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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 1 or groups of equipment 1 in a chemical plant. 

A simulation can be used both to evaluate alternate proposals suggested to improve the 

operation of an existing plant1 or to evaluate a proposed plant design. Based on criteria 

involving cost and technical feasibility, many proposal~ 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 1 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 unit such as a reactor or a separation unit, depends 

not only on the operation of the equipment preceeding the unit 1 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. 
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The PACER (Process Assembly Case Evaluator Routine) executive was written 

2
Professor P. T. Shannon and H. Mosler(M ). The MACSIM (McMaster Simulator 

System) is a modified version of PACER developed by the Department of Chemical 

Engineering at McMaster University. A detailed description of the MACSIM 

2executive can be found in Chapters 2, 3 and 4 of reference (C ). 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 

sophistication of the simulation that is required. 

The MACSIM simulation system is based on the concept of modularity. The 

executive program controls 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 11 The information flow diagram informs the executive of• 
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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 1 iust as a plant is a 

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-to-one correspondence between simulation modules 

and processing equipment, and lines of information flow and 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. It 

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 to 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 putting the simulation to work. 

That is, the simulation has been used to investigate changes in operating cor.ditions, 

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, wi II be used to demonstrate some of the general pri nci pies 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 interactive. 

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 simu I ation (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 to be used efficiently 

within the computer. Since several levels 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 hove been generalized in the discussion of the models that 

ore presented in this chapter of the thesis. 

-5
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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 (b) 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 two 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 c coalescer to remove water. It is 

then fed to the Stratco ;eactor, along with an equal volume of sulph:ric acid. The 

Stratco reactor is a large horizontal shell containing cooling coi Is 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
0 

F, de5irable alkylate is produced, and undesirable side reactions are minimized. 

The reaction rate of the olefins with the isobutane is very high, and as a result, 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 settler, shown above in the reactor in Figure 2, 1(a), 

the 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 11acid 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 co II ed the product separator. 

The product separator splits the organic reactor effluent. The overhead 

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 liqu;d from this 

separator. The bottorr,s recycle from the depropanizer, which has already been 

partially cooled to about 80°F, is further cooled in the product separator heat 
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exchanger coils before entering the reactor. In this way, on additional heat ~oad 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 Deproponizer Circuit 

The liquified vapor flow from the product separator is pumped under high 

pressure to the depropanizer (DeC ) circuit as shown in Figure 2. 1 (b). Any entrained
3

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. l. 3 Deisobutanizer Circuit 

The liquid flowing from the product separator is fed to the deisobutonizer (DIB) 

circuit. Entrained water and acid ore removed in a caustic wash and coolescer 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·· :1lkylate, 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 on 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 deisobutonizer column, the condensers, the reboi ler, and the reflux coolescer 

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 o 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 

desc ri pti on of that modu I e. 

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 module 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. N10dule 18 is a mixer 

that a II ows 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 wi II be explained in Section 2. 3. 4. 

Next the depropanizer circuit must be converted. Modules 16, 17 and 25 ore 

needed to describe the acid wash, the water wash, and the coolescer. 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 ore combined to form module 

12. The depropanizer bottoms recycle is cooled in module 28 before entering the 

product separator coils. 

The deisobutonizer feed leaves the product separator as a liquid. It is pumped 

by module 26 to a process heat exchanger 30, where it cools port 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 

reboi I er, the bottoms-to-feed exchanger, the ref I ux coo I escer, as we I i as the overhead 

condenser and the side-draw condenser. Modules 34 and 35 represent coolers for the 

product alkyl ate 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 parameters 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 simu lotion 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 

wi il 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 ? 11 
, 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 relating 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. 
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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. It 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 al kylate 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 c
3 

and c olefins and normal paraffins, isobutane, and some pentanes. The second
4 

feed is on 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 coi Is 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 affected by many variables. Post reactor operafion, and observations 

h ,. ( J 1 I A 1 I Pl I c1 I P2) • h f I I • . ab Ireported •an t e aterature , poant to t e o owmg van es 
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affecting reactor operation and alkylate quality: 

1 . 	 High isobutane-to-ol efin 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 above about 55°F 

results in poor alkyl ate 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 

Gleave during an initial reactor study(Ml), but it is noted that the reactions for the 

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

(')I, 	 iC + ----..
4 iC4 ca 

(ii) + iC4 ----1'"ca 	 c12 

(iii) + 	 +c12 iC4 ·--... cs cl1 
___________,

(iv) 	 +ell 	 ca c3 
(v) 	 iC + -. -- - .. 

4 c3 c7 
(vi) 	 iC + 3c; -· ca + --	 cs4 


______________,
(vii) -+iC4 c; c9 
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(viii) + c5 ----;:., c9 

(ix) + c ~· 2c8 6 

This I ist must also be exJ·ended when the various isomers of c , and greater, products
7

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 affect, 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 amounts 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 programming. The third level of 

sophistication is the one used in the present study. The reactor temperature 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 disl'inctly different operating 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 hansfer rate in the coils, and/or 

kinetic expressions to describe the reaction rate within the required flow and temperature 

ranges. 
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Level -1, STI ROl(Ml) 

The Ievei-l 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 1 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, c and C + produced is a constant.
9 9

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, REACll (Ml) 

The level-2 model is similar to the Ievei-l model, except that the amount of 

each isomer produced is calculated from a set of rate equations. A likely set of 

. h f h I' (Al ) L' · h ·react10ns was c osen rom t e 1terature . mear programmmg tee n1ques were 

used with these equations to choose the best set of rate constants to fit a set of input 

-output analysis for the reactor. 

This was found to be only slightly better than 11STI R01" 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 

operation was e<..1llected(Fl). 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: 

!so-Octane == Cl + C2+Propane + C3* Propene 
+C4*1sobutane + CS*N-Butane 

(2A)
+C6*1-Butene + C7*N-Butene 
+C8*1-Pentane + C9*Temperature 

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
0 

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 coi Is. 

The isobutane usage is calculated from plant factors times the feed of each 

olefin. 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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o I efi n ratio. The o I efi ns are assumed to be compi etel y 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 transfer, and the heat generated by viscous dissipation would hove 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 coi Is 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 coi Is, 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 

entering the distillation column. The feed is mainly isobutane, butane and propane, 

Nith small amounts of propene and pentanes. The cclumn operating at about 

280 p.s. i.a., has 37 Koch Flexitrays, with the feed tray being 19 from the top. 
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The reboiler is steam heated. 


The depropanizer has two purposes: 


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

volume to the reactor. 

2) To produce a high purity propane product. 

In actual plant operation, the depropanizer is controlled so as to maintain the propane 

concentration in the bottoms flow below a maximum allowable level to minimize the 

recycle back to the reactor. To achieve this control, the column is run at maximum 

condenser capacity. In plant operation, when the bottoms purity specification is 

obtained, the additional condenser capacity is used to produce an LPG disti Ilate 

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 

2
model, which is discussed below 1 was based on the Fenske equations(F ), and the 

Gilliland plot(Gl ). The Petryschuk modei(P3), based on the relaxation technique as 

originally suggested by Baii(Bl), was adapted to the MACSIMsystem(Ml) to study the 

depropanizer. Later, Brown and Wil!iam/M3) developed r:l correlation model based 

on the response of th•:! Petryshuk modei 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 

time. 
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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 distillation technique, 

reacts far more realistically in this instance than a comprehensive model based on 

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

Earlier Models 

3The Petryschuk plate-to-plate model (P ) 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 IBM 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 operating conditions. 

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

3
a correlation model, DCOROl was developed(M ). 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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a gainst 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 mode I. It sti If, however, requi red that the ref I ux ratio be known; more 

se rious ly, it would not respond to feed composition changes in the same way that the 

con trol led plant column would. Also, the range of feed and operating parameters 

used to develop the model were not wide enough, and the feed to the mode l in later 

studies on the whole plant was often outside the range of the model. 

Fina l Model, DEPRP2 

2
The Frenske equations (F ), as indicated below, were used to ca lcu late the 

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

log = N iog a (2B) 

where x and X are the mole fractions of a component in the distillate and bottoms
0 8 

respectively, and o. is the relative volitility. N is the minimum numbe r of stages 

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

XLK LK HK\ HI\: 

D ('1 XD a 
 (2c) RMIN 

j LR \ HK HK ; . 
i I, . LK HK 

). ~-t + ( ,L 

L. xF 
\ 
i XF J 

! 
-~ ~ 

whe re 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 disti II a t e and the feed 

re spectively. The re lative val iti Iity is a and X is a mole fraction. A I inear equation 
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representing the low reflux ratio portion of the Gilliland plot, which is on 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 con 

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 ore specified. In fact, the total flow and composition of the two 

outlet streams con 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 

disti I late and the bottoms flow rates ore very non-linear functions of the total feed 

flow, 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 flowrote, 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 a reasonable propane concentration 

in the distillate (98%) and then the exact value, that would correspond to 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. 

(ii) constant model overflow. 

(iii) 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 

location is the weakest. If 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 (P
3
). 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 isobutone; the remainder is made 

up of the aikylate, propane and pentanes. The column contains 80 Koch Flcxitrays 

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 to separate water from the reflux. 

The three main purposes of the column are: 
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(i) 	 To remove the product alkylate. 

(ii) 	 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 unti I 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 time. 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 

3
Petryschuk (P ). The Petryschuk model was adapted to include a side-draw by Powell 

and Kitcher (Ml). When this program was inserted into the MACSIM system, it 

required excessive execution time and storage. A correlation model, DCO R02, was 

3
developed using the modified Petryschuk program to describe the deisobutanize/M ). 

The correlation model was similar in theory to DCOROl, 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 DISOBl 

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 c and heavier components leave the column in the bottoms
6 

flow. Thus, only the distribution of the c and the c components in the three
4 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 DISOBl was developed. 

It was found, as in the case of the propar.P. 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. 
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TABLE 2.1 AVERAGE FEED AND EXIT FLOW OF EACH COMPONENT 

FOR THE DEISOBUTANIZER 


r 
Percent of each entering component leaving 

in the exit streams 

lPercentage 
of FEED COMPONENT! TOP S/C BOTTOMS 

4.6 

0.0 

37.2 

39.3 

0.4 

0.4 

0.9 

3.4 

0.0 

13.8 

nC
3 

c
3 

LC
4 

nC4 

iC4 

nC4 

nC
5 

iC
5 

iC
5 

c +
6 

100.0 0.0 0.0 

100.0 0.0 0.0 

97.5 2.5 0.0 

38.0 57.6 4.4 

0.0 

0.0 

0.0 

0.0 

0.0 100.0 

0.0 0.0 100.0 

i 
..J 
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Future Model 

Any future model developed to describe the operation of the dei.sobutani7ler 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 Iighter 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 

essential to have an accurate plate-to-plate model avai Iable 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. Additional 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 flowdoes 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 coi Is 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 depropani zer and the 

deisobutanizer would not reflect the heat transferred in the reactor or the heat 

transferred in the product separator coi Is. 

The product separator model must search for an operating temperature, at a 

specified operating pressure, so that a heat balance around the unit is ~atisfied. This 

obviously implies that the total input enthalpy must equal the total output enthalpy. 

On the other hand, the amount of the feed that is flashed depends on the operating 

temperature. 

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 neat 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 

acia settler, and the heat load calculated for the reactor coils is considered as input 



33. 


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 to find the exact operating temperature that satisfies the heat balance. 

It is necessary for the 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 

MSTEMl 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 frcm the heat exchange coils. As the simulation 

nears convergence, the error introduced by this model rapidly 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. If the condenser duty is exceeded, the ;::roduc.t se.)arator 

operating pressure is increased and this,in turn,acts to reduce the amount of vapor 

produced. 

Two modules are used to describe this control loop. The module 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. 

(iii) 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 I i near fits of pi ant pressures over a range of vapor flow rate. The second mode I, 

CONT02, considers the condenser to be overloaded if the calculated compressor 

discharge pressure is less than the condenser operating pressure. If 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 

falsi search is used l"o 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, CONT02 allows the lv\ACSIM calculation to continue in the 

specified order. 

2. 3. 6 Heat Exchangers 

Chemical plants often employ a large number of heat exchangers for the 

(ecovery of heat, and the control of processing streams. Often the questions to be 

answered by simulation studies involve heat recovery studies and heat-and-mass 
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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 M a flash drurn),an accurate knowledge of both heat and mass inputs is 

required if the equipment performance is to 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 two groups: 

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

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

flows, temperatures and exchanger size. 

Setting Model, SETST_3_ 

In initial simulation studies, process heat exchangers can be replaced by 

temperature-setting models. In the final study, setting modules can be used to 

describe a perfectly-controlled heat exchanger using steam, or some other uti I ity, 

to maintain a stream temperature at a specified set point. The model can also 

calculate the required utility usage to produce the desired temperature. 
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Both Exit Temperatures Required, EXCHl ~ 

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 

2
method(K ) 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 EXCHll contains the effectiveness factors for eight types of shell

and-tube exchangers: counter current 1 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 1 and the correct effectiveness 

factor relation is used to 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-emulsion 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 acid phase returns to the Stratco Reactor. General plant operation has 

indicated that there is very little acid carry-over into the organic ~ffluents. 

It was originally thought that the settler operation misht conh ibutc more to 

Jlacid loss" than was believed by the plant operating personnel. This conclusion was 

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

C' II (M1) -h . . '· d .d ~ '1 . I dhappe . 1 ese expenments andtcate an act carry-over or o barre s per ay 

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 11acid oils" are a large range of acid-soluble materials that are 

referred to in the component list as propyl sulphates. 

Final Model, SETL01 

The model employed to describe the settler 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 5ubroutir.e 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(Cl (i) - C~(i1 (20) 

where Cl and C2 are constants for each component, and T is the absolute temperature (Tl). 

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, WASHOl, 

WASH02, and COALOl, 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 Makeup, 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 11acid-oil 11 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, 

electricity and cooling water. Hence, any reactor model should pay particular 

attention to 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 
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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 streams 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. It is assumed that the composition of the 

waste stream is equal to the composition of the acid recycle to the makeup model. 

2. 3. 10 ~sica I 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 physical prope•iy was required. Or:e subroutine 

reads ail the required data into a physical property block, and the other two sub

routines can be called from any model to calculate physical propertie:. using the 

aata stored in this block. A complete description of the physical property calculations, 
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3and all the regression coefficients are given in reference (M ). 

The first groups to study the alkylation plant proposed a list of 17 required 

physical properties. Li(Ml) regressed all the required data, for each of the twenty-

six components, against temperature in degrees Fahrenheit, and obtained 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 required1and stores them in the physical property 

data block. In addition, it reads in the code that specifies which of the several 

parametric equations, in the property 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. 

lf)nstead, 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 
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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 to 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 evabation of the cost of feeds, 

products and utilities. There are many possible costs that can be included in an analysis, 

and there ore 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 cornpone:rt 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 i~ defined as the 
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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 alkyl ate 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 to an average or a limiting value, and printed out. 
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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 wi II 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. 

(iii) 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 s:.~mmary, 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 matrix of many numbers, 

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



FIGURE 2.3(a) : OPE~TING COST SUMMARY 

Run Number 2 

Conditions Shell Alkylation Simulation - Enriched I-C4 Feed 

Value per day 
Run No . 2 Base Case 

3080. 4857. 
9132. 9132. 

648. 	 645. 
39. 	 39. 

7950. 8114. 
2604. 3020. 
3981. 5464. 

26. 	 32. 
124. 	 114. 
140. 	 144. 
204. 	 207. 

34. 	 34. 

Base Case Difference 

15205.4 -1779.16 

1392.0 - 282.93 


7.907 - 0.7706 
~0. 724 - 0.1347 ~ 

Summary of Material Flows 

Feeds lsobutane (bbls) 
Olefin (bbls) 
Sulphuric Acid (bbls) 
Caustic (100 lbs.) 

Products Alkylate (bbls) 
Propane (bbls) 
Butane (bbls) 

Utilities 	 Steam (50 psi g) (1 000 lbs) 
Steam (200 psig) (1000 lbs) 
Fueld (MM Btu) 
Electricity (Kw) 
Cooling Water (1000 gals.) 

The debutanized R-3 octane rating of the alkyl ate is 104.52 

Quantity per day 
Run No. 2 

990. 
3180. 

75. 
11. 

Base Case 
1576. 
3180. 

74. 
11. 

1881. 
723. 

1131. 

1923. 
839. 

1552. 

68. 84. 
327. 301. 
495. 510. 

32376. 32928. 
3052. 3077 

Cost function per day 
Profit function per day 
Cost function per bbl. of alkylate 
Profit function per bbl of alkylate 

Run No.2 

13426.3 
1109. 1 

7.137 
0.590 



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 (1, 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. 

-1:'
() l 



3.0 ESTABLISHING A BASE CASE 

The base case provides a set of conditions and economic worths against which 

altemate proposals can be compared. Furthermore, there will be parameters within 

various modules that cannot be obtained theoretically, 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 1s 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 

mode is 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. It must be emphasized, however, that 

models should be tested on more than one set of operating conditions. 

3.1 Jnit~~ Studr_with_Si~ple 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 
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TABLE 3.1 MASS BALANCE FROM PLANT TRIAL AND FROM BASE CASE SIMULATION STUDY 
(Simulation Study Flows in Brackets) 

>TREAM TOTAL FLOW PROPANE PROPENE BUTANE ISOBUTANE N-BUTENE I-BUTENE N-PENTANE I-PENTANE C6+-
~eactor  Feed 1732.0 190.9 65.0 498.0 854.0 56.7 60.0 4.9 1.5 0.0 

(1730. 8) (191. 3) (65.0) (490. 8) (854. 3) (58. 0) (61. 6) (2. 3) (6. 5) (1 . o; 
- Effluent 1561.6 189.4 0.0 507.1 689.5 0.0 0.0 8.4 32.7 132. 1 

(1563.6) (191. 3) ( 0 . 0) (490. 8) (689. 2) ( 0. 0) ( 0. 0) (5. 0) (30. 9) (156.4) 

:eed -Olefin 498.0 122.0 65.0 116.0 80.0 55.4 58.6 0.0 1.5 0.0 
- lsobutane 234.4 21.5 0.0 108.4 95.5 3. 2 3.2 0.5 2.1 0.0 

(232. 3) ( 21. 1 ) ( 0. 0) (107.5) (94. 7) ( 3. 2) ( 3. 2) (0. 5) (2. 1) (0. 0) 

)epropanizer - Feed 839.6 166.4 0.0 239.0 429.3 0.0 0.0 4.9 0.0 0.0 
(837. 8) (162.9) ( 0. 0) (250. 3) (413.5) ( 1 . 3) ( 1 . 5) (0. 8) (6. 5) (1. 0) 

- Propane 144.3 142.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0 0.0 
(145. 3) (143. 1) ( 0. 0) ( 0. 1) ( 2.1) ( 0. 0) ( 0. 0) (0. 0) (0. 0) (0. 0) 

- Bottoms 695.3 24.4 0.0 239.0 427.0 0.0 0.0 4.9 0.0 0.0 
(692. 5) ( 19. 8) ( 0. 0) (250. 2) (411.4) ( 1 . 3) ( 1. 5) (0. 8) (6.5) (1. 0) 

)eisobutanizer - Feed 955.0 44.5 0.0 376.5 355.7 3.7 3.9 8.4 32.7 132.1 
(958. 1) ( 49. 5) ( 0. 0) (348. 0) (370.4) ( 1 . 9) ( 1. 6) (4. 7) (26. 6) (155. 4) 

- Overhead 537. 0 44.5 0.0 143.0 347.0 1.3 1.4 0.0 0.0 0.0 
(539. 8) ( 49. 5) ( 0. 0) (124.6) (362. 9) ( 1 . 3) ( 1. 5) (0. 0) ( '0. 0) (0. 0) 

-Side Cut 258.0 0.0 0.0 217. 0 8.5 2.4 2.5 8.3 15.0 0.0 
(227. 2) ( 0. 0) ( 0. 0) (204. 3) ( 7. 5) ( 0.6) ( 0. 1) (1 . 4) (13.. 3) (0. 0) 

- Alkylate 160.0 0.0 0.0 16.5 0.2 0.0 0.0 0.1 17.7 132.1 
(191. 1) ( 0.0) ( 0. 0) ( 19. 1) ( 0. 0) ( 0.0) ( 0. 0) (3. 3) (13. 3) (155. 4) 
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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 /'STI ROl 11 plus temperature and pressure setting models were1 

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-l) (K-1) can be applied. The component flows in the main recycle streams are 

adjusted according to equation 3a: 

Adjusted Calculated 

F. " = c. X (F. (\ - F. "-1) (3a) 
lrl:l I 1 1 ~:~ 1 1 ~:~ 

where F. is the flow rate calculated for component i at the e•th iteration, and C. 
11 9 · I 

is a constant for component i 1 and depends on the process (0-l). Thus,the convergence 

promotion subroutine adjusts the newly calculated flow of component i, based on the 

previous value and the present one 1 to accelerate the convergence to the steady-state 

solution. Convergence promotion becomes essential when the simple models are 

replaced by sophisticated models (usually non-1 inear) 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 I isted in order of importance to 

the present study: 

(i) 	 The product separator to define the flows to both 


distillation columns. 


(ii) 	 The reactor which controls the production of alkylate, the 

loss of acid, and the heat generation in the system. 

(iii) 	 The debutanizer and 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, 

a'1d the interaction between the heat and the mass bal once. 

(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 answered, 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 purameter 

adjustment. 

3. 2 	 ~_:an:_e_!~~djustment 

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, 
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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 required adjustment in the alkylation study are discussed below: 

(i) The heat transfer-area product, UA, had to 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. 

(ii) Both disti I lotion 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 

Putney(Pl)' were slightly high. The reported values, as used in the 

reactor model, were adjusted in order to fit the plant trial mass and 

heat balance around the reactor and the product separator. 

(. ' 
IVj The efficiency of removal of the entrained water in rhe washers and 

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

could be achieved. 



52. 


3. 3 lsobutane Buildup 

After all the models had been incorporated into the information flow diagram, 

a steady bu i I dup 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 its 

reaction with olefins, and this usage is determined by the amount of olefin being 

fed to the alkylation unit. lsobutane 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. 



The steady-state solution of a case study will be over-specified if the total 

flow and the composition of both the o I efin and the isobutane feeds are specified. 

A control module, CONT03, 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, CONT03 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 Bal once 

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. 

(ii) 	 The ratio of isopentane-to-normal pentane is high due to 

a11alytical problems at the time of the plcmt trial run. 

(iii) 	 Too much of the butane fed to the product se:;,c.rator 1emains 

as I iquid, and is fed to the deisobutanizer. 

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

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 to 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 to questions concerning operating parameters, material costs, and pi ant 

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. l Case Studies 

All case sludies were run using the same feed and operating conditions as in the 

base case except one. In this way, the effect of a particular 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 operatinn parameter or a feed condition,etc. 

Five selected examples to illustrate the use of the simulation follow. 

4. 1. l Internal Change - Increase level of lsobutane -~~cycle 

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 104.38Jor 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-to-organic feed 


ratio to the reactor. 


(iii) 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 at higher recycle volumes. 

The cost function was reduced by $40 per day since ·;he reduction in acid 

costs far exceeded the slight increase in utility usage. The profit function, due to 

reduced acid use, and increased octane rating of the alkylate, increased b)r $121 pet· 

day. This case study is technically feasible for all models, with the po:.sible exception 

of the deisobutanizer. The present model for this column is insufficient to determine the 

technical feasibility of operation, the basic restriction beir.g the overhtad condenser 

capacity. 



57. 


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 controlled via a chilled-

water cooler. Normal operation (base case) uses a set-point temperature of 80°F o1.,1t 

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
0 

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 isobutane. 

Thus,there is a slight decrease in the amount of butane removed from 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 some as for the base 

case. Both case studies appear to be technically feasible. 



TABLE4.1 	 EFFECT OF TEMPERI\TURE TO PRODUCT SEPARATOR 

HEAT EXCHANGER COIL ON PRODUCT SEPARATOR 

OPERATION IN THE ALKYLATION PLANT 


r· -·---------- -----··--· ---------- --- -·-·r··- ------------------ --·--·-- -- ------------·-· --------·-------- ---------.. -·------------------------------ --------------.------------------- ----------------------------- ~ 

1 EXCHANGER : PRODUCT SEPARATOR OPERATION

! COl L FEED ! _ .


TEMPERATURE I FLOWS (lb. mole;hr.) 	 PR!:SSURE TEMPERATURE ! 
I 	 0 I 

°F ----l---~E-=~---V~~~~---~--~~~UI~------·---------- ..------~_'_s ___i~a_.__ __ __ _____ -~ -I 
! 
l 

80 1798.6 840.8 957.8 18.03 	 31.32 i 

85 I 1803.4 849.9 953.5 18.26 	 32.16 

9o 1 1849.5 865.9 983.6 18.63 	 32.61 
I 	 , !L. ____ ·v~-- ____ __ ___________ .L ___ 

" ••c,.,.~~ •..- ~-~" -.,..-.,·~~-·o..,.,•·----~·--.~ -- ------------------------------·------------------.-----------·--------·------------1 

ro 
VI 



59. 


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. l . 3 Change in Piping - lsobutane Fed Directly 
To the Reactor 

The isobutane may be fed to the product separator (as in the Shell plant 

triai from which the base case was developed) or it may be fed directly to the 

reactor. By feeding the isobutane to the product separator, some of the propane 

and butane, which are inerts, will be removed by the distillation 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 separator, or the two distillation 
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columns can be easily evaluated using the present simulation. 

4.1. 4 Change in Feed Composition - Enriched 

lsobutane 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 flow 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-Equitibrium for Butane in the Product Separator 


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

calculated value of a physical property may arise from two sources. First, the initial 
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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 cal cui ate 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 separator 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 disti II at ion columns. These changes appear to be small. However, the 

reduced recycle 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 equi I ibrium constant produced an error 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 
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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: 

( D Profit Function) / (Profit Function) 
( L1 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. It 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, aloog 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 to 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 to model, and what equipment not to model, based only on the questions 

to be answered. 

In an industrial en.,ironment, 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 

3
therefore considerable detail was included in the original simulation (M ) because 
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of its pedagogical 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. At 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 pi ant. 

(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 pi ant. 

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

(vii) 	 Perform a 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 techniqu(:.., large system sensitivity 

analysis, and the problems encountered with interactions between heat and mass 

balances. The alkylation simulation was an excellent tool to 1·est the MACSIM technique, 

and some of the results of work include recommendations that are presented in 

Section 7. 1 . 
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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 too 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 required 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 ore 

extremely time consuming. Unexpected problems will occur even weeks after a stream 

I ist 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 i·he 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 11 or a "keyll component to 
the operation or performance of the module or equipment? 

(iii) 	 Is the 11behaviour" 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 affect 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 oi Is", 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. 
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TABLE 5.1 STREAM VARIABLES LIST FOR ALKYLATION SIMULATION 


Location Information 	 Units 
--· 

Stream Number 

2 Stream Flag 

3. 	 Total Flow lb.moles/hour 

OF4 Temperature 
5 Pressure p.s. i.a. 
6 Flow of Water lb. moles/hour 
7 Flow of Sulphuric Acid II 

8 Flow of Sodium Hydroxide II 

9 Flow of Sodium Sulphate II 

10 Flow of Propyl Sulphate II 


11 Flow of C2 and Lighter II 


12 Flow of Propane II 


13 Flow of Propene II 


14 Flow of Normal Butane II 


15 Flow of lsobutane II 


16 Flow of Normal Butene II 


17 Flow of lsobutene II 


18 Flow of Normal Pentane II 


19 Flow of lsopentane II 


20 Flow of lsopentene II 


21 Flow of C6 II 


22 Flow of 2, 3- Dimethy Ibutane II 


23 Flow of C7 II 


24 Flow of 2,4-Dimethylpentane II 


25 F I ow of 2, 3- Dimethy Ipentane II 


26 Flow of C8 " 

27 Flow of !so-Octane " 

28 Flow of 2,4-Dimethylhexane II 


2,5-Dimethylhexane " 

2, 2, 3-T rimethyl pentane " 


29 Flow of 2,3,4-Trimethylpentane " 

2, 3, 3-Trimethylpentane 

2, 3-Dimethylhexane II 


30 Flow of C9 " 
31 Flow of ClO and Greater lb. moles/hour 
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5. 3 lndentification 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 compo;1ents, 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) C6 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 
(i i) 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 at 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. lnerts or impurities, often 

removed by purging, are not the compounds 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 pi ant. Primarily, the reaction with olefins in the 

Stratco reactor accounts for the isobutane usage. The amount reacted is almost 

entirely dependent 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 insensitive 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 to 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. It can be seen that this increase in inventory wi II 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 wi II 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 plant, so it must be included in the simulation. 
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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. 

(i) 	 Formulation of every model must only be influenced by 
the questions to be answered by the simu I at ion. 

(ii) 	 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. 


(iii) 	 Start with simple models and replace them as their 

importance becomes known. 


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

(v) 	 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 amplification 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 




T)
I"- • 

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 

settler 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 MACSJM-Iike 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 interactions. 

Simulation studies must start simply. Efficiency of time alone dictates this 

rule. It is often impossible to tell what areas of the plant require sophisticated models 

unti I 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 sophisticat-ed, 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)t is very difficult 

to guess all of the uses to which that model wi II be put; some modification always seems 

to be necessary. On the other hand, after experience has been gained in any 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, 11Construct a model based 

on the same specifications and constraints under which the plant equipment operates 11 
• 

This rule 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 does, operating specifications must be an integral part of the model. 

The depropanizer operates to a ma,<imum 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 

cal cui ate 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 alkylation 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 on 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 the process 

and the simulation, the experience gained from the development of a simulation foe 

a large complex plant has been presented, and can be summarized as follows: 

(i) 	 New modeling techniques have oeen tried and evaluated. 

(ii) 	 The necessity of including control modules, as well as convergence 

promotion techniques, in order to obtain a solution to a case study, 
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has been 	demonstrated. 

(iii) 	 The MACSIM Simulation system has been tested with a Iorge 

complex plant in which there ore interactions between the 

mass and energy bol onces. 

(iv) 	 Guidelines for the development of a simulation of any process 

are presented for questions concerning the preparation of the 

stream list 1 model development 1 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 + L (7A) 

f f
F X. = Vy. + l X • (7B)

I I I 

f f
where X. is the mole fraction of component i in the feed, andy. and x. are the 

I I I 

mole fractions of component i in the exit vapor and liquid streams respectively. 

f f
But x. andy. are related by the equilibrium constant K. 

I I I 

f f = K. x. (7C)Yi I I 

L
Substitute Equations 7A and 7B in 7C, and define \jJ to be (F). But the 

sum of the mole fractions in the vapor must equal one. 

n r x. -, 
l 
; II ; ~ 

=1 (7D) 
i=1 1 - \jJ (1 - -)1 J

K. 
I 

An iterative technique can be used to find the value of '~ which is r for which I 

the fo II owing function of \jJ tends to zero. 

n 
x. 

f ( IV) = I 
-1 (7E)2: 

1 - tjJ (1 - -)i-1 K. 
I 
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·?1
v'. 

The Newton-Raphson method is used in the iterative search of a 1j; for which f( w) 

approaches zero. 

f(w)
tjJ = (7F)tjJold new f' (l,.' ) 

- X. (1 - __!_) 
I Ki :where = (7G)2: 

n 

[ 1 2!
i=l (1 - 1j; (1 - - )) jK. 

I 



82. 


