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An Appraisal of the use 
of PACER, GEMCS, 
and CONCEPT for 
Chemical Plant 
Simulation and Design 
By N. Peters} and P. E. Barker (retow)t 

Introduction 

In a recent survey! of flowsheeting programs for the steady- 

state simulation and design of chemical plants, some 30 
industrial and academic programs were mentioned and 
briefly described. The rapid growth in number and types 

of these programs, since the first one was mentioned in the 
literature in 1963,2 and the proprietary nature of most of 

them have made their critical appraisal and assessment as to 

their advantages and disadvantages for various groups of 
users with different requirements quite difficult. 

Following an introductory discussion on flowsheeting and 
flowsheets in general, three well-known or easily available 
programs are described, and a critical appraisal is presented 
from the point of view of three different types of users: 

the undergraduate student, the postgraduate researcher and 
the practising engineer. These programs are: 

PACER—One of the first and best known academic 

programs. 
GEMCS—A non-proprietary and one of the newest 

and most compact programs. 
CONCEPT—The only interactive complete package 

available to interested users in Britain. 
The solution of a typical example using all three flowsheets 

illustrates the description. 

A General Description of Flowsheeting and Flowsheets 

The basic function of flowsheeting programs is the calcula- 

tion of steady-state heat, mass and energy balances in chemical 

plants, although there exists a different type of flowsheet 
that simulates start-ups, shut-downs, and transient states.® 

A number of publicationst~? have described at various times 
the aims and features of flowsheeting, but the latest series 
of articles by Kehat and Sacham* gives the most recent picture 
and provides also a list of 115 references treating the various 
features of flowsheeting. 

The main advantage of flowsheets is that the iterative 
calculation of large plants containing many recycle loops is 

automatically performed for the user. Large flowsheeting 
packages which include unit models and thermo-physical 
property generators enable the engineer to simulate a complete 
plant with relatively little effort and practically no knowledge 

of programming. But with more compact and basic programs 
the user must provide most of the models and physical data. 
The structure of flowsheets may be divided into six sections 
but only the largest and most complete (usually industrial) 
programs will incorporate them all: 

(1). The Data Input (interactive or batch-mode). 

The main data required are the process flow diagram 

(called process matrix because of its usual matrix-type 
storage), the list of parameters for each unit in the plant 
(the equipment parameter matrix), the physical description 
of the plant streams (flow, temperature, pressure, com- 

position, efc.; the stream matrix), the components present 

+Chemical Engineering Department, University of Aston in 
Birmingham, England. 
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It is becoming increasingly difficult to appraise the growing 
number of chemical plant simulation programs, and to 
assess their advantages and disadvantages for different 

types of users with different aims and requirements. In this 

paper, three well-known or easily available programs are 
compared in detail from the point of view of data inputting, 

recycle loop solution, computation phase and print-out. The 

three programs chosen are PACER, GEMCS, and 
CONCEPT. The computer simulation of an ethane-ethylene 
distillation plant using these three programs illustrates the 

discussion. The paper also presents a critical appraisal 
of the programs based on the requirements of the under- 

graduate student, the research postgraduate and the 

practising engineer. 

CHEMICAL PLANT FLOWSHEET DESIGN 

‘AND STIMULATION PROGRAMS: 

  

  

in the plant (optional) and the convergence control para- 

meters. Additional information pertinent to each program 
helps consolidate the above data. 

(2). The Calculation Order Finder (optional). The 

process diagram is partitioned into a number of recycle 

sets (single or nested loops), and the minimum number 
of streams that tear the system open, subject to certain 

user-imposed constraints, are used as recycle streams 

(iterate streams, which are continuously checked for 
convergence). These streams and the plant feeds are then 
followed through the plant to obtain the calculation order. 

(3). The Calculation Executive. This section calls the 
various models to simulate the different plant units. It 
provides them with the necessary information to perform 
the heat and mass balances and re-stores the updated 
streams and parameter values. It may also accelerate the 

convergence of the solution by applying convergence 

promotors to the iterate streams. At convergence it calls 

the data print-out section. 

(4). The Data Print-out. Intermediate print-out during 
calculation may be requested. Depending on the program 

it will generally consist either in the stream and parameter 

values entering each model calculated, or in a complete 
stream and parameter matrices print-out at suitable 

calculation intervals. If instructed, the model may also 
generate some informative print-out. The final print-out 
varies with the type of program used. In batch-mode 

operation the final complete results will normally resemble 
the intermediate print-out: either a full matrices print-out 

or a last complete plant computation with input and output 

stream and parameter print-out. In addition any energy 
and/or design and costs estimates will be produced. In 
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interactive mode, the same print-out as in batch-mode may 
be sent to the line printer, or the print-out of individual 
streams and unit parameters may be asked for at the tele- 

type. 

(5). The Unit Models. A set of mathematical relation- 

ships describing the heat and mass balances operate on the 

input stream information to produce the output stream 

values subject to the unit’s parameters and the component 
properties. Each of the four sets of data mentioned here is 
available explicitly for the unit under consideration in 
clearly labelled and separate matrices as supplied by the 

executive. Unit models are not supplied with all flowsheets 

or for unusual units. The user will normally have to provide 

his own models. 

(6). The Thermo-Physical Data Bank. All flowsheets need, 

but few provide, a library of routines that calculate thermo- 

dynamic data such as yapour-liquid equilibrium constants, 
dew and bubble points, enthalpies, erc. or physical properties 
such as pseudo-critical data, densities, viscosities, etc. 

Some flowsheets allow users to input their own thermo- 
physical data which will normally be required for exotic 
or complex components. 

The omission of some of these sections from more compact 
programs is more readily understood when flowsheeting 

programs are later analysed in the context of the type of user 

they are intended for. 

The Programs to be Compared 

‘The three programs chosen for comparison encompass a 
variety of types of users and have specific advantages for 
each type. 
PACER, the best known flowsheeting program was 

developed initially by H. A. Mosler at Purdue University in 
1964, It was then improved by P. T. Shannon at Dartmouth 
‘College, New Hampshire, and by a team of professors and 

P. T. Shannon at McMaster University (Canada), from whom 
one of the authors (P. E. Barker) of this article acquired the 
1966 McMaster version. It should be mentioned that a new 
commercial version, PACER 245, now exists in the USA.® 

‘The 1966 version available to us is a batch process executive 
program with few unit models and no physical data package. 
It is made up of four sections: the data input section, a 

calculation order finder, the calculation phase, and an inter- 
mediate and final print-out section. 

