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"How do you teach a robot to perform process design and optimization calcu=-
lations involving recycle streams for any arbitrary process sequence for an arbi=-
trary set of equipment?" Our robot has many desirable qualities as well as limi=
tations, He possesses the ability to do simple arithmetic extremely fast and can
remember everything that he is told, He will answer simple questions which have

- been unambiguously encoded to him in a form that they are either "yes" or "no" and
he will do exactly as he is told to do. This last quality is both an asset and a
drawback, as any who have done computer programming will testify,

: Our robot is not yet built to "see" but he may have this ability in the not
too distant future. At present, however, he will deal only in numbers, Thus, if
we wish to have our robot use any of the visual aids which we as engineers have
found so useful in the study of complex engineering problems, we must find a suit=-
able method for numerically encoding our graphical techniques for communication to
and use by our robot, We will find that the answer to this problem, of numerical-
ly encoding graphical alds and their subsequent uses is the key to our problem of
robot education in the field of systems analysis.

Digital computer programming has evolved as a criterion of excellence of un-
derstanding. If you are able to tell an idiot how to perform a given calculation,
taking into account all the possiblilities and ramifications of the problem, then
you, as the programmer, truly understand the calculation yourself. 1 think no one
will argue that one of the most effective ways to teach a student a given calcu=-
lational procedure is to ask him to program the problem on a digital computer and
assist him in dolng so. ~

Digital computer programming is a tremendous amount of work. Even slmple
problems require a good deal of time and effort and those who have not actually
programmed several problems and experienced the frustrations and elations of de=-
bugging have the pat answer, "We'll just solve that set of equations on a compu-
ter." p digital computer program works or it doesn't work. One receives almost
no partial credit.

It has been argued that the student should write each of the digital compu-
ter programs he is to use. Timewise this is just not possible. The engineer 1n
practice or the student in school must of necessity use programs written by others.
This,also, is a considerable amount of work but not nearly that involved 1in

writing the program itself.

If the digital computer is to be used extensively by the undergraduate stu-
dent, he must be shown that it is a tool of significant help to him in his course
work. To illustrate this point, the successful use of the digital computer in
the Chemical Engineering Labnraénry courses at Purdue wlll be described. Next we
shall consider our question of robot education., A description will be given of
the computer execubive system currently under development at Purdue almed at
answering the posed question. This executive system allows the arbitrary se-
quencing of digital computer programs and thus enables the user to write the com-
puter program for a given problem in essentially the time required in formulating
the problem to be solved. We will find that we arrive at some very powerful gener=-
alizations and some fundamental concepts which have bearing on the teaching of
chemical engineering. 1t will be shown that the executlive system develops a basic
conceptual and calculational frame work which is easlily taught to undergraduate

students.

Use in the Chemical Engineering Labnratnrz

| computer programming is presently taught and very effectively used

in thEigizzical gnginuzriﬁg 1&bn§atnry course at Purdue. For most students this

is their first introduction to programming since there is not a required course

in programming and numerical methods for all engineering students in their fresh-
man or sophomore year., In Chemical Engineering, an elective one credit hour
course_in computer programming is offered in the fall semester. This course offers
<the students additional computer experience and has been taken by about 70 atgd&ntq
both undergraduate and graduate, each fall.
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The first 2-2 1/2 weeks of the Chemical Engineering Laboratory course is
spent on an introduction to digital computer programming, Each student is re-
quired to write and run one or two simple programs, Then the "canned™ computer
programs (developed by the students and the staff during the last three years)
which will be used in conjunction with the laboratory experiments are explained

in detall. The laboratory time spent on computer programming is "made up" in

that the time formerly allowed during the course for experimental calculations

and report writing is correspondingly decreased. In fact, the students now do

an addlitlional experiment and perform more runs in a given experiment than before.
Sample results from the computer for three of the programs are shown in Appendix i-

Perhaps of greatest significance have been the very good "side effects" ac~-
companying the integrated use of computers in the laboratory. First, the nmajority
of what the students referred to as the "mickeymouse" and "dog labor™ has been
eliminated with a corresponding significant increase in student interest and en-
thusiasm for the course. Second, each computer program has been written incor-
pPorating an error analysis, This forces the student to consider the accuracy of
hlis experimental measurements and their effect on his calculated results., Many a
student has been amazed whén his "simple" heat balances on an exchanger turn out
to have an error 50-100%. Third, only the input data need be checked in order to
check the complete calculations thus eliminating "fudged" results. Finally, since
about 90% of the required calculations are done by the "high speed idiot" primary
attention can be focused on the more important questions of "what do you want to
measure and how accurately can you measure it?" and "what 1s the significance and
use of your results?"

