NE 6)
DIF(1)=TFLASH
DO 10 J=14NOCOMP
XX{J) = STRMI(1sJ+5)/STRMI(143)
XX(J) IS THE ™MOLE FRACTICN OF J IN THE STREAM WHICH IS FLASHEL
ADJUST = EN(NE 94) /EN(NE»3)
MTEMP =0
NTEMP = 1 + NTEMP
X = TFLASH
NOPP = ENC(NE+6)
CALL PROCAL
DO 23 J = 1sNOCOMP
PPSCINOPPsJ) = PPSCINOPP »J)*#ADJUST
PSI=(MOLAL LIQUID FLOW RATE AFTER FLASHING!/(MOLAL FEED FLCW
FPST=FUNCTION OF PSI
FPPSI=FIRST UERIVATIVE OUF FPSI
PSI=1.0
DO 40 K=1440
FPSI=~140
FPPSI=060
DO 35 J=19NOCHMP
A = le=1le/PPSCI(NOPP,4J)
oz ] e=~A¥PS]
FPST = XX{J)Y/B + Fpsl
FPPSI = XX{J)*¥A/(B¥R) + FPPS]
PSIN=PSI=FPSI/FPPSI
IF(PSTNelLToCa0) PSIN = Def
IF(PSINeGTeala0) PSIN = le©
IF(ARS(PSIN=PSI)+LFe0eNOl} GO TO 45
Pel = PSIN
CONT INUE
VESTRMI(1923 0% {Le=PSINI
FLOWLL=STRMI(143)=V
TF(EN(NE 981 oGT 40651 WRITE(69988) FLOWLL S Vs X
V = TOTAL MOLES OF VAPUUR AFTZR FLASHING
FLOWLL= TOTAL MOLES OF LIGUIUL AFTER FL/ASHING
CALCULATE COMPe OF OQUT VAPOUR STREAM(17 AND OUT LIGJIL STREAM(/)
UM = 0e0
DO 50 J=1aNOCOMP
STRMO(19d45) = VH#AX(JI/{Lie—FSIN*(Le=ie/PESC{(1NOPF Uil

2

I
-
rr


http:STr~t:.P..fv
http:FCFN(NF�H}.GT.0.51
http:IF(PSlNeGT.l.Ol
http:If(PSIN.LT.C.Ol
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M

[AWE

A RANS!

60

68

SUMESUM+STRMO(19J+5) 114.

STRYMO(2 9 450 = STRMI{ e 45 )= STRAD(1eJ+5)
srv'm<2,J> 16 THE LIQUIL GUT AFTER FLASHING
STRMO( ] 93 )y=00IM

STRMO(293)= STRMI(14931= STRMG(193)

TRIAO( 14 ) =TFLASH ‘

STRMO( 294 )=TFLASH

STRMO(195) = EN(NES3)

STRMO(295) = FM(NEs3)

JJ = NOCOMP+5

DO 55 J=54JJ

STRMO (29 J)= STRMI{(2,J)

STRMO(393)= STRMI(243)

NUW CALCULATE THE TUBE TEMPERATURE FOR THIS FLASH TEARPERATURE
IF(S5TRMI(293)eLTe0e01l) GO TG 65

UA=ENINES2)

X = STRMI{2e¢4)

ICOUNT =0

ICOUNT = TCOUNT+] ,

CALCULATE THE HITAT CAPACITY COF THE MIXTURF TO THE EXCHANGER TURFES
NOPR = ENCINES7)

LO 62 Js1aNOCOMP

XMOLE(J) = STRMI(Z2 9u+5)

CALL PROMIX(1)

EFFECTIVINESS FACTOR CALCULATION

72 = le = EXP(=UA/PP¥X(NOP®»)I

STRMO{ 294 ) = STRMI(De&l= ZX(STRMI{2 04 )-TFLASH)
IF(ICOUNTSFQe2) GO TO 63 -

X = (STRMO(394)+STRMI(25411)/240

THIS GIVES THE HEAT CAPACITY AT AN AVERAGE CF. THE INPUT AND
OUTLET TEMPERATURE

GO 7O 60

X = STRMO(Zs4)

CALL PROMIX(1)

FNTHOZ = PDMX(NOPP IR (STRYN (24 )~232 4}

CALCULATE THE ENTHALPY UF THE QUTPUT 5TKeAMS
ENTHOL IS THE OUTPUT ENTHALPY OF 5TR#O(1/ ApOVE 32 UEGRELS Fa
X = STRMC(le4)

NOPP = ENC(NF o4}

DO 68 UJ=1sNOCOMP

XMOLE(J) = STRMO(1sJd+5)

CALL PROMIX(?)

CPL = PPMX(MOPP)

TTT = ((STRMO( 194 )=32e)/1e814273,

HZ2CLAM = (1187e219~0eUULST30%TTTHITT) %1y
NOPP = ENC(NEsS)

CALL PROMIX(2)

272 = PPMX(NOPP)*HZOLAM

ENTHOL = STRMO(193)%#(2Z4+CPLH¥(STRMO(LeAI=3241)
X = STR¥MO(2e4)

NOPD = ENC(NF s4)

DO 70 J=1leNOCHMP

KMOLE(J) = STRMOU24J+5)

CALL oDully(i)

ENTA ub = R ANOPP D% {STRMUL 2 941 =32 i

HOWUT = tf\THm HENTHOZ+ENTHO3



Y (53

ANANANARA A NGNS

81

HOUT IS THE TOTAL QUTPUT LATHALPRY ABdCVE 22 DLLGRLIS te 115.
DIF(NTEMP) =HIN=-HOUT

IF COUNTER ' INTEMP Y EXCEELS $O'NITHAXY Y THE PROGKAM LAITS
[FINTEMPeGE«NITMAX) GO TO 84

IF(NTEMPeGLe2) GC TO 81
IF(DIF(1) eGTelel) TOIF(2)
IF(DIF(1)elLEeDeC) TOIF(2)
TFLASH=TDOIF (2)

GC 10 20

TOIF(1) + 240
TOIF(1) = 240

CHECKS TO SEE IF nEAT DALANCE 1S WITHIN SPECIFIEL TOLERANCE LIMITS
AA = ABS(DIF(NTEMP)/HIN)
IFtAAeLESTOLL) GO TO 90

HEAT BALANCE SFARCH = KEGULI FALSI WwITH CHANGIAG RIVCT POINT
IF(DIF(L)*DIFINTEMP) oL Te a0l GO TO 872

SLOPE = (DIF(1) = DIF(NTEMP/I/Z(TRIF(1) — TUIF(NTC¥R))
TOIF(NTEMP+1) = TDIF(1) = DIF(1)/SLOCPE

TFLASH=TDIF(NTEMP+1)
IF(DIF(II*¥UIF (1) ot eUIF(NTEMPI¥UIF(NTEMP 1) GG TO 20

DIF(Ll) = DIF(NTEMP)

TDIF(1) = TDIF(NTEMP)

GO TO 20

83 TODIF(NTEMP+1) = (TDIF(1)¥DIF(NTEMP) = TOIF(NTESPIXDIF(1))/

84
90

Y8 ¢

(9% %]

7

8

1

(DIF(NTEMP) = DIF(1))
TFLASH=TDIF(NTEMP+1)
GO TO 20 '

WRITE(69987) TOL2sNITMAXsTUIF(NTEMP ) sDIF(NTEMP I ool F (TEMP=11
EN(NE &) TFLASH
EN(NES7) FN(NFs3)

JH B33 AR B 3 B H I K R K K K K K A KW X KK R KR KK KKK
THIS PART OF FXCH14 WAL ADDRED FCR THF ALKYLATION 5TUL3Y TU SUPARATE
THE INPUT ACIDs WATER AND SULPHATES INTC Irc TwO CUTPUT LTREA-S
ACCORDING TU APPRUXIMATE SEPARATION FALTUKS

HALF OF INPUT ACIDse NAZOLU&G4s AND ALKYL SULPHATE IS REVES TerwUGH
ACID LFGs AND Uef OF REMAINING ACIL PHASE 6GORS ZUT THE A0TTOM
STRMO(2e7) U.J*PQS*(TYV1(197)

STRMO(1e7) Je 2 aH5HS TR 1(1s7)

STRMO(2+9) C.BXJ.5“NTA-.(A9"

STRMO(1991 e 2% gBHSTINMI (1991

STRMG(29107 = u.ﬁ*@.&*&f\nl(lg]U)

STRMO(191C) = Cel%( e5% T {(1s10)

"

EU TR |

—

STRMO(1e6) = 0ol ¥ STRMI( 1 5
STRMO(2+6) = T ¥ STRMI(146)
RETURN
an“\7{1“v~%X94?MSULUTqu o T CURY L aelice &1 7%
FHel o9 F ('i"'T/ 55X e lr G TIOKR TER lisilz o & e &,
) ATI“)!\ LXC v SR ’ 11§// ,Arng-\‘l Ti i e ,-“t Ve e ",)x [y f‘l.[‘: ,_’;\,",‘_' {
Res FlileliobXoe IMPREV I()\ BoboiM Tra, i ol i e {1 3)elet
FOR “Ax( 1Xe22H TOTAL HMOLES Ul,. i 17 ebo tOXe22t: TOTAL MOLEL VA
TOUR A»)sr.l7.,OOIXO 19H FOR T+ PL:*rTu i b et el

FND


http:IF(DIFCl).LE
http:DIF<ll.GT

DO Y ™YY
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pod

-
oy

1

1

FSOL
SUUROUTINE FSOL ( FSOLw )

SURBRCGUTINE WRITTEN FCOR Top SrtLL
THIS PRUGKAM CALCULATES Trin FLUWK
STREAM GIVEN THE HYDRGOGCAKBUN FLUW

SOLUBILITY CATA OBTAINLL FRUM AlP

RARRFFEXUACSTI CUAMON DECKs FOUR ALKYLATIOM

Reringlry
ATeE oF
KATE »

—i

ODAEVILLE

116.