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. Fleming. 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. 

(ii) 	 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. 

(iii) 	 All printout of stream and equipment vectors should be limited to only 

those with n·:ln-zero numbers. 

(iv) 	 The variable KSETS should not be used for printout control in any 

module that is written. All modules used in o simulation should contain 

their own print switches in the EN or ENC vectors. 

(v) 	 It is not necessary that all streams used in the simulation be stored. 

Those to be saved con be indicated by the 11Streom flag" (second 

position in the stream vector). This position in the stream vector wi II 

not be required once the order of calculation is specified. 

(vi) 	 Not all streams need to be tested during the check for convergence. 
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\) 1 
(! l 

-II • f) 7 6 3? >::.- ·J) 
-I; • C3 7 A'.<,;;:' t.: - 1 • r 89. 

- b • 5 c,; ') 1 7 E 
- 1 • ;· ~ 6 5 1 , 7 E 

:n 
• l '+ 

1.3':.il4'3F 
1.71AJ?,E 

Ol 
Cl 

- t, • H 7 6 '3; F- ( ,., 
-7. C) 7 :) J 2 E- 0 () 

-1. ('6 5:'':7f :)Lf 1.716l~F Ol -7.')7:J32f-;JI) 
13 14 4 2 

" • Vd'\6 /+ 2 (~ E ; I 1 - ( l • l} 4 9 2 B 2 ~' E- ()3 - u • 1 4 7 3 5 7 0 E - ' ' <; 0 • 
-c. -c. .,-n. -o. -l,j. 


-c. -o. -o. -r:. 
_...;. 
-{" . -n. 

• c; / 2 9 2 s 2 F () () - ' ' • l 0 ') 4 il '3 s F- () ? - n • 4 1 4 I ) C) 4 6 F - (', c, - (': • 3 :·, n () (:, f3 6 F - r, 8 
,! • 7 9 ltl 1 2 3 E 0 0 - U • 1 0 ·-:~ 1 6 '::· 9 [ - UL - 0 • 2 ;( t1 ? 7 3 7 F - :; ') - (j • 1 6 2 ') l 7 l E - 0 6 
,;.s•.i724B<JE 00 -n.ll122li:JE-Ol -CI.254:S4:)7[-;;:; -C.lii46708E-GH 
, .612H226E 00 -n.~046352E-03 -O.l2lJ260~E-U~ -U.9367284E-09 
~· • 6 s1 2, '2 3 F no - n. 6 11 1? 4:1 F-o~; - o • 1 3 2 9 tn i:l E- ~~ ''- -c).'' 6 'V14 Hs c- (; '1 

.6938615E no - 1i.A46'.:'>',M7 -o:~ -O.l4r:'-i',56E-:•5 -r..J 018519E-nil 
0 .6CPP7A?F no -r·.6464467F-O~ -0.14n5~l9F-~~ -n.JnlP347f-OR 
rJ.S7~9971F no -0.4~n4A01F-n~ -G.4~79nl?E-~A -n. 
•,i • r) f> 8 l 1 El 5 E J C - •: '! • lf 4 2 9 6 3 () F- () 3 - () • Lj- 8 l Lj- 8 l 5 [- () C - 0 • 
'."195C·7f~8E ,J.) -~:.t~JO~'J60t--CH -O.R92'J782!--0A -n.64A4'l',5F.-r;q 

1._, • ) ::4 '::l '/I+ 9 E c0 -I). 2 56 ':1 tl 'Y 5 E- 0 j - (). ':. ~) 0 6 7;; d l- c() - (). L~ 8 4 6 3 54 E- r; 9 
•,.5'l4?949F •;o -n.?569B95f-0-\ -r;.'-,~'JilG72:~t:-r:6 -o.,:f04R';'S4E-n9 
·_; • t+ 4 () 5? q 7 F \1 U - ., • 1 7? 6 '2, 2 C:, F- C' -~ - --; • ';;, 7 5 ? g R J F- r·, r, -I, • 2 7 ] q 4 7 9 E-n 9 
C! • 4 4 n C:, ?. 9 7 F ': () - \ ; • 1 7 ? 6 3 ? 5 E- 0 ·-, - r: • ';. 7 5 ? KF l f. - C' r) - 0 • ? 7 1 9 '+ 7 q F - (' q 

,:· •'• ,, r, r:, ? 9 7 F n r, - 'l • 1 7 2 A 'l, ? 5 F- (I :•, - r; • ? 7 "J ? P ~ 1 f - " r, - Ci • ? 7 1 n, '· 7 9 [ - n (i 

').:),9S')t;C',t:,[ nn -r'.l')9t;n'sJ.r-r'i -o.??'-i977'+L-'1(, -n.l6~7-:;.17f-Mi 

c: • '3 9 ') 5 n 'J '> F :lO - (~ • ] ') 9 ') (H; 1 F-:- () j - ('. • ? 2 1) ') 7 7 4 E- () h - ~· • l 6 3 7? l 7 F.- n (; 
J • '3 9 5 5 J "> S E ,; 0 -'' • l •;. 'I 5 iJ c.:, 1 [- r; -~ - C • ;> 7 5 'J 7 7 4 [- r; r) - 0 • 1 6 3 7 ". 1 7 F- () '1 
..... 3 9 5 5 C 5 5 E n0 - ::; • 1 '1 9 r:, l ; •, 1 E- () 3 - \} • ? 2 5 9 7 7 4 E - 0 6 - C • 1 6 ? 7 5 1 7 E-n q 

• '-3 6 l 4 4 7 5 E D 0 - 0 • l 6 3 2 7 1 6 E- 0 3 - 0 • 1 7 7 4 6 S 1 E - i.l6 - G • 
:).3294SSlE 00 -0.l36977RE-03 -n.14888d0E-06 -o. 

'f, If; S Y S 



APPENDIX 7.4 

Program Listings in Alphabetical Order 



'f I :; f T C: C: U .\ L U 1 

<:; L! •'1\ 0 u T I N F c0 !\ L . I l 90.vii-< J T T EN FF r.l • !'· • l) f.:: L I C K /\ S 
( RLVISlD MAY I. SHAW 
c: 
C -C-.MLt:::,(f::.i--1 ,v,()LJLJLL ;JI·<lT1lN HJI""< SHLLL vllr'-VlLLL SL·iuLATlOi·• 
L -LNTRAINEU WATLR IS REMOV~u ~CCOR01NG TG A SP~CI~ILLJ LFFICI~NCY 
C -THt EXIT ORGMHC STFH:.Af'', CUI''lT/dt~S t::.NTFUd;,ltlJ 1\1\ilJ LJISSULVl:lJ ltJI\TU< 
( 

r STRVO(l,Jl IS THF FXIT nRGA~IC ST~EAV 
C SH\,\4U(2,J) I:; Hii: FXIT Al.IUlUUS 511-\LI\r,, 

C L'\ JLCTOi-< 
' l. NO.'-· i:OUIPfvTNT 

c 2 • rc:~ACT 101\ LIF UHi-<fdi'H:i; VI.!,Tc.i-\ ~~t:_;,,UVL.u l~Y (U/\Li::.SCLI-< 

r 

C 	 ********~ACSI~ CU~~ON DECK, FUR ALKYLATIU~. AP~.3Q,lY68. T.T.**** 
C 0 I··':..; 0 N ,"JO C C :\' P , K S E T S , N I N ~ N 0 U T , '~ E , .S H< fvi I I 5 , 3 1 l , S T R tv~ 0 ( 5 , ·::, 1 I , Lr\ ( 5 0 , ? n l 
C U f'i \l0 l'l t\ [ N ( 4 , l :) 2 I , EN C I 5 l· ' 2 G i , N 0 P P , X • X f-1 U U:: I 2 & J , P P S C ( 1 7 , 2 6 l , P PI-' X I 1 7 l 

c 
JJ ::: NOCOf\!P .... 5 

C FE.IHW --- li\Ti\fdNLD \'v'ATEl~ If-, HYtJRUUI!\U~)I'< STKU\,.: 
C F\·:/HT ---TOTAL INPUT v:ATLI< fLU:tJI\1\Tt. 

F~ATT 	 = STRMI<l,6l 
C 	 C .~. L C U LA T L \.;/\ TfJ~' ."- 0 L U H I L I T Y MW C H U .. K \•J t, T ~~ R b t\ Lf, N C i:: 

.x = s r ~~ \1 I < 1 , '+ > 

ro 1?. .J=l,r-~ncor\·p 

12 X:\·1()l.[ ( J l = ~,Tf~:··li ( 1 •~J+S l 


(/,LL F:)GL < f-:;uu·: l 

I F ( F :-,o U•J • i, L. F \'it, T T l lJU T0 2 '.J 


FUHW = (F'"AT1- FSOL1•i l ·* l.\,- [:,,(l'<i~,2 1 l 


STR~8(1,6l = FbNT~ + FSOL~ 


I F 1 S T i~ >~ 0 ( 1 , h l • G F • r· v.J A T T 1 (.;; 0 To 2 C' 

S 1 F? r~ 0 I 2 , 6 l = F : •.,AT T S T 1:Z ,V: n I 1 , 6 J 


GO TO .n 

2 C· SH?'•10( 1·6 ) -· F>i 1\ T T 

S Tl-\:;,o ( ~·6 ) = O.J 
c 

2 j 	 S T r~.: 10 ( 1,3 ) = S H~!· C)( 1 ,6 J 

S TR ~~o I 2 '~~ ) = STF<i··~O(/ ,6 ) 


R /\ T I () = ( S T l-\ i I, 0 ( 1 , 6 I - F ,",U L \·i l I ( ~ 1JI A TT - r- S C L ':. ; 

i)C) Vl J=7,1:~ 


S T P i-~o ( l , J l = ~i Tid-~ I ! 1 , J l * f~ r, T T C 

STF\\.10(2,~;) = ',rl-<:vii<l,_Jl- STt-i.v'U(i,J) 

~)TI~,'-':U(l,Jl = ~,j,,,•u(l,':>l + :.Tt,:-<U(l,.)J 


j 	 sn~t•iCJ(2,3i = :·)r,<:·U(2,3l + :)li~·.u({~,Ji 
- ,.., ; t ..( 	 1'\l) Ui\C/"'~IC UfiVt.:. lh i,,, I j', ;_ J-\ I 

'(1 /;.') .J=l1,.J.J 

'~T:.;•,;O(.l,..;J = ',T:,··.:r (l,Jl 

•::,TJ~t'O(?,Jl ,., ')•\· 

Lt .. S Tr·U··Hi ( l '':3) = ~,fl-.(f.'(l( l, -~) + :, ·:·. '(· (., .J' 
( Ti~M<SF Lh Tt . .t-'f,t '·:,\ ru:-~r: 1\hil Pi-<! .',sur~l: 

~):) ~) \) J =- !+ , ? I 

ST:-\,10(1,..;1- ST:-\;•<l(l,Jl 


"; ,; S T ~~ fiU ( ? , ..; l = 5:, TI~ ;o. I ( 1 , J I 

c 

:~ r- ru-~H 
r~-:;; 
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q, I nF T C C 0 ~~i P ~ c; 
SU ' )r~ OUT l ~\J E co~.;pi~.S 

91.( 	 WR ITT~N bY ~. ORLll~A~ P . M~L~YK 

:-< E V I S E D t3 Y I • Sr-if, 'v·! S E P T l 9 6 8 

C ;v 0 D U L E ~:: R I T T [ N F 0 1..( THE ~ H E L L A L KY L A T I U 1·... S I r.,i ULA T I U N T U uE S C ~ I bE . 
C -THE Pf..(ESSUI..(E DI~OP FI~ CJr:', TrlE Pt~OOUCT St::PA.RATCH< TO Trll:. C O~PcS SOR 

C - THE CO~PRESSOR 

C - T dE C 0 N D F N S E R F 0 R T HE F E F.: D T 0 TH F DE P R 0 PAN I Z F R C 0 L LH11 N 
c 
C 	 NO EN VECTOR 
c 
C 	 ~~* *.,'(· *** Jv; ACSI.'·i cu ;,.1i,iQN .DLC K , FOi< ALKYLI\TIUN. T.T. APk.29,1968.**** 

CC 1\1 !'-i0 N N 0 C 0 0·1P , K S E TS , I'~ I f'J , ~-~ 0 U T , N E , S T ~~ I ·~ I ( 5 , 3 1 l , S T ; ~ ,'··~ 0 ( S , 3 1 ) , E N ( 5 0 , ~! 0 ) 
C0 '·1f-.':0 i\ A. E N ( 4 , l :J 2 ) ' Ei\l C ( S C ' 2 C· i , N 0 P P ' X , X fi.A C L E ( 2 6 J , P P S C ( 1 7 , 2 6 I , P P r.;. X ( l 7 ) 
C OM~ON SNC75•3ll•DELSC31), KP~ (5 Q ,lO), ~US (7 5) ,KPS{3~ 

c 
JJ = NCCOMP + 5 
DO 2\J J=6,JJ 

2 U 	 S T R tv'i 0 ( 1 , J ) = ST I~ ~lj I ( l , J ) 

S TI~ t' i 0 { 1 , 3 ) = S TR i"1 I ( 1 , 3 I 


c 
C CALCULATE PRESSURE KNO WING FLO~ ANU ASSUKI~G I8 EA L GAS HEHAVIOR 

PDROP = 2.395E-05*STR M I(l,3)*(STRM I(l,4)+46 0 .0)*0•l78e/STR MI ( l , ~) 

c 
C 	 CALCULATE CUiALRES.SOf~ OUTLET t'I~E~SUi~E Fr\Uf< CCJ !v!RESSION i-<A T IO 

VFLOW = STRMI(l,3>*<~TRMl(l,4l+460.0)*0.l78~/(STk;~J{l,51 - P0~0PJ 
JF(VFLOW.GT.46UO.u> WRITE(6,1511 VFLO~ 

R fl.T I 0 = 1 5 • 1 (J - U • 0 0 2 6 7 * V F L0 vl 
NN = KP"-1<NE,2l 
SN <NN ,5) = RATIO*<STRMI(l,5) - PDROP) 
STR~I (J,5) = SN (NNt5) 

C 	 COSTING DATA 
SHTHP = O.l87*VFLOW + 0.1245 
K vJ Pri = S H TH P I U • 7 4 6 
EN C <N E•l6J = KWPH 

c 
C CALCULATE CON DF NSCR OUTLET P f~ESSUI<c A t'\L; C·P t. I-< !:...TI ·· ~ t.) CiJ STS 

STI~iV10(1,5) = C .l ( ) 4~·.STR~~ l(l,~)- 13.90 

ENC(NE,l7) = 1A.4R 

ENC CNE,l8) = 11.58 


c 
RETURN 

15 1 FG!:..(I'/IA T(/l2t.+H *·~ -;~ f)G wc.,--< CUT\.J~ r Ll i/d 1 ·; : Tnt. ;... ·~ ; : · - . ...::... ..)~~,~~, n/.._, ;_.LL · \ L AI.... 

1 FEDEU t ~U T Tt-1.-.· ('f,LCl JL,\ T I ~)i ··~:; /1 1-<f C:,( J•'• T J . . . 	 '- · V ~ ~: L ( 1 ~·. : ) C ~J 1\ ; ; 1 T'' 
?IONS /:)x, lr:;HTHf:' C /".. ~:l FUi ~'; :c:. , F<J . ' : , 	 : ,· i ' ~- · -< LI . . :l T r:, 4 

1 AOO . ~HHt) 

F1\ID 
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:rr~r:-T( (0~ 1 Tr'? 

C.I_Jor,? ('I .ITT"II':" (t"'." I T()? 92. 
r - '·' DTTTr"1 cr.r. TI-IC" .S~-1c:-1 L. llf\VVTLI _r f)rc:- T •.q:·r> y e. T\" II . ''- T T f"\'\ 1 

T ·.,T H c:- s T r) r f\ L' C, Fr.r-< TJ-J T r:. '/ ~1" I I L 1=" " p r T1.1 r .1=" X T T r n ··- ' D n c c, c: f"' r:: c, rrr_,~_· · 


( "~· '" TWC" rxrT (f"' f\ _l f"\C"I\i~""C"r. <:,T'JI .I\" r~ l I T 


r 

r .-- ~. 1 V~="'T0D 


1 • J:""f"\IITrJqc'tT '\ifJ"r>rr) 


.., . ,.....I J 1 r;pr::-c-, C, tiD C" "T F=-r·ror-~- ' rc I!\t T u c- CC".J\Qrtt ( c r:- T n y T w r :--- n r . r: r~ t-, ~ · ) 

1"C"\,1 on.rc-, C. !nr:- f"'Tf="rr:-nr~1rr T" l Tur c-, ri\PrtJ (r. 'T r.y T I IC" rr)l'"'.(r"ll'~')? • 

"" r. (l •r ( r~ " 1 
\/ r- n r:, !=" ~ - I r c:- T 0 1 r o .-'1 " : r r r 0 p T '- ' r o ":1 c:- c., c~ 1 1 n r f\ r ) ,..... I' ( 1\ ' ~ , • !'\ I I '( 1It • 


r [:. • ,.. ' ' I I ~ p c- [,;> '1 r ~ ' ,.....1 f"\ I 'I r C, T r'l r ~--1 n f\ ( I< T (' T (' : 1- I r r '") ("\ ') I !r T c r ,...., "· n •'\ T " · " 

r (, • r '1 I I T D ~} r ' · I T " I I I ~. f) r n. ('. r T I I F [) f? '"',f\ I I r T r: r n l\ D " T ,..... n 


r o . c-. ~r. T ~- · TT T " I I v .., I' ) 

r 0 DDT" ' T rr~rtTDIII ("lf"\'J".A.! _ ! y n I r"'r T "T T ~·r:)
• 
r n. c-t. r r Tr1 1 c:-f"'n rJ T r;>rrr r-,f) 1 ,.....0n r~. l r! l! 1\TTf"\'.1 


( r:rorrr <"-l_r t! L."TT0"' 1 • r; 

r t 011n '"· !rill t\T T '1"' ?•!; 

r '1. n n [I r r~ ., ' T ::> r~ ! ( T "·' T T T f.. L I. y .- "' ! A L Tn ,. 

r 1 1 • 01 f\ PDf"'r:t l rT _c;r=r;,..r:> ,f\TII 1"' nl')rc:r-: lw r:- T" 1 Tt-lr c- r" r'rt 1 


r 1\ ' ~ t. l PD,.....f"\I ' (T c-. r:-DI\1')1\Tf"\::> fJDrC.< II nc:- T'-1 
?. T' ' '"='" 
r 

Ic " \j r· " r I"\ :-:> T 1..1c:- n D r c- c- 1r ,.... c r ,... r. : ' 1 


r 


r .. ->~ ~*" ->~- ''" -:~ -'~- ~~- ' .. ,.. r c T ~' r ,..... ' · ' ,..... '·' f1 r r ' · , c '"' r. . ,.. 1 . '/ y L "· T T r' ' I • T • T • " r> I') • ? n -. 1 0 t... )) • -~(- -l!- -:~ -~~ 

r I"'. •. A •· • f\ "1 "' "'r r~ · 'r- • v c:, r T ~"". ~ • T • 1 , • · ,...... 1 1 T " "r , c- T n •. ' T ( r:. • ? 1 , ,... T ~ •. • I"\ ( c; • ., , \ ._ r " 1 ( c::. 1\ ~ -; ('. \11 

1r n' ~ · 'n ~ 1 7 7 ( c-:. 7 c::. " ) , ~ I "" r:- ~ 1_ r '' T T , 1 T • • T T ? • v v ( " 1 /J l ._ " 1 1 T r-: T• 

r 
["'\ C' I .. D = C, T p './ T ( 1 .. c; ) 


!=" ~~ ( ' I r ' 1 (; ) + r • 1 


I\1C"1=' = ~~ ~ ( •.tr- IIJ (.) 


r~ ~(~l r:-._,('1, = 1 i'"'.f"'nr + 
rr{ t_ f"'I'"'!Jr.r.r.?) 

r r= I\ I ( 'ol r r , ? , r (' T 1.-1 r- ~ 1':' r (" (" I I f) : - r'l r- : f .. I r n n I"\ ~ I I r ...,.. (" : n r, ~ "· T I"' " 
r 

1 :~ Tc:- ( n ~=" l_D • r..~ • (' • n 1 

r ~ 1 ( •-..1r- • ? ) = ~. f= LD 


r:-' ' (" 1 F.1?) = :-r--. l (~~rr,? 


r-~ ~ (~. trr._-,) r"'(" ' r,,.., "clp lr:-' r, 7\1 
( '' 

C"~l(r-.tc:-,,?) = ~- 11,..., 

,_,. , r~·-' ( ~ · r, c::) 

rr(ri\1 (1\IC,('I) er11.1 • ()) "'I T r T = 
T F ( r- "- 1 

( \t c , 0 ) • r n • ? • 0. ) \I(', ':"" •. 1 = 
r:.(\ T'"' f.. n 

r rr-(IG(If r::G D'' llr:' 'rT cr. ;- ,.._n,..,Tf"''=' p·-,r:-. C, t l;)r ("r") Tf-..:1\ T '""rl nrc:: 7C""')'J 

..,n r" l ( l\'1=' ,?) = r~-· (~ l r._?) 

' "-' ("-tt:",1l = '-"1(~1r,1? 
C"~I{I\ I C,?) = "'C'l_fl 

r "1 ( 1\. \ c:- ' 1 ? ) = c:- ~I ( 1\1 f=' t ' ? 


(I " - - C" "' ( 1\1 r '? ) r J\1 ( J\1 r ' ? ) 


C" '\ 1 ( " 1 r- F , " l _ r r- 1 ( ~- ~ c:- , 1 ? } ( r "1 ( I' 1r- 11 1 ? ) _ r- "1 ( ~ 1 r::- , 1 1 ) \ -'~ r ~ t ( ~.' c:- , .., \ 1 ,., " 

1r \ 1 

( r-. 1r ' 7 ' r ' d ( ' - C" ' 1 ? ' I ( 1 7. 7 - r. "' ( ' I C" ' 1 ? ) ' 


p:- ( 11, ') c ( r- r 1_ p ) • I_ r::- • c:- '-I ( " 1 r , t, ) ) r_ n T,..., ;1 ~"' 


r :~· = rl\1("-'r,c:-, , 

T r- ( C' 1\1 ( "I r , n ) • C" (') • 1 • (1 ) !\II_ T ("" T = "II T r:":T-"''-1 

T r ( r- ~. 1 ( ~ 1 r , n ) • ,... r , • ? • n ) ".llir!\1 ,, ,nr• ~ -·· • ·- 1
= 
(:II T~'"' {...(' 

r 

IJ.'l t:'f\1("1F,1 " ) = • (' 
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r~·(~•r::-r,.,) = 17•7 93. 

f..l" rr(r~l(~.lr,o).,....T•I"'•t::) •.•nrTr(f..,n~on) "rlr) 

r p r c: c T T ' • c - rJ ' • 11 r D r. r ~ 1r r " "" ' 1 T T r D ,._ r, r '' T !"'. 7 co n 0 

I T~'TT.? = (') 
r:J r- Til?~' 


000n rrr;>''ll T ( r. x , o 1-; "r 1 I' = , c "1 p • r-, ) 

j:",l\1!"> 



<:. TP r=- Tc cn r,JT (i 'l 

94.Sl Jf': R 0 U T I N E Cr) ~.; T(J'3 

c 
C d~ Vt:C:TOR 
C 1. EQUIP~ENT NU~oER 
C 2• STf~l:.l\ilj NUrld~[R UF Q,\Gi11\IC rt:.t.iJ Tv TriL [.:_f_i,CTOl~ 

C 3. NUiVIHI:.I~ OF LOOPS t\tLOI'< Tnt ACCi:.LLkJ\TlC1\ TULC.Rc.iKL. (jJ 

C L+• •"1AXU-1Uiv1 Ar3SuLUTL /\CCLLb<ATlU•'l Uf 1-(L, FRG,•, Luvt-> TU LC.H..J.! (0.003) 
C 5. STREAM NLJMKER OF THE I-C4 F[I:Ll 
C q. LAST VAUJI: OF l-C4 TO THE i~EACTOf-< LSi T HY PFWC11~.41·"i 

C l • PRE::iO.:T Vf'.LUE OF 1-C'+ TU THE f~t.ACTOi~~ C.St:T i\Y PROCJI'<-M"ii 

C 	 **''*'** iH*i'1/1CS I l"i CU:·ii··.Cf\ DtCK, F Oi~ AL K Y LAT I (..:N • /\PI,~ • '?0, l':i68 • T • T • -lH<-** 
C U ,vi >'10 N N 0 C () i''Y • K S E T S "~ I 1\l ' ~HJ l JT , 1'1 E , .S T k '1\ l { '-.l , j 1 1 , S T.< ,v, 0 ( ? , ? l i , r~ 1\i ( ~-J () , L 0 ) 
C U\:.''1UN AEN ( Lt, l (\ 2 ) , ENC ( ? ;.; , 2 () i , NOP P, X, Xiv\(; L E ( 2 6 i , P P '< ( l 7, 2 6 l , P p;;: >: ( l 7 ) 
CO~~ON SN(75,3ll, DELS(31l, AA(l806l, LOOD 
D H1 F N S I 0 N D I F ~ < 1 0 l 

c 
CALL XDATA 

LOOPlU = LOOP + 10 

NFEEU = EN<NE,2l + 0.1 

NLO~P = EN<NFt?l + 0.1 

NLOOPl = NLOOP + 1 

UH i'l E , 9 l = EN ( N C: , 1 C l 

EN<NE,IOJ = SN(NFEFDtl5l 

A E r.,; ( l , L 00PHi l = Ei>~ ( N E tl v l - i: i l ( i'l L , ·:t I 


IF(LOOP.LT.~LOOPl) RETUkN 

UELSlU = DELS(lOl/2.0 

IFCAENCltLOOP1CJ.LT.DELSl01 RETU~N 


c 
DC 2 J ~-1= 1, NLOOP 


:\JN = LOOP1·.> + 1 - ~A 


~~rv1 = NN - 1 

20 DIFF(MI = AfN(l•N~l- AFN(l,MMl 

c 
[)() 6U 	 M= l, NLU·JP 

6 '·~ I F ( A U S ( u I F F ( ,Vj l J • (j T • t. ~.: ( NC. , 4 i I R L T u i< N 
c 
c 

~1(4 = FN(N[,~l + r.1 

A u j lJ s T = 1 • ,, - ( ,'I f N { 1 ' L 0 up 1 ', ' ) I s ~~ ' I ; I c L, ' l ) } ) 

SN<r..J!Ct.;,3l = ,J.t: 


DO l,JU J=6,:~;l 


'~i\(\JIC4•-.Jl::: Sl\(r.I(t,,JJ11/.,, ..Jij',T 


1•.• ;:)1\;(;\;{(ftt.~l ,_- ~);,(; .• :t,,/1 : ( I'; l (_'I ' ,) j 

~~ f'"~ = - !1 F ~.. ( 1 , L () n ;:l 1 ' I 


·.,;f,: I TL ( 6, 99lJlJ l t_OC1P, t>~> 


c 
:?FTU;~1\ 

9'-J'i'-.J FORf"'.AT(// lCJtl AT ThE: r.. iH.1 l..r LGuP' It.. , cdr: Tnc T:_;Tt\L l-\...4 r:r.c;j y·,;, 

l S Crl AN G E v T 0 l\ J J U S T Ti• i: h: L U U F I - l 4 c. Y , r- l 0 • .:, I I J 

END 

http:FORf"'.AT
http:i\(\JIC4�-.Jl
http:CU:�ii��.Cf
http:rt:.t.iJ


'Ir\f'TC CO~H."f-~ 


~;unrWUTINE CDSHY 95. 

c 
( 	 COSl lNG MUUULL ~UK SHLLL AL~YLATlON STU0Y 
c 
c F~.; VECTOR 
c l• FQUIP~ENT NU~2FR 

2• LOCATION CF ~)EI'!SITY FOI~ LlQLJIDS (13l 
c 3. 

c t, • T t: i'W E fO\T U l=< [ U F I N L L T C 0 0 L L'i G \·:AT Ef~ 


c 6. COST If\! UULLM<S PEk 1000 PUUf'lDJ OF L(Jitl Pl<t::SSUI-\E (?0 PSIC.il ST!:f\!V: 

c 7. COST IN DOLLAR~, PEl~ lOOCJ 1--'0UiWS OF 200 P')lG STEAr1: 


c s. COST IN DOLL!\RS PEl~ ;v·.t·: 1l.T•U• Dr llli' 1-\f::.l.!OILER FULL (Ji\S 

9. COST If~ DOLLM<S PEi~ i<.e\.'I.H. OF ~~LCCT 1~ICTY 

c ,
.L 

.· 
' COST Ii'l JULL.Ai<.') PH< lOW" I,..,p. c,ALL;):L'::, UF COUL!NCJ ~~JATU<• 

c 
c :\ : ,,; V E CT 0 :~ 


c 1\L.L COST.S AI-<[ I.'l UULLAI',;S Pfh HAki-<[L Ul'~L[SS UTHt:i-i.,,fiSt STf~TEG 

r· 
'-.. 	 1. EQUIPMENT. NU~~ER 
c 	 2. LENGTH OF AEN LIST 

3. COST OF PROPA~t IN THE IS0-0UTA~E F[l~ 

c 4. COST OF PROPENE I~ ThE I~O-RUTANE FEED 
r
'- :, • C 0 S T 0 F ~l- r~ UTA. N E I 1\J HIt I S 0- l3 U T /\ N t_ F L [ ~ 
r 6. COST or I.SO-Ill.JTANE If\ Hit= ISO-dUTM\E FEEU 
c 7 • CUS T 0 F N-lHJT UH' I N Tf 1E I S 0- tJ U T tli'~ f-~ F t f. U 
c 8. COST OF ISG-dUTLNE. Ii\l T,l[~ ISU-rJUT/,f'\f: Fc.tu 
,-
'  9. COST OF N-PE.JHAI\E H, HIE ISO-HUTAf\L: f-[L:LJ 

c lJ. COST OF ISO-PLNTANL IN Htl:... lSO-bUTi\NL FtED 
11. C.CST OF 150-PE~TENE IN THE lSO-bUTANt FtED 

c 1?. 

c 1 :: • COST OF PR0P~NF IN THE OLEFIN FEru 

r 
\... 14. COST OF PROPFNF IN THL nL.EFH! Fl:E'D 
( 1 s. COST OF N-~UTANF IN THL UU.FifJ F[[~[J 

c 1.6. COST OF ISO-HUTANt lf\t THL OUFI.'-J FLU.1 

·~ I • C.CST OF N-l',llHt•E If\! ThL (>U:r.IN 1-[~U 
c lH. COST OF I.e, G - fl U T 0~ E. I i·~ T H L U L f: 1- I N F L c.l.; 

c 19. COST OF N-PENTANl l~ Trl[ OLLFIN I-L.l0 

c COST OF I.:-,U-Ft:NT!d'lL 11\i THL (jl_c_Fif.; h Lu 
r,_ 	 2 1. COST OF IS0-PLNT[N[ IN THf: OLEFIN F~LJ 

? ? • 
c 23. VALUE Ii'~ DULLA1~S i-'t:i-\ oAi~:-<t.L OF 103 ,_;( TANL ( ~~- j I ;\Lr(YLATE:. 
c 24. VALUE lf'l JUL.U~I-<S 1--'Ei-< b.i\i~i-<tl (jf i-'i..;<.... Li\.;CT t-,<'..g;,,,..-.. 
( V A L U E I N l.J 0 L L ,<\ R S P t i; r'· t\ :) f-\ E L C) F P r::: C ,j J C T ' ) ...;r f; 

c 26. NET COST I.~ l)ULLAi~S f)E..K f3AI-<r~FL. 0F- ';') h_r<Ci:'i -:o,.JLP;-iUkiC r~CI:> 

c ?7. COST IN DOLL.I\1-<.S \)0~ 100 rJOiV·WS OF CAu:~TIC 
( ?8. 