There are, of course, problems associated with the use of "canned" programs
in the laboratory. One i1s always concerned that the students understand how the
calculations are performed and does not merely follow a "work book" procedure
dictated by write-up of the computer program. The laboratory equipment and the
large classes, requiring three or four laboratory sections each semester, had
made the course quite formalized even before the computer programs were used. It
was these facts that justified the effort of writing the computer programs in the
first place. Realizing this, the staff has been introducing varlety into the
laboratory not by constantly changing the equipment and asking each group to per-
form a different experiment, but by asking the students a variety of questions
regarding the interpretation and use of their experimental results.

In summary, the integrated use of the dlgltal computer in the Chemical
Engineering Laboratory has been very successful. The previously boring, repe-
titious calculational portion of the course has been eliminated, and the students
first encounter with a digital computer is its use as a logical means to an end

rather than an end in itself. :

. The subsequent use of the digital computer by the students 1n other chemical
engineering courses at Purdue has been very limited. Let us turn out attention
to the generalized executive computer program for doing process design calcula-
tions which is currently being developed at Purdue. Following a detalled presen-
tation of executive program, it will be shown how the program serves as a natural
guide for the truly integrated use of the diglital computer 1in the undergraduate

curriculum,

The PACER Executive System

PACER = Process épaaMbly'gpuu.Ejaluaturlgputina
- 18 a digital computer executive program. PACER is belng written to in-
clude eventually three major phases: (1) material and energy balances - translent
and/nr steady state; (2) economic analysis; and (3) internal parameter variation.
The PACER program is primarily one which furnishes communication between the equlp-
ment subroutines, does a tremendous amount of Internal bookkeeplng and has the .
ability to do trial and error recycle calculatlons automatically. It 1s simllar
in its function and purpose to engineering calculational programs currently being
developed and used by companies such:as C. Fe. Bpgun, Humble 0il and Refining,
M. W. 1logg, Phillips Petroleum, Shell 01l and Union Carblide. Many of the baslc
ideas employed in PACER came from a paper presented by M. T. Tayyabkham of Union
Carbide Corporation entitled "Simulating Unsteady State Operation of a plant on a
Digital computer" which was presented at the AIChE meeting in Cleveland, Ohlio, on

Hﬂ.y 9, 1961-

The PACER program was developed by studyling the structure of the problem of
performing process calculations so that we could teach our robot to do the calcu-
lations for us in the future. . The system design specifications which evolved are
shown in Tgble 1. The major features of PACER are in the use of Stream and Equlp-
ment matrices for handling all the information associated with a problem, modular
programming, and the use of the Process Matrix by which the process.ng uuquuncuh
i ;@elf 1s supplied as input data. Table 2 gives the definition of these and othe’

slosely related terms.
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| Table 1

Syltan.nusig? Specifications
or

Process Assembly Case Evaluator Routine

l. Process Sequence, Set of Equipment, Boundary Condit
be supplied as Input Data ’ ry itions to

2. Process Sequence, Equipment Used and /or Operating Cond
to be easily uhaﬁged by user / . I T
- PACER 1s to determine calculations required, do them, and
print requested results

PACER 1s to be able to do both steady-state and transient
behavier calculations

« PACER must be open ended, i.e., able to be expanded and
modified as required

PACER must be useable during development
PACER must be able to lncorporate all past work easily
PACER must be easy to use and understand

PACER ultimately must have very large information retrieval
capaclty

\ﬂCD—JEJ"U'I.F'w

The Process Matrix 1s the numerically encoded process flow diagram, It 1s
the heart of the PACER system., By its use, the processing sequence becomes part’
of the input data. For any given process such as shown in Figure 1, the Proceas
Matrix 1s readily formed as follows., First each plece of equipment is numbered.
Then each stream on the diagram is numbered. The numbering of the equipment 1s
arbitrary except for one or two restrictions when complex second and third order
branched parallel equipment loops are involved. The numbering of streams is also
arbitrary., However, particular equipment programs may require a certain ordering
of stream numbers in the Process Mstrix such as noted in Figure 1. These are very
minor restrictions and do not 1limit the PACER program. The equipment numbers are
given in the first column of the matrix. Then for each equipment number, the
assoclated input streams numbers (as positive numbers) followed by the output
streams numbers (as negative numbers) are listed across the row. The Process
Matrix for the flow diagrem is also shown in Figure l. A second more complex
example is shown in Figure 2.