  

  

Fig, 1—Flow diagram of the splitter plant 

GEMCS is one of the most compact executives, and is 
presently enjoying a wide academic use. It was developed by 

Professor A. I. Johnson and associates in 1968 at McMaster 
University, Canada, from whom it is now available.!° It can 
be used either batchwise or interactively.!! Like PACER, from 

which it was derived, but to which it bears little resemblance, 
it is an executive program but does not incorporate a cal- 

culation order finder. It still has the three other sections 
but these are very different from PACER’s. 
CONCEPT was initially developed in the late 1960's by a 

number of postgraduate students under the supervision of 

Mr H. P. Hutchison at Cambridge University (UK), and 
it is now being improved and offered for use to paying users 

by the Computer Aided Design Centre (CAD) in Cambridge. 
This complete package comprises general but accurate unit 

models and a large thermodynamic data bank, and it may be 
accessed (interactively only) either by teletype terminal or 

Cathode Ray Tube and light pen.!® 

An Example Solyed on All Three Programs 

The simulation of an ethane-ethylene distillation plant, shown 
diagramatically in Fig. 1, on all three programs helps illustrate 
their differences in data input and calculation order finding. 
In this example, a liquid mixture of ethylene (44 mol %), 
ethane (54°), and propane (2%) is fed to a distillation column 
of 55 actual trays, and the top vapour product is superheated 

in a heat exchanger by the effluent of the heating-side of 

the reboiler, then compressed and heated further and partly 
used to reboil the column bottoms. The other part of the 

compressed vapour is sub-cooled and added to the reboiler 
effluent to control the stability of the plant. After heating the 

top vapour this stream is divided into recycle back to the 
column and product. The column bottom product is not 
treated. 

To facilitate the simulation, a few modifications and sim- 

plifications were introduced: 

(1). The propane in the feed was ignored and the feed 
(45% ethylene, 55% ethane) was taken as saturated liquid 
at the plant inlet pressure (345 Ibf/in? abs.), then throttled 
down to the column pressure (215 Ibf/in? abs.). 

(2). The number of trays in the column was reduced to 

give results comparable with the plant data and the trays 
were considered ideal (40 trays). 
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Fig, 2.—The simplified PACER flow chart 

(3). The pressure drop in the pipes, control valves, and 
heat exchangers were lumped together and represented by 

a few throttle valves. 
Some of the relevant plant data are given in Table III. 

The Comparison of the Programs 

PACER (1966 McMaster version) 

The four sections of its executive occupied about 18 000 

words on an ICL 1904. When the unit models were added, its 
total size exceeded 32 000 words, but even with better pro- 

gramming the size could not be reduced below 28 000 words. 
This is mainly due to the large number of large matrices for 
data storage. 

THE DATA INPUT 

Three main sets of data are needed: 
The process matrix bears in each row the unit number, its 

model and plant identifiers and its input (positive) and 
output (negative) stream numbers. 

The equipment parameter matrix carries in each row 

the unit number and the parameters required to fully 
describe this unit. 

The stream matrix contains the physical description of 
the streams (stream number, flag, flow, temperature, 
pressure, enthalpy, composition). The flag specifies the 
nature of the streams (feeds, recycles, unknown). All 

unknown or unspecified streams must be read in with 
zeroes for their description. 

Taste I.—Part of PACER’s Process Matrix 

Unit Plant 
Number Model Name _ Identifier Associated Streams 

1 THROTL 124 0 0 0 
2 DISCOL = 2.17 7 -3 -8 -19 
3 HEXCH C113 3 14-4 -15 0 0 
4 COMPRS. J44 4=5 0 0 0 0 
5 THROTL S80 70 0 0 0 
6 SPLITR = 6:—T —D 0 0 0 

All arrays in all matrices are of preset maximum length which 
is set by reading in “maximum size” variables. This, however, 

does not supersede the internal fixed dimension of the fixed 
size matrices. 
Two other matrices for extra stream and unit descriptions 

are provided but rarely used. All streams and units must be 
given different numbers as identifiers. Alphanumeric names 

are not accepted. 
The calculation order input (optional) may be read in array 

form showing each unit number in the order followed by a 
status flag (in a sequential set, recycle set or end of loop), 
thus by-passing the order finder routine. Other data controlling 

the iterations and suggesting preferred streams as starting 
streams in the order finding are also required. 

Once all the data are read in, a well documented echo is 
printed out. Tables I and I illustrate part of the input data 

for the solved example. 

THE CALCULATION ORDER. 
When not read in, a stream connection matrix showing the 

sink of each stream is prepared and is used to 
find the initial sequential sets of units which are first calculated. 
The first unit with an unknown input (recycle) ends this 

sequence. To solve the remaining units, whether in loops 
or not, the program chooses all possible sets of one, then two, 

then three unknown (iterate) streams, assumes them to be 
known and tries to follow them through the plant. A list is 
made up of all units met with no unknown inputs. For each 

new addition to the list, all uncalculated units have their 
inputs checked and their output streams are flagged “known”. 

The calculation order is the path found by the first set of 

streams to place all unknown units in the list. The method 
will not solve plant involving more than three recycle streams. 
Preferred streams may be proposed to start the search in 
order to accelerate it, but all sets of one, then two streams 
must still be tried before sets of two, then three streams are 
used. 
Two iterate streams had to be “cut” to solve the recycle 

loops in this plant: streams 3 and 13. Preferred streams (4 and 

14) were proposed to start the search and these were accepted, 
but the order was slightly modified. 

  

THE CALCULATION PHASE 
Every type of unit in a plant is given a CALL statement, 

the set of which is in an arbitrary sequence in the model 

calling routine. A set of input data must specify the model 
used for each unit in an array showing the model name in the 
location corresponding to the unit number. Units in sequential 

sets are calculated before the ordering of recycle sets is 

found; then when the order is obtained, each unit in it is 
called in its order and calculated. In a loop the relative change 
in all properties of all its streams is checked against a preset 

tolerance for convergence, but no convergence accelerator is 

TABLE II.—Feed Stream and Initial Guesses 

Stream Flow Temperature Pressure ——_Enthalpy _—_Ethylene Ethane 
Number Flag (Ib mol/h) ©R) (lbf/in? abs.) (Btu/lb mol) Fraction Fraction 

(mole fractions) 

1 1 Sil 440 334 2400 0.45 0.55 
4 0 1325 452 215 6400 0.95 0.05 
7 0 1085 430 215 2400 0.95 0.05 

The Chemical Engineer, March, 1974
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Find and extract equipment vector, 
input and output streams from 
their matrices and insert in 
locations accessible to models 

    

      

  

  

      

  

Execute unit computation 

  

    
  

Go once more Print streams and equipment 
through all data (optional) 
units to print 

streams i       
Store output streams in 

stream matrix       

  
Erase input streams from 

matrix if flagged temporary         
     

   
  First time through plant 

No 
Do new case 
     

Fig, 4.—The GEMCS flow diagram 

provided. For this plant seven models were needed and the 
convergence tolerance of 0.1% was achieved in five passes 

only, around the plant, because of the good initial guesses 
shown in table IT. 