~. 
lc ~· 
' 

• I S CJ -IW TMJ. F !~ F D 
c 3?. 0 l '• F I i'; f· F. F L) 

c 3?. P I;~ 0 ,J l JC T 1\ L <Y L !1 T r 
c 34. 1-' !< ~Jl;lJC T L ~>':• 



c 

96. 


;~-:t~:--~*"* ·}\- -:f ;.:i p,(c;I·/ C~i .::"- i._;i . Llt.. Cr, , FU1< ;,~.-."-.. Y L!\ TI (;, j • 

C ..J i·" 'v1GN . '~ C Cn r · f--1 , '< S :~ T S , : ·l I ; . , ;· J)! 1T , "J f': , .'J T!< · I ( ~· , ~3 .::. 1 , ::. 1 ,-( · .-.· \ ~~ , :: .l J • ~ \ ( :. ~~· , _ · 1 

C > !(-.',() 1'-! A ~ ;·~ ( 1L , 1 --~ 7 } , r-f·.. ( ( ~ · , '2 r~ ) , f\:0 P P , X , X. ' ) L i- {2 6 } , r· P :-. ·= ( : : , ,~ 6 ; , _) P ·· : \ ( l 7 j 

C U ·.r·J10 r-..; S !·-: { 7 S , :j 1 ) , , J l ( : · -.,-...; 6 ) , T I T L L < 2 4 ; , ·,.; ;_ ( ~ c L. ; , i'H:> -~X , l~ -~ ( -_l; l b J , , r-< U: ·; 

(_ 

ul,·iF:f..i~ I G i\ FL U~-.(7i, F L (),·.t ~ C (7J, CGS T(71, Cc.J~Tc::C ( 7 J 

[) I r·:. FJ~ s I 0 i\ u T I L Ty ( 5 J ' l_, r L 'y' t_~ c (5 ) ' c~ Tu TL ( s j ' c s T l_j t ) c ( 5 J 


U I r.1 ENS I 0 N r~ 3 0 C T r..: ( 1 4 l , i-< r:: J\ U -l I ( 9 } , i~ [ 1\ C L ·0 ( rj ) 


C Tf·lf FLO\·.;l~ C /\1\l U T l· l r CO .S T!-;C Vi : C T O.~ c, 1\><t Tltt - .:-~~[ = ( f',_:) r F LCJ'.·' A.>~U ( i,)r:Jr.~. 

C U F :··< /"·_T F ~ ~ I f , L F r :. J .~ /\ ? 4 Ht ! l J i-·: ~~ ; {\ Y 
c Tl-· i ~~ ~JT LY ~i( 1\ !..~l;, l "i-ii.· c· :;)~fl ! t ~ (_ \/~(- ,. (-) \-< ~:_) l~i<[· Tr,r ~ L',/ ,.S[_ (./\;)[_ r-- L()'/·l /\ t' ~L; (~ \·)_<:. T .~ 

C U f- U T I L I T I [ ~; ~· (J f~ /\ _,. 2 L• H 0 U 1-.! I.! ;'j, Y 
C l Ht: ~~ 3U(T,·i v~~ c. T ..Ji< ( UI\;Tf:..J,\.:.) T rtC: . -~ - j ;,.,. ( Tf,;.:t_: :\U . ' · !- ~f- _ ,...: uF l:J , ( I I lul·t Jv, ·H>~T 

C Cu ~· T!~ I N I f'-HJ F I V !:_ U [--( 1'-' 0 !~ r: C ! <,z uUiL_, 
!) J\ T /\ F L o ·:: t~ c 1 l s7 6 • , j 1d u • , 1 9 z j • , c ::; "; • , i. 1

) :., .::: , ·r z+- • , 1 1 • 1• 

D fl.. T A. c0 sT f~ c I 4 B ') 7 • ' <; ]_ 3 2 • ' d 1 1 Lj . • ' '_3 { . 2 (• • ' ~) I-;.() 4 • ' (; 4 ;.j • ' -~. ') . I 
C/-T!\ U T ~ Y H C / Rtf • , '3 C 1 • , ~) 1 · · • , -~? ') 2 8 • , -~ ~ ~ 7 7 • I 
D /\ T :\ C. .5. T U f) C I '3 ? • ,. ] ]_ L+ • , 1 4 1, • , 1'!. r·. 7 • • :_,4 • I 
Dt\ T.!.'\ r<~OC TN I 8 :~ • 2 ' 9 2 • ,.{ ' (I 7 • ('j ' ~) I!- • (3 ' l i ,' (j • s ' G • (; ' 9 5 • ~) ' l 0 ~) • (;• ' 

1 0 • . ,; , Ll :~. 9 , 9 1 • U , l l?. 5 , '7 6 • C. , 9 6 • _· I 
iJ ;\ - ~ ;, i-<t.1~ c r: 1 1 2 4 5 • 6 , lJ l • 4 , 6 u9 . l , e; d (j . u , ~ 1. • :s , 6 c::. • <-: , i :__, () • u , L j • .1. ' 

l lUU • .J -1 
!) AT ::.. f~ f ~~- c L 0 I 9 2 • 6 ' ~; · 9 • f.__, ' L~) .: .. • 6 ' l) 3 LT • 2 ' L ? • l ' :_-:- ') • l ' ~ • ; . ' 6 • 1 ' c • ~: I 

c 
C :\ L i__ X D l\ T l\ 

c 
C C~L(U L ,~ T t-~ VJ'..Ll .·F ,~,t: : :· FL·.J:. t-- r-_ 1·: H~_)\...J~ -J• T;ll j LF F-I :·. ,...., , ju I C. 4 r·:::-Lt., ~ 

f\ ~'\. = 7. 4 tJ 1 I /1 c 1 
• 


r, ~.J fJ P = c:. f\.1 ( f\ L , 2 ) 


X=- 6 . .J . ·J 


( .t\L L P RO C.l\L 

DO ..l. .J I I I =1 , ::: 

I = l '·' ~q I I -1 L;. 


I I = f-. F 1\l ( 1 , 1 T I + ~ u l 

F L C1 ':: < I I I l = •. ' • u 

( U.':-> r ( I 1 I ) .-· 

J(; .l_:) J=7,1 :. 

1 J = I +J 

J J = J+ 5 

r F- < ~ r\1 ( r r , J J ; • c r • ~--' • __ .1 • ,...., :--.1 u • r\ f:.' 1 -~ ( 1 , 1J J • c.-: '· ... - . • ( , , 


n !). = S ~-1 ( I I , J J ) ~- f'.J·. I P P ~:; C: \ ,-..! \_j ._) :.) , J ) 


F L 0 ··'-' ( I I 1 ) = F Ln ':·J \ ~ I I ) + ' 

1 :) CG S T ! I I l ) = \. ; ) (;_, T i l I ~ ) ...._ ! , 1 -. -:: .·'· i . f'-. < l , 1 .J ' 

2 . Cc~ i'~ T I ~-: Ul: 
c 
c C ~~L(,JL;\ T [ Tr ii v,\ L l! : .\ ,'.; ;; i ·JI- r i_l) _, , ;J, __ , • _. .• ,. ·;r , , I :) r :·, 1. ,··. .. 

I l = !\ f·J·i ( 1 , -~ -~ ) 

FLG• J ( j ) = : · • . 

(l( T r,r .~ \! = .1. : • 

;)\._; , ~ r·, J = 1 3 ' '). 1 

F L i:J .·J':.: = SN ( I I , __i)·..- f\ ;\l ~)i :' >)( ( !\u•)r , J - 1 ; 1 


F L •.) ;·.' ( 3 } = f- L : 1 .\' ( ·: } + F L 1 i ': . " : 


·:< '- .. c r L\ r-.. r-... = :.: ·3 .:) c. T1\ ' .J - 1 7 ) '..:- F L \.j ~,.. .. . : + ··- ' c Tf ·. , , 


l- (__ T , \ ;-.: ,\; = 0 C .I / 1. ; .... ·l I F L ~. ; ~·.' ( ·:; ) 


~-~ (_l ) ~ J = l 1 ' l 7 

~ ::.. ~ L G .'I ( :3 ) = F L :)':.' ( -~ j + .<:"} :·~ ( I I ' ..) I -?.- f. .:~.1 'rJ ~J ~; (~ { ; u :__, , .. ., ~; - ,-, . 
• 



CL: c, T ( 3 l = ( I'd~ ri ( l , 7 '), l + ( DC T .1\ f\ N - l 0 3 • i ·* (J • (} "-, I ·*f- L :; :; ( -~ i 97. 
c 

CALC UL AT [ Vl\ Lt JF fd'aJ F L0 'I; F' U..: H U U 1-< v f- Ph.:_; fJ II l'i i:. AI; U lW T A. 1, F S T h_ ;o · ', 
/\A::: 7.481/lf?. 
NOPP = t:.NINE.,2) 
DO 50 III=L~,s 


II = AEN!ltiii+30l 

x = r,n.n 

on '• 5 I= 1, NOCO"-"P 


4~ X~OLE<Il = SN(JI,I+Sl 
U\LL PROiV: I X ( 2 l 
FLOWIIIIl = SN<II,31*AA/PP~X(NOPPI 

5! COSTIIIIl =FLO~< I II I*Af-~(l,!Il+20i 
c 
C U\LCUL ATE V.t\ LUF: ANiJ FLmv PE ~~ HOLH< OF :SlJL :JHLJin C M~ I D S i RF A1"' 


C ASSU~E THAT THE ACID FEED IS 99 PERCENT ACID, IS AT 68 DEGREES F. 

C ANn HAS A DFNSITY OF le834? 


I I = AEN ( l, 36 l 

bL = ~)N( I I ,7 l*98.1/0.9<:t 

Ab = bB/(62.4189*1·83421 

FLOVI ( 6 l = R8*.1\A 

COST<6l = AEN(l,26l*FLOW(61 


( 

C 	 C A L CAL AT E VAL LJ F A N D F L 0 W P F P H 0 U R 0 F nm CAl JS T I C S H~ E AY S 
1\"r-1 = AEN ( l, ~ 7 l 
NN = AFN(l,38l 
FLOWI7l = (SNINNtBl+SN<MM,8i1*(4Ue0/l~O.UI 
COST17l = A~N<l•27l*FLOW(71 

c 
( 

C .SUr•1 ALL UTILI TV USAGFS 
"0 znn I=l ,s 

? V 	 l: T I L T Y < I l = C • :; 

D 0 2 l :_; :< = 1 , f'lfY A X 

IFIENC(K,ll.LT.C.ll GO TU ?10 

U T I L T Y < 1 l = l; T I L T Y ( 1 l + r ~. C I :<. , l : ; 

UTI L T Y <2 l = lJT I L ~ Y ( 2 I + U~C : <d 2 i 

UTILTYI31 - UTTLTYI3: + ~NLC<,]41 


l J T I L T Y I 4 ) = l JT I L T Y I 4 l + [ /.J C I r. , 1 6 I 

1 iT I L T Y ( 5 l = ; JT I L T Y ( "i l + nK I< .1 7 l 


71" CO~~T I NlJF 

DO ~2C I=l,S 


22 CSTUTLill = ,:TILiYCil*ifiU·:i:..,I+51 

c 
C 	 Cf,;\NC.1L CCJST:-J ;\:\:; FLO~t.;~, r-:,;;;c· ~;(Jl.Ji<<_ T~.. u;\y:, 

TI~!:f' = ?'••t; 

!>C in t:, I =1 , 7 

F L 0 ~·! ( I ) = F I 0 1•i ( I l *T I ~~ E 


-::,1 	 CO::,Till = COSTCil*TI~F 

:JT I L T Y < I l :: LJT J ~ T Y ( I l *T I ~< t 
3 l 	 C~T U T L ( I l = C 5 TU T L ( I l *T ltJ: L 


W1.( IT E ( 6 .9 9 9 CJ l <f<UN , T I r U. 

~\i 1-< I T E. I 6 , 9 9 (.n~ l r~ !~ U N , K ~~ UN 

':.'f.; I T E ( 6 , 9 9 9 l I F L 0 :ti ( 1. l , F L 0 \·; :·) C ( ] I , C(j c; T ( ; I , CCJ <; Tr, C ( l J 


1t:RITE16t9CJ961 FLO'c!C?l, FLOv:>~C(2 1 , CC~;T<?i, COST:-'>CC2i 

Wf~ITE(f->,999"'>1 F-LO'IJ(6l, FLOv•~-'.((61, CC.C.T(6l, COSTl'C(6i 

WRITE16t999~l FLOW(7l, FLO~GC<7l, C~ST171, COSTHCI7l 


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


,,, P TT r:: ( r, • n ,, ,..., _, ) rtJ>'·' (?) , >L0'· 1n( ( ~ J , rnc. T r.., 1 ,-,-,rTr((" 

'dP Trr ( t:.., ,nn,...,...,, r 1. I"'' .r ( /, ) , r[ "1 .1 n (' ( !: 1 • r" <"". T ( 1.. ) • rn .... T n r ( ;, 98. 
'·'PTTr(r,,,-,nn1 1 r:-1 l"·'·'(t:) • r-1 ()t.lr'('"l • rnrT(C:J • r'"'<"".Tnrrr: 

1'" p TTc- ( r, • ('),.., n n ) 1 1 T T1. Tv ( 1 ) • ' T[.YP~( , ) • 	 (C:T! 'T[ ( 1 ) ~ 
rc-T!I'"'r( , ) 

,.,..T, IT! rr Tl ,,..,, (..., \'·'" T T r ( r • • n,.., or: 1 II T T I TV ( ")) • . 'T[ Vnr( ..., ) • - ( ..., ' • 
,,... ..... ,.., IT! _,.- r T! 1 r""'r (..,

'·' r:> TT r ( r . • n" o.., 1 ! 'T T I TV('?) 0 'ITt_Vr>~l"') • (..,' • ' r c T! If:"' r (It1• 1 n TT r ( r, , ,.., n o ,.., ) II T T I TV ( ,, ) • I IT[ v" r ( r, ) . rc T' 'TI ( I ' • 
rc...,..,~r-,-(,... 

'" '? T T r:- ( t.- • n" 0,., 1 I ITT I TV(r:. ) . 'IT! vnr(r: ) • c' T! IT{ ( r.: • '' 
' 11·' D TT r::- ( r, • o n 9 1 ) nrT l\ '··' 

r 
rc.rrnr = ,~,n~.~ 


nr::-TrDr = ?"?•::; 


I" = 7.r:r-; 

r::- = ('.7'?/, 


r('\c-T(.,) >- ;f'\C:T(t:.) + l'"f"'"'T("7\ + rr"TIIT[ 	 (1)rc:-rr::- = '~"''T(l + 
r c: Tl 'T[ ( " ) + r r T 1 1 T 1. ( _, 1 + r r T ' I T L ( I· l -+· r ' T I ' T 1 ( c: l 

nr::-rr = rrc-TI") + 

t\ = rc.rr:lrL"'· (?) 


,..., = r:JrT!=' l'l ,.,. ( ?, ) 


rrrrrrrc:T'"'Tr 
nrTr....,rrr:-rnrr 

r = 
r:: = 
'.!DTTC'(f-,:")"'li') V'"'l"l 


',·' T:J T T r ( r. , <l 'i 7,..., ) r c: T r:- , 'r. Tr,.., ( , r c: T n T r 


'·'T:lTTr(r,,on"7'1) rr-Tc-. nrrrnr, l")rT"Tr 


'·""'ITr(r,,,..,,..,77) ~." r 

'·'"TTrrr-.an7,;) r, r 


r 

r r 1-1 r ,.... ~ r /'. D r) r I ~. T T0 ~: ·"· ~! r·, r r"\' ' T n ' . r. ,\' T ! T f ' T T ,., T Tr-. I'< 1 C" 

'··' ') T T r::- ( (.. 0 'l n 7 n ) 

r 
r 

r r ' 1r r v 1 T • ' T T r ~" ~ ,.., r ~. r T f'\ r r '' 8 " ; 1 .~ T T I"' 1 ' 

'' = 'I r '·I ( 1 ' ;, ? 

= (' 

I"' 1""\ 1 ,., ? .~\ l -= 1 ....., ' ....., ....... 


= ,) -, l 

Tr(c-·''(''•J).cr .r:>r:rl''(l)) 


= ''+ 1 

rr(".r"•1 ·.•nrrrrr,_r'l!'-t:..,) 


1· 10TTr(t:..nnt,r:.) r:>r~r[_"(l), j, C:'·'("•.)\ 

r:.'"' T" 1??0 

1 ? 1 n T r ( '"· ~' ( '·' • . 1 ) • 1 r • Dr ~. r' 1 r ( 1 

Tr(~.~l\.1) ·orTr(~,nnt:.t:..,) 

'·IOTT~='(f-,"''·"'"· Dr~.rtJT(I ), J, C:"('~, )\ 

1 '??(' (',"~'T T ,.~ fC 

Tt:'(''•rn.l') 

("1"""'1t'-!.-..r~ 1 t:"',t:"r:' r-.t!TV f\~''r-. \//'1~'"""'~,-..,f) '/r! f",(TTY T~·l ......,,., ("~"'""~! :t'·~., 

A r 'I ( 1 ' / 1 (' )= 
1. 1 r 1 = r '1 r ( '1 • 1, ) 1 ? f..." 0 • n 

r" '' = c '' (' ( " ' c::. ) I 1 • (", C' (' "' 


·.. '?TTrrr,,n<tf-.1) l!rL_ 


'''PTT~="(f,,o<tr"r) (~"''" 

http:Tr(c-�''(''�J).cr


99. 
r 
\. CtlFCf~ PIH:.s.s~mF COi\JHWL u;\l Thl PI"OLJUCT ~)f Pi\1-.:/1 TC,;< 

r,; = AF "' < 1 , L• 1 1 

IFISNINt5l.NE.l7.7l GC TO 1300 

ltif~ITE(6,9959) 

GO TO 1310 
l30v WRITEI6t9958) SNINt5l 
}?lC: CONTINUE 

( 
r Pf·\1,\JT Vi-ILUE::-, H; 1\C!D'

f\~ = 	.L\ E ~1 ( l , :FI ) 
J\ = ENU1h2)o,q~J\leU 

G = t:NINt4l*H~.J.C 
C -· EN(N,3l*lUO.ll 
D = ENIN,Jl)·:!JOO.L; 
WRITE16,9957) A, A, 

c 
RFTU8f\ 

c 
99 S 7 F 0 R r..: A T ( I I I I 2 6 H Th f~ 

l THE ACID F[::riJ TO 
? FLO\•i AND IS/ 40Xt 
3 21H WEIGHT PlRClNT 

9958 F0f:(f~AT(f/l/4"iH THt: 
l 70H FRO~ A GAS[ 
?COMPRESSOR) 

91'39 FORMATUI/ll3H THE 
liRED AND THE 

9<J6,J FORMAT( 35H 

lRlSENT Llf'·HT 
') 9 o1 F 0 R fVi AT ( I I I I 

1 UH L U·1t T I S 
9964 F01-\f<1ATU// 

1 '~0fJULF" I I l 
9965 F:.JRi'1ATC 25H 

l T FU< I ( l , I 2 , 
9966 FOkfV1AT{////I 

f•1i\KE-UP CH<CUIT 

(, D 

F R [f) ti i' AKl -lJ P /~ C I G I S , f- 7 • 2 , 4 7 t 1 P L R C l,'H !\ C I v' • 

THF h.U\CTCR 1St FSelt 33H PtYCEi'-iT JF TriF TUTJ\L 
F7•2• ?4H :.-1UGHT PI:I<CUn ,\CILJ / .. r~iJ, F:,.;:, 

WATERI 
PRODUCT c,H'f\i~ATUI-< Pl-<:i~SSUI~C: wf,S RAISED TO, F6e2, 
OF 11.1n F'SIA TO CG~T~GL T~E VAPOR LOAU TO ThE 

PRODdCT 5EPAI~ATUI-< PI~:~SSUI-<f~ (\;,JiRCi_ viAS i\CT 
PRESSURE I~EMAI~ED AT ThF ~AS~ 

THE DC3 OVti-<Hf·:>.:) CUNLJt:NSf:_!~ UUTY 
IS lU.OO :ViiLLIOi'l t;Tu fJLI·' :;ULJi-(1 

2 6 H THE 0 C 3 V 1\ F· 0 I< V [ L G C I T Y I .S , 
1 3 • 0 U C: UFll C f u· T P H-< S [( 0" : J 

~i8H f\.0 COi~1-<FL/\TION LI:'·':ITS 'titFT 

THf: COI-<I~EU\TIO:'~ Ll;VlT ()f-,F7.1, 
1 :) H l 'Ji H I C H I ~) , F 7 • l J 

62H THE:_ FuLL,,,,;li\0 LL''ilTS riJWL 

lEII.CTOF< ~CDULFil 
9'77u FUF~!'-'1;\T(lt-il, Ill ;>:X, 'J2H S 0 fv': f/! ;.. i..Z '( 

.,.1 AND Co::.?R .. LAT .' 0 ,·, ,_ 

., • 3 '
~~ 	

't ~· 	 ~9976 FCRMAT(?OX, ?SHPROFIT Fu~CTIGN p :-:R _.r /.L <Y :....r T (- r 2 l • 3 ' /" ' 

] F2C.4l 
9977 FOR,'v1AT(2~,X,3?HCCJST FU'.CTI(;,'J Fi~:-< il1JL r_J "'-c. _v._.·.·; .. ,:-?3.?,Fl';•_~,F.::'(J•'-·i 
9978 FOk~ATI20X, 23riP~OFIT Fu~CiiCN P~< )AY, F~3.l, FlS.L, F20e2 1 

9 9 7 '-1 F U 1-< MAT ( ;; U X , 2 1 H C 0 ~ T F U ~~: C T I CJ I\ i-' f i~ ,.~ ,, v , r:· 3 :' • .:_ , 
998u FUf~HATIII// 67X, 7H~,J\ f~u., lLt, -jX, 

.:_ :~- R F \! C E I l 
9'Jbl FuFU.'J,'\TUII c)X, 'J2HTi-lf: Gc:.HJT/,:dil.u !\-'~ 

lATF IS, F7.?l 
•J(J8~ 	 Fvf~,V,AT(lXt L.')H'H(-)(it NC' CC!ST V/\U!t_ t1i\', :•.r r 

ll3t l1ri IN ~>1:\LMl, I4, 3hti /\1\U IT i1/1:. 
) ') 8 ·_; F u 1-< f\-'1 AT ( 2 0 X , 1 :, fl ~-. Tl:. 1\ ~'I( ?. :1 :J P ',J (_, J , l X , l :1 ( 

1 r- 2 3 • -.l , r 1 ,, • , , > 

-::'-)do Fvi-\;•IAT(9X, 

::.st: C/',St:l, I 
q()Ei FOI-WATI2UX, 
0 ':J s e FoR r-.1 A T 1 2 (; x , 
9989 FGFUviAT(20X, 

"',7HCtiAI'l(j[ rr~ ui)l_;·ATI:·.c; (:._;~,T 

:i?Xt lH=, Fo.UJ 

VALuE OF 17.7 PSlAi 
IS,F6e2' 52H A.Nl.J Trir P 

F 6 • 2 , 53 H AN Li HIE PI< L S 

t::xc:r·:;FI! I1\ THE l~f:/c,CTOi? 

?:>H [5 EXCE.LDt::.U F-Oi~ S 

;:.lt:.i\ LXCL.-~~.Jt:'J l:IJ THL :-< 

r\_J r f.: R () c t. .) s 
7•.,• 	 T s I I ; 

9r:r__,;\c;" 

··<L,i'\t 

• '-' • ~ ' :- i C • I l 

"-1'·''' llX, 

\ , T I , ·~ G (J F T r·l [_ ,..~ L:', YL 

i. :<.','\;.- i, 

".c_,;, -,f,qf'i 
l 'J L : _; L : '·: ! • 

= (:<~).~ ;,(, 

,,· (i·:.-PC~-Jf~, Tt 
il') Zt1-<C >Hf·,,,) 
I I l • · , F .:_ 4 • •. n 

,r~, "HI)-(:'./\ 

td1FUEL• 14X' 81<(i1Y :\TUJ, 1/l.r;,,-lt•·· ,i;·;,.·i,FlL~.ol 
11 HcL F c T :;: r c I T Y d 1x , '+ H ' rc: ~· 1 • r· n . (' , r= 1 4 • c , F ..~ ·;, • o , ~ 1 1' • n 1 

?nH(GOL Ti\G l:iATFP ( lCO"") c,P,L_'.' • f?J .r,r·;;,.r:,F·z-;;.r:,FJI+-•: 

http:i;�;,.�i,FlL~.ol
http:EN(N,3l*lUO.ll
http:IFISNINt5l.NE.l7.7l


100.
l ) 

q C) '-1' FUI<:<AT(19Xt 25:-iUTILITIF:~) 
l , F l 4 • u , F 2 3 • li , t-: 14. () ) 

9Y 0 l F C i-\: '1 !; T ( 2 U X , 6 HE> U TAN [ , 1 4 X , 611 ( U U L ~ J , 1- 2 1 • () , t: 14 • C , f- 2 3 • CJ , F 14 • C I 
CJ 9 9 2 F G R i-~ 1\ T ( ? l) X , 7 H P F< () P /\ N [ , 1 3 X , 6 H ( h H L S ) , F ? 1 • C , F 1 4 • ( i , F 2 -~ • 0 , f- 1 4 • 0 I 

9 9 (_l ?- F C I~ ~1 A T ( I 9 X , 1 9 H PR ~) D U C T S r, L K Y L A H- , 1 2 X , 6 ~ 1 ( h !:3 L ~ J , F ~) 1 • 0 ' F l 4 • 0 ' F ? J 

l.Cl,Fl4.0) 
9 9 9 4 F 0 R r.• AT < ? U X , 7 H C A lJ ST I C '· 1 uX , 9 H ( 1 I1CJ L P S l , F 2 1 • C , ~ l 4 • iJ , F? 3 • () , F 14 • n l 
999~ FURMATI2UX, l4HSULPHW~IC ACID• 6X• 6HI0~LS 1 , F2l.Q,Fl4.0tF~3.0tFl~ 

1. <J) 
9'-JCJb FUi·U-0/\T(?UX, 6HULtFINtll1Xt 6H(bbl~)i, F£'1eOtf-'J.L+eQ,I-23•0•Fl4•1Jl 
9 '--~ 'J 7 :.: '--' l-< t· 1/\ l ( <J X , 5 H F [l-_ i/J , 6 X , <J t i I ~' ULhJ TM\l l , l l X , 6 H ( f'. b L :_; l , f ? l • CJ , F 1 4 • C , F 2 ::, • 

1~1 ,Fl4.Cl 
99'?f: ccr~;~-"AT<9Xt28HSLJ;vli'-~r'\f~Y OF- i•L\TEf·Uf..L F-Lu,:-,, 25Xt 20HGJU/•NTITY PEl-\ 

1:)/IY , }t3Xt l6HVf,L\J!: PFI~ lJ/\Y I '::J':iXt trii~UN NU ,IJ, l4H f·/\':,L 
7 C I\ S f- , 1 3 X , 7 H !~ l J!', rw , I 3 • 1 ?>1·1 r.\ /~ S E C\S f. , I ) 

S:l'i:; fUI.(.'</\T(l.Hltii,L+lX,t+7H 0 f.J t k !1 T i N Cj C: 0 S T !:::, U fv: i'·· J\ !-\ 

l. Y,/II,BX,l2.t-i 1\LJJI! NU/VldtK, 13, 11, d)(, llh C0•\~.JlT1U,,Stfl 

219X,l2A6/19X,12Ah//l 
U~D 
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-;, I tl ~ T C ~ hJ R P 2 
_s,__:tyi~O\JT I i'l[ [)f:-_f..>i~l-'2 

101.,,:r-<ITTEi'! i\Y .~L/·,r·~ c;. ~-'RCh"~: 

c P r·v I SEG UY J • SHI'· tv 
( '.-ll !-< I T T E N T 0 DE SCi~ I b L Tl it IJ lJ' i'-< '-' P /\ i\lll Lf\ !\T Srl LL L UA"'- V I L L L 
( lH*****~- r•1/\CSP' (01/;,':0I~ [)[(K, FCi< /'ILKYLATIUt~. T.T. />,PK.20,l96be*:.** 

1 c UJV ;,:o I'• I~ uu: :vi~' ' K sETs "\j I N ""u I IT ' rn: ' ~)T I<~ 1 I ( 1
) ' 3 1 ) ' s T ~ Jli 0 ( '.i ' 5 l } • E i ~ ( 5 (i ' L 0 ) 

C 0 Wv10 f\: A E N ( q , 1 0 2 ) ' F1\l C ( 5 i ! ' 2 0 ) , i'W P P ' X , X i"1 0 L E ( 2 6 ) , P P SC ( 17 , 2 h J , P P ~-1 X ( 1 7 ) 
Lii·:+NSIOl~ Ai((l+) ,t\(4) 

c 
c 	 F U \J I P :V1 E N T V E C T 0 I=< 

1. rQUIPMENT NO. 
~ 2 • ;· ~1 () • CJ F I fJ F t\ L .S T /\ G F S ( l.J S l J/1. L L Y 3 0 l 
C 3. Fi~/\CTION UF PI-<OPANF I;'l FFEn GOif'-lG ~JV[I-<1-lf/1:) U'dWUT o.B6l 
C '+- 0 U T U: T T U·-1 P E '-<AT U R E 0 F C U 0 L I i\l (, 'tJ ;, n: ~~ ( /1 i:AJU T l 2 0 u i:: G k L E S F • l 
C ::;. L_OC;\TICN UF SPFCIFIC h[/\T IN PHYSICAL Pi~Cif-lEi-<TY PACKAGE 
C 6 • T HE N U i'i r:3 t I~ 0 F THE C0 S T U~ CJ H 0 U U L L 

C 7. '"lOLL FRl\CTIOI" OF PI.(UPI\NL~ lN LJISTlLL:·TC. (.98- .9':1) 
C 8. E-'1\THt\LPY CHMJ(iF OF 20C PSIG STf::~.y Hi >'\TlJ (R47.ol 
C 9 • i\ t: FLU X R1\ T I U <C J\ L C U U1 T L u f.! Y P f~ UuIV; f·' i 
C lll. >1INii>ILJ:vl I~;JLUX RATIO <U~LCUU\HL; uY Pi:.ZOGRA~d 
c 
C F"-JC VFCTOP 

C 4. VAPUI-\ Vf-_Lt!CITY IN CUiJIC FeET Ptl"< ,,vUh <CALCUu\TELJ uY P!-<uGI-<:A,v,) 

C :_,. OVti<HE:J\lJ (01'-lUt-i~SER lJUTY ((ALCLJLI\H_u tiY lr-1t 1-Ji-<vGR/,,,,) 

!'" .... 