Gh.Te Crhive

9
sSLule WATEK N o Aeirtel e
L

M e e ANLD

CurPOeS1TION

ol 'r‘ihhuuu\u\ —-— PAGEL 9A1lel

APRe3091%68e TeTewwxn

COMION NOCOMP sk SETS ,N1N9NGUT,PE,5T<V1()s,*',STRwo<593 Paln(nte ()]
EA26) aPPSCILT o261 4PPMXLLT)

CUMMON AER{4 9102 ) sENC{5U920) aNUPP
DIMENSION D1(18)sD2(18)eY(18)

DATA D1 / 8829524990129 7e5190e009 207 sllal98eill0lielsCe969C6e90 s bt

2 T o609 T abbho="a TP 9=3eT%s~3e7TG9=2,

't)ATA D? / 9'-)6'\)09 ﬁJU.")_/Z“(IO 9(5,‘55".40’Jo(l’")lﬂi.i;‘)c’;)o"/’aazﬁ
TEL T a9 T0h o9 T3hiqeT940a sl 1. 2ee2l0

FSOLW = Qe

A = 1ali/IX+460400)

DO 10 J=Te24

K = J-6

Y{R) =  EXPDOI(K) = D2(x)#A
Y(5)

Y(7) Dol

Y(Q) = el 5

FSOLW = FSOLYW + XMOLEALI#Y (<)

3 o
RV

Hi

T/

Desdi

a9l iliBe/

09[‘3“397(‘)‘4{7‘- b



TIRETC JUNCOP?

C SUBROUTINE JUNCUZ (MiXi = FASS AnbD/on HEAT AL aliCh ) 7.
L REVISED DY Te TOONG FPH./O91168
C ¥APIROXIMATE HEAT BALARCE (THLE GUTRPUT TerPERATURE T CACCULATE L
C FASSUMING THE MEAT COEFFICIENTS ARE COUNSTANT WITHIN THE i<ANGE
C KHETWEEN THFE INPUT TEMPERATURES AND THE OUTPUT TLHEPLEATURE )
¢ K
C
C #PHYSTCAL PROPERTY SUBROUTINES REQUIRED.
C
C FMAX MUY VALUE OF NOCURP s nUMBER UF FLUYW CUMPORENTSs 1S 26
C * s NINs 9 INPUT STREAMS S
C * ’s NOUT » s CUTRUT STREAINS, 5
C
C
C
C o VECTOR -
C e FQUIPMENT MUMHBER
C Ze TEMPERATURE OF OUTPUT STREAMSy DEG Foe IF Oes UUuTPUT TEMPERATUKE
C WILL BE CALCULATELD BY HIAT BALANCING.
C e PRESSURE OF QUTPUT STREANSe PSTAs IF Ues QUTPUT PRESSURE
C ARE SET FQUAL TO PRESSURE OF 15T INPUT STREANM
C Le {BLANKY
C 5e (BLANK)
C e FRACTION CF TOTAL INPUT IN 18T OUUTPUT STREAN
C Te X 2ND '
C Be ’s IR0 ’
C e X ' 47H s
C 104 ) k 5TH v
C
C
C EMNC VECTOR (CPTIONALSs IF 264 OF EM VECTOR 1S5 NOT Cel) -
C le FQUIPMENT NUMBRER
C 2e FLAG
C A LENGTH OF 1 LIST (FOR PRINTING?
C 4Le PHYSICAL PROPERTY CuLb Fuxk LIGUID SPICIFIC HEAT CUEFFICIENTS
C IN RTU/LEMOLE/Z/DEG Fe(FLUATING POIRT LUkbicit)
C SM VECTOR -
C le STRFAM NUMAPR
C 2e STRFAM FLAG
C Fe TOTAL FLOw IN LBMGOGLE/HE
C Go TEMPERATURE IN DEGRUE
C Se PRESSURE IN POIA
C Ge FLOW OF COMPONENT 1 TN LonGLE /iR
C 7o s 2 ’
C 8 e IR 3 )
C Te FTCe
C
C
C SNC VECTON = NOT REGQUIRED
C
C
C
SURROUTIKE JUNCO?
C EHRXFHEAKVACS T COrLUN DFCORs FUR ALAYL TIUNe APe 303 1Y6He ToT edik¥

CUMMON NOCOME ok SETE o T o hUUT oNE o 8T 1 {5 e%1i o5TK Ui e 211 eEN(50+4201
CONMMON AEN(L491UZ) sFNCIHU s 20U sNUPP s X s Xl (26 oPH LU (179260 9PPMX(17)
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C¥ IF INPUT STREAMS ARE NOT MORo THAR 5
{(NINSLESS) GOTO 16

WRITE(6+9C) NE ‘

NIN= 6

10 ud= NOCOMP+5

MASS BALANCE
{INPUT)
DO 1 J=6sJJ
STRMO(NOUT ¢ J) =
N I=1eMIN
1 STRMO(INOUT eJ )= STRMOINOUT 9 JI+STRMI(I 4J)
LOUTPUT)
DO 2 I=1sNOUT
STRMO(Teb)= FN(NFs2)
IFIEN(NES2) eFleDe) STRMO(T 941 =STRETI (1 94)
STRYO(Te5)= EN(NE3) ‘
IF(ENINE 93) «FQa0e) STRMO( 195 )=STRMI(145)
STRMO(I93)=00,
DO 2 J=6sJJ
STRMO(Isdl= STRMO(NOUT oJ I ¥EN(NE 9 1+5)
2 STRMO(I93)= STRMO(I3/+5TRMO(Tso!

HEAT BALANCE

IF(EN(NEs?2) oeNEWOe) GOTC 24
IF(NINSFQel) GOTO 24
CPTOT=0Co
FNTH= O
NOPP= ENC(NE  4)
DG 21 I=14NIN
X= STRMI(I s4)
DC 22 J=1sNOCOMP
22 XMOLE(J)= STRMI(IsJ+5)
CALL PROMIX(1)
CPTOT= CPTOTH+PPVX (NOPP)
21 ENTH= ENTH+PPMX(MNOPP)*X
TOUT= ENTH/CPTOT
DO 23 I=14NOUT
23 STRMO(Is4)= TOUT
24 CONTINUE

FORMATS

GOOFORMAT (/771X 25H¥*#ERRURFHIN JUsCO1 FOUULE 9
173Hy NIN EXCEFDS 59 CALCULATION CONTINUES USBING
2UT STREAMS///77)

RETURN
END

T

THE

FIRAT

118.
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STHFTC

ME T ]

IsTEML - 119.
SUBRCUTINE METEM]
RRRFEEE MACSTH COVEON DECRs FUR ALNKYLATIOMe TeTe APRXe?0s106E 5%
COMMON  NOCOMP o X SETS o NI Mo NULUT oNZ 9 STRII(5631) s STRMO(B 31 ) sEN(ED 2

JJI=NOCOMP+5
STRMO( 194 )=S5TRMLI(1e4)
STRMO(195)=5TRALI(195)
STRMO(193)=0et)

RO 20 Jz=6eJJ
STRMO(19sJ)=STRMI(2sJ)
STRMO(193)=8TRMO(1e3)+STRMO(19J)
RETURN

FND
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=MODULE WRITTFN FOR

e
—-THE

HAKEUP
aLﬁwv=UTI:wE MAKEUP 120.