FIGURE 1
PROCESS SIMULATION = SAMPLE PROBLEM #1
PROCESS FLOW DIAGRAM

PRODUCT

3 g
1 2 2 3

v 2 | POLY

SPECIFIED DEETH PLANT

FEED TOWER
1§ | :
- -
FIRST ORDER RECYCLE DUMMY PRODUCT PRODUCT
PRODUCT LPG

PROCESS MATRIX

Equipment

No. Name (Subqugiggl Associated Streams
_1- MI XER (T;HMB) 1 9 -2
2 TOWER (UNAMEZ2) 2 -3 -l
3 REACTORS (UNAMEZ2) 4y -5 =6
Ly TOWER (UNAMEZ2) 5 -7 -8
5 TOWER (UNAME2) 7 -9 -10

NOTE: In subroutine UNAMEZ:
First output stream number 1s OVERHEADS.

Second output stream number 1is BOTTOMS.,
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Table 2., Definition of Terms

STREAM = ANY CHANNEL OF INFORMATION

The information is contained in the following matrices.

STREAM PARAMETERS LIST

List of values of those variables specifying what you
talking about. Ying you are

STREAM CONTROL VARIABLES LIST

A list of values of those variables associated with "con-
trolling" the information in the parameters list.

STREAM PARAMETERS MATRIX SN

The composite list of all stream parameter lists. Stream

number = matrix row number. ‘

STREAM CONTROL VARIABLES MATRIX SNC

The composite list of all stream control variables lists,
Stream number = matrix row number.

STREAM FLAG LIST

A 1list of numbers, one for each stream, which sirnels its

status, Stream number = list row number,

NOTE: Format of SN and SHC should be the same for all streams
to allow interchsnge between equipment.

Stream formats usuzlly determ.ned by eqguipment subroutines.

The decision of which varisbles asre "parameters" snd which
are "control'" is arbitrary.

L ULPIENT == ANY ATHTFATICAL MODEL OR SEY GIFF RULES
- AN INPOHITTZ0H MODIFIER
- f UNIT CAICULATICN

An EQUIPMENT takes known input informition contained in
input streams and uses matt.ematical rules to produce output
information in output streans

FQUIPHENT PARAMETERS LIST

rist of values of variables nssociated with speclifying
vasic "size" and mode of operation of the IGUTPHMIRT

TLULTAT T CONTROL VARIABLFS LICT

st of values of varisbles ccntrolling equipment operation,

PIUTPEINT PARAMETERS HATRIX T

Composite 11st of 2ll egqulpment prrareters lists,
Fquipment number = matrix row number.

CAPTRETRT COSTROT VARLARIYS M.AWRIX XS
e

composite 1list of all equipment ccntrol vericstles lists,
“quipment number = matrix rcw nunter.

- = Raw EF: e bt R - =
: .'_-'.+.i.'-.T LR N ilI:JJ.

r*gt of numrers, one for esxnr eoulvment, whiileh signals Jts
stetus. Tgqulpment number = 1.ouU ro* ~umher,

tote:Formzt ol Tquipment Parameters .nd Zontrcl Virinbles Lists
need rot te the same for nll ernalpmni,

“guipnent always written an o ZLDNC LI e,

The decision of wnich vari:nles sre paramcters ana wnicno
are control variacles is ~ruoitrary.

o

L]

PROCTSS MATRIX = NUMERICALLY =HCCOT.D wICar s PLOW DI AGRAK

in array of the Fquipment numbers sni the!r nssocisted In-

'put (positive) and output (nezat've) streesn numters,

The Process Matrix defines the Iysten (Frocess sequepce)
for PACER and is used to determine row the enlewluations will be

done.