J J = ~JOC Ot-·1P 
STRMQ(l,4) = 75.G 
STRM0(1•5l = ?74.7 
S H~M() ( l ' 6 ) = S T R ~!! ( 1 'h ) 
S T R i·W ( l ' 7 l = C • () 
S T F: ~CJ ( 1 '8 ) = U • (J 

s r r~ ~~o < 1 , 9 , = c.J. o 
STRMO(l,lUl = O.L 
s n;: :·t, n < 1 , 1 1 > =s fR r-.• r < 1 , 1 1 l 
S T ;::> M 0 ( 1 ' 1 ':\ l =~, T :~ >1 I ( :: , 1 3 l 
S T R '>'. 0 ( 1 , 1 6 > c: • \ • n 
S T R ~"0 ( 1 , l 7 ) = (>. :; 

DO 24 I= ls>,JJ 
24 	 STRMO(l,Il= ~.u 

s T R ~-10 ( 2' 5 ) = 7 q I. 7 7 
sn~rvoc2,6l - o.c; 
STi\1,10(2,7) = STI~,Vl(l,7) 

:~ Tf~ '-!;0 ( 2 , H l = S TrU' I ( 1 , t~ ) 
STF<!'--10(?,()) = ';T~''I (1 ,9) 
STR~~0(2d0) = C)Tf~>!I(},]l.l 

c; Tp M () ( ? ' ] 1 ) = (' • () 
STRr10(2,13l= .u 
STRM0(2,161=STRMI(l,l6l 

5 T ,<: fv,O ( 2, l 7 l ::: S T~~~;I ( 1 , 1 7 l 

DC 2 7 I = l ') , J J 


2 7 	 S T r< ~~ 0 ( 2 , I l = ~~ T ~~ , / I ( l , I I 

T = ~1TI~~<1l(l,t+) 
su:,q = STf-U-'I(ld?l + SH~i'I<ld41 + ~F<. li~d5l ...- ST:.z ..:I<ldel 
Xl = STR~l(1,12l/SU~I 
X?= STRMI(l,14l/SUMI 
x~ = STRMI(l,l~l/SU~I 

C Ai<--( I l Pd:.(L v.\PUf\-LIUUlU L\~lJlLlLii-<llJil CO:\STM-HS 



:~ ~: ( ] ) = -'~.?\inL;'1fr:l + cc~.,?6~:~'JE-0l - o.ttl~',llF-'Jt.*Tl*T 102. 
.'\;<'( ) ) -r.c;nqc;sFr~() + (U.ql'211+F-fi?- n.?nL~11f-07-l'cT-l(Ti-l'cT= 
AI<' ( ':j) = -rl.]]•,t:,LI~(I] + (r;.ll0'1'JF-'H- ""··t+}nh1?F-n7*T~qJ*T 

i\ K ( t. l = - CJ • '~ 9 -~ 0 ?. 0 f' 0 n + U • 4' 9 7 ? E- '1? * T 
r A ( ,; J I S T H t. Rf L!\ T I V L VCJ L I T I L I T Y 

DU 18 J = l, 4 
18 AIJI = AK(Jl/AK(~l 

S : .J fv1 0 1 = ( ( S T R\1 I ( 1 , 1 2 l *E N ( N [ , 3 l l I ( l: I'>.J ( Nt: , 7 I *S Tf~ M 1 ( 1 , 3 I i I *S U 1v. I 
XXl = F:NU,lE•7l 
S H"h') ( 1, 12 l = XX 1;~SUMOl 

C 	 AS A FIRST APPROXIMATION ASSU~E ONLY C3 AND IC4 IN ~ISTILLATE 

.X:X3 :::: 1.0 - XXl 
SHU/0( ld5l = XX3*SUi·~Ol 
STR~0(2,121 = STRM1(1•1?l - STRMO(l,l?l 
STR~0(2,15l = STRM!(l,l~l - ST~MO!l,l~l 


SUW)2 = su~~ I - sur-101 

XXXl = STRMOC2,12l/SUM02 

XXX~ = S TRMO ( 2,15) /StH-102 

AA.f\. = /1 ( 1) fl\ ('<) 


RR = STRM0(2,1211STRMOC1,12J 

c 
C 	 STAG>H-1 IS THE ,v'i!N. 1\lO. OF ST!1GES U~HI\11,[[) Fi\Ui\1 THC FFi\Kf:. l·-~U!•TIUr" 

C 	 I I. ANC L. c., V/4, NOe'i P. 482-?l 
STP...G~~N = (t,LOC11XX1*XXX3/(XX'3*XXX1) I I IALOC~<AM~,l 
S T I~ i·-1 0 ( 1 d 4 l = S T f~ H I I l d 4 1/ ( ( I Ud l )f A ( 2 l l * *S T I'\ (j i'-'1 r-J J '* Rr~ i + l • 0 l 
SHU-'i0C1d5):::: STRiv'l!(ld5ll((((/\(1liA!?,Il-l!*STAGi'.'.r\I*Rf~) + l.Oi 
5 H~ "'1 0 ( 1 d 8 I = S T R rq ( h J d )/ I I (( 1\ ( l l I A ( 4 i l -;; *S T A lJJV: N i * fH·U + l • 0 l 
I)L.lL) = STRf·~O(l,.l'd + STI.(; 1iUil.l?l + SH:i,'l)(l,ll;)) 
CCC= 15UV0l- ~T~MO(l,l21l/UUL.l 

Sfi-U.-~Oild4l -- ST!\;v·:O(ld4l*CC:C 
STR~OI1,15l = STR~OCl•l~l*CCC 
~, T f< i'I:C ( l , 18 l = SF\ HO ( b l b I ·II CCC 
STRM0(?,14l = STRMit1•14l - STR~O(l,l4l 

STRMOI?tl5l = STRMI(J,l5l - STR~O(l•lSl 
STR~OI7tl81 = STR~I<l•lBI - STRMO(l,l8l 
S T h: ri:O I l , 3 l = r J. • l 

s H~ clO ( 2, 3 ) =0. Cl 

L'O 22 1=6.31 

S TI-<1V:O ( l '3 l =S TF<.'-10 ( 1, 3 l +:-::> T 1~1,'0 ( 1, I J 


22 	 STR~0(2,3l=STR~G(2,3l+STR~OI2•Il 

c 
c 	 ::.;HN IS THE :' 1iii'~• 1-<FFLUX i-<ATIO lJf-3T/\Ii'~ED Fi<Uf·~ THE FC.i\KE f:-(,iiJt\TIGf, 
r II. AN~ F.(., V?4 ,N05 P.482l'-· 
r,_ 	 R IS THE I~EFLlJX i~ATIO OtntdiltD liY L!f--.f::f.:<ILii'~C, A r)():·\TlCI'" ~)F Th:: 
c 	 CillLILANU PLOT 

R :\11\: = (X X 11 X 1 - A A 1\ *X X -~ I X :), I I ( /\A A - 1 • > I 

STAC) = <U~(Nt~,/l- STAGJ"ii'~il(f:I~UH,~i + J.r~i 
i\"' (}.() + leJ6-lf!-(iljf'l- ·J.7X-',Tf\(j)l(le1->~·C;li\(J + elf>l 

u~ 1tJ E ~ 9 > = r< 

F~l ( r~[, F: l = r\r~i,l 


c 
C HLi\T il/\L/\i'lCL TO Cf\LCUU\TL ffll~ :.;UTTOiv',:_, T<>~Pti\/\l._w.t 

c.;COND= lvUO.*( D.l2:39661:u4+ :J.1U"J203E(JI~*k J 

o;~U~= l(JiJU.*(d.lU5620E04~}i< + O.l~2l6t-+f::0Lt 1 


NCOST = i:.N(f'.l[-_,6) 

W = OCONDI(EN<NE,4l-ENCNCO~T,4ll 


F ~! C ( !'>! F , 1 7 l = '.•' I 1 n0 C :' • 

E !\: C ( ,'-J E , 1 2 l . = m~ E ~~ I ( E ~,I ( N E , 8 l "' J 0 :) 0 • l 




c 

"!OPP = f:N(~-\F,5) 
X= STR:-'1!(1,41 
uo 1ou J = 1 .Nocm;p 

1 (H; 	 X:"0 L~ ( J ) = SF~ r·' I ( 1 , J + 5 ) 
Ct-\LL PRO'··H X ( 1 l 
QFEEU = PPMX(NOPPl*X 
X = c, T R ·~ 0 ( 1 , 4 l 
UO 101 J = ltNOCOMP 

l~l 	 X~OLE(Jl= STR~O(l,J+5' 

C1\LL PRo:·,l I X ( 1 l 
QUIST = PP~XCNOPP}*X 
(WOT = UFFEU + Df~El~ - ClCONLJ 
X= ?3C•• 
DO 1()2 J = 1 .~wcnt·~P 

102 	 X~J!OLE (J) = .C:Tf<i''0(7,J+5l 
(;\LL PRO~ IX ( 1) 
STR~0(2,4l = WHOT/PPMXINUPPI 

C 	 U\LCULATE THE VI1POR FLO~v AT 

103. 


-QUIST 

THE TUI-' Uf- THE CvllJ•'''' ASSUi,iih.G H~,~P/\.H:_ 

( f\T 128 lJEGi~LES F., 28U.7 PSIA, Ai'W ((... f•.';Pf~ESSM::ILITY :JF C.67:? 
ENCINE,L•.) = CR+l.nH~0.675·ll-STf\fv10(1,3l-l(l~.7?*(12B.+460.'/280.7 
ENCINE,5) = OCOND 


RETURN 

F.~Jn 



TIPFTC DI.',Ot~l 
104.c, t ;•:,r;>nlJT IN F 0 I ~.(W.1 

( ·~,Jf~ITTEN l3Y I. SHM'l AUCiUST l96B 
S T•.!i.Y1\PPFWXI:"·lATF I'<ODEL CF THE DE~ COLUi'·ti'4 II> THF. SHELL ,'\LKYU,TIO:\ 

c 
c 	 FN VECTOR 

1. EQUIPMENT NUM8EPc 
2. FRACTION OF INPUT N-C4 k~~UV[D IN SluE CUT (0.55 - 0.651c 

( 	 1. ~OLF FR~CTION J-(4 I~ STDF CUT <O.n2 - n.n4l 
4• FF\ACTION OF 1;'-.JPUT f\-C4 ULFFli~ LEAVli'H! If'\ OVFl<HEAD <MIOiJT o.7nlc 

c 	 5• FF·U'~CTION OF INPUT l-C4 OLEFIN U:.AVINC., I'\! 0Vt.Rt1LJ\l) (AiiGUT Oe':JOI 
6• FRACTION OF INPUT N-C5 LEAVI~G IN SIDE CUT !AbOUT 0.301c 
7• n:ACTION OF If~PUT I-C5 U:AVli'lC1 L'~ ~,r;r: CUT (A·lOUT ::,.501c 

r 8• FRACTION OF P~PUT 1-C:) ULI::FU~ LE;.\Vlr<·:; I.'~ SlUe ClJT (AbUUT C.L.~;l 
\.. 

9• i·'iOLE FI\;\CTION i'l-C4 II'~ TriE /\LKYL.:1\TL (AcOUT O.lOlc 
c 
c ff\C VECTOR 
c 1· EQUIPMENT NU~HER 
c 4• :)lJTLET TEMP[I-<1\TURE OF COOLIN(; 1tii\T[R (1f'4.l 

5. EOUIP~1ENT NU~118FR OF CC.JST U·'C I'IOL>ULI::.
c 
c 6 • :·1AX I fv..!Ufv1 /\L LOI'Uit3LE I~EF LUX h:A T I 0 { U1LCU Ll\ T[..; u Y THt PFWGI-<f11v l 


7. LOCATION OF COX ChART RATIOS IN PHYSICAL PROP~kTI~S (61c 
c B· FRACTIONAL EFFICIENCY OF REFLUX COALtSER (A3GUT 0.9l 


c 

********MACSIM CO~MON DECKt FOR ALKYLATION. A~R.~O,l968· T.T.****c 
C 0 !v\r~ 0 N N 0 C 0 iv"Y , K SETS , N l N , N 0 lJ T , 1'-l E , S T i-< \1l < :, , 3 l l , S TF< II; 0 ( 5 , 3 l l , EN ! ':<) , 2 0 l 
C 0 i"• ;-.m N l" E N ( L1 , 1 n? ) , t: N C ( ~ C , 2 0 l , N 0 P P , X , X i'110 L F ( 2 6 ) , ? ? S C ( l 7 , 2 6 l , P ? 'i. X ( :;_ 7 l 

c 
c 

STRMO(l,4l = eo. 

STRt•10(2,4l = 168. 

STRM0(3t4l = 381. 


c 
s H< r--~o < 1 , 5 > = 111. 7 
s Tf~ "-10 ( 2 • 5 ) = 126.7 
STRM0(3t5) = 133.7 

c 
S T R fV:O ( 1 '6 ) = ;) • u 

s n~ '''~o < 2, 6 1 = l..:. () 

STF<M0(3t6l = :,) • 'J 


c 
DO 20 	 K=7,10 
c.rR~O<l•Kl = o.r. 
STRM0(2•Kl = c)e0 

2 G S T r~ r--1 0 ( 3 , K l = S T R ;·,·. I ( 1 , K l 

c 
00 4:J 	 K=1ltl3 
S HUv',O ( l , K l = S T ~~ ~..q ( l , i() 
sT 9 :~o < ? , :< l == ~) • n 
STR;\'.0(3tKl = c.() 

r
'·· 
C 	 St:T SOME OF THF ~~-(L+ A\U I-Cl+ FLO•\'S 

STRMO<l•l4l = 0.0 
ST~~0(2tl41 = STRMI(ltl41*LN(NLt21 
STRM0(3tl4l = 0.J 
STR~-'0(1,Jf;l = u.Cl 
c; T R ~1 C! ( 7 , 1 5 l = :1 • r~ 
-::_ TF~ ;,, () ( 3 , 1 'J I = 0 • 0 

( 



.S T:<f'.1Ll I 1' 16 l = ~,Ti~l\; I ( 1' l6l *r_,'·l I Ni. ,4 l 105.
:,Tf.-::.U(?,l6l = .',Ti··U·'il{ltl(,l- '•TI~i'1/l(J,l(,l 


S T I~ tCJ ( 3 , l f, l ·· ·.' • U 

( 

~TR~0(1,17l = STR~I(l,l7l*~N(NF,Sl 


S T P fv C ( ? .1 '!) = .S T !-\II. I ( l d 7 l - .c~ Ti-~ ;1() ( 1 ,] 7 l 

= ,, 	 " s n~ r-10 1 ~, 17 l . ... 

c 
.s Tf~ ~10 ( 1 ' 18 l = (\. :\ 
.':> Tf< '•iO ( 2 , 18 I = S Tr-<: 1·/, I ( 1 , 1 b I * ll'l { ,"J L '6 l 
c;HU-'i0(3d8l = ;,Tf~i'·IIlt18l- STi~~I•!OUtlRl 

( 

'·'. •,) 

.S Ti~ ~·'0 ( ? , 1 9 l = .s T R ,vI < 1 , 1 9 ) *F ii ( N F , 7 l 

c,Tf:.-:'.101-,.191 = STF\'-1IIld9l- STf~iiCUd9l 


c 
S T I~ :...~ C ( 1 , 2 CJ l = 'J • ll 


ST~MOI2t2Gl = STRMIIlt2Ul*tNINLt8l 

STR~0(3t20l = STRMIIlt20l - STR~0(),2GI 


c 
[)() 8') 1<'=21 ,31 
STJ;r.~o< 1 tK ) ·- ( l. (: 

s n~v,o < ?,K) -· 1.0 
2(; SHU"O( ' = '1 T1-< ;·;I ( 1 •K )

' K l 
c 

STf<fl,()( 1 t3 ) = o.o 
STR.~'>O( 2t3 ) = o.o 
S Tr~:i'~O ( 3t3 l = ~). u 

DO 20CJ J=A,'-'.1 

STR~Oilt3l = STR~O(lt3l + STR~~(l,Jl 

STRM0(2,3l = STRMOI2t31 + STR~UI2tJl 


?-~ STRMO(~,~l = STR~0(3,3l + STR~O(~,JI 
c 
C SET OUTLET FLOWS OF N-C4 A~D I-C4 

ST!-(,\,0(3,1£•) == ISH<iv,o(:;,:;l/(l.O-c:N{I',t:,rJlil- SH<;-i,<J(3,jl 
STi\:V10(3t3l::: ~;H<~,:C)(3dl + STi;:>ID(?d4l 
~,Tf..U·W(2tl?l ::: CC:.H-<M0(2dl/(1.0-HHi\,fdl l l - ~H';;;:)(;>,~l 
SH~'-10(2,31 = c,TW·10(2,3l + c,n~:.~n<2•l':Jl 

.-:, T r;; v1o < 1 , 14 l = sT r~ iv: r < 1 , 1 L, 1 - < s r r~ '~CJ < 1. , 11, J+, Tf< t~.n c (\ , : L; 1 1 

:) TI<:V10 ( 1' 1:.) '" c,rr.;:j!' I ( 1 'J "; l - ( _c; TI~>Ki (I' l ~·I+ ',1(~;/(, ( ,, 'j ,, ) ) 

STI<';1Q(l•3) ::-; STI<f'IIU(l·3) + :-,fl\:!.(/(1•1'•) + :,TI\:'.',(_;(j,L',I 
c 
c CALCULATE (C;f~DLi··:-,i-:1< (\t,[l l<i_,:,,JlLLI< iJlJTY 1· :·iL i.~ /'• .· 1 .>, "f i ',;: T 

c I~~ 1-{UI\ AT TH!== i·1f',X IIV~l',·. Ci\1!-i..;IJt/\' cu;·~,l\ '·':::.' 1" ,~ T ~· J. ,J ', · 

DC su~; J=l ,,\1()(\:'·'P 
5 .. 	 X '1 0 L E I J l = c, T P t'! 0 ( 1 d + :-> l 


TTT = IISTR~0(1,4l-3?.0l/l.8l + ?73.n 

i·l 2 0 L A_r,~ = {1 1 8 7 • 2 1 9 - 0 • (; 0 l :) -n S* T T T * T T -:- , . 1 h • • , 1 6 

NUPD = E~C(NE,7l 


U\LL Pf~\.JI":l X ( ~ l 

:·<:·1t\X = ( ... CJ ••• ~·+U6/(i-l.?.vL/Ii·1'<f.:>,-'·.;xiNUP~)i;' 


Cf< C I N E , 6 ) = i</ .A>: 

1 n c; 1 0 .J=1 , \Jr. r n ·-~ P 


5 1 , ! 	 Xt' C L E ( J l = ', T r< ,v C ( 2 , J + "> l 

TTT = ((STRt'C)(;>,Ltl-??•:_ll/l.Hi + ?7j.Cl 

, : ? 0 L 1\ rv·, = (1 l f37 • ? 1 <i - 0 • u 0 1 ? -~ :; ' . '* T T T * I TT l 0: l i • L :i.t: 

NO~P = ENCI~~,7l 


C ;\ L L ~ R 0 ,,·, I X ( l l 


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


',I L.CU T = H/'OL/\,,':*PPiv X ( :';\,t·'fJ l 
F r'- C ( ' : E , l'+ l = ( l 9 • CE+ 0 6 + •:; l l; C i IT l I 1 • tJ i + 0 C 106. 
1\! i: = F r,, \ ( i !F , c.. ) + 0 • 1 
F ~- ( ( l"f". 1 7 ) = ( 1g. '! F +06 + () Trl (I iT I I ( 1 ()C)() • i. )( l (; • (i '{, ( F ~~ ( ( f-1 r· ~ t, I - !: :·! ( I: ~1 'I+ ) j ) 

( 

C U\LCL/\TE FLUt::, JF ~·.·ATEI:..: /\S nu,I-~GbJ dY 1\f-.FLUX CGI~Llfi'hF.i·' 

~U JJ~ J=l,~OCUMP 

~ X~OLF(JI = STRMO(l,J+~l 
X = S T R 'II 0 ( 1 , 4 l 
C f'·LL F .SOL ( F .',CL '·l l 
STRVQ(],6l = FSOL~ + ISTR~IIl,6'-FSOL~If([~CC~F,BI*~~~X+l.Jl 
S Ti\ i''·O ( 4 d : = ~; T f~ ~~ I C 1 , 6 I - Sir-< >·1U (l , 6 l 
STR~0(4,4l - ST~/0(1,41 
S; k ,v.u I 4, 5 l - ~:. Tt< '.'C' ( 1 , 5 J 
:-f--\.';0(4,6) = STI:..;:,,·!U(4,.3l 

[!() '32' J=?,~-n 

'l?(• <:_TIJi"0{4,Jl = '·'•0 



ct Tf"'cTr ~T ST01 
r 107. 

r c, UP r;> ()I IT T 1\' r " I S T () 1 ("TSTTLL/\TfrW 

r or.:vrc.c-~ ov T. T!"("Wr:; rc-n.?(),ln~o 

r ~- T'-' I c:, ~·n"c-L Pr-P"JTC:. r,c-TTT:' 1t, nc- FP!\\TT~'"HI<:, r:r rrrf"' r~''''"',....~'I:"' 1 T<:: T'"' 

-r.- T 1\ v ~=="~' '"'F~=" '.S '1\/FPLIF /1. r\ <:, T~ r- /1 \~ ( 1 r: T "'.I ~TnltT <""T"'r.:~")• C:T'"'F <:".Tr"?F!\" 
r ,v. ( ? ~· r\ ) /1 1\1"' ""'TTn'~ C:TPFI\'' (~Pf"l) 
r 

r 


~~n~_lr r~ID[JT c-.TDI:"I\" /l~.·n T~1DFr I"''I_ITfliiT <""TDr:-(lqC 


~e:-~1\XJ"!IV ' 1ll''llr:-R (lr.: ~="L·"· 1 • 1 \(•"P"I\Ir''TC:, JC: ?(!, 


r r::-nt)TD•·c~'T 1/~=""("TI"''D 

r 1 • r ~ 1_1 ro '-~ r '' T '11 p • R c- n 
r ? 0 C,IJI="(T~="T!C"r" ""'V~="n~JP''" C.T-;>~-."1'' T[c''f'!C"<:'IIT'-'':lr, r-r::-r r 

\ ? • c, P !=" ( T r.: Tr r--. c; T n r.: _c T r:> r 11 'J T r::- '! p r'"' 11 T 1 1 r:> r , '"' r r. r 
r 1.~. C:P!:"(TFTr::-'"' ru~TT!"'~ C:TRCJ'.··~ rrur.rn•.TI'Dr:-, r-,rr, r::
r s. (;DI="(TFT!="n rn,_t,~-'!\! nf?CC:,<:,l)pr, DC:.T/1 
r 
r 
r cr,•trD•!F''T rn•·rpnt \jr-rT:l? (~"'~~""'TT"''III) 

1 • I:"'"''ITrl''r"T !\1lf"C11:"D 

? • ~='I /1 r 
r ?• (C~_,r.TI1 nc C"l\1 I_TC:T (rnn rDT'ITT•Ir:;) 

r 

c-TDF!I'' 'JFrTr-.D 

C:.TDI:"I\." 1\III'Hlrn 

?. c:T?r::-11." r.:t .'\r. 
r 

1 0 

"l • T.~T/1.1 '!."''·'•! n "'"'! rr.;ur• 
!, • Tr"nrP•TIIr:>r, r-,c:-r:; c 

r c; • P?r'C.C:, 1 !PI=" 'DC:, Tll 

r .;. rt__n1.• ('lr r'"'"D01\'C"''T 1, L" '·''"'Lr;u•:> 
r 7. rrc. 
r 

r 
r 

r 
r ~~~~""'TTTr""'l r.:r11Tn"r''T vrrTr'P 
r· 1 • 1- n II I pv r" T I\ II !"p r? 

?. LFI\ r:;T~-~ roc- /\r:'l\1 \li='rTnP1 

-~ • Tn s • ( n I. I' ,_II( l 

r C:T'?I:"fl''• rn1 t_01·'1="'> nv c-n.!lrTTf'"'••r f'"\r 'II L Tl-i> r-rr'"' 
r rn••f"ln'''' 1T<"", r~· c:,rr"\rc;rnr.'" 
r 
r 

r 
r 

~t ~~ ~~- ~,_ -~ -:~~ ~'- \~. ~ ~ r ~ T ~ ~ r r·. ,. ' ""-' r, r- r ~,., ' " Lv v L .A T T" ·"' • " !""'l r:' • ~ n • 1 Ci r... o • T • i • ~~ :y -~~- -~'-A !:" f""\ ': 

'"·''''~"'~'·-' ''"'"'''J,v<::r.Tr..·-'T''•'I"-IIT.,,r,rTr•·r ( c:,?1 ,-:rr••r"\( c;,.,, 1,r~1 ( c;n,..,,..,) 
rn·'"'r"\~ 1 /\r~'(!t•ll\?) ,r.:~lr(c;",?ll) ,~1-'"'f'ln,v,y'-ll"''!_r('lr,),rnr.r(l'•'~.:,) ,nn''V(l""'l 

\.'\! L Xn!ITt

('11[\U!_IITT~'G 1="[0 1·'5 T~' T~1r.: !:l'TPi!T C:.TDI=""fl''":. 




r'l""' 1 T=l ,~I':IIT 108. 
~TP''r'I(T,~l= r .• 
, I.J= l'i+~'nrn~·r 

nr. ? .J= A ,,J.I 
J 1= J+~lr"l(r"\\'fl 
<:TP''n( 1 ,J)= r: TQ '· T ( 1 , J ) ~H\ r- "' ( 1 , J l 
c,TO''n(?,J)= c, T~ p T ( 1 • J ) ~~ /1 !="~I ( 1 'J l l 
c, TP '' r, ( ~ ' J ) = c TD ' ' T ( 1 ' . I ) - <": T ' 1 

' ' (' ( 1 • , J l - c Tr:l '-' r ( ~ • , I ) 
r'I(J ? I =l •~'r",JT 

? C,TD''r'I(T,")= 'TO''ri(T.")+CTG''.~i',(T·Jl 

r c, r T T T "' r: T c- • • n r n ~. T 1 1p c c, ~ '• r, r p r <": .-:, • 1p r c, ,.., r ,.., 1 •.,. r' ' T c T r:l r .~ • • r. 

n""' 1'1 T=1 ,~'"'I'T 

1!1 <:T'"'"('I(T,t•l= r-.r~•r,T+1 

n0 11 T=1 ,~''11.'T 

11 <:TP''·"'(T,~)= r"'(''r,c;) 
prTI )01\1 

!:"~I I] 



'L I 'H' TC f- XC Hll 
c;t ·',f~OUTinf-- l"XCHll 	 109. 

( PF\JTC:,I7D py 	 J/l.f,_t\Ji\PY 1 ')6E 
c 
( Tf-•[ PI-<OfHV\r: C/\LCULATF.S Trlt: :;uTLC:T Te>:H:I·:;\TU~\t. L·lt·'t'.CTL.Y ~Gi~ 

c 8 TYPES 0~ HEAT lXCHANGLRS USING lFfLCflV~N~SS FkCfOkS 
c 1 H f: P R 0 DUCT U F 1 H F A R F: I\ /1. N U T H [ HU\ T H< J\ !··J :; Ft: ~~ CC Ft- • I :::: R E A J I t\, 

c 
c STRMI<l•ll IS THE INLET TO THE TUbE Sl0l 
c S T 1-< !V: I ( 2 , 1 l 1S THE I NLF. T TCJ THE SHE L L 5 I D f: 
r,_ 	 \.JI\ IS THE THFRtl;t,L COf\IDl.JCTM.CF OF THE F.X.Gu\NU:R 
r Z I S T H E E F F 1: C T I V E N E. S ~) F /\ C T CW F 0 r..; T h i: I . X C ~-i 1\ i'H) ::.:<'·· 
( O'!t,X IS THE L/.\I:.(G :::r~ OF T11 [ T'.·:U Tt1t ,-(/iAL Cf',P /,(IT ,'\1< Cl S 
c Uitll\1 IS THE. Si>~,;\LLEI< OF Trrt. H1U THt.::;-~HI\L U\PIICITAi·;CLS 
c 
c F.~< VECTOF< 
( l•" EQlii Pi',UH NlJ,Vf'·FR 

2.0 UA 
let) EXCHl1.NGFR TYPE: 

c -cou rn F. Rcur~~~ Ci'-l T .i.eC 
c -PARI\LLEL 

·,.. r·-Cf~OSSFLOb, I 1Ultl Sh~EAt<-, tJ,\'il XFv -' . ) 

c - C :~ 0 S SF L 0 \'.' , b 0 T H S T ~~ t:l\ :·,;:, ' 11 X l v '-. ~j 

c -CkOSSFLOW. STREAM C~I~ UN~!XL0 ~.o 

c -GWS.SFLO:·J, S Ti~l:./\1--'i. Cil!\X IJN~~ I Xl::.l) 6.0 
c -PARALLELCOIJ:'\iTH~ FLO~·~ ·,,;I Ttl ''' SiicLL 1-'A.-,')::_c; 7 •. 
c -CONG ... JSli'-IG 01-< cVAPO~~,'\TidCJ SYSTt.li. e;.o 

C 5 • U F C) R C() ~~ uE ~J S I N Cl C) R E: VA P U i · f I .\J C .S Y S T c i~ 
C -FLUID CONDi::NSING Gi< t.'h\POI-<ATli'.u ON U:n. ~)I.Jl. leU 
C -FLUIO CUNU[t\•Slt'•G 01·-< FVfVlH</\Ti!<v U1, SnE:LL SIC'- LeC 
C 6• LOCATION UF nF.:AT C/I.P/\CJTY CJ~Fr.C.It::··•T~ F~)r< ;:c._uL; li\ il;t.- SlJC. 
C 7 • L 0 C A T I 0 N CJ F H [ .l\T Cf\ P A C IT Y C 0 r: F !-' I C I t 1\ T S F U R F Ll J I [.~ I i' S HE L L S I J E 
c 
C 	 -:<-*~c";l-*** HACSl'~ CUi'--'f·-'01\ LJFC.Y, f-0;, liLt',YL/iTlU>:. T.-;-. l\t_,;.... ?'-.;,l'J68•*{'*'A 

C 0 ;v1 '·1em ;~ 0 ((if>,I P , r:_ 5 E T S , i'i I f-.: , N \ j I ) l , i\i E. , .:.;; T :-<:.: I ( '; , '3 l l , S T •-< , . •.J ( ~) , ~ l l , E 1\ ( 5 0 , 2 0 J 
C U ;v: tvi(j 1\l A E ~J ( L1 , 1 ('I? l ' F N ( ( '1 ' ' ? 'i ) , I'J 0 f.' P , X , 7:.V.'-- L [ ( ) C ) , f·' r' ::; C. ( l 7 , ? 6 ) , P P . ...-:X ( l 7 l 
DI~ENSION TAV~<2l,CP(21 

( 

c 
1' .IF< STh:\\I ( l• -~ i •l. T. "'•l•;;;~.~jTi"<!~l ( ~!,-~I .L 1··)• .. , .... 