Mi

(> T

TTEN DY Te SHAN  MAY 21 1968

= T
S

FLL ALKYLATION STv O LATION
Al " :
e

< HE
ACID MAKF=UP STREAM 1S SFECIFLIED AomASS HALANCE

FIRST INPUT STREAM IS ACIOD RUCYCLe

SECOND INPUT STREAM IS5 wmake=Uk ACIu

FIRST eXIT STREAM 1S ACIL rELL TO RUACTUR
SECOND EXTT STREAM TS WASTE aACILD

F
i e
tl .
~

Ze
b4 o

De

e

11
1z

FHFHFRHIMACS T COYVIMUN DECK s FOR ALKYLATION APReZCGe 19686 TeTadRuik
COMMORN NOCOMP o 05 TSym INsHOUTsNEsSTRIT (59317 o STRMOIS 021 o EN(DBC 20

COMMON AEN(4e172) o ENC(5Ue20 7 sNOPP e X o XWCLE(ZET o PPECIIT o261 aPPVX(LIT)

b
e

VECTOR

EQUIPMENT mUMDER
WEITGHT FRACTION ACTL 1A VnkbE=ur ACTD {Ue99 =
WETGHT FRACTION ACTL REWUIRLL Ih Flbo Tu REACTU
VoLUME F&ACTIUN OF KLAQTJN Frooy TraT 1o ACIo |
STREAM NUMBER OF GEGAMNIC PFEFLO TG REACTOR
LOCATION UF PHYSICAL PRUPERTY FOUR LIGUIL CENLITY (13)
LOCATION OF PHYSICAL FPROPERTY FOUR vucbCULAR wBIGHT (17
LOCATION OF PHYSICAL PROUPERTY FOUKR Llivoiv SPRCIFIC AT (71
TEMPERATURE OF FRESH MAKE=UP ACID (4%e = T0ei

COUNTER FUK CUNVERGERCL FrUmOTIure (INITIALLY SLAaned

WEIGHT FRACTION WATER TU REACTUOR (CALCULATcL oY PROGRAMY
STORAGE FOR CURAVERGENCE FRGUGAUGTION (CALCULATEL Y ThU PROGKA

Uik (Uelt = (aYol
Geltn TO Gebiyi

COMMON  SNIT75e31 ) sDFLS(H311 e KPM(BUe10) s KUS{TH ) oXPS (2]
DIMENSION Y(3e4)

NOPP = EN(NELH)
NEFEZES = EN(RNE b))

NI
Ie

20 J=145

P0OXMOLF (J) = 740

40

1
i

l)(\’

XMOL=E L)

L0 J=b el b
= SGNINFFEEDyJ+5)

CALL PROMIX(1)

Fa

ASSUME ACLE T THi REACTUR s
= i 4

NOP
F1

Y {1

Y

Yo

1
4

i

Yyl
Y2

Y (¢

T
v

1
w3

< < <

Dy

>

JCCERGN

b F
STRVI(Ze4) = Th{NEL9)

T TN I
ENSITY ur lens

P NI HNE 947 #02 o e® 05 D

= (PPMXINOPP)/ (1aU=EN{NL o4

Po= EN(NEST) o X

= L)T lI(Lst))WPr)\)C('\bP s1/ + ST;K‘.":.(.;.97"“4""'(( +
STRMI{1s9)I¥PPECINGPEH o4 + & I(lsi”J'*'r'g'(f'ixﬁ:"f"s“.)l

1) = STRMI(146)%PPSC {71 /. 1

e2) = STRMI(1e7)#EP: ‘(HJPP 21/

s3) = STRME(lsU)*Pr SOy e /e d

si) = STRMICI e LU I HPRLCTLPP D) /b L

i) = Leu=bNIMNE 2]

s 2 ) = EN{INE42)

= (F1%Y (1) {FamF 1 iuE (N o2 i=Fa¥Evi(nd o2 1/ (Y a2 i~=Fi{it s )]
= F2 4 F4 o~

i

2510 = ((F1=F2)Y%Y (191} + “2%Y{Pe1 i)/
493) = ((Fl-F3)#Y(1s) + Dei, VA
Bal) = ((FI1=F32)%Y {(1esl) + Dels P/
Ing FLOW O TekFoT ACLu S5TREAM
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DEFINE FLOW
CTRNMO( 196
STRMO(1e 71
STRVMO(1+8)
STRMO(1+9)
STRMO(1e10)
STRMO(2+46)
STRNMG{2e7)
STRMO(248)
STIEFKO(299)
STRMO(2s LU
FMNMNES1IL) =

CONVERGENCE
FANINMF 910) =
WATER = (EN
ASO = =WATF
TFOEN(NE LG
STRMU(196)
STRMO(296)
STRMO(1s10)
STRMO(2910
STRMD{1+3)
STRMO(293)
160 J=6y
STRMO(193)
STRMO{293)

ENINESL12) =

pa

HEAT BALLAN
PTOT = 0o
ENTH = (060
MOPD = ENAN
DD P20 1=1
X = STRMI(]
DG 210 U=1.

AKMOLE(J) =
CALL PROMIX
CPTOT =
ENTH ENTH
TouTt ENTH
STRMO(1s &)
STRMO (294

RETURN
=INID)

i
-

DL e O=EMAINE o2 ) I /PRSCLRLEF 9 L)
ForbrINE s 2) /PO (it ¢2)
STRMIC2960 + STRAT(Z2,7)

CF TWG EXIT STREASS
FauxyY (3411 /PPSCINOPP,LY
FOxENINE 9230 /PRSCINUEP 92
Col

FL*Y (2431 /PPSCINOPP g4 )
= FAaxY (344)/PPSCINOPP,S)
Fa%xY (191)/PPSCI(NOPP,L
FaeY (192} /PPSCINOPP 421
S

FR#Y (1931 /PPSCIRNOPH 94)
= FA%Y (1e&d/PPSCLHOPP ¢ )
Y{(341)

oo oo

o

i

o

PROMOTION SECTTON
FMNINTs1N) + 1a0
(NE 9 12)=STRMO(1s6) 1%3 40
RU¥(18,016/19840)

el TebHe¥) GO TU 120

= STRGGITe6) = WATER
S5TRMO(296) + WATER

APyl

FOR WATER

H

= STRMC(1s10) = ASO
= STRMO(2s10) + ASO
= (140

= (Oeis

1u

= LTRMU(L93)
= STRMG(293: +
STRMO (1467

+ STRAG(1sd)
STRAG(Z29d)

Ct

Fefl)

3
“

s 4)

NOCOMP

STRMI(T 9 J+5)
(1)

CPTOT + PRMX{NDOPZ)

+ PPEX (NOPP )X
JCPTOT
= TOUT
TOUT

it

ALY L

SULrIHATE

121.



TIHETO BROCAL

C ProYSTCOAL FHRCGPERTY SUpRCGT Iing = CovbPulien T CaulULATT Oon

( REVISED ©Y Te TOUNG JULY 2s Ly 122.

C
SUPROUTINE PROCAL

C ****%*¥*MACRIL CUiriaQN DECE s FOR ALKRYLAT UM A e 50 L Ufite T ol @k dX
COUMMON NOCUME o SETSeNT N ol T sl oD TR 9310 o 3TiAO(SH o2 sl {5Us. ()
(bﬂ TN AEN{49102) sFNC( 50U e lud s NUPP o X o XUl B (261 4 PPSCLTI T 26w EHX(LT)

— : VIV e Y , sar 30w s o g i 4 M AL M 3e st g Y 36 AT 8% ot 3 3L b N 30 3
/ P R I g e O T T SR S S o AL T P o i 1 1 - A S R P R SR T R R i SR S Dl i o S IR R S

COMMUNZPPUATA/NTRPCLLTI sLUCILT ) sPRUP (179269410

THAT NOPP LIES WwITHIN 1 AND 17
M= NOPP
FoiNeGEeleANUeelel7) LOTO SO
WRITE(691U30) NE N
GCTO 2000
o MTz MTRCIN)

IF{MTeE e} GOTS 1UQU

Y

o

~
»

CTERPOLATION NOT SET UP vET
MNTeGTelt!) GOTO 10D

)

f

e
T

C PARANMETFR FUWUATION=- WIPL=11 TG 20
S PULYRNUmTAL- Yz AGFALRXFAZRX AR LATHA AR DIt qoavosoensatn¥XERY
Tut TFANTGT2%) GGTG 200

NT= NT=10

DO 126 J=1eMHOCCHP

F= 04

DO 110 K1=1eNT

K= NT+1-K]
110 BE= PROP{NsJsK)+E#X
120 PPSCINSJ)= £

GOCTO 1200

{
C PARAMETER EGUATION= MNTRC= 21
C Y= EXPLA/X+B+CRX*X) IF A 1S5 NOT ZERO» sUT Y= ¢ IF A 18 ZERC
200 1F (MTL.GTL21) GOTC 300
X = X 4+ 460,
NG 210 J=1eM000oMP
PRSC{Ns Y= g
,_{}; IF (PROP(NsJol) eiit aled FPHCINeJI= EAP(PROFE (N s LI/ AFENLP v e+
PROP (NsJo3ixx#X)
X = X = 460
GOTO 100U
o

UG CONT INUE
C PRINTING PPSC (IF KSETS 15 GREAToR THAN UKD
1wl TFIKSETSeLTe2) GOTO 2000
WRITE {(6910106) Ne X
WRITE (691020) (PPSCINeJI s =l eNUCLMP)

1010 FORMAT (/ 9Xe 23H*¥PHYSICAL PROPERTY Kie=s 129 15, VARIALLE =
LIPEL1UeRs 4bH, (PPSCUINOPI 3 ) o d=1oMNGCHY )T AKE AS FuLLOwWSI
FORMAT (9XelH#, 1P10NE11e3)
O FORMAT (/7 26H #%FRROR#TN FOUIPYFRT MUes 13

1593 He PHYSICAL PROPERTY SUBRCUTIMNES ARE CALLED wWITrH HUPP=s 13,

P21 He PROCAL 1S BYRASSED /)
20u0 RETURN

EAD
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REVISED BY Ta TOONG Fhile209 1968

SURROUTINE PROMIX (M)

ROWFRAFXAEMALCS T COMMON DECK s FOR ALKYLATIUNS APRe30s1968e

123.