The calculationsl procedure 1is independent ot';

1. the sequence of equlipment in Process Matrix

2 the numbering of the  stresms sand ¢quipment

b
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PROCESS FLOW DIAGRAM
PRODUCT
) 5 7 :
1 = 3 L 5
DEETH POLY STAB. DEETH
T 2 | TOWER PLANT TOWER TOWER
I 6 8 | 10
SECOND ORDER RECYLCE DUMMY I
PRODUCT PRQEgET
15 13 11
8 7 6
MI XER SPLITTER DEBUT
TOWER
1 | 12
PRODUCT PRODUCT
PROCESS MATRIX .
Eguipmﬂnt
No. Name ( Subroutine) Associated Streams
1 MIXER(UNAME3) & 1 9 - -2
2 TOWER:( UNAME2) 2 -3 -!Z
3 REACTORS( UNAME2) 15 -5 -
I TOWER (UNAMEZ2) 5 -7 -8
5. TOWER ( UNAME2) - g ) =10
6 TOWER ( UNAMEZ) =11 -12
g SPLITTER(UNAMEZ2) 1l =13 -1l
MIXER(UNAME3) L 13 -15
#Note: 1lst Output Stream Number is Overheads
| 2nd OQutput Stream Number is Bottoms
Table 3. Input Data to PACER
1., Control Cards describing the size of the problem, number
cases to be evaluated and print out desired
2. The Process Matrix., One card for each equipment giving
the process matrix row number, the equipment number,
name of corresponding subroutine and the assoclated
8tream numbers
3. The Equipment Parameter and Equipment Control Variables
Matrices - |
“flg ‘The Struam.Paramﬂtur and Stream Control Variables Matrices
5. The Stream Parameter and Stream Control Variables Test
| Lists used for testing for convergence in the trial and
~_error recycle computations
- Prmfﬁrrad Stream Numbers, if any, used in determining the

CHEMICAL ENGINEERING EDUCATION
FIGURE 2

PROCESS SIMULATION - SAMPLE PROBLEM #2
p— . — e —————————————————

~ calculational procedure for recycle computations.
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The PACER calculational procedure is independent of ¢ v A S
ec ~arn. end streams, It is also 1ndapendnntpnr the ordaganguzgz;zﬁﬁl;zlﬁvff
in “he Process Matrix. The basic program logic of the PACER system is uhauﬁﬁ
in Figures 3 and 4. Space and time prohibit a detailed description of PACER
which has been written in FORTRAN for an IBM 7090 computer and consists of
well over 1000 FORTRAN statements. The description and discussion presented
here are independent of the programming language and machine,

As shown in Figures 3 and L, the Process Matrix is used to dete £0=
matically the sequence of Equipment calculations thus providing the ?ﬂéﬁzafu::-
lationships for computations. The basic calculational rule used is that if the
input streams are known or have been computed, then the Equipment subroutine can
calculate the corresponding output streams, The streams are treated as entities
1n.t§at if a stream is known, all variables in the corresponding Stream Perameter
and Stream Control Variables lists are taken as known, and, when a stream is cal-
culated, the change in any and all variables are computed by the particular unit
calculation alone. During each primary loop the Stream Flags and Equipment Flags
‘are used to indicate the calculational status of each stream and equipment. PACER
uses these flags to make decisions in determining the calculational procedure.
Following the logic shown in Figures 3 and L, one would discover that Figure 1 1s
a first order recycle problem where stream 9 must be assumed known in order to do

| FIGURE 3
'PROGRAM LOGIC FOR PRIMARY LOOP

RESET ALL STREAM FLAGS

l

SCAN STREAM MATRIX. CALCULATE SPECIAL STREAMS
SET FEED, PRODUCT, SPECIAL STREAM FLAGS

SCAN PROCESS MATRIX ROW BY €
ROW STARTING AT FIRST ROW

HAS EQUIPMENT BEEN GALCULATEr?

NO YES

ARE ALL

lmm ‘STR.JAHS mnlm?

| YES NO

CALL EQUIPMENT SUBROUTINE
CALCULATE OUTPUT STREAMS
AND FLAG AS KNOWN

LAST ROW OF PROCESS HATRII?