"l 1vP t~ =- u~ u:: , ·, l + .• r; c: l 

U .1\ = F !\i ( !'\ l: , ? l 

lf7 lf\TYPF.f.~.Pl (;('":TO b:; 


T ;\ V [~ ( Kk ) = 1 ~' 11 .. >1 l ( k r:. , lt J "' :, T , < -(, ( "- r< , '' 1 1 I , · • 

X= ffWF(I<',<l 


riC l .J=:,r-,:OCC 1 '~P 

j_ Xt'OLFt,;l = STR\~I (r:,::.,J+">l 

C A L L P R C ~.1 I X ( l l 


? ( p ( <'< ) = p p '' _i( ( : •.' () !0 i ' ) 


1 F- < s T r~ r-~ I \ 1 , '+ , • !•.. : • s T R '-', ! { ;_ • '. 1 1 cc; To ·-: 


(( = ( 0 (2) 

T :-1 I r,~ = ': Ti< i·: l ( 1 , •, l 

T C I ~~ = ", T R ;'v~ I ( ? , '+ l 

(-. 0 T Cl t, 


') :· • 1 = ( p ( ? ) 


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


c 

6 

CC: = CPlll 

T t·1 l '.J = .S H~ :0 I C 2 , L l 

TCP~= .STR"I(l,4l 


t,. 	 I F C C C C - Uil • U • n • 0 l (, 0 T 0 f'J 


GO TO 6 

'J Cfv1 IN= CC 


C:l'v1.l1X= CH 

C!O TO 7 

c:v1 I ~'1 = CH 

CJ.f\X= CC 


r 

l't 	 x~:(l.u-C>iliUC:'-'1/\Xl 


Y= EXPI-IUA*XliCMINl 

Z. 	 = ( 1 • - Y l I ( 1 • - ( C fv\ I N ~~ YI C•'i 1\ X J J 

G() T 0 90 
? ' ; z = ( l • -EX p ( ( -l; f\ I cM I ,'\j ) * ( l • + ( c 11; I N I c,I; I\ X ) ) i I I ( 1 • + ( c i'i I i'! I ( '"' /l, X I j 

GO 	 TO 90 
·:l.n 	 X=CCMH!/lJt\l*·*r).2? 


Y= ( U.ii.*O·i I N*X l I I(!/ I i'-1*(,•,,\X J 

Z = 1 • - E X P ( ( l:. X P ( - Y l - 1 • ) -:~- ( C i<i A X I ( C1<· l i'; * X l I l 

C]O TO 90 


'+ c: X= U1\ I C M I N 

Y=U/\/C~I:AX 
Z = XIC(X/(1.-FXPC-Xlll+(Y/<l.-;:xPC-Ylll-l.l 


GCl Tn C):! 

S() 	 X=CliN/CfVtf,X 


Y=LJI\/OH N 

Z = Cl.-EXPC-X*(l.-EXP(-YI)IIIX 

00 TO 90 


(,;: 	 Z = l.-[XP(-(C:vi~\XI0All~1-:l(l.-l_XPC-UAIC'J\XIl 1 


(-.() TO 90 

-~~ · 	 X::: C H I N I C M A X 


yo:. SOfH(J.t,+X**?•·Jl 

S = u/l./ ( tvi I N 

[ = 2./ll.+X+Y*((l.+EXP(-~*YII/(l.-EXPC-S*Yil I j 

IFCX.E0.l.JI GO TO 78 

I~ = ( ( l • - E * X l I ( 1 • - [ l l * * L i', ( i , [ , 4 l 

Z= (2-l.OIIC~-Xl 


C:O TO 0 0 

7~ Z = (f*ENIN[,4lllll.+IENCNC,4l-l.I*EI 


GO TO 90 

8() 	 "'1~-" = ENCNE,5l+ 1 '.J01 


f\N = l 

IF U~;'\1.[0.1 l Nf\1=2 

Hj 	 T/\VG = CSTR~ICNN,4l + STk~ui~N,4lJI2. 


X :: T/\VG 

'-'UPP :: EN ( r\)F ,~·!:'·l+'.;) 


X' g 4 ..J= 1 , i''OC n:·.AP 

A~ 	 X~CLECJI = ~TR~IINN,J+Sl 


C /\ L L P rW :'~ I X ( 1 ) 

Z =--= 1 • - F X P C -: J,\ I P P ~,~X ( ~:Cl P P i • 


') T l.:;~~;o ( i'/i'•,, 4) "' ·~ T r~:Vj I ( tv:•1, '+ i 

::JH;;viO(f'.Ji\,4l = :,H·YiJ (l',;r~,4l-L~( (~)TI~,Jll (l'li-;,4l-,')TI<,;d (i0!1' ,4l i 

1F(Ar<":dTAV(J- <SH<I'-10(NI'o4l+~,Ti-</d(i·~f"4)112.1.LT.~., SCJ TU 

CiC 	 TO 83 

110. 


.~-Oh 

( 

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


'7cJ 	 Tr-:Uf= THIN-<Z*Cfi,lf'.l*(THl:'~-TCI;l 1 /UiJ 111. 
TCDLD= TCIN+<Z*C~IN*(THI~-TCINI/CCI 
IF(.')TI~rJ1l(l,4leGT.STRf'.H(2,t.tli GU TO 91 
STR~O(l,41= TCOLD 

S T R i"'' 0 ( 2 , 4 I = T H 0 T 
sn 	 TO 97 

91 	 STR~0(1,41= THOT 

STRM0(2,41= TCCLU 


92. 	 .i\Vll= (Sli~IVIO(l,Ld+ STRi\'ll(l,t+Ji/LeU 

AVE2 = ISTRM0(2,4l + STRMI(~,41 l; ~.o 

YY = AASIAVE2-TAVEI2)1 

ZZ = AASIAV[l-TAVF(l)l 

IFIYY.LTe5eef\ND.ZZ.LTe5•; C~O TO 108 


GO TO 600 

c 

1 ~ STR~0(1,4l= STRMIIlt4l 

~)T!\fl,0(2,41= STI:;:fv1I 12 9 4l 

~'WIH.(6,105l NE 


l~? F0H.I,'-ATI//22h oH·*** f:Wj.)ASS r·,uDULl , I4d9ri 


lO~DITIONS *****l 

102 	 JJ = N0CO~P+~ 


DO 1J9 K=lt2 

S T R ~.-,o < K 93 l = STRr,• I ( K , 3 l 

DO 1Cl9 J='? ,JJ 


lu9 	STRMO(K,JI = STR~l(K,Jl 


RETURN 

EN[) 



-~ r 1, r Tc ~- xe-n y 
S lJ .-" ::: 0 U T I :\l E E X C H 1 '+ 112. 

r I .fiN .SH!'\•1\: JANUARY 1963 
c 

ThiS [l()lJt:.L Pl\t.LJ!CTS Tt·if- Vl\r'll'Jr'-. f\i~,j LI~..>iUlJ UJ ..P,)SlfL.. ~ ;\i~l- lr1:.. 
( l.JlJTLET TLiV:PFk/HUi-<E c;r: ;\ LI:..,..ul:J STI\L,.,.; Tu :;L Pilidlt1LLY u1-: 

FULLY FLASHED IF ThE P~ESSURE AFTER FLASHI~G IS SPECIFIEO 
c FLASHING OCCUi~[S IN Tli[ ~,iJLLL ~lUT THf fj(.JT fLUIU IN Hit__ TUdES 
c UNDERGOES NO PH /1SE CHJ\;'JCit. 

c THE UA FOR THE FXCHAf~GEI~ IS h[AD IN f1:\ilJ IS ~<OT CALCULATED 
c AN AJDITIONAL POSITIV[ CR ~EGATIVE HFAT LOAD TO THF STRFA~ rlfl"!G 
c F'U\SHED Cl\i'J I'[ f\')LJ[U Ff-U)rl; TtH. El~ VECTUR. THE STf~/\TC~; f<EACTG:<. 

c ;1f'.AT L~AD I:) ;\DDL-1) Tu Ti1[ fJkU:JUCT '~Ei_:.f,l<i\T:.-1-< FEEO l-• THIS i·.AI,t,r-;.; 

c 
,.. 
1... ~, T~~ •·1 r ( 1 'j) I .') THF LIUU!u I ~~ P lJ T TC r~! f-LI'·:')h[LJ 

c :; T1-< 1\·; I ( 2•Jl 1:'-, THE :~TI..:I::A'"' TU TH~~ 1i Ef, T !-X Cf-1f,~HJU< TUt:,t:--) 

c S H~IV;U ( 1 'j) I ' ') THE VAPOlJf< ~-;TJ<LA:< AFT Ef-' f t_ (1 :) r-1 I ~~ () 
c ', 1 FU"O < ;;,J) IS THE LIOUIIJ '1 T f~ L Ail\ /\1- n r< rL/'.SHING 
c s Tr~ [vi.() ( ~' .) ) I ~. THE: STREAIJ: fPG~-1 THi:: HEAT [X CHANC)t i;,z TUbES 
c 
c Ef'! V E C T 0 R S 
'-· 
r l • EGU I P fvi E1\l T (1\ PI\ U F r~ 
c 2 • lJ A F 0 R THE Hr.:. AT EX l H A MJ i:: R 
c 3• INITIAL PRES-SURE AT if.JhlCH FLASrllNC> C;\LlULATIOt~ IS vONc 
( 4 • PI~ E S SUR E A T VJ H I C~ ECJ U I LI fiR I Ui¥1 C0 N S Tt-\ ,'H S \•J E R E EVAL '.J f· T F D 
c 5. ADDITION/\L HEi\T INPUT IN i:l.T.U./tiOUi~ IF REQJH<ED 
c 6. INITIAL TEMP~RATURE USED IN SEARCH FllR THE FLASH TEMPERATU~E 
c 7. FINAL FLASHING PRESSUkE !CHANGED IN CONTROL MODULE) 
c 8. PRINT SWITCH SET AT 0.0 TO SJPkESS Pki~T IN TE~PERATUkE SEARCH 
c 

Ef'K VECTORS 
c 1. EOUIP~FNT NUMBER 
c 2. EQUIPMENT IDENTIFI~R 

~. LENGTH OF EN LIST TO Gf PRINT~~ 
c 4. LOCATION 0~ HEAT CAPACITilS ~OR LIGUI0: 
c ~, • L 0 C !\ T I 0 N Cl F C 0 X C H A R T I~ A T I 0 .S 
c 6. LOCATION UF t~UlLlbRlU~ CONSTANTS AT ~~ PSIA 
c 7• LOC/\.TlON UF tid\T CAPI\LlTILS l-Or~ ,.:LUli) It'~ t:XCn;-'\!JGLh Tu~:.t.S 

c 
c 	 *~H(***·* f•'iACSk; cu;,i,vi()l\ UECK, f-'01~ /ILKYL!ITlU~;. T.T. t\i-'kei<J,.~.Sibb•**** 

C U i-1\rv'Ofx f\:OC \W P , K. SETS' i\ I i\l '~-1 l.J liT 'i\1 l:. , S T I<'·/ I ! ':> ' 31 l , :=. T ~~ ,•' C ( 5 , 3l l , Ei~ ( 50 , 2 0 l 
C U f•'i l''i0 N A E t~ ( 4 , 1 0 2 l , F N C ( 5 J ' 2 C l , t; 0 P f-! , X , X :J, Gu=- {2 S l , P rJ S C ( l 7 , 2 6 J , P P '· X ( i 7 l 
f) I ~u:- r! S I 01\1 X X ( 7 A ) 
8I~ENSION DIF!2Cl, TDIF!20l 
NlTfv'AX = 2U 

C XX(J) 1•1UST t3l-: DI,JiENSiG,\iUI .!\.T Lt.b.ST i1:) Lf:,,\()c ,:.,,_, I\U((;,,;p 
C D I F ( J l A N D T D I f-' ( J l t··: u ~ T U [ D I ;v, Et'.J S I (J i-; f- :...· T G t, I T i''• A X 
c 
c 

TCL1 -- o.u.c:r 
TCL? = TOLl~:}CHe'J 

c 
c (1\LCull\Tl: THE I,'~PUT t:NTt·J/\U-'Y :-..t:U\/t. ·~,_: ,;,_.0:<l':c:~ f·· 
c E!\THll IS THF Ii'-lPUT li\TI1/dPY uF JTi·" " (. 1 i\cvV[ _:,: 

c Cf\:THI2 IS Tiit I N PUT l- N T h /\ U' Y 0 F S TF<:t: I ( / i M: C.) J i :: • 
X= STF~MI(l,tt) 

''\OPP = ENCCNF,4) 

r;r) 1 J = l , NOC O'Fl 


~ XMGLEIJl = STR~I(l,J+5l 




C /'. L L P P ;) I·~ I X ( 1 ) 

i::r~ I i! ll = pp,,·,x ( i~GPP i * ( .::,r:~:·i I ( 1,4 J -jt'.. I 

113. 


JF(STR~I(2,3l.GT.G.OlJ GU TO 4 

E~~,Ttli2 == 0.0 

E•'-'TH03 = n.u 

GO TO 8 


4 X= STRt·ll<2t41 

N 0 P P = f N C ( r-.1 F , 7 ) 


DO 	 6 J=l•NOCC;v1p
6 	 X'~OLf(Jl = .STRMIU,J+5l 


li\L.L PROf·;IX<ll 

u,: T·--! I 2 = P P r.-. X ( 1\l 0 P P l * ( S H<i< I ( 2 , 4 l - 3 2 • l 


f3 t!Ii'1 = f\lTHll + fNTHI2 + tN(f\l[,5l 
C ~iiN IS THF TOTAL INPUT FNTHALPY AbOVE j2 OEGREES F. l~CLUOING 

C 1\ i'' Y 1\ D D I T I mu1 L Hf AT I N Fr< 0 : 4 F N ( ~-l F ' ":> l 
c 
C CALCULATE:. THC U:.JTPUT STr<:Ll'o~l'tS FUI~ /', (.d Vi:_,, H>IPEI~/\TURL 

C T HE F U~ S T T E 1'--1 P [[-<A TURE GUE S .S f 0 !~ T rH:. CUi-\ V E F I T I S E N ( N E , 6 l 
HLI\SH=[N(f\l[,6) 

TDIF(l l=TFLASH 

DO 10 J=ltNOCOMP 


l :l 	 X X ( J l = S T R rv1 I ( 1 , J + 5 l IS T R r-.1 I ( 1 , 3 l 
C 	 X X ( J l I S T H E '.':Q Lt: F R A C T I 0 N U F J II'< T H [ S T 1-\: Ei'•.li: 'tJ H 1C H I S F LM; h b; 

A0JUST = EN<NE,4liFN<NE,3l 
NTfr.IP=U 

2U 	 NTE~P = 1 + NTEMP 

X = TFLASH 

NOPP = [NC<NEt6) 

CA.LL PROCAL 

DO 23 J = l,NOCO~P 


23 	 PPSC<NOPP,Jl = PPSC(NOPP,Jl*ADJUST 
PSI=(iVlOLAL LIWJID FLOW 1~/\H. AFTLI~ FL!\SHP~Gil(f'.10LAL rEED FLG,..; RC\T[l 

( FPST=FtJNCTIO~' OF PSI 
C FPPSI=FIRST UERIVATIVi OF FPSI 

P.SI=leO 

DO 40 K=lt4U 

FPSI=-1.0 

FPPSI=O.O 

D 0 '-3 5 J = 1 , N 0 C :'1 iv' P 

A = 1.-l.IPPSC<NOPP,.Jl 

n = 1.-A*PST 

FPSI = XX(J}IH + FPSI 


35 	 FPPSI = XX(Jl*AI<H*Rl + FPPSl 

PSIN=PSI-FPSIIFPPSI 

If(PSIN.LT.C.Ol PSI.N = ~.' 


IF(PSlNeGT.l.Ol PSIN = 1 ... 

IF(ARS(PSIN-PSil.LF.O.OOll GO TO 45 

PSI = PSIN 


40 	 CONTINUE 
45 	 V=STRMIC1,3l*(l.-PSIN 1 


FLOWLL=STRMI(l,3l-V 

!FCFN(NF•H}.GT.0.51 WRJT[I6,9B8l FLO~LL, Vt X 


C: V =TOTAL MOLFS OF VA?\JU;.( M=-T::I~ FLfiSHl!,(J 
C FUJ':JLL= TOTAL. '-"OU~.s OF li(,.tJIU M"TER FL:·'if·!Ii"<(, 
( CALCULATE GJ'-1P. OF OUT VAPCJIJI~ STr~t:.P..fv.( 11 l\~iU OtJT Lf(.,,Jlu STI~f:./\i,iU l 

s t. J \,1 	 () • ()= 

DO 50 .J=l,NOCOMP 

S T :-< MO ( l , J+ 5 l = V"'*X X ( J l I ( i • -P S I f'l >A- ( 1 •- l • I P t~ 0C ( 1, 0? i-' , ..J l i l 


http:STr~t:.P..fv
http:FCFN(NF�H}.GT.0.51
http:IF(PSlNeGT.l.Ol
http:If(PSIN.LT.C.Ol
http:1.-l.IPPSC<NOPP,.Jl


') \ J .'vi= SUM+ S T R H) ( 1 , __; + ~) ) 114. 
~) 1 c,TI\'·iO< ?•.)+') l = c,TI·;;•.I ( 1 ,J+'.i l- :.Ti,~:·-1~)( l ,J+'J l 

C '"TI<f.'U(2,,J) 1.~, ·rilE LlUlJILl UtJT i'd--TU~ I:Lf,_')Hi~~c, 

_c, TR'~O ( ? d ) = _c-, Tf~ ~-1I ( 1 , '3 i- S T F< '-'\U ( l , 1 ) 


S T I~ Wi ( 1 , 4 ) =T F L 1\ ~' H 

STkM0(2,4l=TFLASH 

STR~0(1,5l = ~N(NE,3l 
STRM0(?,5l = fN<NE,3l 

JJ = NOCOMP+t) 

DU 55 J=5,JJ 


S~ 5TRM0(3,Jl= STRM!(?,JI 
STR~0<3•3l= STRMI<z,31 

'-
r 

( 	 Nvvi CALCULi\ T[ Tr-H-_ TUL1E Tli,Y[I-~ATUr<E 1-'Ut.:: TI-llS FU\Sh T[ WEI~/\TUf<E 
I~!STRM1(2,Jl.LT.O.Oll GO TG 65 
U/\=C:f'J ( ~~E, 2) 
x -= sT R r/ r < 2 , 1+ 1 
I COUNT =Cl 

6 n 	 I C() U1'-H = I C 0 t Ir-n + 1 
C 	 CfiL(ULt1TE Tilt f-il~t-,T C/!,P/\CITY UF HH--: fv\IXTlJRr TO THE EXCHANCEf~ TLmF.C) 

NOPP = ENC!NE,7l 
IJO 6;? J=l,NOCOfW 

6~' 	 X~I\OLUJ) = STf~i·1!(2,J+'Jl 
CALL PrW.'-IIX!l) 

c 	 EFFtCTIVINLSS ~-:-1\C. TOR C/\LCULi\Tio;·~ 

Z = l. - FXP ( -UA /PP'v'X ( r-J()PD) i 
c, Tf~ '·~0 ( 3 , t+ l = S T R :.q ( .? , 4 l- 7 * ( c; Tr-< >11 ( ? , 4 l - T F L ,.,__ Sf-i I 
IF!ICOUNT.EQ.2) GO TO 63 
X = (S T R fV 0 ( 3 , t1- l + S T R ~,1 I ( 2 , '• l l I 2 • 0 

c THIS GIVES THE HF,\T CAPACITY AT ;\•'~ AVEi~/\GE UF THE r;~PUT Af\D 
r 
'- 0 U T L E T T E f·~ P E!< ,\ T U f-< f 

GO TD 60 

6l X = STRM013,4) 


C: A. L L P R m~: I X ( 1 ) 
n: THOJ = oortx < \!CJPD >* c.s F':tr> < ~, 4 l-~?. 1 

c 
C CALCUU\TE Tfit: [,HH!•.LPY UF THt u~JTPUI ~,Har~y,c) 


C ENTHOl IS THF OUlPlJT ENTr-ii<.LPY Uf ~H<:lO(ll /ujCJVl 32 u'-'(.Ji~FL5 F. 

G~ 	 X = STR~O(l,4l 


hJ P P = E N C <NF. , 4 l 

DO 6H .J= 1, NOUFv1P 


ll B 	 X:NJ L E I .J l = S T I~ v;o ( l , .J + 5 l 

(I'LL PPCWIX(?l 

(PL = PP~XCN0PP} 


TTT = C(STR~O(l,4l-32•l/l.81+273. 


HZCLAM = CllB7e219-0.UU1~73~*TTT*lTTI~ld• 


,\~OPP = EiK ( ~l[, 5 l 

CALL PROi'v1I X ( 2 l 

Z Z = P P IV' X C N 0 P P l "* H 2 CJ U; ;.~ 


~- ~i T H 0 1 = S H< ;.t 0 ( l , 3 ) * ( l Z + Ci) L ~} ( ~) H( ~~1 0 ( 1 , I+ l - ~; 2 • ) l 

X = 5T,'\'l0(2,t!-) 

~·OPC\ = FiKC~lF,4) 


i)() 7Cl J= 1, i\JOCCJ1\~P 


7J 	X~OLECJl = STR~0(2,J+5l 


C/\LL PT:<O:•q X ( l l 

E:'n.-wz = p;>;•~x '~VJPfl 1* <sr:..;,.,(j <? ,,+ J-32.1 

H~ltH=Ef, THCl +t ;llTiiCJ2+E~·lTH03 



r· H 0 LJ T I S T H [ T 0 T t\ L 0 lJ Tf) LJ T L :-J TH A L P Y /\ IH ) \/ i 3 ;? IJ IJJ i -: 1. ~> f." • 115.'·· 
;) I F ( "J T F '-1 P ) =II I N - H0 U T 

L 	 IF COUN TEk • • N T f. ,-.ii ~t • EXC.E Eu.S '• NIT,v\ AX•' Tril:: PROGI</\ H L XIT ~ 

IF< N TEMP.GE.NIT ~A X) GO TO b4 
I F < N T ~MP.Gt.2> GO TO 81 
IFC DIF<ll.GT. J . O ) TDIF<2J = TDIFCl) + 2 . G 
IF(DIFCl).LE. O. O) TDlFC2> = TDIF (ll - 2.0 
TFL /\SH=TJIFC2l 
GO TO 	 20 

C C H E C K S T 0 S F E I F h f AT i ) Ji. L A f\l C E I S vV I T H I N ~ P E C I F I E u T 0 LE ~~ Ar·.., C E L l tl: I T S 
Ul AA = AHSCDIF(NTE ~P)/H! N ) 

IF(AA.LE.tOLl) GO TO 90 

C 	 HEA T BALANCF SFARCH REGLJLI F/\LSI \~J ITH CHA ;'·.JG i i\ G tJ IVOT POi t\ T 
I F ( J I F ( 1 ) * D I F. C N T E M P ) • L T • C • 0 i c; 0 T0 8 3 
S L 0 P E = < D I F ( 1 ) - D I F ( N T E i'-1 P J J I ( T D I F ( l ) - T[; I F ( ~\ Tc ·/! P J J 

T D I F ( NT E rv, P+ 1 ) = T I) I F ( l ) - D I F ( 1 J IS L CJ P E 
TFLASH=TDIFCNT EM P+l) 
1 F ( D 1 F ( 1 ) * () I F ( ~- > • Lt. • i) I F ( NT l fv'1 ~ ) *u I F ( f'~ T L•"i P i ) uU T0 20 
DIF(l) = DIFCNTEMP> 
T D I F ( 1 ) = T D IF ( ;\J T E r~~P ) 
GO TO ?.0 

E33 TDIFC NTE t"lP+l> = CTOIF(J}-l~ f;I FC N T EMP) - T D JFU~ TF ;·.i PI* D IFCJ))/ 
J ( D I F ( N T E r--1 P > - :) I F ( 1 ) ) 


TFLASH=TDIF<NTEMP+l) 

GO TO 20 


c 
84 vi R I T E ( 6 ' 9 8 7 J T 0 L 2 ' N I T 1\11A X , T u I F ( N T E 1'' P J , u I :: ( i·~ T tY, P ) , C I F L ~ Tr_iv': P - 1 i 

9() ENCNEt6l = TFLASH 


f~<NEt7l = FNCNF,~) 


( 

c 
( *************************** * ***~************************~*** ** * * 
c T H I S P /\ R T 0 F F XC H 1 4 1

:: 1-\ 5_, I\ f) DE D F 0 R T H F /\ L l< Y L /' T I U i ·~ :, TL_; _) Y TU ~' :..~ P l. i ~ :\ T := 
c T H E I N P 0 T ,.'\ C I D , h' !\ T E I~ .~NlJ S U L P H .A T l. S If-! T c : 1 t-1 ::. T '1J 0 C l JT P U T -~ , T r.: E1\ . ·. ·-, 

c ;~CCOi<D I NG Tu APrJ !-~U Xl i"~ ATl 5t.: P/-\R;\Tlv ;"'1 i : /,C. TL:I<S 

c H.ALF OF I1~PUT ACTDt NA.? SCi '+• f,;'~D .t.·, L~: y t_ SlJLPH1-\ Tf I S f< : . .IF,.~ Tr -.; ~_, lJCjH 

c I\CID L FG , AN :; r; . f:i CF R f: ' -' i\ Tt,~Tt·l G .f, (I ~J Pr·/',Sf r;n r~ S Clu T Tt ~ r: i1,(JTT ()'.; 
S T ~~ ;\~ 0 < 2 , 7 ) = 0 . 8 ~~- r ~ • 5 * ~ T ~ \ , ... I ( l , 7 ) 

5 T I< ;.1 C) ( 1 , 7 ) .. .: • 7 ~HI • 5 -:~ s T!< ;:i : ( l ' 7 ) 

s ~~~ iv'i O ( 2 '9 } = c. d -~ .J . ~) ·K s T:< •'i i ( l ' (j j 


S T i~ 'Vi 0 < 1 , 9 ) = C • 2 c!:- : J • 5· -·· S Ti \ ~· _r I ( l , 0 J 


S T i-< ,\~ 0 ( 2 , 1 G i =- C; • B -;;- (_. • '., ·:<· :~ f :, ~ · . : ( l , J l j ) 


s TI\ i< 0 ( l ' 1 0 ) = c • 2 * (: • 5 -* ::_,TI' I.: I ( l ' 1 C· ) 

S T R ~/ 0 ( 1 , 6 ) = C • l ~- S T R i\' ! ( l , 6 ) 

S T R r1: 0 ( 2 , 6 ) = :': • 0 7t- S T f~ r·.t. I ( 1 • r~ ) 


c 

c 
')37 f-ui'i' ,;\ i. ~ l h_ , ., , ,X,4 ?t 1:) CiL l.J TI CJ, . , ._.J T Cv:·.:': . \I.J · .u .• . 

-. :=- ~ • 2 , <J r·, f.- i::: f.: CT I\ T I '.; X , •;. '/t .. , , L. ~; T 1 '-' i\ ·;- ~:- ! • l , . , i _ ~~ . . . . .) .... :.. ' 

?.f~ /\T I OI\S E X CI~ ~::.~ f:;_ · , IL+If : . ;< , j : r·· .=.- Lt\.:.~:·1 T t ,·.r ., ,:.: r.: . : , •·_; x, j:,r ,·~ . -.-1 ; ~~._ . ; . 
l . ' ~~ l 	 'i. • ' 1 ' ~)X ' ,:-) r·i p 1-< E- v I 0 l' : I 1' . n I / \ L I ) y i ·' ! .. ;· • .. ! : : • L I ;; 

C)(~:-3 F U ~~!'-.111\T ( 'l X · ~~·? H TOT ·''L i<I LL·. (:. !. l <Jl;i ~' , :- 1.' · '-T , l 0X<~ ~'t : ft~ T /•.L Y.(Ji... l : . • V/1. 
: (JlJ :;: I ~ :; , r 1 2 • ti • h X , : 0 H r 0 r..: T ~ : . D L :.,) t ·>. <i . • .. ' • '+ 

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


116. 

( 

C 'ilJ~)!WUTI:lf=: \•,'f<ITTfN FCi< Lie c,,f:Ll :·<C.ri,;<_:~y, ~>AKVlLLt Ci.T. C\,\. 

C THE• PJ.<vGt-<J\,•\ Ct-.LCULATES Tr:L i·LUI'vl\IITt: ,;f-- S:J ..... Udlc. ':;.::..Tt:l<: lh :...r-:.C... 

C STI-<EAJ', GIVEf• THt dYDt~C(f.l..:uu,J FLu\vi'\ATE, Tft.h-'., ;,;\l) (,J,..-p,_.SlTl·Y. 

C .SUL..UGILITY Ji~T;\ ObTA.ll'-iLi...' h·k;,-., /\oPel• i-iA:;ln,0t._;f,_ -- Pi,~jt~ 9t\l.l 

( 

c 
co:v1 h10 1\ Noc Clf·:P , ~:sETs, N 1 !·! , r.; cuT , r.: t: , s T ~-~ ~~ I t ~) , 3 l 1 , sT 1~;: o ( ~ , 3 :;_ 1 , L~ ,\: ( '• ·.: , ; o J 

C 0 /if./ 0 ~~ A E f\ ( Lt- , 1 () 7 ) , HK ( 5 .J ' ;_J :) l 'N0 P P , X , X i/U L. t ( ? 6 ) , ;) P 'i C ( l 7 , ;~ 6 l , f.) P ~-,X ( l 7 l 
Dl'1FNSION Dlll3),l)?tl8l,y(l8l 

c 
U fl. T A [) l I 8 • 8 2 , ~ • 2 4 , '-) , l :; ' 1 • 'J l , () • 0 ' 2. • 7 'j , .-~ • '· , ~:; • <l f, ' ; : • C , G • '-J 6 , c • ':/ b , 1 • Cb 
,7.66,7.66j-3.7'-J,-J.7~,-l.7S,-3.1~/ 

uAT 1\ [)? I 9 ,, (;;I • ' 6 3 9 0 • ' ') 7 Lt- (' • ' () 3 'j \) • ' () • i; 

1 7 6 l• ·. ' • , 7 9 Lt . ; • , 7 q I+ i. • , 7 9 t_. () • ' ? i . ' :_, • , 2 l ;j ') • , 

c 
F S\) L l'-1 = ~! • ; 

A = 1 • r; I ( X+ L+ 6 ~ -, • (: 

~;c 1 o J= 7,? 1•. 

K = ,J-6 
Y ( K l = E. X P ( ~) 1 ( K ) - D 2 ( ~- l -:~ /1 I 
y(r)) = UeU 

Y<7l = n.c: 
Y!9) = :).0 

10 FSOLW = FSOLW + XMOLEjJi*Y(<i 
c 

RE TUf~N 
~'-lD 

' ':J 4 7 ;) • ' :; • i> ' (\ 4 ~ .• ' ; •, • -:) ' '/6 '+ ,-, • ' 

2 i . • ~, • , 2 l (; ') • I 



117. c 	 ()~JP.!\UUTii~f. JUi•i(\1~' (f•dXi I'\ - 1\~:,:, ,,,,[..1/i.JI': tit J\T ~~(.l_i•fi(i ,)J 

r:t:vr.';FD !;y r. rncf'HJ Ft ~·.• ;u, l'J6t1 
c *M'·)i\OXIr·,;\f[- i·lf.:.i\1 h/\LJ\:-..:CI ( THL ul.iTPUI Ti 1-,f~f.I\ATl,l<! I', (J,i.(liL/; fir .. 
( K 1\ ;:, ;; U fvq N (, T H 1- 11 [ l\T C 0 H f I C I i" h T S M< L C '·' i • c; T/1 iH i!Jl TH If< ft 1 [ i•I\ i ' (, L 
c *HEHJEEN Tr!f I!\lPUT TF'·1PFI·~/',T1Ji·<E::.c, /1i~LJ TIH:· 0 1.;Tf'UT Tt=r·fJLI;fi.TUt<L. l 
c 
( 

C 	 -Jt P H Y S I C i\ L F i~ t)P E !\ T Y S U Hr.~ 0 U T I m S 1~ EllU I ;.:.; L J • 
c 
c l(· ;v, A X I r·: U>< VAL U E UF F-LV:! CCx·YU;~t:JH S' IS ~6 

1... r~ IN, I :·~PUT S TREM.:.s,r 

' ' 	 ' ' c 	 NOUT, OUTPUT STi~EAi 1'S' 5' ' 	 ' ' 
( 

c 
r 
\., 

C r··· Vf=CTOR 
C 1. ~:uu I P:·1ENT i'.\U\11·\tf~ 


C ?. TEt,iP[i-.<ATUI<[ OF OUTPUT ;,J:'<E:Afv~:;, ut:e, F, IF o., OvTPi.JT H.:·\PEi\ATUi~l 


C 't! I L L l.i E C/\ L C lJ Ll\ TEiJ 'W I L 1\ T I)/\ l 1\ J·~ C I f.;~) • 

C 3. t)i..(f.C,SURE:: UF OUTPUT ;.,Tf\Fllil,'), PSIA, IF c., OUTfJUT PkESSlJ;'.;([ 

( t\I~E StT cOlJI\L TO PIU·~,SUf,:r· OF 1ST Ii'·Jr)UT STRFI\:,;. 