TeTe*

® B %

COMMON  HOCOMP oK SETSsNININGUT oNF s STRIL (5931 3 STRMO(S 931 ) 9EN(50920
COMMUN AEN(49102)9ENCIBL 2071 sNOPP s X o XiiULE (261 oPPSCIL1T7 9261 s PPEX (1T

AP I 3 I A S SE 3 3k 6 R 30 30 K A 34 9 3 30 30 an A 38 36 2 9F 3 o 3RS 3 e St

CHFCCING THE VALUE OF
OO IF Mol TeNeOReMeGTe?) GOTL 120
M= ONOPP
IF{“eEQe} GOTO 100
CALL PRCCAL

TYRE L CALCULATION (MULE TCTALI
IF(veGTel) GOTO 20
PRMX{M)I= Ce
DO 11 J=1sNOCONMP
11 PPYXI{N)= PPUX(MN)+PPSC (M) *XWOLE (J)
GOTO 100

TYPE 2 CALCULATION (MOLE FRACTION)
20 TMOLE= O
DO 21 J=1sNOCOMP
21 TMOLE= TMOLE+XMOLE (J)
PEUMX(NY= O,
DO 22 =1 sNOCHMP
XMOLE (J)= XMOLE(J)/THNULE
22 PPEX(NI= PPMX(N)Y+ PPSC(IvsJ%XAuLe (J)
GOTH 100

PRINTING PPMX (IF KSETS 1S5 GREATFR THAN ONE
1ot TF(KSETSetTe2) GCTO 200

WRITE(He150) PPEXENY

GOTN 200

PRINTING ERROR IN 470
120 WRITE (€£5151) NEsM

M=1
GCTO 10

FORMATS

157 FOURMAT(9Xs 12H¥PRMX(MNOPPI=, 1PE1%e7/)

151 FORMAT (/1Xs PIH¥XERROR®® [ FOUIPMENTs 13
129Hs PROMIX(M) IS CALLED WITiH M=s 12
262Ms WHICH 1S& NOT PrROVIDtus CALCULATIOL CUNTINULS
2/7)

200 RETURN
FAND

WiTH

N

36

: I T ,
R R R R i i o o i

ST To

S SE Sk
O

1y
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REACZ2E

SURRCUTINE

o WHITT N RY
C 2E VISED IC‘Y
< THIS MODEL
C REACTOR AT
.
£ EN VECTOR
C le EQUIPMEN
C 2e SET TO O
C 3e SET AT O
¢ 4o SET TO 1
C S5e FLUUIPMEN
C te LOCATICN
C 7e LUCATION
C Se [MPELLER
4696 ¥ 33 3¢ 38
~-MUDEL USES
-ACID DILUTY
OF ALKYL 55U

~PRUDUCTION
MASS BALANC
-ANY NAOH Ad
-N=C3 AND

"‘I—CL& U\S/\\Gt
~CLEFINS ASS
~ALL OTHER O

MDY OV YOO MY DYDY N MY Y

-C4

REACZS

124.

He CANNING Al Jo GATES
Ie SHAW MAY 1968
PERFORIMS A MASS AND HEAT BALANCE OM THF STRATCC

SHELL OAxKVILLE

T NUMBER

s TG SUPRESS wASS BALANCE PRINTOUT
e TO SUPRESSE HEAT BALANCE PRINTOUT
o 1O SUPRESS LIMIT OF CORRELATION CABCK AL PrRINTOUT

T NUMBER OF PROLDUCT
OLFCLJLMP WL I\JHT I b

SEPARATOR
PHYS IO

OF ’Q‘L 'DED("'.)L \TIA ~

UF Llublu SHECIFT meAaTS T PraYSICAL PRUPERTY PACKALL
POwWER TN KW leCn S o CONSTANT

P S O S SRR SR GP DI I SR < i e e I R R R R R S R QIR R U .
CORRELATION EWUATIONS TG FREDICT OUTPUTS FROM INFUTS
ON 1S CAUSEDL BY WATER IN Tht FEEFD AND Y ThE PRODUCTION
LPHATES

OF ALKYL SUPHATES CALCULATED HY COUATIONS LASED ON

ES AND FACTORS wFELIEVEL TG wrbECT ACIL CunSUMPTICON

Sukbu TU GU TU NAZ2SUL4L

ARE ASSUNMED INERT AL UNCHANGED
1S CALCULATED FRGM I-C4 TO OGLEFIN
UMED COMPLETELY REACTED

UTPUTS CALCULATED 0Y REORESSICN

ACROSS THE REACTOR

USAGe rACTORS

LGUAT TURNS

STRMI(l1sJ) IS THE ORGANIC FEED TO THE REACTOR
STRMI(2eJ1 IS THE ACID RECYCLE TO TAE ReACTOR
FRRRHF® ACSTH COMHON - DECLy FOR ALKYLATIUNe TeTe APRKeg9 91965 ¢ ¥ ikH¥

COMMON  NOCONMP 9 SSETS o NINsWOUT oNE s 5TRML (993171 9 STRAVID 9511 s EN(509201
COMMON AEN(4s1U2 1 sFNCISU 200 eNOPP s X s XMULELZ26) 9 PPECI1T9261 s PPMX(17)
DIMENSTION 2(9)s CU9)s L(9)s L{9)y F(Y2s GlUly H(D) s R(9)
DIMENSION HIHLMT(9)y BTHELMT(9)
C
C B F 356 33 R H A K A6 S0 R I R B K 2T A 3 KI5 6 3E 36 5 56 3 350 3 A8 60 3 B ¥ K 3 IS K%
C Leb INE CONSTANTS AND CORRKELATION COEFFICIENTS
UATA 3 /33 e 440 ~Je06T7T11i0ULs Uels =Ueld 02443y Uelly (1a0HGO33
i —(1e2328644 s ~0a92 12087 O.“)QIOY /
DATA C /15e1189e =0,02926867 s 0 i83096%e =(40100]155s CaNLTEISLTG
L CeB3uli93s =Del77285, ~3.‘?71/6 NfeaN1337238 /
CATA D /4099954, —“.Oq*Lf(/s Ne 16b5E19y NegllUg4nTE =0y N7 3223741
1 Uel?G204b4s ~0Nalb8Y1%s —iellld60Ts Lel290427277% /
DATA F /28ezT760s —u.OAOJJst Desblbd90s aUIGETLETs =0e011i0H0CA s
1 ‘-(,;‘0182781§ -'(_]o:‘i*éri'/L‘/f)’ “W.\)J#(,l’/, u-éd5lf£)‘l /
DATA F /~8e&4T706s (1a001bbzc . —u.lqu_f‘ De =0eUG21T7%05
1 —UeU 7248509 —=Ued23 /373y =UeU 2is /
DATA G /24458509 ~0,0105513, —N.U041»¢7> ~aC0Z2T5222e Te00LUEE,
1 OelT66T2s =DeUbLLOEDLy —Da0UE204y NgNGBAT22 /
DATA H /189767y =0aN1T7597% s 002709 72s 03133157 =T e 730504E=0"20
B ~Jes 10328y NeUBZ2 1220y ~Ualtlybios LelB08%8 /
ATA R /Tl 7834 ~0e0LL4OEBY Sy =telB3ahltnds =UelUlbGhvils LelBB3S 247
Ue372712728 s —LUecUbiby s —ualHUth s Ledtz3ub s [/
ATA HIFLMT / 245660 91ebs 60Tels 98%alis 2Dy 6269 10Gels 75els
? 1G0he /
DATA BTMLMT / GZebs H9ebs 190eby 034479 Z8els “als Tels GeTly lial/
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4
R

43 A g 5 R e 3 K 3
wFuT% CUT OF CoblEsELATION LIs
./ ) E10] TU 15

TFCOTRMI(I ) oL Ted TMLMTILL) J WRITE(O 944460 GTMLMTILLI 9JsSTRMI(1sJ)
TF(STRMICT 9J) o GToHIHLMTILL I ) WRITE(S 46461 HIHLMTILLY o JsSTREI(19J)
R I O L R R R g O T O A I R R R R 3
<WJSIUQ ;uuATIth TO CALCULATE FLOWS IN URGANIC PHaSE
j STRAT (1ets) + Ba0

= B5e0U

STRMO(196) = STREI(L196) + STREI(Zs0)

STRMO(148) el

STRMO(T199) = STRMI(199) + STRUAT(2+0) + Te&x5TRIL (1431

NOPP = EN(MF 96)

WETCHT = 060

DO PO U126

WETGHT WETGHT 4 STRMI(Z9J+b ! %PPSCINURP 4

ACID = THAVII (1)97) CPPSC(’\«&/P‘ 91.4)/WLL\.JF1T

ACLOLL ((STRMI(19130%2e07%(Leu + 2e9%(Le90=ACIL i1 +

1 ((STRMI(1,16i+STRNI(1,17))*O.Bi%(].ﬁ Y Le5%(0eG0=ACIL )+
MIL1s200 %l e )0 g1035

= STPMI(‘sIH)/(vTP11(1914'+ TRMI(1 2 160 48TRMI (L1704

STRAT (12000 1)

1]