H?l Y?S
—G0 TO NEXT ROW ARE ALL STREAMS FLAGGED KNOWN?

YES 110
PRIMARY LOOP COMPLETED (———] WERE ANY STREAMS

FLAGGED KNOWN
DURING SCAN?

NO YES

RECYCLE CALCULATIONS REQUIRED.
FIND SHORTEST CLOSED LOOP. SET
UP AND PERFORM REQUIRED TRIAL
AND ERROR CALCULATIONS
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aaaﬂﬁi1°ulﬁflnnﬂ'uﬁﬁar Sample Problem #2 in Figure 2, Streaps 9 and 15 must be
~Sumed known so that it is a second order recycle problem. |

-l

i =

s = 5

The values given in the Equipment and Stream Matrices re

Pleture of the entire process at any given time. In each priE:;;a§§n;,ﬂgﬁsuhnt
values of the variables are recomputed. For time independent problems, the prie
mary loop is calculated only once. In transient behavior problems, each primary
loop corresponds to a small interval of time. The user supplies the initial boun=-
dary conditions and corresponding steady state answers are obtained by repeated
%riﬂary loop calculations. Tayyabkham discusses the unsteady state case in detaill,
Sn 1s paper he cites the simulation of an organic chemical plant consisting of

O flow streams and 30 pieces of equipment on a IBM 7090 computer, About 100 sub-
routines were used. Each primary loop, equivalent to 0.1 hours, could be calcu=-

lated about 20 to 25 times a minute so that 2 hours of
computer time corresponds
to about 300 hours of real time. pRnd ; | .

As seen in Figures 3 and L, the Process Matrix is scanned several times in
completing a primary loop. PACER recognizes the need for trial and error re-
cycle calculations when no additional equipment can be calculated by repeated

Scanning of the Process Matrix and all streams have not been calculated. The
éxecutive program then makes an ordered list of unknown input streams. The list
1s ordered in the sense that the user can supply PACER with -a list of preferred
straamlnumhars and these stream numbers are placed at the top of the unknown
stream 1ist. PACER then takes the first stream number in the unknown stream list,
Ilags the stream as temporarily known and scans the Process Matrix to see if an
eéquipment calculational loop can be found such that the assumed known stream would
be calculated as an output stream, If this is not possible, then the next stream
in the unknown stream 1list is assumed known and the search repeated. First all
single streams are assumed known one at a time in trying to find a calculational

path.,, Then all ansibla combinations of two streams are tried and finally all
possible combinations of three streams, The order of the recycle equals the

number of streams which have to be assumed in order to establish a closed calcu=-
lational loop.

Once a calculational loop consisting of an ordered list of equipment numbers
is found such that all assumed known streams are calculated output streams, PACER
eliminates all equipment from the list which is not required to complete the cal=-
culational loop. This is done since non=required equipment merely increases cal-
culational time., The present values of the variables are taken as the starting
values for the trial and error recycle calculations., Once the shortest order list
of equipment has been determined, the necessary booking 1s done and the equipment
repeatedly calculated in order until convergence is obtained. Following some ad-
ditional bookkeeping, PACER returns to the primary loop scan to complete the cal=-
culations for the primary loop.

It is emphasized that the term Equlipment and Streams must be used 1in the
broadest sense of their definition in order to see the scope and magnitude of the
PACER system. An Equipment subroutine may or may not correspond to a plece of real
hardware such as a heat exchanger or distillation tower, It can be any set of
mathematical rules., For example, it might be a program for changing the format of
Stream Parameters and Control Variables Lists so as to be able to incorporate a
previously written subroutine into the PACER library without having to rewrite the
aubroutine., In the same manner, the definition of Stream is used in the broadest

sense.

The requirement of a uniform format for all Stream Perameter and Stream Con-
trol Variables lists allows the complete interchange of Streams and Equipments.,
This gives the PACER' user the ability to quickly study varlious process seguences
and so0 be able to handle a whole new class of problems on the computer. The PACER
executive program is independent of the Stream and Equipment Matrices format in

that 1t will handle any consistent set.