‘THE PRINT-OUT SECTION 
The optional intermediate print-out may consist either of 

the streams in and out of each unit and its parameters or of 
the complete stream and parameter matrices for every specified 

number of loops. Print-out from the user-supplied models 
depends on the programmer, but cannot be suppressed, 

except by re-programming. The amount of print-out in the 
first case is very large, especially for long problems. A print-out 
of the main steps followed in the calculation order finder may 
also be given. The final print-out consists of the final stream 
and parameter matrices only. 

A simplified flow chart of this long and complicated 

executive is shown in Fig. 2. 

GEMCS 

The executive program can occupy less than 5000 words of 

core and plants of fair complexity (10 to 15 units) have been 
run in overlay mode on an IBM 1130 (8K) computer with disc 
backing. Its three main sections are: 

THE DATA INPUT 
Four sets of data are required: 

The first array provides the sequence in which units are to 

be calculated. Recycle loops are not shown explicitly, but 
each set of nested loops is ended by a convergence controller 
unit which must be included explicitly as any other plant 
unit (its use is explained below). 

The second set arrays are the known and guessed streams. 
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Unknown streams need not be input. These are arranged 
in a variable size matrix. Plant streams can be kept in this 
matrix either temporarily until they are used, or perman- 

ently. Their status is defined by the third set of data, the 
stream flags. 

The equipment parameter arrays are read in and 

stored “head-to-tail” in one cumulative array. Their 
input and retrieval from this array is controlled by a 
special routine. The process matrix is part of the equip- 

ment parameters. The number of input and output streams 

and these stream numbers are stored in fixed locations in 
the parameter arrays, Fig. 3. 

Each set of arrays is preceded by the number of arrays it 

contains. Printing flags fed in at the top of the data monitor 
the amount and type of data echo and intermediate print- 
out. 

THE CALCULATION PHASE 
A pointer pointing at the unit numbers in the calculation 

order decides on the unit to be calculated. This pointer starts 
at the first unit in the order and advances by one position after 
each calculation. In recycle loops, when the convergence 

controller is reached, the relative change in all properties of 
one preset stream are checked against a preset tolerance, and 
until convergence is reached the pointer is returned backwards 

by the number of units in the loop, and the calculations 
repeated. This controller is used like a unit model and must be 
given a unit number, its relevant parameters and a CALL 

statement. Units are called according to their type (a 
parameter) rather than their plant order. In the example eight 
types of units are present: VALVE, DISCOL (distillation 
column), HEXCH (heat exchanger), COMPRS (compressor), 

SPLITTER, MIXER, and CONTLI (convergence controller, 
given a unit number of 14), The order of units is 1, 4, 5, 6, 7, 8, 

9, 10, 11, 3, 12, 13, 14. The iterate stream checked is 4 
and the calculation is repeated for the sequence 4 to 14. 

THE PRINT-OUT PHASE 
The data echo is optional and depends on the setting of 

certain print switches. Other print switches allow or suppress 
the printing of the stream matrix and/or the input streams 

to a unit and its parameter array at each unit calculation. 

To obtain the final print-out, the program recalculates 
all the units again, each once, and prints out their output 
streams. Print-out from user-provided models may be 
monitored by the print switches. 

This program is simple and easy to understand as it was 

written for teaching and as a basis for individual elaborate 
flowsheets. 

An associate program (ORDER) helps find up to three 

recycle streams, based on the PACER method, but does not 
provide the calculation order. 

Figure 4 shows the GEMCS flow diagram. 

CONCEPT 

CONCEPT has extra design and costing facilities in 

addition to simulation capability. It was designed to operate 

in a number of interactive segments occupying 12000 to 
20000 words on an ATLAS computer. The extra facilities 

are entered only if expressly requested by the user, Extensive 

model and data generation routines complement the sections 
described below. 

THE DATA INPUT 
The plant flowsheet description may be entered interactively 

by simple responses to the program. All data are checked 

on input against existing information. On completion of this 
input the programs LOOPFINDER and ITFINDER are 

used to determine the calculation order. One of two courses 
may then be taken. If most of the data has been stored in 

files, a procedure TALKBACK requests these files and checks 

them for omissions, Subsequently either a calculation is 
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initiated or a list of errors is typed out, and command is 
transferred to the DIALOGUE. The second course is to enter 
the interactive DIALOGUE immediately. There, a number 
of recognised commands coupled to a file, unit, stream, or 

component name enable the user to input, change, or examine 
any data or results. These commands may be used repetitively 

before and after the calculation phase. Some commands are 
illustrated in Fig, 5. 

INTERACTIVE FLOWSHEET SYSTEM 
ENTERED - WAIT FOR ‘—~? 
— TVI 
NO. OF I/PS - 1 
NO. OF 0/PS - 1 
T/P NO. 1: 1 
O/P NO. 1: 2 

nee 
NO. OF I/PS ~ 3 
NO. OF 0/PS - 3 
T/PNO Ace 
T/P NO. 2: 17 
T/P NO. 3: 7 
O/P NO. 1: 3 
O/P NO. 2: 19 
0/P NO. 3: 8 

Fig. 5 (a).—Part of CONCEPT’s Interactive Input 

? INPUT STREAM 1 
STREAM 1 
FLOWRATE ae Ddil: 
TEMPERATURE DEGF - -20 
PRESSURE PSIA = 345 
VAPOUR FRACTION = 0 
ENTHALPY BTU/LBM - O 
WATER =k 
ETHYLENE = .45 
ETHANE =. 55 
? INPUT ALL GUESSES 
GUESSED STREAMS 