S B}

i

th

ACLOTIL® (1 el + {5eb=RATICI®Ue114)
DG ACDOTL¥{1e0 = (SUeU=STRNUG LG idtugllbod
STRMU(GLI10T = STRMI(1s10) + STREAI(Z2916/ + ACLOIL

STREMO(197) = STRMI(297) = STRMI(Ls8)1 %065 = (STRMO(1s100 -
1 (STRMI(Ls10)+STRATI(2910:0 01
STRMO(1e11)= STRAI(1s11)

1

H

STRMO(1.12) = STRMI(1s12)

sw@ao(L,1°) = el

STRMO(I914) = STRYMI(Lel4l

STRAV( L9150 = STRMI(1915) = (“-873J*bTRnI(1913)+l-U3Q*LTRﬁI(19161
1 +1eUOTIHSTRIMI (L0174 OeUhl11%5TRAI( L9201 1%T4526
STRMO(1916) = CGal)

STRMO( 1o 17) = et

CHEPROL = BT 4+ B2 IHSTRMI(L1912) + s (2)%STRMI(1Is12) + w4l
1 STRMI(1+15%) + ﬂ(ﬂ)*gT%” (1el14) + BUAIHSTREMI(1417) + ¢ {71%

2 OSTRMI(1e16) + B{8)#STRNMI(1919) 4+ B0 0TRMQ( 194

STRMO(1s18)
STRMO(1 91y

b1apI(lea) + e JURCHP UL
STRWMI(Le19) + GewlnUnpRiiy

o

STRMO(1e20) = (eu
STMO{1921) = STRET(1s21)
STRMO(1e22) = CU1) 4 CHA2IHETAI (193 2) + ¢ (20%STRe (19120 + C(Ad

1 STRMI(1015) 4+ CUBI*STRATI (15240 + CLGIRATRYUI(YL 9174 +» (7%
2 STREMI(1916) + CUSY¥STRMI(1919) + CLOIRSTE L 1edv
STRMO(1922)=STRMO(1.221 4 ETRAT (19221
STRMG(1923) = STRMI(192%)
STRMO(Ie28) = DULY + D(2I*STRATULeL2) + {20570 (9131 + el
STRAT (19157 4+ DASIRSTRMI(L o147 + {6 R5THY 1(1,17' - LT
MMI(1s1671 + u(h)%ﬁTPMI(l,19' ULGIESTRIO(L 54
STRMO(1424)=25TRMI{(1424) + STRET (L e20
STRMOD(1e25) = F(1) + &(ﬁ)*STRMI(1s12' + FEIRSTRIGI(Lel%0 + E(al¥®
T STRMICL115) + C(8)%STRMAIIT 91467 4+ E(6)#5TRVI(1s177 + E(T7)%
2 STRMI(1e16) + E(HI¥STRIAI(1419) + E(9QI#STRMG( 194
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{(lezbi + HTRMIC L

S5TRM L)(l’é)l“BTR (1]
RMI(1s26)
1)

GTIRMO(1e26) = ST

STRMO(1s274 = FI
STRMI({1s15) + F{H)#S TRET (1 g1&) 4 FOEIRSTRMI{L 171 +
STRMI(I916) + FUB)*STRMI(1,191 + FUOIRSTRIEGET o4 )

STRMO(1+27)=5TRMO(1427) + STRIGI( 1427

126.
+ FA2I#STRIMT(L1912) 4 F(20%STRmI (19130 + F (&

Bz

STRMO(1928) = G(1) + GU21#STRMI(1912) + G(3)#5TRMI(1s137 + G(alx

STRAT(1915) + G(5)I*STIIGI(Lal4) + GIOI*STRiI(Lei7i +
STRMI(19161 + GU8IRSTRIMI(Lal9) + GEIIHSTRAU(L 94
STRMO(19281=5TRHO(1 428 + STRMI(1928)

G(T*

TRMO(1929) = H{1) + HA2I*STREI (L1912} + H(3I¥3TRMI(1,13) + n{&l*®

STHMI(];lB) + (S )HSTRMI(1elhd + ti{HIRETRYI( 1917 +
TRAI(19167 + H{8)%STRYI(1419) + H{9I%3TRMC( 196
<wau< 14291 =8TRM0{(1429) + QTR“T1{1+29)

r-ﬁ(7l'¥‘

AA = RI1) + R(2I*STROTI(1e12) + RFIXSTRNI (L1237 + R{4)*

STRMI(1915) + RIBI*STRMI(Ls14) + RUEI*ITRVI(1417) +
STRAICL916) + R{BI¥STRMI{L19) + R{9IHETREAG(Les)
STRMO{(1930) = Je5%AA + STRMI(1930)
STRMO(1931) = Uea3%AA + STRMI(1e31)

656 36 362 0303 A0 36 35 307 A8 303 30 0030 00 3 B5E 36 36 36 3050 3 R M I M 363 M A KR A A

MORMALTIZATION ScCTION
NGPP = EN{NEL6)

Moo= NOPP

CALL PROCAL

i (7

SUM THE WEIGHT OF INPUT ARND GUTFUT URGAMNTICS TO ®BE huskrALLIZED
SUMIN = STRMICI»12)%PPSCIMe8) 4+ STRUI(1916i%PPSCM911s +
STRMI{( 117 )%PPSC(Ne12) + STRMI(1+20)%¥PPSC(4s15) —

(STRMO( 1917 ) =(STRMI(1e1)+STRIAI(Z210)11%#0e516%PPSC(My5)

(STRMO(1915)=(STRMI(1915)+STRAL (29191 ) 1%#PDSC (191017

SUMQUT = CBPRPROD*¥PPEC(Fe14)
DO 4D J=214731

SUSOUT
AA = SUMIN/SUMGUT

STRMO(L1eLBI = STRMI(1s181 + pA*CHPRULHCWe1U
STRMO(191%) = STRMI(1919) + AAXCHPRCD*0 490

DO 70 U=Z21s31

STRMO(1ed) = STRMI{L1sJ)} 4+ AAR(STRAC(19J)I=5STRuI{(1o0u)
STRMO(1e3)=040

DO 8u U=6931

STRMO(LI 93 ) =STRHO(1 93 +5TRM0O (1 edy

IF(ENINEs2) ol Tele®) LO TG 110

DIFFPC = (SUMIN=SUMOUTI*1uuei/Hural

WRITE (61005 ) SUMIN, SHHMOUT, DIFFPC

WRITE(6H949T)

DO 90 J=1426

AA STRMI (19 J+9)XPPSC (]9}

B STRMI(2 e J+9)%¥PPSC(19J)

CC = STRMGC(LoJ+2)*¥PPSC(L1eJ

WRITF(699999) AAHI,CC

{4

i

K QUTPUT FOR NEGATIVE FLUWS
7
STR

M”(‘sl”).)T-ﬁTRlI(lsl% 1Go TO 200
e l5d J=6e31

IF{ R\/‘U(]sqin-t.”.ﬁ) GO ToO 200

C\Jl\‘T INUC

SUMCUT 4 (STRMO(19Ji=STReI{1ed ) 1#PPSCINLPP 9J=5)

TRMCG(194) a0T 0ab7e0eCReSTRIVO( 14! el TalsNall WRITE(GsbG4n)

TR R YRR VAR YRRV VU R O VR VA AV Y N S LU G VISV IV SN YAV SUUTI VS VI YRR YR VI VI VA VA VA T LA VR T A T4
356 M 36 36 3 36 S S8 R NS 3 20 38 3 36 050 R S E S8 5k 3 3 36 36 31 3 58 3638 36 A e 9 38t

3 3 3 3¢

a3t
OO
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Gu TO 260 127.
20 WRITE(69252)

HRITF{6s0008) (STRMI(1s ) s 021531

WRITE(699998)  (STRMI(2sJ) e =131

WRITE(6999948)  (STRMO(19J) s J=1431)

STOP

336 36 56 F 3 ¥ 3 K 35S R KR K 638 35 KO K SR S 33036 3 30 J0 6 K A B S 336 00t
-HEAT BALANCE CALCULATES THE mEAT THAT WUST ub RetOVey BY THE Colbn
IN THE RACTOR AKD TRANSFERS Trl5 AMOUNT TGO THE PRGUUCT ScrARATO-
=THE HEAT OF REFACTION IS CALCULATED KHNOWING THE FLOWS OF CLEFIN
AND USTNG VALUES FROM CULPIT ADJUSTED BY A PLANT FACTUOR
< =Trt IMPELLER fEAT INPUT IS Trk cuulVALENT OF A S50 HFE 2 UTux
260 CONTINUE
ENTHIN=0G
NOPP = EN(NES7)
DO 21 I=1sNIN
X=STRMI(Te+4)
20 22 J=14NOCOMP
22 XMOLE(JI=STRMI(I+J+5)
CALL PROMIX{(D)
21 ENTHIN=ENTHIN+PPMX (NOPP 1¥#X
X = STRMO(1+4)
DO 24 J=1,NOCOM
24 XMOLE(JI=STRMO(1sJ+5)
CALL PROMIX(L1)
FNTHO = PPMX(MOPP)*X
HR = (35280 4%STRMI(1s13) + 24440 4%(STRMT (19181 +STRMI(11711 +
1 349606 ¥STRMI (L9201 ) ¥0e845
HI=126000060
HEATLD=ENTHIN=ENTHO+HR+HI
IF(EN(NE93) eGTeCGad) WRITE(695555) ENTHINs ENTHUs HRs HIs HEATLU
NAM = EN(NELS)
EN{NNNeD) = HEATLD
FNC(MEs16) = EN(MFEL8)
RETURN

N NNVIRVIN VIRV
36338 36 R R S 3 S

YY

NN

C

C .