C t, • ( c:; L /\ "-' !<' ) 


C ~'• {P,L,'\!\lKl 

c 6. Fl~ACT I ON ()f TOT .t..L I 1\il; lIT IN l :; T U!JTPtJT 'Ti<[/\.; 

c 	 7. 2ND' . 	 ' ' c 	 8. 3f-<D ' '' ' c 	 0. 4TH' ' ' ' ( 	 1 (~. STH' ' 	 ' ' c 
r 
\. 

C 	 t:i'JC VECTOf~ (C'?TIONAL, IF 2. Or t:~.\ Vf;::CTOf~ IS NOT ~,.;.J-
C 	 l • F I) U I P i·-~ E N T ~' U>~ r< t:: R 
C 	 ?. FU;G 
C 	 3 .. L Ui GT H 0 F f :·1 L I ~' T ( F C ~~ r) r~ H~ T l N (j J 

C 	 4. fJHYSIC/\L P:-<uPt:>\TY CV...1E F•.-i·, LICl.jlD SPr:CJFIC r~r·t.T Cv':FFIC!t:;\~TS 

C IN fHU/U;.I/.OLt/u[(.J F,(f-.LG/\Tlf~G POii;l .l_i;t5u0 
r 
\..... 

C 	 .C, '•1 VF: CTOP 
C 	 J • S T R FA. ~1 ~,1 lJ t"' ;· ~ 
\ 	 ? • c, TRt-:\'·1 Fl II C) 

C :~. TCTAL FLG·:~ rr·~ Lf)fvi(,U::/hi; 

C.. t,.• Ti::YiPUV\TU!:u_ If1 LJ[(JI;~L 1 I 
C 'j • P fU .", S U1\f 1 ;\J f' ~ d f, 

C c. FLO•.,; OF CC!i!r>,;.·.:u:T 1 I i\ _ ·''(,Lf /rt;·; 

( 	 7. ?' ' 	 ' ' r 	 ? 

.JB. , ' 	 .'"· 
( 	 9. FTC. 
( 

c 
C 	 S'K VECTr~t,~ - ~CH i~EOUL<F:; 
( 

r
'· 
( 

su~.!:.(GlJTI'<E ,Ji:f\1 (n;:> 
C 	 **",;·>HHHH(;,;,t.CSI'', (U:·>\J>~ DFC"' FUI< f'.L,,y: TIU\. f•P.,.5(J,1')66. T .. T.*>H<* 

cU''li·':U f'l ,\j u(() '-~P '~' <', E T s 'I\ r i•! ' i, l i I ! T 'i\i E 's r t•: ' : ' -~ l i '::)I I\.· () ( '; ' .3 1 ) 'H~ ( ~) 0 ' 2 0 ) ( r) 

( orv,V,ON ,£\E. i'l ( 4 ' l J 2 ) 'F i'~ c ( '::! 0 '/ :J I 'i;JUP f='' X' X ..... ;[_ i_ (; 6) H) r ,. (. ( l 7 'L 6 ) 'p p(v,X ( 1 7 ) 
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118. 

( ~~***«******~*~*~***~********************************************* 
C T Ul~U IF I,'~PUT SH~t::r\:·,lS 1\i<l -~'..H i•,Oi<C. TH/\.\ j 

IFI~IN.LE.5l GCTO 10 
•.•1R I T E I h , q 0 l N E 

1\'IN= 5 


l U 	 JJ= NOCO~P+":1 

,.... 
'-
(. 'lv':/1SS ~:;/\LANCE 

C I I f''>!PUT) 
[>() 1 J=6,JJ 
STRH0(~10UT,Jl= • 
r"\ 0 l I =1 , ~-~ T "1 

S T R i ~~ 0 ( 0! 0 U T , J l = S Tf-<11 0 ( ,\,J \J lJ T , .J l + S T WI: I ( I , J l 
C {Ol'TPIJT) 

L'U ? l=l,NOL:T 
S Tf.?;\\0 I I, 4 l = f,"J I rlF,? l 
I F ( F I~ I N E , 2 l • r: U • () • l S TF< >.:, U ( l , ,, J =S T f~ r< I I l , '' l 
.S TRV,O ( I, 5) = E:N ( NE ,3 l 
r F 1 EN < ~~ t: , 3 l • Fo • n • > s r r ';' c < 1 , ':) J =sr f.(;,, r < 1 , 5 1 
STi~\-'iOI I ,3)=:~. 
DO 2 J=6,.J.J 

S Ti~MO (I, J l = S TF<>,,O ( NOUT ,J J i~l:l'l I f'~E., 1+S I 


? STR:V;O( I ,3 J = STf<fv101 I ,31+0li\i·i0( I ,__,1 


C HU\ T !:ifiLANC[ 
IFIENINE,?l.NE.O.l GOTO 24 
JF!~IN.FC.ll GOTO 24 
CPTOT=C. 
FNTH= C. 
N 0 P P = EN C ( 1\1 E , 4 l 
DO 21 I=ltNIN 

X= SH~rv.I I I ,Lt) 


DO 22 J=l,NOCOMP 

?2 	 x~-1CJLE<Jl= srrmr<Id+:,l 


(1\L.L PROT-1IXI1l 

CPTOT= CPTOT+DP'Iv'XINOPPI 


21 	 ~NTH= ENTH+Pqf"X(f'!OPPl*X 
TOl;T= EIHH/CPTOT 

l!O :?3 I=l,l\l0l1T 


2-:\ 	 STI.(JVJO(J,L•)= TOlJT 

ZL+ CONTINUE 
( 

C FCJr~ '·L'\ TS 
"; FOP:v'AT (//1/lX, 75H*·*F~-<1-\Ui~~-XIN J!J,'•C\Jl I 1 1i;ljlt, : ~, 

173H, ~\IN EXCFf')S :;., CALCL.L.l\TiON CG'HL·lUf:S U::1Jr;,, THE Flf<~T F- IVl r:n' 
ZUT :; Tf-\Ef:•Y1S/ II I) 

( 

f~ tTURN 

ErlU 
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-:. r r·:~-rc '-i<:,TL'<l 
119.SiJiWOUTINE tl.')Tf..t~l 

( -x*****'f i·;/\( 0~I -: (\)1 iC)i\: D~(r,, Hn< /\L~'-YL/\TIU'·<. T.T. ,"'P;<.?q•l')b2.*-**" 
C: (; :i t.: U1\ f\l 0 U) 1·1Y , <.S E T S , :·~ I f'.j , ;'' UIJ T , r\l C. , S T ~~I l I C 5 , 3 1 l , S T R :,- U C 5 , 11 J , E ; \ I 5 2 , ~ D i 

( 

JJ=rWCCJ'iJP+5 
STR~O(l,4l=STRVIC1,4l 


STQM0(1,5l=STR.~IIlt5l 


S T i~ \'IQ C l , 3 l =G • u 

I)();>() J=6,JJ 

~TR~Oil,Jl=STRMI(2,Jl 

? 1 STRf\~Oc ldl=STf~l-':0( lt3l+STi;;r·i0Cl,Jl 
RFTtJR!\1 
u~:) 



r I ": F T C :o, /, v ~ U P 

;)L.,;-.;.;uUTINt. 1·.';\:<.EcJP 
 120. 

c 
r 
c - 'i u;) i ) L E I:Jf< I T T F ; . F () ,.~ <; H F L L ;\ L <_ y I_ ,q I \)I\ s I I '~' L A T I :Y J 
r -Tf-i::: t\CID f'/J\,(F-UP .SH~EM: IS '~FECiflED 1-~<::>', ;\ >:AS.S :~/ilhi,CE 

c F I f~ :-, T I ~~ PUT ~) 1 f \ t A:·: I S l\ C I I) r.; f C Y C Lt. 
c ::,('(CJI'-!U lf\JPUT ::;·,Ti~L/.;;vl IS ""'"l-Uf-' AClv 
(_ ;:: 1:\ .', T [ x1 r sT ~-~ c- ~~ :\i 1s /\ c I 0 r= ~- Lu Tu ~~ L 1·. c T~- ~~ 

'-, l~ Cmm E X I T ST~ Ul i ·' I S 1,-; t1. ST [ '" C I D 
( 

, ~: vr-:croR 
C l • f: G! U I P ,-.i F N T i 11. J C' r: l:;; 
'· ?• \':tiGHT r-:i~/\CTIO~·j /\Ciu I·~ :,,d;l:-Ur) /J_Ii/ (U.99- J.CJJI 

3• \'1~lGfiT ~-i-</\CTlUN ,\(IL. i\fL,i\Ju<U_; li\ r ... i.v· Tu !-::_i,CTUi< (U.bb- C.':lbi 

4• VuLU!'it F:</\CTlur~ Of i\t:f,C.L!r< rcr::.LJ Tr11\T l:J ;.,(i,_, (0.4'::! rr._; (h~\;i 

c ?• ST:~fl\il i'-IUi·i!·,t:_:< c;r· Ci~0/\1\i!C i·Lfu T(i f;:t/J... TOi~ 
6. LCJC/\TIOi\1 Cf t-'ttYSICM. 1-'i.;:...J;it kTY f-t.;.-< LL·uiu "r::, .. :_>lTY ( 1Jl 

c 7. LOU\TlOi\l Of PriYSIC;\L t-'i·:uHJ<TY f-Li< ~•,uc_L_UJU•:-< ..\f::IC}r~T (11 
c B• L.OC:t,TIOf\ Ur f)t1YSIC1\L Pi'\\•r)h<TY f-()f< L{i; l.u SP::.llFIC ic."·T (7l 

c 9. TlHPLi~/I.TU~f: Cif:.- F-~RFSH 1</.~.::-lJP /1CJI) (4-~.- 7G.l 
c l(i. COlii~TEi-<. rUk. (l;I~V[i~\.Jth(L f·J<.,)i,,JTlv~< ( }1\ITii,LLY ·-·Lr\l~:,i 

c ll. •'lEIGHT FI::::/\CTIUf··. vJ/;TF:I'~ TU r<l::./1CTU:~ !CALCLJLATctJ l!Y Pi<UG1<f,~.;1 

c 12. STOf-<ACJl 1-l.)l\ C.II\Vti<CJU,(t f-·1-il,,··,:...;Tl.J:•< (CALC.JLATi::.v uY h~l Pi~'-l(;H, l 

c 
-:.c*'l*-li·-lHH}J\i~(SI'i CCI'<i·:U:~ ~)t(K, t-Ui< /,U,Yli\TICJi·!• APi~.:;Q,l'.:i6d• TeT•***lf 
C. U!-'l[v,() l'l N()(II '.~fl 'i, S i:.:. T S ~ 1'1 I f\ '; l () l, l ';\, t '~ T ,..(' ~ I ( ',; ' 3 l I ' ~ T I< :•'0 ( 5 ' :C l I 'E f\; ( 'J ( ' ; (; ; 
COi··~i\~ON ,'\EN ( 4,1 '2), f. NC ( 5.;, 21..• i ,NOP~), X, Xi~·ou: I 26 i ,;;p_c..c ( 17, t.'.6 I' PP~,·x ( 17 l 
C 0 '·W 0 f'J S ~~ ( 7 ') , 3 1 l , D [ L S ( :-; l i , I< P ;.: ( IJ U , l 0 l , Y:, U;:; ( 7? l , y:., ~1 S ( ~ I 

Ul'-1ENSIOf.,l Y(J,4l 

~;OPP = Hl ( tlf: ,6 l 

~~ t. rr= t· .~ = F ~H r•; i: , :> l 

;>o ?l' J=1 ,.,, 


70 XIIOLr:-(.J) = ..,.0 
PC L,(; J=6,26 


t,,, XMOL-:.<J) = c;~~(i'lt:FFTD,J+')i 


(!\LL PRO,.!J I X ( 1 ) 
C. 	 r,:~~)Ufv;E ACli.: Tn THL l<lt\Civi""< ;:f'S P. .Jl.-_:·,::)ITY 1 ;r .i..~~? 

F4 ::: ( ~r)i•IX ( 1\~)PP) I ( l. v-:::.J (.'·it_ ,t., I) j ::-u·, ( rk ,.:., -,f[_yL ·'·c,;.:.. ;j 5I 

0; ~) J.) r = E N ( i\ E , 7 l 
f· 1 = 5.> Ti~ i,·, I ( i , 6 l >~ P P :~ C: ( h; C ~, P , l i + .'; T :~ <I ( .i. , 7 ; '" ~) P ::, C ( , l .. i' ;:-, , 2 J + 

S T :~ >1 I ( l , q l * P f' ::, C ( 1\ C.; f) r~ , 4 J + ~-; T :-~ ··: I ( l , l rt j -> f' r; c; :_ ( .· <,, P ~· , :~ I 

y ( J ' 1 ) = c. T :~ ':' T ( 1 ' 6 ) ,"" p !-' c:, c ( ,. 'i ' ' ,.;. i ) ' l I I f~ l 
y ( l ' ? ) = :', T R 'v! I ( 1 ' 7 ) * f-:1 p ·~ c ( .\' \.) p ~' ' 2 I I }' ; 
Y ( l , 3 l ·- ,, T ~~.._I;: ( l , 'J l li· 1--' F ~~ C ( ; : '·' .:: t' , t; i IF l 
y ( l ' '+ ) = -~) l i..: i•' I ( l ' l ',; ) ~i p p :_,C. ( i • ' ) ) / t· .L; f \I) 

y ( c: ' l } - 1 • I '- L i"·< ( ,· l t ' ; ) 

y ( /! ' ;~ ) = [ f\ ( ~~ f' ' ? ) 


c 
F ..,, "' < F 1 ,~ Y ! 1 , ;• l + ( F t,- F. 1 l -)~ r:~ i•l ( 1\ :- , ;; 1 -1: 4 ;: r- , ; { , , i. i i 1 ( Y · .• ? ; - F ·, , ! ; 1i · , r' • l, 'J. 

:::--; = fi":"?, + i-4 - fl 

y ( ") ( I F 1 _[:- •) j ' ) ) /: ~ !. 
-1 ' .. ·-	 \ ) l'Y ( l + ?*Y (' l ? '' y ( ' 3 ) = ( ( Fl-F - ) -~-y ( l ) -1 0. i,~ ) 1 r· 1,' 
y I '.l 	 )

\ 	 = ( ( r 1-F3 ) ·l< y ( l ~ L, + C). \.J I It- ;,
·' • '+ ) 

c 
A.Fli\Jt:~ FLUw '.~:F I;··.. f-'uT ;,C:lu ::;Th~_/"·' 


s T ':::: :,· I ( 2 ' 4 i = ,. I\; ( \! :::· ' 9 ) 
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;,Ti·: J(?,f,J = F?·*(l.O-l~:il(i•.f·,;>JliPI-'')C(f .. U-'i··,li 121. 
c; T r:: ;.· I ( ~2 , 7 l - F ? ~- ~ f·l ( N E , ?. l I 1~ I " C ( \ : ) P I·' , 2 I 
:~ T;< I ( ? , 3 l = ST r:.; :-:I ( ? , 6 J + ; TI<: 11 ( 2 , 7 J 
lJEFlfH: f-L01·.'S OF T'i:\: t.XIT SE<r:..~.<S 
(~Ti~f'i,0(1,6) = F4*Y(3,111Pf.lSC(NOPP,l 1 

S T i,;: 11() ( 1 , 7 l = F 4 ·l:- E 1\J [ I\ E' , 3 i I fJ 1~ S C ( '"' 0 h) , 2 l 
S TR ,vo ( l, 8 l = C • 0 
S T f~ fv' 0 ( 1 , 9 l = F L+ *Y ( 3 , 3 i I P P S C ( I': 0 P P , 4 I 

SH~~·'()(l,lLl = F'l*Y(3,4l1PP')C(~~npp,5l 
~TR~0(2,61 = Fl*Y(1 9 ll1PPSC!NOPP,ll 
S T ;~ fV () ( ? t 7 ) = F '1-* Y ( 1 , ? I I PP S ( ( !\ () PP , 2 J 

.C. HU/0 ( 2 , 8 I = Cl • n 
Sli.;,\,U(2,SJl = t-?-~Y(l,3l/t-'PS((I\UhJ,4l 
::;, T1<H 0 ( 2 , ll: i = F 3 *Y ( l , 4 J I P P :.:, C ( , ·l Uf) P , ~) ) 
FNINE,lll = Y(3,ll 

C COI''iVE:.I:..:GF."KF: ~)f.:(!\UTI\Ji'i SlCTli :'i 1-U:~ ',•J/1TL~ i\f.!lJ f,L;:::YL ;:--,UU'ii:>.Tt_ 

F ~-· ( ~·IF , 1 r. I = f: ~I I N f' ' l " l + 1 • r J 

v.i A TT i-\ = (F N ( ,\J r· , l ? ) - S TH. fV, U ( l , 6 l I ->} '3 • :'l 
1\ Sc: ::: - ltJ r, T F P ·lt ( 1 il • 0 1 6 11 q B • \.' l 
l F < t i\J < N L , l. G l • L T • 'J • \) l (J (j T U .l 'J U 

:_:, f ,, ;. ~ U ( l , 6 l = :; T , \ i ;, U ( 1 , 6 l - ':: /; T t. 1-< 

ST~~0(2,6l = STR~0(2,Al + ~AlER 
STf~iv10!ldC•l = STR,'-1011.1.::> /l.Sll 
STR~·'0(2,l0l = STf~fv<)(?,IO) +;\SO 

15C STR~0{1,3l = o.~ 
S TF~ ~,~ 0 < :? , 3 l ::: 0 • <'J 

00 l6U J=6,lu 
.S Tl<i,:O (l d l = :, H·U,.U ( 1 ,3 l + .S Tk>;C; ( l, J l 

16,_, ::,ho::•i0(2,3l = STh::'tL1(2,3i + ~:>li<,,:J(L,J) 

ENI~E,l2l = STRM0(1,6' 

C HEAT UALLANCE 
CPTnT = n.n 
F~<TH = CJ.O 
~:CP" = Hi<m:,8J 
i'O ??\: I=l•? 
X::: STf\\'J(J,4) 
:)U ?1(; .J=l,,\l(lCOiP 

;> l : X"'1n l. F LJ l = c, Tw-.n ( T , J + c, l 
(/\ L L P f.W i< I X ( 1 l 
CPTOT = CPTC·T + DPi<X ( iJ·JP;') 

? ? :' U~ T H = F NT rl + P P ;-. X ( ~ () ;) P l ;: X 
TUlJT = EN Tr1/CP TO f 
~Ti--<r•i0(l,4l = TCUT 
STI~;<0(2,t+l = HUT 

c 
::.; r nm N 
r ~-~ r; 



fl r1y··~ [(. i\ l I I~ C-' f: ~~ Ty ~)I) iJ ,, l; ,; r I i' t - (. I' '• f' u: ' u ·J T (I\ L (. uLA T 1 --·! ' 

\. t:. VI ~~, l U ;:· Y T • Tu. I i\ ( j .J' J L Y r' •; , J 'Y t; i3 122. 

<"; t: r · !~ n U T I f'l f· I' f~ n C1\ I 
c lHHH~k*-li·ll,v\fi(C,Jf· (,;,,;,,u!~ Dr(i'·• ru.~ i\Lr.... Yl.fiT] .. r<. Af 1 i;.;r),l'i()"•• !.l.~~l(ll 

c u >: ;, ;uN '·HJC IY•11- , ,._ s t: T s , tl I d , r• .j u r , l'l c. , :) r I<;' 1 ( '.:. , j 1 J , :•:. T ~~ .-1 u < 'J , : 1 J , ' ,,, < '> u , , c1 ) 

c c •': ;\;!) ,\j 1\ Ejj ( 4 ' 1 () 2 ) ' F: f\l c ( 5 v ' r.:' u ) 'i ·J up p ' X ' )VC.) L t ( .2 b ) ' f-' )J :) (_ ( i I ' .2 6 I ' ~-· t- I ·I X ( 1 / ) 

( 

'- Ciil: C< TH.".\ T i'HWP L IF'S v: I TH I~' 1 ;\'.;~; 17 

''= r<.CJPP 

IF (f\leGL..1ef'.f'h>ei·~.Lr..l7l '~'OTO 9•J 

\·J R T T f: ( 6 , li.J 3 u l r\ c , t\J 

GCTn 2(Fl0 


·h ; : T =: ,\l T PC ( f\ l 


C. T/d:Lc: I~.:rr:RPOLATIO:; ;-;IJT SET UfJ Y:T 

IF(~:T.GT.l' l CCJTO l<in 

C f)J\,f~M·'ETFi-; FuUf\TIC:N- I~Tf.>C=ll T~; Zl' 

c I-' liLy 1\ u I.: I 1\ L - y = A()+ I\ l k X+ A 2 *X * * 2 +A '3 *X ·;}-)\ 3 + ••••••••••• + ,:, ')*X l\ * ') 


1.'": 	 IF(:\n.r,T.? ;J c;uro ;:oo 

i\ 1 ::. ~J T - l \.! 


[J() I ?C J= l , nucc: ,p 


r= ;t. 

[)(\ l 1 c ;( 1 =1 .~n 


V = r-..• T + 1- K'. J 

110 F= PROPIN,J,Kl+E*X 


l 2. , P P S C I :\ , J l = E 

CjCTn 1.no 


( 

C PAI-(A'·:f:.Tf:f~ EUU!\Tlll>-!- f'ITPC= 21 
C Y= FXPIAIX+H+C*X*Xl IF A 15 ~UT LERQ, c:iUT Y= C IF A I5: Zl:.I~C 

? 0 n 	 T F U!T • G T • 2 l l r.n TC 10 c; 

X = X + 460. 

!'f: ?lC J=1 •"11>(0''"P 

PiJ'~r(N,,Jl= r'• 


;:! l 	 I F ( Ph OP ( !\ ' J ' 1 ) • i1 L • 0 • ) f.' r<J <. ( f, ' J i = L ..< P ( r" i\ (; '; ( I; ' .J ' l i I / + f~ 1· C; ;) ( '., ' -' ' .: J + 

!PRO~INtJ,3l*X*Xl 

X = 	X - 46 :; • 
(jUTU l~J:)U 

? '!( CO~.: T I NUF 
C Pi\I'\TI'':r; PPSC I Ir f:.SE·TS IS c,,-<l.ATci'< Hu~h (J!\r) 

l·,; '·' ~~,~ 1 F ( t( S C f ~). L T • 2 ) (J() T() 2 0 d v 

:: rn Ti:: 1 6 d : , 1 r J i'-1 , x 

':: ;:.; IT c. ( 6 ' ll.J 2 l, l d> ;) :) c ( i ~ ' J j ' j ::: l ' ; ~ lJ c.>:..:' 'I,_) ) 


c 
l' J l F 0 r< i·~ A T ( I 9 X , 2 3 H *f) H Y S I U\ L i~' 1-< 0 P UH Y f\ :.J • = ' l ? , 

:..lPFl''•3' 4':iH, IPPSC<NOPJ',.Jl ,J=l,r~c,c 1·f;) /q\[ 


102r FORMAT (9X,JH*, 1Pl0Ell.3l 

1 J'1 :; FU:,:\1/',T (I ?6H ¥-l~FRRDR;(-o'TI\ r:-:!Ult-)t,'f:i;T ''·!()., I?, 


-~1 ~:5 fh PHYSICAL P~;OPUHY SUHf\(JiJT H:L.:::, f'Yl Cf..LLtU •'-' I TH ;,u?P=, I 
.J ' 

)? l H • D ~~ (l c l\ L I s t I, yp t<:, ,c; f [) I ) 

2~J:,_;() •<t. I tH\i'J 


F~ 1':: D 


http:1Pl0Ell.3l
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c PHY~oiC!~.'..... Pi..;U:-;t-1\TY ~,lJiJt<UUT l,lf' - ,·dXTUi:.Zt:: C;\LC.ULATlGr·; 
123.1-U:: V I S E D G Y T • T 0 0 ;-JC, ff:. t '· • ? C , 1 9 no 

c 
r 

S l Jl m0 U T I N E P ? n'1 I X ( t: ) 

)H-JHf-**lHqvi,'\C.Sl Cl.ii-~1-,:0i'i DECI'., FUI~ f\LK.YLAT Ivr<. /\PI\.30,l'16fl• T.T.*·i~ki<
'-· 

CU i··~ r.; 0 N L U C ( \• P , .< S E T S "•t I 1\1 ' I\ Ul JT , 1\-J F , ~Ti-< !·i I ( ") , 3 l l , S TI-<U· i 0 ( ~ , 3 1 J , t:~ t•J ( '? 0 , ; 0 J 

C o:•ii-10 N /1. E l'l ( 4 , 1 ~l 2 l , [t\l C ( 5l , 2 C i , i'JU P fJ , X , X ,.,u U ( ~ 6 l , f-' fJ :) C ( 1 7 , 2 6 i , f-' P r/ X ( l 7 I 

( 

( 

Olf- C< 1 1\C, TH[ Vf\ltJf- OF I' 

1r IF(~.LT.0.0R.M.GT.?I GOTU 170 


:I:: >JOPP 


I r:· ( ';. E 0 • C l \)\\ T 0 1 ,} \; 

C'\ Ll Pr< CC/\ L 


( 	 1 l ' l. 	 TYI;L .l U\LC..UL/c, T lU,'1 ( t/;OL[ (,; ;;,L I 

IF(~.GT.ll G~TO 20 

;:>p':X(f';)= C. 

QO 11 J=l,NOCO~P 


11 	 PP·~X(f\J)= PPi'X(f·~)+PPCiC(!'J,Jl*X"iOLF(Jl 


r.rno J.nr 

( 

C TYP~~ 2 0\LCUL/\TIUf' (,,,ULE FI~J\CTI:..1:·;l 
2 L T iv:() L t: = :J • 

CO ?l J=l,NOCOMP 
21 	 T :---·1UU = n.~uL [ +Xf·i\)L t ( J l 


PD';1X(!'J)= (1. 


r·n ? ? .J= 1 , f\1nc0:.•p 

Xf\'OLE ( ~~ l = Xfi,UU· (~I) I H:Ulr 


?2 	 f.lPi•',X(N):: f.-)P1'i1X(f~l+ f)PSC(t.;,Jl-!<-X.'irjlr_(jJ 
(,(1T:; lCO 

( 

( 	 P~INTI~G PP~X (IF K~ETS IS GRrATF~ THAN C~~l 
1 ')I; I F ( !<' sETs. L T • 2 ) (10 T () 2 () () 

••I R T T F ( 6 ' l r; I ', ) D p J X ( f'J ) 
r,r~T'"' ?rr; 

,... 
\.. 

C 	 Pi-<It·:TI;\Jr; Ei\I<GF; ll\ li'' 

1:' 	 •;-;rnn: (cd5ll ~.:r:,r·.1 


>1= 1 

c;cnn 10 


c 
C 	 FCl!?'/,.f\T.~::; 

l":,· 	 FUt-<i--1l\T!9X, l?H~<PP;>,X(I\:OfJf-J)=, 1Pr.. l5.71l 
F'J FUi--(\1/\T (/]X, ?J.IPHq::;-\R(l[;;o;-:qi\ t·:JuU•··1U\T, r·~, 

:2CJH, t)f·W>ilX(:\') IS C/\LU·U 'v:IT.i i/1:::' :2, 
_7 6? 1i , 1'.' H l CH I s !\ 0 T h\ 0 v I LJ t u , C /\ L C uu; T I ·~; 1 , lL·'..; T I f\ U L :_, •,.; i. Tr·: :~, l- T T ·~~ 1 ,r1 

-:;. I 	 l 
c 

2···n 	 i?[T\11~'...: 


F ~~I) 


http:IF(~.GT.ll
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q, J !'. F T C ~~~ r /'. ( 2 c:; 

Sl!r':~OUTIN[ rnP·C?5 
\'; r~ I r Tc r--.: Hv H • c11 ,\i r~ r NCi 1-\ 1J • _i J • c} 11. T r-_ s 124. 