LDB NO. 1 
STREAM 17 
FLOWRATE = 1085 
TEMPERATURE DEGF - -40 
PRESSURE PSIA =. 215 
VAPOUR FRACTION = 1 
ENTHALPY BIU/LBM - O 
WATER 220) 
ETHYLENE 00 
ETHANE =e. OD: 
STREAM 4 
FLOWRATE = 1325 
TEMPERATURE DEGF - -8 
PRESSURE PSIA = 215 
VAPOUR FRACTION = 1 
ENTHALPY BTU/LBM = O 
WATER rae 
ETHYLENE oO 
ETHANE Hae 05 

Fig. 5 (b).—Example of Stream Data Input 
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? INPUT ALL PARAMETERS 
PARAMETERS FOR DC2 
HOW MANY ? 8 
1. 40 
Bs nO 
3 . 235 

- 2355 
5. 4.6 
Go. 495 

Y poate 3h 0) 5) 
Cee 
PARAMETERS FOR HES 
HOW MANY ? 7 
ae eeL 
Pee 
S. 0 
4. -8 
Band 
Oma 0) 
MeO) 

Fig. 5 (c).—Example of Parameter Input 

? INPUT ALL S/RS 
TYPE THE S/R NAME AFTER 
THE UNIT NAME 
IN1 - SOURCE 
TV1 - TVALVE 
De2 - DISCOL 
HES - HEATEX 1 
K4 - COMPRESS 
TV5 - TVALVE 

Fig. 5 (d).—Example of Model Routines Allocation 

THE CALCULATION ORDER FINDER 
The order is found in three steps.’® The first step (the 

LOOPFINDER) locates all closed loops in the flow chart 
by tracing backwards the input to each unit through all the 
units it passes through until either a plant feed or the initial 

unit is met. In the second case a recycle loop is found. All 

plant streams are traced backwards to locate all possible 
loops. A unit may be part of more than one recycle loop if 

by tracing back its different feeds they lead back to it after 
passing by different units. The second step (the ITFINDER) 
locates the iterate streams by eliminating in each loop the 

streams which are common to the least number of other loops, 
or all except the first stream in loops which share no common 
streams with other loops. The number of streams is thus 

reduced to the minimum number of streams cutting all 

loops. These become the iterate streams unless the user 

prefers to change them, in which case the new streams are 
checked for sufficiency and other streams are found if the 
proposed streams do not cut all loops. In the third step, the 

iterate streams are followed one at a time through the plant 
as long as no unchecked stream (output from an unchecked 
unit) is met. The units met are checked and set in a list which 
forms the calculation order. 

THE CALCULATION PHASE 

The units are called by the executive according to their 
model’s type rather than their plant numbers. At every pass 

through a complete set of nested loops, all properties of the 
iterate streams are checked for convergence, and convergence 

may be accelerated by a Wegstein-type!4 promoter. On 
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achieving a successful run, a last pass through all units is 
affected to print stream information and design data control 
is then returned to the DIALOGUE where the use rexamines 

his result and perhaps changes the data and recalculates the 

plant. The calculation phase may be run off-line by “dumping” 
the data files and using OFFLINE commands. Although 

CONCEPT provides its own models and thermodynamic 
routines, users may easily interface to their own sets 
of routines for use independently or in conjunction with 

CONCEPT’s libraries. 

THE PRINT-OUT SECTION 
Following a run, stream properties may be examined in the 

DIALOGUE or output along with the input data, parameters 

and computational sequence to the line printer. Intermediate 

print-out consists of the input streams to each unit calculated 
and the final print-out is the complete stream matrix. All 

output generated during a run is recorded in a log file which 

may then be listed on line printer or teletype. Print-out from 
users’ routines may be printed at every unit calculation or at 

the final pass through the plant. 
Detailed information about CONCEPT is confidential, 

but its simplified flow chart! is presented in Fig. 6. 

THE SIMULATION RESULTS 
PACER’s and CONCEPT’s iterate stream finders both 

suggested streams 3 and 13 as iterate streams, but the insen- 
sitivity of the column model to its reflux (stream 17) and the 

independence of the compressor model on its feed enthalpy, 
as opposed to the valve and the exchanger’s need of more 
accurate feed guesses, suggested instead the choice of streams 

4 and 17, which were accepted but which modified the unit 

calculation order from units (1, 11, 3, 4, 5, 6, 7, 8, 12, 13, 2, 9, 
10) to units (1, 4, 5, 6, 7, 8, 2, 9, 10, 11, 3, 12, 13). 
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Taste I1I.—Plant Data and Simulation Results 

Data 

Property Location From From 
Survey Simulation 

Flows Feed S110 511.0 
(Ib mol/h) Tops 235.0 235.0 

Bottoms 276.0 276.0 
Throughout plant 1325.0 1316.0 
To Reboiler 1080.0 1200.0 

Compositions Feed 44.0 45.0 
(Ethylene mol %) Tops 95.0 94.0 

Bottoms 2.5 3.0 
Throughout plant 95.0 94.0 

Temperatures Feed a 440.0 
©R) Column tops 422.0 420.0 

Column bottoms 455.0 454.0 
Compressor inlet 452.0 454.0 
Compressor outlet $73.0 578.0 
Cooler outlet 439.0 439.0 
Reboiler outlet 465.0 463.0 
Liquid outlet from 444.0 443.0 

exchanger 
Pressures To plant 345.0 345.0 
(Ibf/n? abs) In column (average) 215.0 215.0 

Compressor outlet. 585.0 585.0 
Reboiler outlet 414.0 414.0 
Cooler outlet 457.0 457.0 
Reflux to column 215.0 215.0 

Reflux ratio To column. 4.6 4.6 
Heat loads In heat exchanger — 0.48 10° 

(Btu/h) In cooler = 5.52 x 108 
In reboiler — 0.55 « 10° 
In condenser = 4.55 = 10° 

  

The enthalpy calculation packages used on PACER/ 
GEMCS and on CONCEPT were different. PACER and 
GEMCS used the Redlich-K wong equation of state iteratively 

for enthalpy calculations, and CONCEPT used this once 
through Yen and Alexander method.'® All three programs 
used Chao-Seader’s!’ yapour-liquid equilibrium method 

and the API'§ pure components properties. The three sets 
of simulation results were very similar so only one set is 
shown in Table III. The slight deviations from the test-run 

data are due to the neglect of propane in the feed and the 
deviations of the predicted properties from true values. 