252 FURMAT(///51H #%%s STOP BRCAUSE FLUW i ReaCTOk Xl IS5 neOAT IV

Jub FURMAT(/37H GRGANIC INPUT TO BE NORMALIZOD (Ltiels FileZs 6Xs 20800

1TPUT BEFORE NORMALIZINGs Flle2s 6Xs 1otiPiRCLNT CIFFuURENCLs rFel/)
G446 FORMAT U 254 233 CORRELATION LIIT GFeF7els 23H  HXCErobl FOGR ST
T(les I29 1uH) WHICH ISy FT7els 27 I ThHE REACTOLR cobULE %)
L4648 FORMAT(/  43H 33 REACTOR TEMPERATURE. OUTSTLEL clwlTo %%/

5555 FORMATH EXe LIHENTHALPY 1iHeF 1263 95X 0 1201ENTHALPY Ui st Llre 3K s lein
IHEAT OF REACTIONSF1Ze30/ 00X o 13HIMPELLER HEATsF L2e 390X LOHTUTAL LUA
2D9sF1243)

G997 FORMAT(/ 12Xs 22RMASS FLUWS IN ARlu GUT UF REACTUx /)
9698 FORMAT(5F2Ue5%)
agac FORMAT(5F1541)

END

1
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IBFTC READIN

SNt W

AT Y

Ny

1

m YYDy Oy Y

e

NS

o

C

SUBROUTINE READIN

PHYSICAL PROPERTY SUBROUTINE = DATA REALING 128.
REVISED BY T. TOONG ARG 2B 1968

¥EARAMETRIC DATA READING ONLY

*INPUT OR QUTRPUT STREAMS AKE UPTIUNAL
#IF CALCULATION ORULER TS SPECIFILOs CaLCULATe THIS SULBROUTINE AL
*THE FIRST EQUIPMENT IN A DIRECT CALCULATION

*MAXIMUM NUMBER OF PHYSICAL PROPERTIES (COLES)s NOPPy IS5 17
EMAXTMUM NUMRBER OF PARAVETRIC CUNSTANTS PER COMPONENTs LUCs I5 4
FMAXTAUNM NUMRER OF FLOW COMPUNENTSs NGCUNMEs 1S 26

-

#AXHFXAFMACS T COVHON DEC&; FUR ALKYLATIONe AriRe3Ue1568e TeTedHki
COMMON NOCC";“% TSa”I ‘”hTo“Es;TRnx( 931 ) s STRMO(De21J s2N(50920)
BRI I S A g e L a2 S S 36 S 3 A SE SR M I A R S S SE S S L 3L S S S 3 S S S S0 0 WM S R A 3 H IR R
COMM “N/PPDATA/NTU(‘1719LOC(17’9PPOP(17s76,4)

DIMENSTON NO(17)sNTYPE(17)

READING PHYSICAL PROPERTY DATA

PAR

[SSIEN

—t

READ(5s11) NPP
DO 1 Ti=lsPP o
RtAD(5912) ToNTRPCOI) o LGC T ) snTYPE(CT)

NO(ITIYy= 1
MTY= NTYPE(])
IF (NTPC(I)elLTe1lU) GUTO Y

RAMETER READING

L= LOC(I)

GOTO(6sT)YsNTY

NG 2 J=19sMOCOMP

READ(5413) (PROP(1eJdexkieK=1sl)
GOTO 1

DO 3 J=1+NOCOMP

READ(S914) (PROP{IsJsK)aK=]1asL)
CONT INUE

GOTO 30

TAELE READING NOT YeT SET UP

5

WRITF(6+12) 1
GOTO 31

C PRINTING PHYSTCAL PROPLRTY LDATA (]F £KHLTS 15 OGREATeRr THAN ONw!
30
31

(SV]

La

TFINOSETSeLTe?) GOTO 40
WRITE(6s15)

WRITE(6s11) NPP

S0 32 11=1eNPP

1= NO(TIT) ~
WRITE(691IP2) TeNTPCUI)sLOC(TaNTYPE(L)
c= L0CHD)

NTY= NTYPF(I)

D0 32 J=1eNOCOMP
GOTO(23934 ) oNTY

WRITE(G69123) (PRUP(IsJak) sK=1,4L)
G070 32
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Y M

24
32

SUB
40

41

WRITE(6s14) (PROP(Ledsk i ek=14L!
CONT INUE
WRITE(G6e16)

ROUTINE KEADIN IS USED AS A UwUMMY EQUIPMLINT
JJ= 5+NOCOMP

DO 41 J=3,JJ

STRMO(19J)= STRMI(14J)

FORMATS

il
12
172
14
15
16

19

FORMAT(1158)

FORMAT(4115)

FORMAT(5F1546)

FORMAT (1P5E1546)

FORMAT (1H1s 2% PHYSICAL FROUPERTY UDATAs ///)
FORMAT (1H1)

FORMAT (1H120(/)922H PHYSTICAL PRUPERTY [iQesI3966H
IREADIN WHICH 15 NOT PROVIDED YETe READING STOPPEDS)

RETURN
END

129.

REWUIRES TARLE
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CIPETC REPORT
SURROUTINE REPORT
130.

‘ FNOVECTOR
< Lo FQUIPMENT fupdnel
C 2e STREAM NUMHER OF REACTOR CROGAMIC Foi b
e PRINT SUPRESSIOMN FOR PRINTER TF BGUAL TU le0

COMMON  NOCOMP 9 SETS aNIMaMOUT s ME s STRMI{S 921} s STRMO (59211 9EH (509704
COMMON AFM(49102) oFNCIBUs20) sNOPP o X s XIAOLE (26 ) o PP SC (179261 9PPVX(1T7)
COMMUN SH{T5921) s AALL3360) s TITLE(ZG4) s B {aTT)y LGUP

NFLED = EN(NEs2) + 0el

TFUENINE 00 M Qelait ]l WRITF (7499901 TITLF

CNIME &) = ENINES7)

EMINFE s5) FNINE o8 )

FI{ME o 6) FN(ME @)

CMNAME 97) SNINFEFMs12)

FN{ME +8) SMINFFED14)

FRAUME 99) SN(NFEFDe1H)

CIF12 = EN(NE9S) = FN{NEs6

DIF14 EN(NEsB) = ENINES9)

DIF1S = EN(NF97) = EN{NE4)

WRITE(T799998) LOOPs DIF12s LIF14s LIF1S

IF(ENINE$3) el Tea0eB5) WRITELEsD997) LOOF s SN(Gel2) s G (9De1hi,
SN{Gs15)e SNi{TGshls SN{L1793)s SN(15e4)s SN{1595

€

ot

Hi

H

poed

oy

RETURN

99G7 FORMAT(I6Gs BFI246)

G998 FORMAT(Ibs 3F1546)

0900 FORMAT(1Xs 12Ahs / 1Xs 12MF//)
FRD
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SURKCUTINE SeTLal

=OLFEL FOR THE ACIU DECANTER TN THE SHELL ALKYLATION FULARNT
-

=THE NUMBER OF BARRULS OF ACIL CARRIED OVLR FER DAY IS
THE ACIE PHASE 1S5 SPLIT ACCORDINGLY

=R CRGANICS ARF RECYCLFD IN THE MAIN ACTD RECYCLT
=FIRST OQUTPUT STRFANM IS Tht HYDROCARRON

LN VECTOR
Te FQUIPMENT MUMBER
Ze ACIL CARRYOVER IN BiLe/UDAY (ASOUT 3.6

FRFHERE MACS T COMMOMN DECK s FUR ALKYLATICHe TeTe APReZGs1968 8n#kk
COMMON  NOCOMP o KSETS e IineNOUT oML o TRMI (S 931 o S5TRAUIY 9511 9N (B0 0}

JJIENOCOMP+5

SUME ALL HYURCCARGON OVLRHLALD
eoodu Jo= 11sJd

STRMO(1sJd) = STRMI(14J)

STRMO(2ed) = Cui

SPLIT ACID PHASF

ONE BARREL PER DAY 1S 0e266 LHe MULE PER HOUR OF ACIU
RAT = EN(NE $2)%0e268/STKiMI(1e7)

DO 11 J = 610

STRUMO(TIsJd) = STRMI({1ed) * RAT

STRMO(2eJ) = STRMI(IeJd) = STRMG(LeJ)

SUM FLOWS AND TRANSFFR TEMPFRATURE AND PRESSURFE
DO 12 U = 445 ‘

STRMO{(19d) = STRMI(1.J)

STRMO(Z2J) STRMI(19d)

STRMO(292) = (a0}

STRMO( 1931 Vel

DO 13 U = 6.0

it

STRMO(1e3) = GTRMO(1sJd) + STRGU(1e3)
STRMO(2s2) = STRMO(29J) + STREMNO(D43)

PETURN
D

RE AL

131.

I



CSIRFTC SETST?