Appendix B gives a brief description of two simple Equipment subroutines and
the format of their associated Stream and Equipment matrices. The relatlionshilp
between the equipment subroutines and the formats of the Stream and Equipment
matrices is typical. These two Equipment and subroutines are sufficient to simu-
late the processes shown in Figures 1 and 2. These two simple programs and PACER,
could be used effectively to illustrate many, if not most, of the aspects of pro-
cess design and optimization for students in thelr first course in chemical engl-

nﬂﬂringl

e — E— — T ——
-

4 ' one of my graduate students at Purdue who 1s developing PACER,
J:giﬁgzgrgﬁzo:izi’swmple Prgh%am.z is only a first order recycle Eroblam;mmgﬂizn
was "discovered"™ when PACER solved the problem, Streams 5 and 1 aretccan e
the two calculational loops. Assuming 5 or 15 as known, all equipmsg oo g
calculated, The author, and perhaps the reader, had been conditioned n
guess intermediate streams in this type of problem.
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One of the powerful features of the PACER system lies in the fact that all
t' . equipment calculations are written as subroutines., Each equipment subrou-
L. 13 a "unit celculation”, a simple extension of the fundamental chemical en="
gineering concept of the "unlt operation." Thls gives rise to the concept of =
modularity in programming which is extremely useful., The subroutines are "com- 4
plafe"‘rﬁxfﬁi'Lenaa that they are written to calculate the output streams using -
only the data contained in the input streams and the Equipment Parameters and Con=-
trol Variables lests. Hence a library of equipment unit calculations may be de=-
veloped consistent with a basic stream and equipment matrices format. Several
unit calculations of increasing complexity can be written for a given type of
equipment such as a distiliation tower calculation. Then the user of PACER may
choose the level of mathematical description required by his particular problem,

Another great advantage lies in the fact that only one subroutine is required for
a given equipment no matter how many times that equipment is used in a process,

Input information for the PACER executive program consists of the data listed
in Table 3. The routine for reading the input data is such that individual rows
in the Process, Equipment, and Stream Matrices are read in separately. Thus, the
user can easily change any portion of these matrices with a minimum of effort, If
additional equipment subroutines not in the PACER library are to be used, these
are read into the computer prior to the data called for in Table 3. The Process
Matrix specifies the problem to be solved and is used to determine the method of
solution. The Stream and Equipment Matrices supply the initial boundary conditions
for the case to be evaluated and after solution, contain the computed results.

with PACER almost all the "bookkeeping" is done within the computer. The
program user does not have to be directly concerned with all the intermediate
stream results. Previously, assuming the equipment subroutines were available in
"closed form," the user would have to prepare the data sheets for the first pro-
gram, punch the cards, run the problem, examine the results, prepare the data
cards for the second program (which probably require a different format), run the
problem, etc. This took all of his time and effort, He would only have time to
make one or two complete process calculations; his calculations would not have

FIGURE 4
PRIMARY LOGIC FOR RECYCLE CALCULATIONS

FORM ORDER LIST UF‘IHKNOWH'IHPUT STREAMS

CHOOSE INPUT STREAMS ASSUMED "KNOWN"
TRY ALL COMBINATIONS OF 1,2 or 3 STREAMS
RECYCLE ORDER = NUMBER OF STREAMS ASSUMED

|

: ~SCAN PROCESS MATRIX. CAN ASSUMED INPUT
l | STREAMS BE CALCULATED AS OUTPUT STREAMS?
NO Yﬁf
MODIFY CHOICE OF DETERMINE SHORTEST, ORDERED LIST
"KNOWN" INPUT STREAMS OF EQUIPMENT HAVING ASSUMED INPUT

STREAMS AS OUTPUT STREAMS

DO BOOKKEPING REQﬂIﬁfD FOR ITERATIVE RECYCLE CALCULATION

SELECT EQUIPMENT FROM ORDERED LIST —T

CALL EQUIPMENT SUBROUTINE AND CALCULATE OUTPUT STREAMS

TEST OUTPUT STREAMS FOR CONVERGENCE

NO — HAS ALL EQUIPMENT BEEN CALCULATED? YES

Y‘iS — HAVE ALL STREAMS CONVERGED?——NO ——
TRANSFER RESULTS TO STREAM MATRIX

RETURN TO PRIMARY LOOP
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converged, and he would then "adjust™ his answers and report hi %
need no 1$ngar be the case. £ S results. This

When the user of PACER specifies the Process Matrix he has written a complete.
digital computer program in the time it took him to write the Process Matrix, 1In
most cases, the resulting computer program is of such magnitude as to have been
prohibitive if it had had to be written from the beginning. The great advantage
of modularity and the "open ended" approach in programming as used in PACER is il-
lustrated in the fact that for PACER, Sample Problems #1 and #2 are the "same"
problem. It is the same problem for any specification of the unit calculation
equipment subroutines to be used. Thus PACER' and a library of equipment sub-
routines gives the user a tremendous computational ability.