The main discrepancy is in the flow-rate to the reboiler which 
had to be increased from 1080 Ib mol/h to 1200 Ib mol/h 
to meet the heat load in the reboiler. However, because of 
insufficient plant information, this discrepancy could not be 

explained. 
The programs were run on different computers (ICL 1904 

and ATLAS), and our models and enthalpy routines were 
much longer and less efficient than CONCEPT’s, hence 

computation time could not be compared favourably. 
However, CONCEPT’s convergence in four passes through 

the whole plant required only nine seconds of computing 
time on the ATLAS computer as opposed to over 100 seconds 

for GEMCS on ICL 1904. 

A Critical Appraisal of the Program 
User requirements in flowsheeting 

The aims and objectives of the student, the postgraduate 
and the practising engineer when using flowsheet programs. 
are very different, and each type of user expects to find in the 

program he uses the features that will help achieve his aims 

most effectively. Table IV summarises the main features 
which it is considered should exist in the program used by 

each of three categories of users. These features emphasise 

the learning process in modelling for students, the flexibility 
of the executive for the researchers and the ease of running 
problems for the engineer. The following appraisal is written 
in the light of these requirements, although it will be appreci- 
ated that these requirements represent the authors’ personal 
viewpoint based on their computer simulation experience. 
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Taste IV.—Reguirements in Simulation Programmes for Different Users 

The Undergraduate 

Usually involved with: 
The writing of models 
The study of parameters 
The study of initial guesses 

of operating conditions 
Requires: 

An optional calculation order finder 
Large intermediate print-out 
Ease of data input 
Batch processing 
A library of routines 

Requires: 

unnecessary 

Short data input 

The Appraisal 

PACER 

PACER does provide all the requirements needed by the 

undergraduate and is the only program to offer an optional 

calculation order finder. However, its disadvantages far out- 
weigh its advantages. The data input is long and requires a lot 
of unnecessary: data specifications, such as all the unknown 
streams in the stream matrix, a complete specification of all 
matrix sizes, efe., which could all be computerised. The 

calculation order finder, which relies on exhaustive searching, 
is very time-consuming and can only tackle up to three recycle 

streams. The large size of the executive (about 18K words) 
makes it difficult to use on small or medium (32K) computers. 

For the research postgraduate, it is so complicated, inflexible 
and very interrelated between its different sections, that it is 
uninteresting for development work. For the practising 

engineer, the lack of even the most basic models and physical 
data files and the expensive order finder make it very 
unattractive, since he would have to build up his complete 

libraries of data and models and ensure that all problems 
contain less than four recycle streams. 

The version of PACER available to us has assisted in the 

field of flowsheeting development, but has since been 
superseded by far better programs for all classes of users. 

  

GEMCS 

GEMCS is ideally suited for both the student and the 
researcher. Its compact size (about 5K words), its short and 

modifiable input requirements and its simple structure make 
it easy to understand and use. Its lack of unit ordering facility 
seems preferred by academicians for teaching purposes, but 
the input order may be temporarily by-passed to repeat the 

calculations of short sequences of units simply by resetting 
the pointer to the unit calculated. This facility, along with that 

of referring to and changing other unit parameters, makes it 
yery useful in optimisation and design work. A set of print 
switches helps monitor the amount and kind of intermediate 

print-out to the user’s requirements. 
GEMCS may seem unattractive to the engineer for the same 

reasons as PACER is, but it is a short and effective executive 
for tying together the models of a plant on which engineers 
will work for a long time. Once the models are written and the 
data prepared, the calculation order finder and the extra 
models and data in large programs, such as CONCEPT or 
PACER, become unnecessary thus making them, and hence 
the use of large computers, redundant. 

CONCEPT 

With the limited computer facilities in many Universities, 

and the difficulty in getting long intermediate print-outs for 

model checking on teletype terminals, CONCEPT’s inter- 
activeness is more of a hindrance than a help to under- 
graduates. Its overall design and the wide range of facilities 
it provides are intended much more for industrial applications 

rather than undergraduate teaching. Its high degree of 
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The Postgraduate 

Usually involved with: 
The writing of design oriented models 
The improvement of the executive 

Calculation order finder usually 

Large intermediate print-out 

Batch or interactive processing 
Internal re-ordering of calculation 

order should be possible 
Referencing to other unit arrays 
Small executive size 

The Engineer 

Usually involved with: 
Plant design 
Plant simulation and optimisation 

Requires: 
Most basic models to be available 
A calculation order finder 
Minimum print-out 
Interactiveness 
Ease of data input and update 
Fast access to results 
Immediate restart of run 
Limited interest in the executive 

sophistication leaves little scope for more postgraduate 

development and its large size makes it awkward as a research 
tool. 

For industrial simulation CONCEPT is an excellent 

program. It provides sufficient accurate and general models 
and physical data for the simulation of plants of average 
complexity and its calculation order finder is very efficient. 

The data input section demands little preparation, and 
running plant simulations at different conditions requires the 
minimum possible data changes. Convergence promoters help 
to accelerate the calculations, and the final print-out is as 

concise as the user wishes to make it, thus allowing him to 

modify the data and re-run the simulation immediately. 
CONCEPT’s new version offers a number of chemical unit 
operation design models and economic study and costing 

routines that can be accessed independently from the simu- 
lation executive following a plant simulation. Plant design 
optimisation is not yet available in the package. 

Conclusion 

The main sections and features of three well-established 
simulation programs (PACER, GEMCS and CONCEPT) 

have been briefly discussed and illustrated through the 

solution of a simulation example. Their critical appraisal 
showed that PACER is of interest only to undergraduate 

students, GEMCS is mainly of academic interest, but may 

have certain industrial applications, and CONCEPT is 
primarily of value as a good industrial simulation package. 
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PEETPACK, a new non-proprietary flowsheeting program 

by 

N. Peters and Professor P.E. Barker 

Department of Chemical Engineering 
The University of Aston, Birmingham 4, U.K. 

Summary 

There are over thirty flowsheeting programs presently in use or at 

various stages of development in North America and in Europe, however 

very few of them are non-proprietary and of these non contains a sufficiently 

wide or general library of unit models and physical property estimation 

routines or contains a calculation order finder which is particularly 

efficient. Many programs suffer also from a poor data interface with the 

user which makes their teaching or learning process difficult and time 

consuming. 

PEETPACK is the contribution of the University of Aston towards 

fulfilling this need for a new flexible, complete and above all non- 

proprietary program. It contains general unit models and a large number 

of thermodynamic and physical property evaluation routines and its 

interactive or batch-mode operation is smoothly controlled by a number of 

Job control programs. 