SURROUTINE GETaT? 132.
c TESPERATURE SETTER =  CALCHLATION OF OTILITY 654G
C UTILITY USAGE 15 UMTAINEL FRUY A FHEAT GALANCE savwwlinG Tre 1o
C ANDG THE ReGQUIRLD QUTLET TLMPLRATURL UF Thr STRE A
C WRITTEN BY le SriAw MARCH 1968

{
g FNOVECTOR
C le FQUIPMENT MUMHER ’
C 2o REGUIRED OUTLET TEu”*<ATUhE
C e CODF FOR UTILITY USAGE
C - NO.UTILITY USAGE TO Bk CALCULATED Ce
C - 1U0u POUNDS PoiR HOUR UF LUW PXLSSUbe STEAM le
C - 1Juu PUULLQ PER HOUR OF B0 TUR PRLLHUKL STEAN e
C - 1u00 POUNULS PER HUUK UF 11106H PROSS5URE 3T A De
C - MeMe ReTelle UF FIRST TYHE OF FUEL GRS 4 oo
C — MeMe “eTelUse OF SFCOML TYPRP[E OF FUFL GAS e
< ~ KeWe OF ELECTRICITY 6e
C - JUSO IMPFRIAL GALLORNS O COulLLIMNG wWATEM Te
C - 1 IMPERTAL GALLUNS UF PRUCESS wiTkR Be
C Le UTILITY USAGE PARAMETER
C — IF STEAMs BeTelUe PLK FUUNU DF STLawm

- IF FUEL GAS» FRACTIONAL brRETCIENLY

IF

ELECTRICYs  FRACTIONAL wFFICIEQY

- IF WATER COOLINGs OUTLFT WATEK TriPoiATUE
S5 EGUIPMENT NUMBER OF CCST mOLULE (T4 LUCATE INwt
Ge LOCATION OF HREAT CAPACITY COEFFICIERTS FOUR THo

1
-

WATER TEME
Ll

T
r

AT NA RSN ANA

REMFHHX GACSTN CURMUN UECKs U ALKYLAT U TeTe APRecGslFbne*r¥Fx¥
COMMON  NOCUONP oK SETS oivl o iUl o s T RIS 9317 95TRMGloezl oot {50ea0
COMMOUN AEN(49102) sbNC(HG ?OisNOPPsXpXﬁULﬁ(Zb)9PUSC(W7926'9PP‘F(

/7
6 BB N I W A A I R H RN H N H R H KR R R R R R F AN AU S AR AFAH RN FRFKS

o~

O}

JJd o= NOCOMP + &
DO 10 J=2404

Lo STRAO0LsJ) =
ATRMO(1e%)

H

STRMI (1)
En(NEe2)

it

[

NTYPE = EN{(NE 94 )+ 6001
IF(:‘GTYPF-LE;.i‘.UR.l*iTYr’%ﬂ.vT.és) Lo TO 100
X = {(STRMI{L1e4)+5TRMO( L 941140165
NOPP = FN(ND46)
DO 20 U5 1eNOCOHTP
20 XMOLF(J) = STRMI(Led+40
CALL PROAIXTL)
BT = PPUX(RORE Y *ARS (STl il sa =1 itali . e i
NCOST = NTYPL 4+ 1u
S0 T {GUel edy ob ebh of e i caflis e MYV

L7 TNUAMNECOST Y = BTUZF N (N el i ® ] et
OO 70 1ou

S MU{RE$MNCOST ) = nTu/{levirioftn{Neeiti
SO TG 100

o ERNCINLeNCUS T = Sludceloubd a0/ ning st
GOTO 100

T NECOE MTe D)

- T . y R i f e P g ; r L : : i i
b= STL/LI0 00 e % T e ® ARG (e N LOST ol i~ BRI R
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SURROUTIME SFDANY (CERARATOP — STMBLE MODLL )
DEVTIArN oY T, TANMA TED G204 1040 133.
*THIF‘ '\r"\'\,lil r ngC_ FRACTIANG A T0En cATUDANTrMeTC TV\!T"‘, T~ ST EaMC

MOANE TNDHIT STomarr AN TS ALITHUIT CTDramR

EALTPUMEMT VECTNAR -~

1o FOUTIPYENMT NUIMRER

2, NFETIRFN 1ST ANTHDNIT QTRFAM TEMPERATUINDE, N7 ©
2 NEQTIEN 2NN AUITOUT CQTRIAM TOMODERAT! 'DE, iAo
Ly MEFSIREN 18T ALTPIIT CTOTAM DBCECUIDE, DCTA

= NECIRERN 200 AITONT CTREAM DD ociNr, DCTA

EALITRMEMT £ANMTRAL VEaTAD « ARTTANAY

STREAN VECTAR -
1o STRFAM NMUMARFD

STREAM FAC

2, TOTAL FINWg| R MO FQ /1D
Le TEMDFDATIIRE ¢NEADECC T
E, DRPEGCIIDE ¢DCTA

[
e FILNAW NF FOMDANMENT 1, | D M0 F /1D
7o FTC

CTREANM COANTOD YFEATAD - MAT DEAIIDER

ARNTTIONAL EQLIIDMENT YEATAR o

1, FNATIDHMEMT Mo re

D4 LFENATL NAE ACN yYECTAD

2, TN R4 (REANV)

2 487 e3%as00e “PRACTIANG A COEn CAvVOAAMEGTC T THE 16T ATRIT CTRTAN

crpPANTING e8P An)

FRUHR AR AAQTY FOMMAN ATy, T AL KYLATTAMN AT g 2N g1 DAC . T gT kst

FAVRIAR MAEAND g CET & WM TA G MALIT gME G TP (B421) 4 CTP VA (R 421 ) 4N (RN,

CAMARM AEM( A g IND ) g FNMO{EN e 20 ) a MDD oY g XA E (DA ) 4NDEA (17404 ) 40NY (77
AL

Mo MM M

St YRR A AV A VA VR VAN VIR S VR VIR VI VR VAR VIR VIR VY
Bl i R K TR T I i L T A an

CALL YDATA

CALCHILATING FpNAWC TN T APTHNT cTRrave
YT = 1 g NANT

CTOMA(Ta2)y= N,

JJ= S4NNCAMD

IO N L L N

STRYA(1ed)= STRYT (14 J)¥ATN(19)
STRMNA(2s )y = C:TQHI(],\J)—CTI*."V(\-(]‘._J)

NA D T=14M00T

QTPYA (T2 )z STRMA(T,,2)4CTPVA( T4 ))
SETTINA TFUPFRATIIRES ANMP DRFECAHINDES AE NAHITRIIT aTREaAmC
RA1I0 T=14MNUT

CSTOMALT g4)= FNM(NF 4 T47)

STRMA(T 4Rz SN(ME,T42)

RETHIRA

ol N

N M s MM AL ML NN M AL M ML M AL M ML ML N ML N ML ML ML ML M M MMM 3. Mo L AL AL ML AL
R I e A I T aE R L o b 28 L SR I L R o T
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AR SN NEOY {ALRYLATTI LN STSATCU RFACTUR = ST b= b
SEITTEN BY Ge wREACH MUV e s lVE T
REVISED RY o TOONC ‘ AR e 2B e 1lY6H

T OINPUT STEEAY T THE HYDROCARUUN FlkUe

ITRPUT LTREAM 16 A ACID STIREAM.

INFUT STREAM TS TH CrUDE ALKYLATE .

QUTPUT STREAM T4 ACLL ANU ALKRYLATE TwWO Prsast MIATURE e
OUTRUT STREAM TS5 THE FLASHED ALKYLATE.

ETHE 1
T
T
s THE
¥ THF

~nN
Dy
Z

A F

[SVRNEN

N
e T

Z

e VECTOR —
Te FOUIPHENT RIMBEFR
Ze TLHP GF FIRST QUTPUT STib A
Be PRES UF F QUTFUT STREA
Lo TEMP OF SECONL OUTPUT S

e PRES OF SEFCOND QUTFUT &7 i
6o MOLFE FoOOF BROPL LR FAC
7o MOLF ACTION OF ISORMUTENE REAC
F oo NOLF& 1(4 REACTID /7 WOLE biop

33

DY

'

~

Ye MOLES

1Cs

REACTED / HCLe ISOfUTEMNE

Y

~

EH XX ACSH [ COMAON DECK s FUR ALKYLATIOMNe APKe30s1Y65 e |

Iy N . . -~ 3 [ N . IR 0 (o it I 3 o -
CUMON NUCW~P9*‘F1C9HIM9NUMT9N'9/Th/I(%9,;)9CT{”U( 9ﬁ])sv‘(€“,, i
YOGSV R R LN SR SRS A E 4O 9% 3% 08 SR R 3 SR SR SR IS B R A H KR K I K Y

STRMIAL o d ) 4STRIMI(24J)
Tkl (391

FN{NE 92)

ERNINE93)

How 0 H

i
Pl
—
-
-

gl
£
~

;u(laZJ)+tLj

YHEN(Ne s 1)

b= TRAG(Le1T7)I-ECh

= STH“U(Ivdh)+Ck4

= GOTRIFO(LT g I8 ) =ECAREN(NE 380 —FCLREM(ME 4 77)