( REVISED 6Y I. S~AW ~~y 1)68 
r THIS ii,G~f:L PEI<FOI<f>'S /1. '·l\SS 1\;·:L) Hfl'-T i'f<.Ji\CL. or! Ti;F SHU·TCn' 
c !~Ef\CTOR AT SHELL U/\KVILL~-

r EN \/ECTOR 
r 
~- l. flJUIPI<Ei\JT ,'jlJI•if',[l-< 
c 2. SET TOt).,; TU SUPRES:) ,.f,~,s bAU1.1'-lC[ Pl~I.HuUT 

c 3. SET AT ~· •. TO SUPRESS rl[AT HALANCF PPINTOUT 
4. Sf:T TO 1. T0 SUP RES:._-, l_ I :1 I T u F C U 1:;: i-.i cL ;; T l U ,\ Crl L C K 


-). f-UUIPi·lHJT '\lU dt!-< OF !-Ji;UUliCT ~~l::YI\1-<;\T:;f-: 


( 6• LOC/\TICf< ~IF i'"OLFCUU\i.: vh.IGHT Ir·J 1-JHY~l(.SL Pi::UPL:_;Hir-·s 
c 7. LUC/\TlUi\1 :...)F LJ,,UlU S~·;::.Cll- IC nt..'-'ITS II. hiYSlC/,L f-'r<~ii-'Lh:TY t-'1-•.(0./H,L 

,
'

'· -i<UDFL USES CCI\RfL/\TIUN' [CuiJf\TI<;,:~.c, TU 1-:-<I.I!TCT CJtJTPtJT,<:, r:I·Uh~ lf\~liT.'"J 
C - ;, C I D D I L U T U 0 N I S ( /\lJ S [l) : \ Y ·,·J A T F I~ I f\! Hd~ i- f: I U /\ i'!i) r ' Y T h f P l;z 0 t) U C I 1u :\ 
C OF ALKYL SULPHATES 
C -Pf-<U'!UCTION OF- /\LJYL SUPflAH_S CALCULi\TTi; HY fQU/,TIOI'l:) :,ASt:::l) G~; 

C iv:/\':~S bAU\NU·S 1\f\JU FJ\CTO;-<S ~~r:LILVELJ TO t.f-1-ECT 1\Ciu (J,·iSUfViPTION 
C -A~Y NAOrl A~SU~lJ TO GU 1~ ~A2~04 

C -N-(3 Mm N-(L,. Al-<t: f,Ssu;.;[iJ INf:.i<T !J-d) Ur~Uii\:\GLJ !\CROSS THE Rl:./'CTCJi-,: 
C - I - C 4 US J\ G l I S C/\ L C U L .ATE tJ r: f\ U ~;; I - CL~ T 0 CJ L t: F I N US 1\C.) t: FA. C T () F< S 
C -CLEFINS ASSU~FD CU~PLETELY ?fACTEJ 
C -ALL OTHER OUTPUTS CALCLJLATlU C\Y f\i:Ld-<LSSICN u,;ut\TLJi'~S 

c 
C STR~I(l,Jl IS THE ORGANIC FEEJ TO THE REACTOR 
C STR~l(2,Jl IS TH~ ACILJ R[CYCLE TO TrlE k~ACTOR 
r 
\ .. 

c ',HHHH(-** rJ:f\C)J,: CJ 1:;.,u,·-J ot:.cr:.. , f-Uk i\Lt(YLI\TIUI\• T.T. ;~pr..;.:::::<J,l'76d.·lHH-* 


((}:I:\,., 0 N l'l U C 0 r: P , K S l T S , i-.: I ,\ ' !.. U l JT ' i'lt~ , ~ T l·C-~ l ( ') , :-H J , S T 1< , 'h) ( ~ , 5 1 I , t: 1\i ( S 0 , 2 0 i 

C OfJi'·10;'l A EN ( 4, l';? ) 'F i'-l C ( 5 \, '2,: J , I\: Or'~ 'X.' X;;,(Jl [ ( ? 6 ) , Pf<.)C ( 1 7, 2 r, l 'P P rv· X ( 1 7 l 
D 1 :.1E N s I oh d < 9 > , c < 9 l , [; < 'i 1 , ~._ < c; J , r < CJ 1 , c.~ < '> 1 , H < '-' J , k < () ) 

i~I;'F!\JSION Hl'1L.~\'T(9), HT,-'Li'T(cJJ 
( 

( Ucfl:\it cor~ST1\NT-S f\NU CC;i-<i,cL.f,llui~ C.!lrt.l<...Il,~TS 

Li /\ T;\ u I j 3 • ' j '+ j_ ' - ~) • 0 (J 7 1 .L u ... ' () • :_, ' - u • ,, ~ ; (; ; L~ it :-5 ' (j • ~I ' : ' () t. 0 t<::i ~-:\9• 

- u • :' ?. a6 L~ L+ , - c • 'i 2 1 :-~, il 7 , o • 1o4 1o-, 1 
l) f.\ T I'\ C I 1 5 • l l 8 c; , - CJ • 0 2 9 2 b 6 -/ ~ () • ' il 3 CJ 'J 6 (' ~ - C • r; 1 i; 9 1 ~> 'J ' C • 0 r~ 7 6 3 q 4 9 , 

0 • :1' .. , ( '9 3 , -0 • 1 7 7 7 e 'i , - •• • l 3 ') 1 2 6 ' 1' • 0 1 3 "3 r'· -:>_ 8 I 
;-;AT f\ D 14 • 9 9 :, 5 Lt , -: · • o ":l, s1 c~- r; , r). 1~. 4 56 1 9 , 0 • 11 c, L1 .; 7 F- n ,~ , :; • ,, ".1 ·:;, 2 -:>. ~~ ,::. , 1

1 u • 1 j c; 7 ') 4 ' - 0 • 1 6 H ') l '3 • - I .i • 1 u 2 (> () -( ' (; • i ') '• 7 7 '3 I . . 
DAT f\ F I 2 b • ;_ 7 6 ) ' - c • GLj. 0 :::; ·~ c., • 0 • L ':· 1 4 ':1 '.1 ' .• (: ( .: it c -I / (:; l ' - 0 • (! l :;_ ~~ Gc ~- ' 

J. 

I. 	 - (J • 1 8 2 7 8 l ' - (_) • :,. L, l 7 ', (, , - li • CJ 'J 4 C 1 ') 2 , () • 2 8 61-.6 -~ I 
u r .. r /i. F I-B.4'+7:')6, c:.0014'+2c· ., -,j.l489;~:,, ~~·.U?23'J';~'' -O.:JL217'Jv'5' 

.L -U.v72Lb:;J, -;J.,J2:'>t::n, -c;.:Jclt<)•,Ll• :).617:J.LZ.. I 
D/\ T /\ c; 12.45·9~:, -c;.C.Jl05:>13, - '•';0')1:~17;>, -D.0027:;32i., "..()C:Itl!f.<l"(;, 

l O.l-i6672~ -O.(J641~6:)Lc, -.J.Cl4b?'J14, f).~C)')67:2?, I 
'~ ·' .- A I 1 fl • C) ? 6 7 ' - (· • () 1 7 ~) <) 7 ~, ' () • ' ) 2 7 r; 9 7 ? ' () • () 1 ~ 11 '? ':_) ' - r • 7 ~ ') c::, () !+ [-: r;, ' \JI"'\ I i' H 

- u • ? J'1 ·'~ 2 8 , n • u B 2 ·r 2 1. 1• , -u •. 1 1 ':J (;J, o , ') • 1 :::, oi\ ',~ i~ 1 
·~,/ ;-, i i-\ i< I 7 • 1 l b 3 4 ' - 0 • G l 1-t () d ') :5 , - ·1 • :J :3 '+ ') lc• '' , - <J • L, 11-t L, ·-' <t 6 , \' • :_. ·:; ;-:, :-::> ::;; '.::' .::_ / ' 

u • ::; -~ 7 l 2 k) ' - L • L.: (;~)it Lt (~ , - u • L-~) (j ()I+ I ., () • ,_: () j:.; () .<~ I 

) /\ T /\ f I I H L !\i;T I 2 I+ s • [, , 91 • L~ ' (, 0 c;. 1 ' 9 ec;. ~I • ';,? • ~) ' 6 / • ',; ' 1 '1 c • I; ' ? -=· • J ' 
lCO.:• I 

Ci f\, T i\ liT ;v; Lfv. T I '~1 2 • 6 , ~:, ':i • 6 , L '/ rJ • (_, Cd '+ • I , ? H • l , ~ '1 • .r , ':1 • (J , 6 • 7 , C; • (;I 
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c 	 125. 

TtiiS CH~~Cr~S H)F; IhPUTS l.\..JT .r CJi;,'\[L;\Tl,.i\ l...I·IT5 

IFI~NINL,4i.GT.~.5J GO TU l~ 


~·U l; J=l?,2..; 


L.L = J-11 
I r I :; T R ~11 ( 1 ,J l • L T • J T:-i L)H I L L ) J ':;I< IT f:. CtJ , i+ '+ '+ 6 l l:J T !"'i Li•d ( L L i ,J , S T I\ i·\ I I l ,J l 

1. · IF ( ;, T R f/1 I C 1 , J ) • c; T. HI HLf··i T ( L L. I I \til=< ITt: ( 6 , '-+ '• '+ 6 i i-1 I HUH I L L I , J, S T I~ r., I I l .J l 

C US~: RC:Gr~E~.,Siu;•J t.LIUi\TIOh~ TU C/\LCUUITc f·LU\-1':) It\ :J;.;,;t.~>,Il Pi:,;st: 
E) '.,TI\:v,U(l,4) = STI\.d (1,4i + ;q.() 

~' T I< i<C• I l , ? i = i3 '::). v 

.c,1i~,.,(J(J.,(J) = ~~Ti~ l(l,6l + STi~:,·,l(2,l>i 

s r ;,) ,\1 n c 1 , s l = ') • c 
STI;r'U( 1 ,9) = .'~Tl":'l (},9l + STW-~I 12,r;) + '•"'''~;TI~'l ( J ,;-~1 
.\~ 0 P P = E f'i I <'l F , (J l 
1,,' r-~ I (, HT = n. :·, 
DU ;'c; J= 1,26 

,: E ICHT = 'l.'FIUlT + .::,TRI'~'di~,J+?i'-<-PPSC.I'Uf"'r',J' 


;,c. I D = sT i~ 'Vii ( ? ' 7 l ~~ p p s c ( t·, G f-' i·' ' ? J lv·i t~ l ,.)[1T 

/iCiJC) 1 L = ( ( sT:~\I ( 1 ' 1 3 J.)~ 2. • 0 J.j( ( l • d + ? • :., X· ( l_;e ') 0-/\c IL, I i + 


1 
I. I (:",Ti~,l,l I 1 ,16i+STI<i"l (J,l7l J·*r·•(>ii:·(].C + <•5~·(:J.cjc:-,,CIL-i J + 

? 	 <; T f? ~~ I ( l , ? :l l -~t- l • · ' l -):· r ' • ' : ·! "J, 5 
f<ATIO -· ST R i-' I ( l , 1 5 l/ ( ,c) H: :~r I ( l , l ·3 ) + ', Tf.( ,,., I I 1 , l ,, i + S T :~ ,;; l ( 1 , l 7 i + 

1 S Tf-Ul, I ( l , ;> t) J i 
1\ C: U! I L = 1\ C U G I L -ll· ( l • C + ( 5 • ~- i·<~'· T I C i -Y-<J • l 11+ I 

;\C.IJU l L = ;1cuo I L. i:· ( l.u - ( ')u. u-~> T t'.J·.·.v ( l, 4 J J .;~u .L.l4·J 1 

~)Ti~'··\U(l,lUl = .SH<>ri(1,lul ·+ STI\,i:l(2,1CJ + ;,(t,OIL 
SHU'.O( 1,7l = :'.iTI~i·'l C2dl - 'iH:it,J I l,Hl liC.;.') - (~.iH~i\0(ld(iJ 

1 	 < S T r< i:, I I 1 , 10 l +S T F<. \I < 2 , l r• J J i 
S T i~ .' :o C 1 , 11 l = c, Tf~ ..; I ( 1 , l l l 
s nu.~o < 1, 1? l = sFU··1 r c 1, 1 z l 
s r~ ·•i o < 1 , 1 ?. l = :1 • L 

::iT I·U•10 ( 1 d 4) = S T I\ .,;r ( l. d t,. l 
:)Tt~.•\0( 1,15i= ~JTi<1'-d lld5l - (0.87()(J*:::,TI<·d ( l,L~i+l.(jJv*~ Ti;-;, .. J ( l,lGi 

1 + 1 • u0 1 i~ s T ~~! •i I ( 1 ' l 7 ) + :) • '; ,, 1 } ·A·:) r:; :, I ( l. ' ;r; ) J ·Fj • 'J 2 6 
ST!<~/.0( 1,16) = u.\J 
s Tr:.: ;'.' () ( l ' 1 7 ) = I j • u 
(')Pf~•()L; = :ICJ.l + 11(?l*·:",HU·,l(l,l2) + c>(3l*.STi~;•;I(J,l~~) +~~~~J-r.· 

L 

1 .c. T r:; '-1 r 1 1 , 1 "'' l + ,~ < '.l l if sT": · r ' 1 , 1 4 l + r~ < (J i ·;(· c; T ~~ ··: r < 1 , 1 7 l + ,, ( 7 1 * 
.? STR,'·1I(l,J6i + ''UlH•ST!...:;.il(ld9l + r;(r1);~'.Tf"-':C.:(l,t•; 


STi\,\i0(1,l:'l- .STI-<!'.'I(l,li.il + ().]i.)·l~(':;fJI·<Ut 1 


s TI~: 1U ( l ' l ') ) ::: ::_, l i< :·/ I ( l ' 1 'J ) + c. 'J (; :1-( ') ;) !<I)~~ 


S Tl< ···;0 ( 1 , 2 U) = c.. \j 

,', T i<;'<i CJ ( l , 2 1 l = ··, Tl \ i I { 1 , ? l l 
ST!~;\1()(1,2?) = C<ll + CUH'.T·~,I,J(l,]2) + r('>.H<ST:<:,;(ld...,i + ((i,P 

l sHU', I { 1 ,} 5 ) + c ( <=; ) * s T r-:.-1! ( l ,J. /t ) + C. ((, j ;; r. T i-! ' I ( 1 'l 7 I .•. ( ( 7 I X 

? STR:-:IIl•l6i + CU~l*STi<,':l(ld9l + ((' J-;<c,r:.• : . .(l,tl' 

S T ~~ !/0 ( 1 ' 2 ? l =.c. T R t•' 0 ( 1 , ? 2 l + ~:. T i? ::1 I ( 1 , ? ? i 
ST.\!,'0(1,23i = STR'··II!l,2'~) 
. .:Tf<:·,• ..dl,2Lfl = L)(li + l)(!l·~·STJ~.•:I(l•L~) + t_;(?l>t;:JT·< ;( ,j_~~) + :.J('-H 

STR>d(ld5l + :)(5l*ST!~;-:llldl+l + :..d6H:;T;'":I(ld71.,. ;,(7lli 
2 ~. Tr~ >1 I ( 1 ' 16 ) + l) ( () ) o.;. s r r;; ;/ 1 ( 1 ' l 9 I + l) ( •') I .,~ :; TI< I' .v ( 1 '4 I 
s n~ ,'.KJ < 1 , 2 t+ l = '; r ::u, ; < J , 2-'+ > + .r; r P f/ I 1 1 , ;; 1, ; 

STf~\i\lll,25l::: F<ll + E(?i)(;:.TI~ 1-'IIld2l + :c("i·x·sT:zi'.II1d:~J + t('+l-X 

S T r< t-~ I ( 1 ' 1 5 i + c ( S l *S T 1;: I', l I J , l 4 J + c ( 6 l ~:- ::: Tf< ;: I ( 1 , 1 7 i ..._ E ( 7 i * 
2 S T;:.;;:;I ( 1 , 16) + f: ( d l *S H;i,, I I 1 , 1 '/) + t:: ( ~J l ~.~- S Tk:/0 C l , 4 i 

http:E(?i)(;:.TI
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;) Ti\ fv,ij ( 1 ' 2 5 i = S T 1~ r·i(J ( l ' L? J + ;; TI·< i•, I ( l. '£. '., i 
126.

~T~~o<1,261 = sr~~I<1,261 


s T ld/,() ( 1 '2 7 j = F ( ] l + F u H :~,ThY I (l d ;> ) -+ f ( ·: I *s Tf~ ,·;,j ( 1 ,} '3 i + 

1. S Tl~~-~ II 1 d? l + F I 5 l *S Tf~,J I < 1, lL+i + F! 6 I l~',l i·U·1I I l ,l 7 I + f' I 7 l * 
? STI~.·t;I11tl6l + F<fll*STFe•li!l,J9i + r(9J-I(-c-,Tl~H1(1,4l 

::. Tl~ \1() ( 1 , 2 7 l =S H< ;,~0 ( 1 , ? 7 l + c:, T I~ Iii! ( 1 , ? 7 ) 
.<-;TRf'-~0(1,281 = Ci(ll + G<2J*ST"~'il(1,12l + (J(3i*SH~:·II(l.13 1 + 

l .:,TI~.1I(ld5l + ()(Sl*STI<.I<l<l.l<+l + G(6l-:<-SH\i•.l{l,.i.7l + u(7H;
? ~Hi;· i I ( 1 d 6 I + u ( B l * ,S T1:.:;" 1 ( l , E• J + l: ( 9 H" ~) T1\ :·•, 0 ( 1 , i+ i 

,) TI~ :;, () ( 1 ' 2 8 j =::.:, 1 p f.!() ( ] ' ? h j + s T R I I I ( 1 ' ;> t) J 
ii ( 4) .,_.~" T !..; (flU ( l , 2 9 l = t'l l J + H ( 2 l "-' S TI<;\, l (l, J 2 ) + II ( :3 i l<· S Tf,; ,,: I ( l ,] 3 I + 

~- S T I~:.~ I ( 1 ' 1 "; ) + :-1 { 5 I -ii- S T F~ •'', I ( l ~ }l! j + ! 1 ( 6 i -l~ c, T I;~ 'i I ( 1 ' ::. 7 ) + r-: ( 7 I * 
? S T R ·.;, I < 1 , 1 6 l + H I H I *S T R I ( l • l 9 J + H ( 9 J * S T F\ ;·; U ( l , '+ i 

_c~ T!~ v, \) ( l , 2 'J l =S T i-< .• ; 0 < 1 , 2 9 l + 2, H~ :< I ( 1 , 2 cJ I 
!\ !• = i~ ( 1 l + R ( 2 l ~t- S T i-\ ·.' I ( 1 , 1 2 I + i·< ( '-'. l *S T ,.:; I· I ( l , l :~ i + R ( !; ) l} 

1 ::,n;,<IIb15l + i~(5l*STI-<:-1IIldt+l + i-<:tol·*ST:~i.I(l,l7l + id7l'-*' 
;· ~TI-<•·il(l,16l + i-<:(Bl*STI~:·.l(l,l9l + i-<(9l~<STi·C':0(1,,_.) 

.S H< HO ( 1 , 3 Cl l = .; • 5 i(- .r-., A + ~' H·>1
: I I l , 3 ~;- J 


ShU'Uilt3ll = '..• 'S·)~AA + STI~!1I{l,3ll 


C tJCJh>iALIZATION Sl.:CTION 
~-iOPP = F~·<(NF,6l 
'1 == NOPP 
CI\LL PF:WC;\L 

C SU:·~ THF '::Eic;rn (1F INPUT M~u :,;UTPlJT uf,~C·,f,:.rc_~, TU dl /,u,<,•AL~.IZE;J 

SlJi'-'lii\J = STf:.:i•liild'~)-l*P~'.::,cL'it8l + STh:,•ii<ld6i*PPSCI>~tllJ + 
1 STRMIIJ,l7l*PPSC(~,l?l + STRMIC1,20l*PPS((/,15l 
? ( S T R ~-10 ( 1 , l • l - ( S T 1;; >1 I ( l , 1 : l + .S T r~:' I < '2 , :;_ 0 I J l * ~-, • 5 1 6 >< P P S C ( :-':, :':· l 
1 (STRiV:O( ltl5l-ISTi~'·•1I (ld5l+ST"Uil !2,l,?i l )·iH)PS((,, tlJl 

c; Ur/ 0 t11 = C 5 P R 0 D-)(- P P ~~ C ( r··" , 1 '+ l 

DO 4:) J=ZJ ,'3} 


,,; SU·:~)UT = SUr·~GUT -~ tsT:~i'-:O(l,JJ-ST-<.·.1(1,-Jli·A·PtJS((i\loPP,J-5l 


t:..A = SU;•;II\/~·,u:;;CUT 

5Ti<;\\0(l,Hll = STR,\.:1(1,181 + ;:'.A-*C5fJiWLrKCel0 
1STRi,'O(l,lci) = ',Tf\~il(lt1':Jl + /\l\*(•)l<~O[)~H .90 

CO 7U J=2lt31 

7'• STI<~'OC1,Jl = srr...Y.I\1,-Jl + Af\.>(<.sTI<.·i:J<1,Jl-.c)ri~ •.• r<l,Jl1 


s Tq' ·o c 1 , ":~ 1=r1. r 

!)() Ru J=6,3l 


B :, T i\ H~) ( l '3) =~, T l~:l·i\) ( l '3) + ::. T ;\ :/;U ( l 'j
I 
IrCC:1(N[,zl.LT.).')) l.1U TU 110 
DIFF"PC = (SUfviiN-2)L.W10Uf lKl ...J.J.•.I/~,1;:/l;J 
v.Ji<ITFC6,}(H:'>l c:tJr-·11N, c,III'',UtJT, i)Ir-f-r-J( 
,•I I< I T F ( (, ' 9 (; 9 7 ) 

DO '?(J J=l,?f• 

A/\- ST!UI!(l,J+'J)l:pi>c,c(l,.JI 

(\ LI ::: sT , ...; j'i 1 ( 2 ' .J + :_, ) ·)<- p p s c ( l ' J i 

CC = 5Ji<;,..,Ci(1,.J+5)·k~PSCCl,Ji 


9 C. \1J r~ I T Fe ( 6 , 9 'I 9 q I .'\ l\ , H ' ' , C C 
(_ 

C lnECK OUTPUT FOR NfGATIVE ~LGWS 
1 l i. 	 I F ( ':; T f·~ ~··'0 ( 1 'If ) • (j T • h • 0. 0 ~~ • sT p ji C) ( 1 'Lj. ) • L T • t,. r; • c i '.'J 1.;; I T F { 6 , 4 4 4 ~~ l 


IFCSTR"v10(ld:::.J.GT.STRi',nCldt:,ll (j() TO 20'' 

DC 15,J J=6,31 

IFC~:TRV!O(l,Jl.LT •• OJ C;() Tn !_l,;j 


1:,,_ 	 cu;n INUc~ 

http:IFC~:TRV!O(l,Jl.LT
http:A/\-ST!UI!(l,J+'J)l:pi>c,c(l,.JI
http:IrCC:1(N[,zl.LT
http:uf,~C�,f,:.rc
http:G(6l-:<-SH\i�.l{l,.i.7l
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GJ TC 	 26 C) 127. 
i:JITFUH252l 

'.·! P T T F ( (-, , q o c; 8 l ( .c,rr<\1!! ( 1 ,_; l •.1=1 ,~, l 
•.-:r;? r r r~ < h, 9CJ9fl J ( S T R ~·1 I ( ? ' J l , ..J = l , ·~ l l 
~'; 1-< I T c ( 6 , 9 9 9 K l { : ' Tl-< ~v1 () ( l ' j ) ' .J :: 1 ' 3 1 ) 
c, TOr> 

c ***********~*~*~**~********~************************************~* 
c -!iEt\T U.t_U\1\CL C:f.L.CUU\TtS Tit~ r:t.t\T HIAT •<UST "-t:: RtliCJVI:._; E~Y Tt1E CuiL' 
c I f\l THE R;-\ C T 0 ;:;> M\ D H~ 1\ N S i:· E:\ :_; Tri I S Ai/ 0:. Ji" T T\._, HIE P iHJ u lJ C T S L ~_, M< AT _, '· 
r -H~t=- HF1\T OF Kf/ICTI01\J IS (,',L\I!U\TIU f(ig.J•·1II\(, THE FL0':1S .:F CLiTI.\ 


MW USI;'lCi V/l.LUI:S FFWii ClJLPIT t'.UJuSTT!) !.:Y /, PLi\I••T Fi-CTCW 

-Tnt:_ li'~iPt.LLt'~ 1il::f\T lt\Pl;T .i.S Tril:. t:.\.,;UlVklt:.td UF ;.>. ~,; Hf-', UTLi•< 


26'J 	 CO>·IT I NUE 
F:i'<TH10J=U.C 
NUPP = tN(NE,7l 
DC 21 I=l,NIN 
X=STRi''ti (I ,4 l 
:'JO ? 2 J= l, NOCO\iP 

22 	 XMOLE(Jl=STRMI(I,J+5l 
CALL PR0.'H X (l) 

21 	 ENTHIN=ENTHI~J+PPf<X !N~WP li<-X 
X= STR;vJO(l,41 
DO 24 J= l, 1\JOCO~·~P 

?4 XMOLE1Jl=STRMO(l,J+51 
CALL P R 0 !'-1 I X ( 1 ) 

FNTHO = PPMX(NOPrl*X 

H R = (3 5 2 8 • *· S T f~ :,1 I ( 1 , 1 ~ I + ~ ~~ '+ 1+ '1 • * < .s n~ ,,~ r < 1 , 16 i +s Tr~ ,'.q ( 1 , 1 7 l 1 + 


l 3 4 9 6 o • ~" sn~ ;J, r < 1 , ? c l J * r; • s4 "> 
HI=l26GUOU.l; 
HEATLD=ENTH!N-ENTHO+Hk+HI 
IFIE:N!NEt3l.C,T.C.5l \"ii~ITt:Un55'::l5l Ef\ThiN, l::i\THG, Hk, HI, HEf•TL0 
:'H\ ~l = f N ( i\1 E , ~) l 
ENI~NN,51 = HEATLC 
FNC<NF,l61 = FNCNF,8) 
RETlJRN 

c 
( 

2.j2. r-ut.;Hi-\TU//?1H *·)HH<- .STQf-l l~lUiUSc fL~!:J 1,, i-\Lf;l.Ti.Ji" LXIT I.S r,t::0iiT~VL/l 

l,.J,.~ Fui-<\1AT(/37H l_;i~Ci/;r·dC Ii'-JPUT Til !'\C: iWI..(!.'J,.L:t.ri) (Lt;.l, F11.2, 6X, .~~'rtC,,, 

1 T P U T Li E F 0 R E:: :'W f~U/fd_ I Z I r.,. Ci ~ f- 1 1 • 2 , 6 X , l1j • 1 ~' U~ C L N T ,~ I i- F t. iH: t'K L , r: • • '; I ) 
4'+4b FOF<JVAT< 25H 1:-tH~- COF:r~FU,T!Ui't Ll;i,IT UFtF7.1' 2'3H fXCf:,•Ft.i FC~ SH',•ol 

l(l, 12• J·.:Hl \•JHICH !S, f?.], 27il lt'J Thr :df\\T<,i: ,:.JuULt lHll}J 

~~'•'~e F(JI.(tJi/\T(/ '~-''\H ·lHH," REf.,CH,i< Ti~: ..:PriJ\i'Ub:l· 'iUT~-)iuL c.I,·,lTr. :<-)Hi/1 

5 5 5 S· F 0 k H A T ( 5 X , 1 HH~ i\l T t i f-> U) Y I i < , F l 2 • J , '-) X , l 2 1 1i:: iH H /\ L P Y :J, J r , F l / • .~ , , X , 1c i : 

l H t: /\ T 0 F 1-< t: ;\ C T I 0 i'\1 , F l 2 • 3 , I , :) X , 1 :--1 H ltiY r:. L U·Y Hf:J1 T , F l .:.' • J , ·1 X , l ~! ti I', T f..; l_ l_ u /i 
2DtFl2.'3) 

'J9'-J7 t-0i~~·1AT (! l2X, 32n!<\/\SS i- Lli'::S If" rli\tJ GUT 0F ,~i:.i\( TUrU I 

9998 FUR~Al(5F2U.5l 


ogg~ FOP~AT<SFJS.l) 

END 

http:FUR~Al(5F2U.5l
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;,r 15 F T C R F 1"' D I N 
SU~ROUTINE REAUIN 

] 28. PHYSICI\L Pl-<CPFf.;>TY ~.ul~,f.':lUTli'lF - ~)f',TII. 
r REVISED HY T. TOGNG ~A~.?A,l96H 
c *P !\ .~ AY E T f~ I C 1:: r, T1\ i-( l 1\ DH~ c; m, I Y 
'

r 
' 

C *INPUT OR OUTPUT STREA~S AkE OPTIUI~AL 


C ~!- I F C. A L CU L 1\ T I 0 i'l 0 ,-.{ !J E. f~ I S S P F C I F I L ..) , C1-, L C U L ;, TC: TH I S SU b 1:.: 0 U TI f-. ~~ .A. ~ 


C ~-THE FU\ST EG!UIPtvlLf'.JT If~ J, LJ!i-<t.CT CALCuU\TIUi'~ 


( 

-)~i/1-\XHI,LJ:-' NUf/[3ff~ Of PHYSIC/-\L Pi-Wi_)L;nrr:::. <CODi::_SJ, i\OPJ-l, IS 17 
-r.,'>'./\XIfv;u:~ Nu;-1f:EI-: OF PM~Aiii~T:~IC CUI,JSTMHS PFi~ CU;iiP(~·f'iLiH, L(_;(, IS <t 
~>i!\XI ·iUfv' NlWHFi\ CF FLUI.Af C:C:n<f->C,\j[,~Ts, ,'•jcc_;;·.:p, IS 26 

c 
c 
c *>(*-l(**"H<;viACSir· Cl1-'.;.,ur~~ LJECC:., Fui~ i\LKYLI\TIO,\l. i\I·<~.JU,l768. T.T.~HHH< 

C 0 >' f< 0 r-~ !1lU C C f/ P , Y, S F T S , ~-H [\i , fJ UI JT , >l E. , ':, T i-< ;-.n ( 5 , 3 1 l , S Tf-': r~: 0 ( ') , 3 1 ) , t:. N ( ') 0 , 2. 0 l 
c ~******~****~**************~************************************** 

COM~ON/PPDAT/\/~TPC,l71,L0C(l7l,pRQP(l7•2S•41 

DIVFNSTON NO(l7),~TYPE(17l 
c 
C READING PHYSICAL PROPERTY DATA 

RFA0(5,11) NPP 
DOl II=1,1\lPP
READ(5,12l I,NTPC(Il,LOC<Il,i\TYPt:<IJ 
1'\0 ( I I ) = I 
~HY== ~HYPF (I l 
IF <NTPC<Il.LT.1\Jl GOTO ':> 

c 
C PAR~~ETfq READING 

L= LOC(ll 
GOT0(6,7J,NTY 

6 DO? J=l,NOCOMP 
) R[f!,D(5,13) <PROP(l,J,Kl,r(=1•Ll 

GOTO 1 
7 DO 1 J~l,NOCO~P 

3 READ(5,14l (PROP(I,J,Kl,K=l,Ll 
1 CONTINUE 

GCTO 30 
c 
C TA~LE READING NOT YtT SET UP 

S \•JR IT F ( 6, 1rl l I 
GOTO 31 

c 
C: ;:JiU\JTl,\J(J PHY~IUIL ~-J;..;oPLI\TY [_;1\T/, tif <~LT:) L'. CJi<L:;\Tr,< lhr1:~ cmi:.l 

3L !~(K~ETS.LT.?l GOTO 40 
3 l ~-J !< 1 T E ( 6 , 1 S l 

·.<J r~ I T F: ( 6 ' 1 1 l 1\: P P 
)0 3? II=l,~JPP 

1 = ~·!0 ( I I l 
~RITE(6,l?l ],~TPC(I ),LOCI] I,NTYP~( Il 
~- = LOC ( I l 
\'TY= NTYPF(IJ 
;)() '3 2 J= 1, 0J()(CWP 
GOT0(33,34l,NTY 

3 :3 V.! i-< I T L ( 6 , 1 3 l ( P 1-( uP ( I , J , K l , K =1 , L l 
GOTO 32 

http:LJ!i-<t.CT
http:EG!UIPtvlLf'.JT


34 	 vii-<:ITc-(6,14) !Pl~OP!I,J,k,I,K,=l,Li 129. 
3! 	cm,,T I NUF: 


1
:' R I T t: <6, 16 l 


c 
C SUL:HWUT!NE hti\UIN IS USlU A~ A uUi>\i'i\Y LiJUII-'I·it.i'T 

4U JJ= ::>+NOCOMP 
DO 41 J=3,JJ 

41 	 STRMO(l,Jl= STRMI(l,Jl 
r: 
C Ff''?'-'A TS 

l 1 F 0 f~ iv1 A T ( I 1 5 ) 
l? FOf::Z,V;AT(4I15l 
1? FOR~AT!5Fl5.AJ 
14 FORMAT <1P5E15.6l 
15 FUI-<II:AT <1Hl, ?'~h PHYSICAL 1-'rWPi::.lnY lJ/1TA, ///) 
1 6 FOf~ ~' A T { 1 H 1 ) 
1 ') F 0 1\ '-1 f-1 T ( 1 H 1 ' ':3 'J ( I l ' ? 2 H P H Y S I C A L P ;--: U P Ei-< r Y !'U • , I '3 , 6 6 H 1-: r7 c, U I I"< E S T .1\ f; U