-~--0000000---~



Introduction 

The need and justification for a new flowsheeting program 

In a recent survey (1) over 30 flowsheeting programs were mentioned 
and briefly discussed and to propose a new program would seem, at first 
thought, of little purpose. Unfortunately of these 30 or so programs 
only three or four are non-proprietary and easily obtainable in Britain 
(GEMCS (2), ESSPROSS (3) and UNICORN (4)) and of these none offers a 
sufficiently large library of general unit operation models or a library 
of thermodynamic or physical property evaluation routines. The calculation 
order finder, offered only in GEMCS merely helps the user locate up to 
three iterate streams and leaves him the task of following them through 
the plant to obtain the calculation sequence. The few complete flowsheeting 
packages made available to academic institutions for teaching purposes 
(CONCEPT(5) and FLOWPACK (6)) are offered only in pre-compiled object 
form with no listings (i.e. as black boxes) and at considerable cost. 

The other justification in offering a new program is its teaching 
and technical contents. Through their use of a number of simulators (7), 
the authors have realised that some important and common deficiencies 
existed in many of them, mainly: 

1. The poor data communication between the programs and the user: 

2. The difficulty in tracing back errors in runs that fail. 

3. The various technical limitations imposed by the lack of the 
most basic models and property data. 

4. The difficulty in teaching the principles of flowsheeting and the 
use of the packages because of the limited program documentation. 

In the light of these limitations the authars have developed a new 
program that would help solve many of these problems. 

PEETPACK answers the requirements for a new flowsheeting program 

PEETPACK (Process Engineering Evaluation Techniques Package) is 
Aston University's contribution towards fulfilling this need for a new 
flexible, complete and above all non-proprietary flowsheeting package. 
It was developed entirely on local resources to justify very specifically 
this last requirement. 

The following criteria (8) have been closely considered and followed 
in its preparation: 

1. ‘The program must be made freely available to all interested users. 

2. It must be constructed in a highly modular form and in a high level 
language to ease its installation, understanding and maintenance. 

3. It must be adaptable to specific problems by ad hoc modular extension. 

4. The input data structure must be flexible to allow a wide variety 
of small and large applications and to facilitate the information 
flow within the network of programs.
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5. Algorithms and computational sequencing must be planned to minimise 
numerical sensitivity and convergence instability in iterative 
processes. 

6. The models and thermo-physical property evaluation routines should 
be based on well-documented theoretical and numerical methods 
(especially for academic use). 

7. Error trapping and tracing facilities should make the program run 
smoothly and help the user diagnose most error sources. 

The shaping and writing of PEETPACK was also directly influenced by 
the critical appraisal of the use of PACER, GEMCS and CONCEPT (7), three 
of the best known or more easily available flowsheeting programs. 

The general outline of PEETPACK 

The aims set when writing PEETPACK, and listed above, were achieved 
through a study and redevelopment of the various constituents of conventional 
flowsheeting programs of the modular-type, but their overall structure was 
retained for three main reasons:- 

1. It provides the most logical and obvious approach in dealing with 
modular simulation-orientated programs. 

2. It is very easy to teach to students and to convey to practising 
engineers who are not familiar with flowsheeting techniques. 

3. Flowsheeting programs remain on the whole simulation-orientated 
because of the lack of standardised plant design methods or approaches 
and because of the need for consistent heat and mass flow estimates 
before implementing design procedures. 

The objectives were achieved in the following ways: 

1. The ease of learning and use of the new package was achieved by writing 
completely new data input/output/update programs for both batch and 
interactive modes usage, and into which the users could input the 
minimum number of data in comprehensible alphanumeric form. 

2. The high modularity of the whole package was achieved by splitting the 
various tasks in the package into a number of semi-independent or 
free-standing programs and dividing the task within each program into 
a number of fairly short routines each performing one duty only and 
relying on as few other routines as possible so that their replacement 
does not disturb the rest of the program. 

3. The unit model library contains a large number of models of the basic 
physical process type such as heat transfer and separation processes, 
but a reactor medel is also offered though chemical processes units 
are usually very process-specific and users are advised to use their 
own models. 

4. The thermodynamic and physical property evaluation routines cover non- 
polar hydrocarbons and pure gases which obey closely the correspording- 
state principle and are based on the best known methods, for the 
thermodynamic routines, and on the best methods available (9) for 
the physical property routines.
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5, Error detection is facilitated through the incorporation of many 

warning and error messages in the models and property routines, 

and by displaying the state of all process streams at the time of 

failure in unsuccessful runs. 

6. Modular extension to adapt new routines and models is possible 

through the creation of MACRO's that accept user-provided libraries 

of routines and which incorporate them into the package by recon- 

solidating its various constituents. 

PEETPACK is subdivided into seven majar sections ar sets of programs: 

1. An interactive-mode and a batch-mode data communicator (INTERACIER 

and BATCHER) containing the calculation order finder. 

2. The executive control programs (PEETPACKSUBS, EXECUTIVESUBS) . 

3, A library of unit model routines (MODELSUBS ) . 

4. A library of thermodynamic property routines (THERMOSUBS) and one of 

physical property routines (PHYSUBS) . 

5. A data-echoer program to print-out the stored data (ECHOER) « 

6. A bark-file of thermodynamic data constants (PROPTS) and one of 

physical property data constants (PPTEXTRA). 

7. ‘Two sets of two MACRO's each (one set for interactive-mode control, 

PEETREADER and PEETUPDATER, and the other for batch-mode control, 

BATCHREAD and BATCHUPDATE). Theycontrol the sequencing of the above 

six sections and the assignment of the various peripherals (card- 

readers, line printers, data files and card punchers) which are used 

to communicate data and information between the different sections, 

and with the user. 

The overall organisation of PEETPACK is illustrated in figure 1 and 

a typical case-run sequencing by a MACRO is shown in figure 2. Its maja 

sectione are described below. 

The data communicators 

The data communication section is one of the most important parts 

of a flowsheeting program from the user's point of view since it is the 

one he is directly in commnication with and which he must learn to use 

easily to have access to the whole package. The first impression it 

makes on him will normally affect his subsequent attitude towards the 

program as a whole. 