STRMOU1s3)=

DO 2 Js6sJ)
2 OSTRMO(1.3) =

STRMO(293) =

RETURN

FND

2 B 4LTiKVU (1 ed!
s 4)
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WASHIG]

SUSROUTINE wASHT]

JEVISED FFP 28 o 1968 Do e
CAUSTIC WesH SETTLFR MODEL
GIVEN A CAUSTIC SubtuTlon FlLu RAaTe UF KeUwael wklonT
AND A HYDRUCAREUN STiER GF vyt CORCZnTRAT UM e
THIS MODEL PREUDICTS NEUTRALIZATIGW PROUVLCTS ANv

HYDROUCARBON STRZAM
NvbERT FACTUKKS

THE
ENTRAT

PROLUCTS INTO
SOLUSILITY ANL

CF THESE
Y USING

FOUTPMENT VECTOR

le T(:‘“II)"””"'T NO e

2e FRACTION OF TOTAL URDLISH
..)II\L/:\n {ALQUT Uel!

le PHYSICAL PROPIRTIES CULL

LVED wATLHR

FOK LIQUIL Sk

STRMI(1eJ) 1S THE HYDROCARGGN INPUT ST AM
STRMI(2ed) IS CAUSTIC IMNPUT STREAM
STRMO(1ed) 1S THE HYDROCAREON OUTPUT STidt Al
STRMO(?294) 18 THE FXIT STREAM TO THE SEoER
RERHEXK P ACST o COMRON DECKs FUR ALNYLAT I
CUMMON NOCUMP sESETS

CUMMON AEN(4e102)YsFENC(RLi920 ) oNUPPoX o X

JJ = NOCCMRP + &

MOLAR FLOW RATES OF
FMOLT = STRMI(2+8) + STRI
IF (STRMI(197) eGTe{Ueb¥HTRI

=ASE AND WATER IN
[(2e61
d1(2980 100 LU TU 20
ACTu ENTERS
RATn ArTeR ReaCTIun
HSTRMI(1e7)

MORL CAUSTIC THAN
FBASe == TALET BASEL FLUw
FEASE = STRMI(2+8) = 2ev
FRECW = 2eft * STRMI(1e7)
STRMO(1+7) = 0eD
STRMO(2+7)
L = 2el
GO TO 22

CASE 1

1]

THAN CAUSTIC eNTERS
FLOW RATE AFTER REACTION
DeOXSTRMI(248)

MORF ACID
FACID —-= INLET ACID
FACID = STRMI(1+7) =~
WRITE(6H99999) HV
FORMAT( 43k %x%% NOT CNOUGH CAUSTIC IS
F\f(w = STR&I(R,B)
TRNMO(198) = el

5TRNO(298)
l = ]..C
FSALTS =

CASE 2

Fto TO

1]

Uetd

STRMI(1s7) + STRYMI(1s9!

WATFR OUT IN HYDROCARBON STREAN
X = STRUI(1e4)
312 J=1eNOCOMP

i

MOLE(J) = STRMI(1sJ+5)
ALL FSOL ( FsoLw )
ENTW = FLOWHATL OF ENTRAINEL WATLK

X
C
F
FINW == RATE
FINY =

FENTW =

TOTAL
FRECH +
FINW=FaOLu) %

THPUT WATEL FLGW R
STRMI(1e60 + STRALI(296)
EN(NE $2)

LLAVIKG

CLE TG

APFReZUs 1965
oM Tl ol o STRIMI(S 9317 9 5TRMUL(S
GAULE (26 ) o PPSEC(1 79261 9PE™

SETTLER

135.
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ST (let) = FENTW + FAOGLW

TF { STRMC({1e6) elLbe FING
PR {198y = F I

STRVO{2e6) = FINW = STRAC(I &4

e J o= 11 & JJ
STRAUCLedl = STl (leold
5TR¥MO(2eJ) = (U

RAT = (STR \:(l-())‘F SOL Y VAN
QTI”*"U(lal = HTRMI(1ed ',l' *

T f--'w()sln,r"‘) ETRMI(T ]

2“ { 7 etilie le: b [U :’7

T (3):-(3'“151‘\‘).7:‘7('?1!\72
SUOTU
STRYEG(1e7)
STRMOL2s7)
STRMG(199) {
S5TRAO(Z299) = FSAL

fA/-\\ II)")f\I
FACTL = STRe (]
o

f
P

it

i

S SALL

—t

STHRMO{1en) = STRAL {195
STRMU{Ze9) = STRKMI(1eb)
STRO(1e3) = tau
STRMO{Z93) = eu

SO 3% J = 6yl
¢ v) = GTREU{] eJ) +
CTRING(Ds)) +

i
—

&

<o
\1
oy
—

h

HEAT o ALANCE

CRTNT = Ut
l
I

"l g i i
l‘. = Uei

.;\

B
l.
\

! ENANE 9720
U 25 1 = 1eNTH
X o= STRETAT )
Leo27 ou o= 1 sfi(?(’()le
AnolE(d) =
CAalL PROMI XA
CRTOT = CPTw
s hTe = ENT
TCUT = EJQTH/C})TQT
v ) L
)

S S O PR IOT S
LNOER X

<t TURN
b

o ls

STl Z2so b =FALL = STRMo (] e8
Y
1

NVU

Flivw ~ F
AT

ST (L e L

-~

STiO 193
ST 294
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SUCROUTINE wWASHOZ

137.
SATER WASH SETTLER

REVISED FER 25 4 1068 AeJde ORLICKAS
THIS MODEL WASHES THE HYDROCARRBOM STRIANM
WATFR DISOLVED IN THE HYDROUCARBGN AMD ENTRAINED WATER LEAVE S Y THp

FXITING HYDROCARRON STREAMs THE REMATINDFR OF THE wATER LEAVES Dy
SEWEKS THE SPLIT OF THE CAUSTICs ALKYL SULFATES AND THE SALT ARkt
PROPORTIONAL TG THE SPLIT OF THE WATLEK

STRMICLsJ TS THE INPUT HYDROCARBON STREAM

STREMI(2ed) 15 THE INPUT WATEK WASH STREAM

STR¥C(1ed) 1S THE QUTPUT RYDROCARDON STRUAN
STRMO(?2e ) IS THFE OUTPUT STRFAM TO THE SFWER

ENOVECTOR

le FQUIPMENT MNOCe

2e FRACTION OF TOTAL URDISSULVED WATow LoAVING Ii Tre HYDROCARCUH
STREAM (ABRDUT Q414

o PHYSICAL FROPERTIES COLE FOUR LIWUIL SPECIFIC HLATS

AEXXFXRRRMACSTM COANON DECKs FUR ALKYLATIUNS APRe3091G68e ToTewnxs
COMMON MOCOU P9 5F TS e MINsNGUT sNE s STHAT(H 9317 o STRMUGI S 9311 sEM (S0

COMMON AEN{4102) sENCIB5U 201 sNOPP s X s XFLLE (260 9PRSCILT 9260 9@k i2 LT

FWAT === WAGH #JATER FIOED RATL

FWATT —=—= TOTAL INPUT WATERK FLUWRATE
FEMTW === FNTRATNED WATcR 1N HeCe STREAR
FWAT = STRET(2+46) '

JJo= NOCOMP 4+ 5

o= STRMIC(Lea)

COO12 J=1eNOCOMP

XMOLE(J) = STRMI(1sJ+5)
CALL FSOL ( FsCLw )

FWATT = FWAT 4+ STRMI(1.6)

IF ( FSOLW oGFe FWATT 1 GO TG 29
FEMTW = (FWATT = FSOLW ) % FHN(NE,2)
STRIO(1e6) = FENTW + FSOLW

IF ( STRMO(196) «OLe FWATT 4 GU TU 20
STRIMD(296) = FWATT = STRMU(196)

ICIONR RO R

STRMO(1s6) = FWATT

STRMOD(2e6) = Lel

RAT = (STRMO(1e6) = FSOLWI/(FWATT — FLULSD
STRMO(1e3) = STRMO(196)

STRMO(293) = STRMO(2986)

D025 U = Ts10

STRMUCLed) = STRINI (1 ed) *ixal
STRMO(Z29d) = STREI(L1ed) = LTRAUCLsJ)

STRMO{LLs3) = STRMOI1 931 + STHMO( L)

STRMO(2s3) = STRIMO(293) + STRHAOG(Z 9J)
ATANEE o TN RS I BN

STRMO(29J) = el

STRMO(L1ed) = STRMI(19d)

STRMC(IL193) = S5TRMO(193) + STREU(LeJ]
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TRAMSFER PRESSURES
SIRMC(195) STR¥I(1+5)
STRNO(25) STRMI(145)

1

HEAT BALANCE

CPTOT = N0

ENTH = 040

NOPP = EN(MEL3)

DO 26 1 = 1 ¢MIN

X = STRMI(T.84)

DO 27 J = 1sNMOCOMP
XMCLE(J) = STRMI(1 s U+5)
CALL PROMIX(1)

CPTOT = CPTOT + PPRMX (HUPP)
INTH = ENTH + PEMX (NOPP ) *X
TOUT = FNTH/CPTOT

DO 28 1 = 142

STRMO(Ts&4) = TOUT .

RETURN
END

;
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