11-< EAD I N \'li H I C H I S NUT P 1-< 0 V I [) L D Y E T • I\ E 1\ U I l'i CJ ~' T 0 P P t:: U • l 
c 

1-< E T L!i-< N 
END 

http:1P5E15.6l
http:FOR~AT!5Fl5.AJ


<r I 1~ FTc R ~ P n rn 
c,~_,~' ')()liT I~· r r;T P n:~ T 

130. 
r f.'i \I[CTOf-~ 

1. f_OtJIP:,H,\lT tilJ>11'[F' 
r_ 2· srr~r/\"-'1 ~Jur·J1:'ff~ OF l<ti\CTrll·: u?t..,MJlC. lnu 

3. P:<I~o,JT ;,LJP'\f-S~I;.i': FUf< t-Ji~li'1f 1\ IF i:_\_;IIJ~L T~J 1.0 
r 

( (''H,1() ''j ~j nc (; '- 1P 'v_ s !: Ts 'N I I"! ' f'l( ill T 'i·H:~ '::. T p rv: I ( ::) ' 3 1 ) ' s TI~ r-~ 0 ( ? ' ?, 1 I 'f:! .j ( ; ~) I<) 0 ' 
C 0 :/1 1•~ U ;'~ /\ n: ( L; , 1 0 ? l ' F i'l C ( c; i ) ' 7 C l , N C ? P ' X ' X ; ·1 U L F ( 2 6 l , P r' S C ( 1 7 ' 2 6 I ' P P 1'' X ( 1 7 l 
CC ·-.UI\! S!\(7?,31), /\/\(1:::'):561, TITLF(~Ltl, IW(4.77l, LGUP 

NrLfJ = ~NINE~2l + 0.1 
r F ' :- \ 1~w , C) J • r c • u • , , > ~·if\ r r ~~- ' 1 , 9c; CJ 9 i r r n_ :· 
CN(,'iF,tll = f'~,;(r-.:L,ll 
FNI~Et51 - F~INE,Hl 


~- r ( rd [ , 6 1 = F "' ( ~w , o > 


~~~-l(t'Et7l = S!\t.(~!F[r:·r,12l 
~-r\ P-IE, B l = 9)( NFF tD ,14 l 
;: r-.• ( 'J f , <:) l = Sr-.: ( t-' FE F' D, 1 ') l 
:_)lf-1? = lN<f-,;f,(')- fl\l(Ni::,6i 

DIFl4 = fN(Nf,Bl - ENINF,~l 

,)IF15 = t·N(NFdl- FNINL,4l 
:·'RITE(7,9Y9fll LOOP, DlFl?, !JIFJ4, tdFl':l 
I F ( F N ( N E , 3 l • L T • () • 5 l 1d 1-.( I T L ( 6 , () 9 9 7 l L 0 ( JP , S ;,J ( <J , l ! I , <e.,'\ ( rJ , l 4 l , 

S N ( 9 , 1 '-:' l , S1\l i 9 , 4 l ' S N ( l 7 , 3 l , S N ( l ~' , 4 J , S f'! ( 1 :> , :-, I 

c 
i'~ETURN 

9997 FORMATIIG, 2Fl2.6l 

9998 FOR~AT(I~, 3Fl5.6l 

nqnn FO')~ATClX, l?AA, I JX, l?A~//1 


rr-.1r' 



't l d~ TC :-;~_fL,!] 

:)U~i\CU TI Nf: Sr TLJil 
131. 

C -··.UUH. FlW ThF /IC!v UlC/\1JTf i\ I:l THE. Si·-i~~L.L ,;Lr,YU\T IV, t'L./\i\:f 
r· -TH~ i\!Uf·~f-':Ef~ OF i-:;\f\i<f LS f'F AC I_; CM~'\1 [L: tiVL!~ p[q L!f\Y IS l<f-:i-1U L·: ,,,·,) 
' THf i\C I D PHI'-. .Sf I~) SPLIT 1\CC OIW I NC.L Y 
r -\!(; c_:i~GAi'-liCS /\1-<F f~FCYCLFI! If\ Fjr "'1;\If\j ·'-CL) ,-:fCYCLr 
C -Fif<ST OLJTPlJT _e,fi~FI\I·t IS ThF tiYDl~U(J\1-<POi\l 
( 

C 	 l-i< Vf.C TOf~ 

C 	 1. FCJlJIPi\~Ei'lT fllJ~-~t~EP 

;;. /\CIU U\.f~I~YUVU< IN L--l::.L./~_lAY (1\uUlJT ~~.61 

( 
C il· ~ -!!- *1a :(- i•1 /1 C S I r-', C 0 i•H: 0 1\ UF Ci< , F l; 1-< ALi< Y L /1 T l U; • T • T • f, P h: • 2 9 , 1 9 6 8 • * * * * 

CU1'- 'v10 N i'~ OC Cf·' P , KSf:- T S , i·i I 1\ , i1 v ~!I , i·l L , ::,Tic:·-~ 1 ( ') , 3 l I , .C, T1\ ,., U I :... , 51 i , t h ( •) 0 , r' C; J 

\. 

.J J =~J()( ()\•i P+'i 
c 	 :)uJc ;:-,u_ f!Yui~cuq;;,,m~ OVL 1 \rH ,\;• 

t>:) ] u J = 1 J 'J.J 
_c-, "! P ~- o < 1 , J l -- '~ Ti-~ ;.,:' r < 1 , J l 
STf\ 1-~0(?,Jl =: •'' 

c 
SPL TT 	 l'.( I [1 PH:'\:;~"-

( 	 ()~!i:. 1\ARI<EL PFr,; U/1Y IS ·0.26b L~l. f,1UU~ PU.; !JOur< OF t~CI;) 

R t\ T = Ei'J ( N [ , 2 l {~ 0 • 2 6 8 I S T I< 1\, I ( l , 7 l 
l)() 11 J :: 6 ' 1u 
.S T !.:!iO ( l , J l = .S Tr-< ,\'I ( 1 , J l ~~ I~;\ T 

lJ 	 sn.;t-10(2,Jl = _<-,Tf--U-;1 q,Jl - ::.T:\,':U(l,Jl 
c 
C 	 :; U !•' F L 0 Vi S AI'D P~ A i\ .S F FF~ TU P F I~ A TU R E 1\:'W P 1\. E S S lJ R F 

[·() 1 7 ,_) = l~' ") 

s nn-n ( 1 .J > = .s TR r-~ r < 1 d > 

U 	 .S TI-U~ 0 ( ? , J l = S T i~ H I ( l , J l 

_c; Ti~ f'10 ( 2 , 3 l = C• • 0 

-::, Tin'O ( l , 3 l = u • u 

i:JO 13 J = 6,JJ 

,-,n:r-10(),3) = ';TI~i11 0(I,Jl + c.Tf,·,-u(l,-~l 


11 	 t~TI--!rO.()(?,?,) = ·-;TI-~,'.'()(?,Jl + ,-,n~:-!r)(),3l 



c. TP F T r ~. r T c, T ? 

CI1 1 '-'0UTI~JF <:,E·rq? 132. 
c TF> .. PE'.{/\TUi·'F c;r~TTF.I\ C/1 :_(rJi_i\TICJi,; OF 'ITILITY i;'~•'•c: 

UTILITY U:)/\(,F r:; :.;r~T.A.li'H:LJ f'i~lJ'I .l\ hLf<T lif'-LI\1\i(r (.;\'.Nili\(1 

i,·m THL F\: UUlf\li• UUTLI::.T TL.;·t-'LI<f,lUI-\l_ \)r !fir ~,TI-<L,,;., 

Tr·• ::_ ; · 

·.~ ;..; I T T l:. N b Y I • .') 1 tf1 \>.: 

( 

c r :\1r , , \/ f:_ C T0 I~ 
l• Fl~UIPi<fNT ~;lJC,~~~tr·: 

·d.:~Cl!II-<i::D CJIITUT TEt•iPti\,,TIJh!: 
('

' .~. CO[>~ FOf< UTILITY tJSfV,[ 
r 
'-· :'\ 0 lJ T I L IT Y lJ c; i\ Gr: T0 Hr. C!'· L C U U\ T i D 

,. 
Ue 

lL::):) POI::'US Pt_l~: hUU:\ lH LU,•i r-'.'\LSSul·t ; TLr'>""'l le 

c LH)u H)Uf\:i..lS PU\ nUUr-< uf· •-L~.Jiu,. Pr~[_~:-,,;;,,_ ~TLt· ., i • 

c l,,()(J POUi·lLJ~) 1-'ti-\ HuUI\ ur tilGh 1-;i<~~:'>l,,,t. .:Jfr_;,,., :J• 

- f<.i<. H.T.u. C;F FlHbT TYf-·r:_ uF h;t~L c,;.. s 4. 
c - ;·.,~. -'.T.Ue OF Sl CUI-1:: TYPL Uf· Fur:·L (,/.S 5. 

- K • ~'! • nF i' Lf C: F<' I C I TY 6. 
c J i · C: 'J I>~PF !.:: P.L c;.r...L LUI~::-. ,:: (CuLl i :c, ':.' !c T t 1~ 7. 
r

'· - l ,,;•~) I f\if.>F I< I AL ()!\LL,·f~~' ~)F (..JI<UC[5S ~li· nr~ de 

c t... UTILITY U~),'\(jL PAI~AMFH.I\ 
r· 
' - lF srt:.r,~··1, H.r.u. Pu< f.!ulJI'Ju rJr STLh .. , 
c IF FULL GASt FRACTIONAL ~f~IClcNCY 

- I F L L t: CTf-\ I C Y , F FUI C.I 1 0 d /1 L L r f 1 l.. 1 t·. c. Y 
C IF ~·U\TER COULH.JC:;, OUTLI T 'V'IATti<: TtH't:.i::id'Ui<r: 
( '). r::uUIPJt!:f\lT IHJi·'i:HJ< OF CC.ST :·:OlJUU: (T~) L~;U1Tl: H;u T 'NI\.Tf i-< Tl''P. i 

C 6 • L D (;\ T I 0 i': U F :-1 F. A T CJ\ P !\ C I TY C U r F- i- I C I f. ! , T :) F u ;-< T1 L FL' J I i1 

c 
C **lHl**-~ ,,'1/\C~I.'-' (C'·Ii'-(),\! L)t.Cr., f-u,-< ALKYU\T lui<• T.T. APi-<.L'rJ,l'76c:J•;Hhd-' 

( u '1 il:0 f·i N()c u :-. t·l ' I< .':J t Ts , ~~ 1[\ ' . hJ u l ' I,, L ' :..) 1 ,..; ; ~ 1 ( j ' ::> l I ' ~ T ;..; I 't (_, ( ::.; ' _:, l j ' t ' ( ':,; ~~ ' .: ~) J 

(0'-1HUN AE;'~('+•lD2l ttt'.!C(5(,,2Cl ,;~l)pp,x,X."1vLC.<C:.6l ,f)fJ:,C<l7t261 ,r-='f...'' I<( 1_'1; 

c **«********~***~******•****************~********~***************** 
( 

J .J = NCCOrt.P + •, 
0(1 l u j='), ,,L) 

11· .:.,T:~,.\U(l,Jl - :)"f:'<'.!,J(l,JJ 

~:, T 1-<. ~0 < l ':., l = f_;·i ( 1'l L , ? l 
c 

\lYPi· = t=~.'(\\~.,:~l+•:.OC•l 

IF<~<TYPf.u~.: .~;F:.• f!TYr'; .,,"f.bi 
X = ( '.:, T1\ '"1 I ( l ' If ) + :; T ~~ ,. 'l CJ ( :_ ' 1.;, j ) ); I ' • r.. 

r-.: 0 P P = F N ( \J f. , 6 ) 
l"lC ?0 .J=l 9 Wi(l)''~1 

z' xr ·c; L F ( .J l = c, T :-.~ ··.' I < 1 , ~~ + •_, ' 
C !\ L. L. P l-< U. ·i I X ( l ) 
t:T,.i = f'P,>,;<(,;Uf't~)·;~P,.;',~;(:;:,T:-;.,1(l,4J- ,,:,_.·:(,\ ,,,,, 

-~ CU ') T = >-1 T Y ,) ~- + l u 
::;c T:) (L•~~,4 ,,; ,,r;_,,,) ,'-..• i.·. / ... , ,,ry::,. 

T l' I ( ; 1\ ( ,\I 'L. ) -J: l''' t.') • I 

:) "-~ ~ f\ c.. ( h~ c~ , ;'.~ ( (J :::. ·: 

c;c~ 1() 1~~~" 

c - L. .::.. ( f'\ l. , t-, c(:· ~) ; i = ;-; ru -h ...__ • c,· ~.. .. u L ') ~j u1 L I " ! :\ ._ , '-t- J 

-1: ': t C·.) S T = r i'-' ( i' , .:, ) 
::: :,·ll./( 1:·., ~).-~J~J.-X-A~~:)(t f\(:.: ·,:~ T ",_.. j '~; i ; 

., r-.,....., 



'f,l:-'FT\ SFD/\01 

(" c; ur R0! ; T p1 r S r D'\ n1 ( c ~ P 11 ':>r, Tn p c; T • 'D Lc • '~'"' f'' 1l r l 
r r.lF\f1CFf' nv T. rnn~i(, r:"Fr:>.?,"~,10.t:,P 	 133. 
r *THT.c-· '~""'''! r crrc rr.~rTr.n•.•c-, 0' ~r:-r•'l rn·•D""r''TC:: 
r 

r 
(" 

( 

( , F01J TP" F'' T ~II, !'Ill rr,::• 
(" ? • 'JFC.TPFr"\ 1 cr I)IIT'=' 11T C::TRFM' 
r ? • r"\FC::J?Ff' ., ~.' !' ('\l !Tp! IT cr?rt." T c::- '·" r c ~ 1\ T I -' Q r. ., i'! r ..-. c
r !, • f""\~CJDFf""\ , CT n! ITI"'l'T r:: T D ~ !\ f..t1 nnc:-cc,,rr:-, nrr" 

r t:: r"\FC,p)~r ? ~.11"'\ r.rr:>r.~q nr:-rrr:Jnr, DCTf.n' 'T"''T• 
r 

r 
( 

(" c; T:? F 1\ ~.~ VF r T I": r.> 

r 1 • C::TRFl·J/ ~ILP-'~r.o 


r ?• c-,TP~t'~' Fl_liJ". 


r ':\• TnT!I.l. Fl "'"•! P '"01rc:.;1.Jr' 

( !+• TF''DFP~TIIDF 9 rorr.r:>rrc:. r 


r r;• DPC'"C::C,IiDF 9 f"lt;T/\ 


r f...• .rJ_I)'·.' nr:- rn••nn,.•r•.•r 1, Lr' •..•rt r;,.,,., 

r 7. rrr. 

( 
r 

r 

r l\!lf1TTT0~'1'[ rr.!IJDI'r~JT vcrT"'r::> 


r 1• cniJTt:'''L"'-IT ~11\>.•nrr) 

? • 	 LF ~.~ r:. T1-1 n r t· c " \1 c r Tn G 

r ?• rn c::. («t_A~ovl 


r h••'••o••••• =-DIIr"Ttn••<", ,.,-:-: r-r:-rr-, ('""'"'"'n"r:-''TC I'' TJI!'"" ,cr '"'I!Tr·•r c-r,.,r:-tl.'·' 

r 
r 

<:: 1 1o D n 1 !T T ~~ r c r n 11 ~ 1 
1r *~~*'~-}f~1-~~*~,..r-...r-t;T'l rr'-"·~~.~r"'-"· ""'r.r'/• ~"') "'IVYLl\TTI""'\r-l• f'lr':).'20-10hr.- TeT •.,.~~-~-4~

8 

( !"'\' •• ' n 'I '' "'r n •. D ' I' c:: r T c • 'I T '' •• , ('\I IT •• ' c • ':'. T D'' r ( c:: ' ? , • c T ')'. ·" ( r., • .,_ , ) ' r 'I ( r; n ' ., "' ) 

("'"''"'" foF"('f•ln?l ,r::-••r(co.r,:'r) .~!"D"•Y,)(''"l r-(~r-l ,n.,<'::r(1',:>f...) ,nr·•v(1..,) 

r 

cfiLI Yf'!ITll 

r /1 I ("!I[ .~.TT"'· r:-1 nLIC T ~· Tf-tr 

>0 1 T = ,,~1 ni1T 


,.. T" '·'/") ( T•~l= "• 
.LJ= r.:,+~II"'\["1-<D 

!"'\/") ? J= (-.,,),) 

STr?V,...,( 1 •Jl= STR''T ( 1 ,,J)-)i-.1\r.,l ( 1 ,J) 

c::rpvn( ?•.Jl= '"TP''T ( 1 ,JJ-C'Ti-'f.'0(] •.Jl 
1"'\n? T=l,flniJT 

~ C::TD''I"'\( T,'2):::: c:ro,•n( T ,-:1 l+rrr)~•n( T•Jl 
r c,r:-rrr~v; rr·•nrR.I\T!I')rc ~~~r- nr:>r:-cr,'IDr-c: nr::- "'''T'"'I'T crr:>c:-,II"C' 

r,0 1r T:::1 ,,,ntfT 

c: T n • 'n ( I , 1-' 1 = r ~~ ( ~~ r- , T+ 1 

1" 	 <""T0"'1( •"'·l= c-~,(~'r-,T+" 


r?rTI I"?~' 


r ~.l; 

http:01rc:.;1.Jr


:) I _, ~:- T C -·· 1 I \ ·: l 
~~ :_, ;: ;:( ' . ", T I : -~ ~ ,~: T I : , ,_ 1 134. 
c,._[\r<},)T!:,f •:.rr:~:.•l (/\Lr-...YL./\Tj.,>. ~~T'..!\TC~- ;,r_t\CT'-':\- :11 ·f ~-
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'. ~;\f.') Uf- ::; T,..; f /~'~ ~,';If:.. 

4. Tr:\11:> 


' • f) h. f~ :; c.J F '-,[~ C: Ur, :; G U Tf-' l I r :·o T1": [I\ i : P ::, I A 

6. ~·01_~:: F!~!·CTI•.:i\ \)F P"<·PL.d hf-/',CTtU 

( 7. '',OLF-- r·r;:r•CTICili rw IS()!',\JTf'"f fd_;\C1TU 
1--. r'.OL!='S J(l~ !~":\CTrc[) I r··.::Jt_: 1,!;_,;!-lf:,ir ';>: /CTF:u 

r '-l• '1~)LE~ TCL f~F,\(Tf-D I '·tCU rc,,;r\:.:n·•F: Pfc/\CTF!) 
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[)() l J=6,JJ 
S1i·~•1U(1,.Jl = ',Ti-\i"I!l~Jl+ST:-<fii(Z,Jl 


::iTi-.:,'.';U(2dl ·- :.:,ri-<'·!1 (J,J) 

~TR~0(1,4l - FN!NE,21 

::,Til f/0 ! l , 5 I = C: f·; < ~-! E , 3 l 

S H' :~ C> ( 2 ~ 4 l = F- ~~ ( i\J F: , '• l 

~:. H< r '1C) ( 2 , 5 ) = 1::: ~-.' ( i•! [ ' 5 ) 


c 
EC3= STR~Q(l,l31*EN!NE,GI 


~" T:<t·'•U ( l, 13 J = :-, TI~>1U ( l, 13) -t- C :. 

:~. Ti\ '•\0 ( l , 2 ·3 J = :; T i~ i• u ( 1 , 2 3 I + f: C j 

L c !+ = ::, T i\ ;,·; U ( l , 1 7 l * t: I\J ( !'·! c , I J 


.'~ r-::.·u < 1, 1 7 1 = ·; n~:.1C) < 1, 17 l -f c:+ 

STf-\'<0( l,?.f-Jl-= ;,Ti~'v'0(},26l+EU• 


r, T i~ ',1~) ( 1 ~ 1 r; ) ':" c, T I~ f / () ( 1 ' l •-; ) - F c: '~ ;-, r·: ,' l ( :"I ':. ' (', ) - ' - ( /l -l< !:~ '-'. ( ~ ! l. ' 'I ) 


c 
STi-~i~O(l•'~l= ,. 
DCl ? J=6,JJ 


<c ') Tr.;;•,u ( 1, 3) = :~. Th:;:.u ( 1 , :j i +:~, T r<.-'·U { 1, .J i 


SH:I·/l){2,3l = ~,Ti\·'I (3,::ll 
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c 
( CA S[ 1 tv1 0 RL C/\U.S T 1 C.. T I/iN !\ C I u l:. N TL RS 
(_ FU/\~)c_ l i'~ L t.T U;\:;L 1-Lv~'v i ·<./~ T r:_ r,rTt:..l~ t\L, , LT Iu , ·~ 

F i : f1 S F = S T I~ \'1 I ( 2 , 8 l - 2 • , ; -~- .S T !'\ ~....1 I ( l , 7 J 


F ~~ [ C\•./ = 2 • (; -* ; TRrt I ( 1 , 7 ) 

c; T P ~~ 0 ( 1 , 7 ) -- n • n 

S T 1·d··10 ( ? ' 7 ) = r J • :· ) 

z = ? • :. 
CU TO 	 22 
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r· (/\SF 2 . iv'. OPF f,C I U TH;\f,l C/\I.JS TIC c.i\l f L!~S ~;[T TL Ef~ 
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FRfCW = S T R~1 (?, 8 l 


S TR i-~ 0 I 1 , 8 ) = J • •'J 

S T I~ i'' 0 ( 2 , 8 ) = lJ • u 

z = 1. ~~ 


2 2 	 F S/\ L T S = S T R r~ I { 1 , 7 ) + S T f~ '·11 ( 1 ~ 9 I 
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X = s T0 •-~ I ( 1 ' I+ ) 

[ ' :I l ;! J = l ' ~ (' c0 \1 p 
1 ? X\ ·I 0 1.. [ ( . J ) = .t~ T~~ ·~ I ( l , J + 5 ) 

(;\LI.. F~10L ( f(;r-;L.'.·! ) 

c r r-. r~ r 1·J = F Lo ~... r <r, T L o F L 1\ T 1-\ , , r,,l L u ": ;, T c.. h 
f-f.\!',· 1 -- Tn T/\1 . T:JPli T l·d\TF.- 1· FLC1Ai r.:;\T [ 
F r 1 l ·.·.1 = r-:-r~ r c\:/ + ::, T ~~ ~.1 r { 1 , 6 i + -~-. T ~~ ·-'I 1 ( 2 , 6 ; 
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c 
'l'' 'l = ll ' j.)L-/'\...J .) 

.S L< -\u ( i, J l = :) H,,,, I ( l, ._; J 

~ .S1R~~(2,JI = o.~ 

rU<l = 	(~;T;,~:.;,)(l,()l-FSOU I F I I\~~ - F S\)L\'; l 
S T I< c 'U ( 1 , l ,_ l = :) T i-< ·I 1 ( l , 1 · .. i l( IU\T 
~:. T :.· 1 ) ( 2 , l • :c: c T1·: ": I ( l , 1 ,_, J - ::.r~:'.:r;(l,l' 

II- ( / • Uo~ • l • · l ' ,(; J(! ;, 7 
:-, I ;~ -·\lJ ( l , d ) =- ( ;: i\ I\ , r:: ~- t< fl T ; 
:.., Ti·;, ·,u ( 2 'o J =l- L f\:>t - ::d I\(•:',! ( l 'i' I 

u(,' ru 	 '.1,6 

:; T !~ ·:U ( l , 1 l -- f ~~ c I iJ -;! i< /\ 1 
(') l :-< \'i() ( 2 ' 7 ) -- r: \ C I 1., - '· T1<,, '·-·' I 1 , 7 J 

'· n< ·,o 1 1 , 9 J -- f-' ', 1\ !.. T ·~ -;~ P /\ T 

c 
= ·-, T I< '; I ( 1 , ':) l 

·~, Tl\f·IU (? ':_;) - : T t\ ,, l ( 1 ''J J 
:..; T,-< \: () ( 1 ' 3 l =.. I * ,) 
ST!~f/(){~:,--j) -- .;.;; 
[_;U 3':; J = {,,JJ 
S T1\t·:D ( l, ~;, l = ':. Tr< i '--; ( 1 , J l + '-."T i•y,() ( l , 5 ) 

.'· " :) T 1 ,l '·; :J ( 2 , :1, J ·~ n~ ; , , 1 , 2 , .J J + ~- Tt--: • ( , 1? , j 1 
( 

C ri L/'. T :l 1\ L I\ i'( C l: 
C f) T:··) T 	 = ,; • 1) 

= 1 , r; r r: 
X. = .', TI< r.~ I ( I • 4 l 
';( 1 ) 7 ,J = l , ;']r:nj·.;p 

.:7 k;-JL.E(Jl = :,J\, 1 1(l,J+';l 
(AU t1 i< U .·: I /, ( l ) 
C~'T<!T = Ci'T';T + ~.. ,l .. X (,';l;r''· J 

r::C 	 ... Lt = F,-.~Tri + Pt)>X(i~UF~')kX 

TU·JT ::: i:.:i•;Tii/CPT:!T 
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A.J. ORLIC<..'\<; 
C rHI::, ~'''0f)FL '-'','·91:-S THf: HYUI~lJCM~f~O~ STi~Cf'.>! 

C :,;ATFf~ !JI.SOLVFD IN THr~ HYDi·'l)O\f-<t)C~~ AND U<Th'.A,lNEU \'·iATt:i' Lc-:.v:_ ; Y 'Ht-
C r:<ITI!'-lCi HYOI·~OC!'-1-<PON STRFtl,-1 , THE REi•:Alf'WFl-~ UF THE '•!A.Tt:::f..; Lf:\Vf~, r•y 

C ;c,t_v:EI<. THE .')f-'LIT OF THE:: CAUSTIC, /iLKYL SULF,~.TE::. M-It;, Thf. S;:..LT fi<[~ 

C fJ 1\ uP U R T I U r.J r, L T U T H F S P L I T U F T Ht-_ vU\T Ll~ 
c 
r STi<:i·l < l,JJ I:..:, THF INPUT fiYLJ!WCA!~!H)N c,Tf~b\r-..; 

.')Ti-<t,~I ( 2,~i J I') T·i[ INPl!T ,·.AT:=;< '::1\',fl STI<[/\'i, 
1 STi~t'C(l,Jl I:, TH[ OUTPUT hYI>i"·li)(i\l~t,Of\; STf?[l\ic 

:, H~ W', ( ? , J l I c, THr.: 0 t IT PUT S Tf~F 1\ :v T 0 T H F S F ';: [ ~~ 

( 

n. VF CTOf~ 


1 • FUU I PHF~d ~.1() • 

?. F-'i-\ACTIOI' C!F TOTt~L lJI\UlSSULVL'LJ :i/\Tcr·; LL!iVl••C) Ii, Tt-n: f·1Y:;I-<0C!\i~n,J·: 


c STf?FI\ii (MiOUT 0.11 
( ·3. PHYSIC/1L PROf-'l.I-<TH:S CUUl:: rUI< Lll.IUFJ ~)PH.. IFIC hi...f,TS 
( 

c 	 ·* -)(· J( lHHD * "1 /\ c:, n ~ c()' 1H; ~-. uF c( ' F() I ~ !\ L r~ yL tc T I L ~, • f, p r~ • '5 0 ' 1 ':1 6 b • T • T • * -~- * ': 
1(( ':<"' C '~ 1' l 0 C <J,. P ~ (.. ."', F T ::, 9 i'! I f'! ' \: vu T , l·i f: ' .':- Ti<-'1 I ( '> ~ 3 1 J 9 S Tf~ iV:U < 5 ' j l J ' C,·.1 ( '; r. ' / .: • 

ci.H!·'C N ;\ Ei''l < 4 , 1 u? > , [ ;..!c < s u , 2 1 , r,j m) r- 9 x9 x:: c- u: < 2. c, 1 , P 1-' s c < 1 7 9 z6 1 , ,_, t-> : 1 c_ . , 
( 

f>•if\T --- \·.'/'•~·11 o•J/\TU< H·t·!J 1~/'·Tl. 
c. 	 Fr.':\TT --- TIIT!1L HiPUT \·MTt.l< f·LU1v1-<JHE 

FthT'vJ --- t-i'-HfU\IfiHD ltii>.Tcl,: I>! H.C. STFt·/..i' 
f~\!!1\T == SHWI(?96l 
J.J 	 = f·.'0C0HP + r: 

;< = c, 1 I~ iJ I ( 1 , ~~ l 

L-C 12 J=-1,1\0C(WP 


l? 	X~OLE(J) = STR~I(l,J+5l 


CALL FSOL ( fSOLW l 


F '·" l\ T T = n: A T + 5 T R IV I ( 1 , 6 l 


IF 	 ( FSOL'!J .c,f:. F\•J/\TT) C10 TC 2-l 
F E:i' lT \·.1 = (F \\I/\ T T - r c:, 0 U.t l ·* F.. f! UJ E , 2 l 

SH:;.'O(J,6) = FD.!T'vJ + F~J)U·J 


r r: < ::, n~ i'l o ' 1 , 6 l • 1.> L • r: l'l A 1 T 1 (J u r u z. o 

SH<>1()(2,6l = F'.vATT .STi\HJ(J,61 

GO rn n 


Z .! :> Tl-< i\:0 ( 1 '6 l -- F ~_.;AT T 
.r::, T1-\ ~/C) ( 2 ~ 6 ) = ~ .: •u 

::1 1-U\T = (c,Tf<1v10(1,6l- FSOL'.':)/(f,,,JATT- F:,,;L 

s Tr< ~-~:> 1 1 , 3 l = ~. H< ~w < 1 , 6 > 

s T!WO < 2, J l == s n~ r;o < 2, b l 

iXl 7 I') .J = 7 , l U 

STI-':iv,iJ(l,Jl = ;-;.T,\i•,f(l,Jl*hiiT 

_c,T!~iVi0(2,Jl = ~)TI<J!l(l,Jl- .'>TI\, 1iU(l,.Jl 

STI·~~··1(){1,3) = STI~t\·l(J(1t3) + :JT.<V~CJ(l,JJ 


2 :) 	 :~, T I< fv\0 ( ? ' j ) = _c, r i?!A () ( 2 ' 3 ) -! :) T j, lei ( ;; 'J ) 
"',(' liJ .J = 11 'J.J 
s T1-\ '~~ (J ( ;? , J ) = ~..! • () 

~' T 1-\ >hJ ( 1 , .J l = .S Tl~: ;v: I ( 1 , J l 
l•) :;TI\;V:0(1,3l = ~,TI<!>,U(l,3l + STf-<,.,U(l,Jl 
c 
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TRt,~!SFF.~ PRFSSURFS 
s Trwc < 1 , 5 l = c:, T~~ ~n < 1 • 5 l 
S T R tl 0 ( 2 , 5 l = STl~ i·•11 < 1 , 5 l 

( 
C 	 HEAT BALANCE 

CPTOT = n.n 
ENTH = o.o 
NOPP = EN<Nf,"-1) 
DO 2 6 I = 1 , f\1 I N 
X= STR~·H<I,4l 
DO ?1 J = ltNOCO~P 

:7 	 XMCLE(Jl = STR~l(I,J+5l 
C1\ L L P f~ o~·\ I X ( l l 
CPTOT = CPTUT + Pl)tv1X(hl!P~)l 

2 6 	 [ 1\ TH = UH H + P P L1 X ( N 0 P P ) *X 
TO\Jl = FNTH/CPTOT 
DO 7.8 I = lt? 

28 	 C:,TPt,10(l•'+l = TntlT. 

c 
RETUfm 

FNO 