The necessity to provide the correct mode of data communication for 

different classes of users (undergraduates, research postgraduates and 

process engineers) cannot be over-stressed (7), however the advantages 

of providing the users with both modes of data input and with the 

possibility of mixing these input modes are also valuable as the 

computer installations in different universities and industries are used 

at different levels of work load (but the running of simulation cases 

in interactive mode has not been fully developed).
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The data communicators in PEETPACK have been given particular attention 
to overcome the practical problems associated with fixed-farmat ar single- 
mode data inputs. PEETPACK offers two separate data communicators, each 
designed to operate in its own mode and to accept from the user the 
minimum essential data in a very free numeric and alpha-numeric formats 
and in a flexible sequence. The extensive use of backstore files allows 
the user to input his data once only in either mode and update them 
subsequently, also in either mode, with the minimum number of instructions. 

Both programs have been designed as separate free-standing programs 
each responding to a particular set of data input commands which it 
recognises and according to which it interprets the data following it. 
The need to interpret the data arises from the form in which the user 
is allowed to input them. A number of restrictions inherent in older or 
less developed programs have been waived. In PEETPACK units and streams 
may be given alphanumeric names and the components used in the simulation 
are mentioned using their common names. The sequencing of the input data 
in batch-mode is left to the user though certain information must be present 
(input) before other data can be read in. In the interactive-mode, the 
user is lead by the program through the whole data input to facilitate the 
sequencing task, but he may choose to input his data in his own sequence 
by exiting fairly soon from the data reader (MACRO PEETREADER) and entering 
the updater (PEETUPDATER) which does not contain the question-and-answer 
input facility (a direct entry to the updater is not permitted). In both 
modes a data input and a data updater are available. They are basically 
the same program except that, depending on the MACRO used, a switch may 
be set or suppressed and the program then either clears the storage areas 
and sets the default value data for new data inputs or reads the data from 
the preyious input or simulation run to update them. 

PEETPACK requests from the user the same type of data as do most 
flowsheeting programs; these are of two types: 

Type 1 data: Process layout and operating conditions. These data include 
the process flow diagram (the PROCESS MATRIX), the operating conditions for 
each unit (the PARAMETER MATRIX), the physical description of the feed 
streams and possible iterate streams (the STREAMS MATRIX) and the name of 
the chemical compounds used and generated in the process (the COMPONENTS). 
These data are classified as Set-A Commands in figure 3. 

2 data: Simulation control data (Sets B and C). The course of the 
simulation is controlled by the specification of the sequence in which the 
units are to be calculated (the ORDER OF CALCULATION). This order may be 
found automatically by the data communicator op set manually by the user. 
Model routine names must also be assigned to each unit (the ROUTINES NAMES). 
To check the convergence of recycle loop calculations and control the length 
of a run a TOLERANCE and the maximum number of LOOPS calculation must be set. 
Two ACCELERATORS are available to promote convergence and a flag (KEEPON/NOGO) 
decides upon the course of action to take should a loop fail to ecnverge in 
"LOOPS" calculations. PEETPACK offers also a dual system of units for data 
communication between the user and the program, BRITISH UNITS and S,I,UNITS. 

The names in capital letters are the commands understandable to the 
communicators. Most alphanumeric and numeric data may be punched anywhere 
on a card or on a teletype terminal line and a free-alphanumeric READ format 
specially created for PEETPACK locates and reads them. 

At the end of a data input or update session the communicators dump 
the interpreted data into a dump file which is then accessible to the main 
flowsheeting program or to the data echoer, or again to the communicators.
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Section-Title Commands: (Batch-mode input) 

PROCESS MATRIX 
PARAMETER MATRIX 
ROUTINES NAMES 
COMPONENTS NAMES 
LIBRARY COMPONENTS 
ADDITIONAL COMPONENTS 
NEW COMPONENTS 
STREAM VALUES 
PREFERRED STREAMS 
ORDER OF CALCULATION 
VARIABLES NAMES 

Commands for data-section access and alteration: 

First Part Second Part Third Part 

(| STREAM ------------ —> Stream name 
( UNIT ) 
( ROUTINE )--------: > Unit name 
( PARAMETERS ) 

INPUT ) ¢ ( STREAMS 
ADD ) ¢ (PARAMETERS 
CHANGE )-----------3 ( ALL --------------3 ( ROUTINES 
Type =) ¢ (COMPONENTS 
PRINT ) ¢ ( CONTROLS 

¢ (| PREFERRED STREAMS 
( CONTROLS 
( COMPONENTS 
( ORDER OF CALCULATION 
(| PREFERRED STREAMS 

Data specification followed by data values: 

Default value 

ACCELERATOR i 0 
LOOPS 1 0 
TOLERANE t % 0 
TRACE n 0 

Commands requiring no additional data: 

BRITISH UNITS 
S.I. UNITS 
NOACCELERATOR 
NOTRACE 
NOORDER OF CALCULATION 
DATA ECHO 
KEEPON 
NOGO 
CALCULATE 
EXIT



The calculation order finder 

The optional calculation order finder is an integral part of the data 
communicatars because of the facility given to the user to suggest preferred 
iterate streams, have the program check them for sufficiency to cut all loops 
and obtain the calculation order which he may then accept or reject. In 
the latter case he may propose new iterate streams and repeat the procedure. 

The order finder is written in the classical three-part form: 

1. The location and extraction of all elementary recycle loops (a@ 
partitioning). 

2. The search for the optimum iterate streams to cut all recycle loops 
open (or tearing). 

3. The ordering of the units in a calculable sequence (or sequencing). 

The definition of "optimum iterate streams" is the accepted one of 
"the minimum number of iterate streams, including those chosen by the user, 
needed to tear all elementary loops open"; and by elementary loops it is 
meant loops involving units at most once in their complete sequence (11). 

1. Partitioning 

PEETPACK uses the exhaustive path searching method to locate all the 
elementary loops in a process flowsheet. This method is much more 
efficient that the adjacency matrix method (10) in locating elementary 
loops whereas the matrix method is preferable in locating maximal cyclic 
nets (sets of nested loops having one or more units in common). The method 
used in PEETPACK is theoretically very efficient and locates all possible 
loops (11). It is based on the extension of paths formed from one node 
to another following in turn each output from the first node as far as 
it can go through other units until it either returns to the initial node 
(hence locating an elementary loop) or until a plant product.stream is 
met (a partly or completely sequential path). Once a path (sequential 
or recycle) is terminated, the program looks at the one before last unit 
in the sequence and tries to follow its other output streams in arder to 
locate other paths. Every path is traced forward then backwards to 
locate all branches in the loop and trace them all out. Once all loops 
in which a particular unit is involved are located, the next unit in the 
plant is checked out identically until the last unit is reached. 

2. Tear: 

lecating the optimum iterate streams has followed largely the approach 
of Lee and Christensen (12). In their method they create a boolean matrix 
where rows represent the elementary loops in a graph and the columns represen 
the streams. Non-zero elements in the matrix show the streams involved in 
each loop. Each elementary loop requires only one tarn stream to be opened, 
but since many loops nay have one or more streams in common, these are the 
more suitable ones to cut. The mtrix is used to locate streams appearing 
in successively larger number of loops. If all other streams in the loops 
in which each observed stream appears have not yet been deleted, the 
observed stream itself is deleted by setting all its non-zero elements in 
the matrix to zero. By successively eliminating the streams appearing in 
the least number of loops, the optimum few remain as iterate streams. 

PEETPACK uses the same method but incorporates the added facility of 
letting the user set his preferred iterate streams and by so doing overwrites 
the procedure's option of deleting these streams unless one or more of them 
is unnecessary as an iterate stream. It sets the number of loops the preferr«
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streams appear in to a higher number than that of the other streams (i.e. 
to the number of elementary loops + 1) so that they are checked last. This 
ensures that the minimum number of iterate streams, including the preferred 
ones remain. In the interactive data input mode, these iterate streams 
are presented to the user who can either accept them or reject them and 
propose a different choice of iterate streams, and the above procedure is 
repeated. A similar procedure was prepared by Forder and Hutchison (13) 
for CONCEPT. 

3.___ Sequencing 

Plant feed streams and iterate streams are flagged as "Inown" streams 
and given a flag of 1. The elementary loops which were used to locate the 
iterate streams are merged together to form maximal cyclic nets since it 
is more efficient to converge the calculation of maximal nets rather than 
individual elementary loops. The maximal nets matrix is converted to show 
the units making up the loops rather than the streams. The program searches 
for the unit whose inputs all bear a flag of 1. It checks whether it is 
part of a loop. Units in sequential sets are flagged 1 immediately, added 
to the calculation order and their output streams flagged likewise. For 
a unit within a recycle loop, the maximal cyclic loop in which it appears 
is treated itself as a sub-system. The unit under consideration is set 
in the sequence and is flagged along with its output streams with a 
temporary flag 3. All the units in the loop are checked in the hope of 
adding them all to the calculation sequence. If such is the case all 
temporary streams are set to permanent ones and the next unflagged unit 
in the plant is checked. Otherwise all temporary flags are set back 
to zero and the added recycle units deleted from the sequence. The 
scanning of the main list of units is repeated until all units are flagged 
thus providing the complete calculation avder. 

The executive program 

The executive program in PEETPACK controls only the simulation 
calculations and accelerates their convergence as it receives the calculation 
order and the data already processed from the data commmicatars through 
the dump file. The executive's functions have been purposely reduced to 
contain its size and running time. 

The executive programme is loaded into care by the MACRO following the 
input op update of the simulation data. It reads the interpreted data 
from the dump file and calls the computation controller routine. This 
routine analyses the calculation order and calls each unit model in the 

predetermined order after loading its input streams descriptions and its 
parameters in matrices accessible to the models. The models may be called 
either by a fixed model-calling routine which is part of the executive 
or by another version of this routine created by the communicatars. The 
first alternative is used when PEETPACK is controlled by one of the four 
standard MACRO's mentioned earlier, and would be the version commonly used 
when the whole package is easily available to the users, such as in academic 
institutions. It is assumed here that a user will not need to add any 
other models during a run or that he will give his models certain fixed 
names and recompile the executive with these routines before starting his 
run. The second alternative is offered to industrialists who my not 
have easy access to the executive and who wish to incorparate their own 
models and give them their own names even if these already exist in 
PEETPACK's model library. A unit calling sequence is generated by the 

communicators and appended to the executive which is then recompiled in 
the presence of the user's model library, hence waiving any restrictions 
ar obstacles to the ease and versatility of the whole package.
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Upon return from the model calculations, the controller checks whether 
it is part of a recycle loop and if so checks the convergence of its 
output streams descriptions before re-storing them in the main storage 
matrices. The convergence of recycle loops may be optionally accelerated 
by either a Wegstein-type convergence promoter (14) or an Orbach-type 
promoter (10), the first one being of general use and the second one mare 
suitable to systems made-up of linear models (such as sets of splitters 
and mixers). Recycle loops are calculated repetitively until convergence 
is achieved or the maximum number of loop calculations set by the user 
is exceeded in which case the run may either stop or proceed to the 
next sequence of units, depending on a user-set switch (NOGO/KEEPON). 

At the end of a run, the final results are printed on the line printer 
and a copy is sent to the dump file to be used by the data communicators 
for updating or by the data echoer at the end of a simulation. 

The library of unit models 

The unit operation models and the thermodynamic and physical data 
evaluation routines are the main features in a package on which is based 
its wide acceptance or its failure at the industrial level, but are of 
lesser importance as teaching tools (7). However the absence of general 
data routines complicates tremendously the preparation of unit models. 

To overcome these problems, a number of unit operation models and 
property evaluation routines are offered in PEETPACK. 

The unit operation models are mainly heat and mass balancing routines 
operating on input stream information to produce the output stream 
descriptions subject to operating conditions or constraints imposed in 
the models' parameter lists. The models emphasise the heat and mass 
balances rather than the mechanical design aspect. This approach was 
entirely due to time limitations and it is hoped additional models will 
be written and freely exchanged between users, 

The unit operation modelled in PEETPACK are as follows: 

1. A flow only mixer and new composition setter (routine MASSMIX) useful 
for mass balance only problems. 

2. A general heat and mass mixer (MIXER). 

3. A stream divider into many outputs (SPLITTER). 

4. A cambined mixer then divider (SPLITMIX). 

§. An adiabatic throttle valve or pressure setter (VALVE). 

6. An adiabatic flash colum (FLASHER). 

7. A stream purifier or components remover (PURIFYER). 

8. An isothermal pump ar pressure setter (PUMP). 

9. A polytropic gas compressor (COMPRESR) . 

10. A stoichiometric adiabatic reactor (REACTOR) to which can be supplied 
the heat of reaction and an extent of reaction factor. 

11. Amultiphase general counter-current heat exchanger (HEATEXCH). 

12. Aheater/cooler or pressure setter (HEATER).