While 1t has not been possible to present a detallad'dﬂauriptinn of the PACER
System it is hoped that a clear plcture has been given of the basic approach and
fundamental concepts involved. It is hoped to have the first phase of PACER opera-

tional on the IBM 704l at Purdue next. Spring. A more detalled description of the
PACER system will be made available at that time,

Now let us consider how the PACER system might be effectively used in the un-
dergraduate chemical engineering curriculum. At the same time we shall see how
this would lead to the integrated use of digital computers in the students under-
graduate courses and be of tremendous use in his senior year courses in Process
Design and Process Dynamics and Control.

The basic ideas and operation of PACER are simple and could easily be taught
to students in their first course in chemical engineering. What more effective
way to teach a student process recycle calculations then have him learn to teach
a stupld robot? The use of the Stream and Equipment Matrices certainly represents
an orderly way to handle the information associated with a problem, Using simple
unlt calculations such as given in Appendix B, the students could very gqulickly be
introduced to the concepts and problems of process design. The decision aspects
of engineering and the description function of science are dramatically illustra-
ted 1n this approach. The Equipment Unit calculations are the scientific descrip=-
tion, It can be pointed out that the majority of his future courses are aimed at
giving him the ability to understand and develop specific unit calculations.

The engineering decislon aspects come in his ability to decide what should be
studied in the first place and his ability to interpret the results of the calcu-
lations in arriving at a decision. A series of decisions results in a design, the

essential function of an engineer which distingulshes him from the scientist and
the techniclian and operator. In fact, the fundamental ideas of PACER, particular-

ly the use of the Process Matrix and the concept of the unit calculation, could
well serve as a basls conceptual framework for all of his subsequent engineering
courses.

In his courses in heat transfer, fluld flow, equilibrium stage calculations,
kinetics, etc. the use of the digital computer would arise naturally, Following
a thorough grounding in the fundamental concepts, specific unit calculations are
generally developed in detail. It would then only be required that the student
be asked to write a diglital computer program for the specific calculational techni-
que just studied. This would serve as an acid test of his understanding of the
material, Or, he might simply be shown the computer program and be required to
use it in solving several problems, This would be done in each of his courses.
Thus he would be building up a library of Equipment unit calculations, each of
which he had studied in depth at the time the fundamental concepts, basic assump-
tions, and limitations were his primary concern. The PACER framework would serve
to show where and how each course fits into the total picture and emphasize to the
student the interrelationships between hls courses and that what he is being taught
today in fluid mechanics will be used tomorrow in design.

In the student's senior year design course he would have at his disposal a
large library of unit calculations, each of which he had previously studied in
depth, Emphasis could then be shifted back to consideration of the behavior of
the total system., He would thus be in a position to attack a wide varlety of de-
sign problems of increasing complexity. The PACER system would provide the abili-
ty to write the complex digital computer programs required for speciflc problems
in the time required to write the Process Matrix and assemble the appropriate ln-
put data. In addition, he would be able to do a great many problems which our
present seniors cannot even attempt. In this approach, the use of a digital com=-
puter would become as natural to the student as the use of his slide rule, text-
books and the library in the solution of the engineering problems he faces today
and will face tomorrow, '

(Authors note: Copies of the PACER program accompanied by extensive
documentation for use by university staffs for educational purposes
will be available in the near future. Reguests should be addressed
to the author at his present address,)
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APPENDIX - CH, E. 339 | L
UNIT OPERATIONS LABORATORY
SHELL AND TUBE HEAT EXCHANGER
IDENTIFICATION NO.
A. EXPERIMENTAL CONDITIONS
L. KEROSENE
RATE 5199690881
REYNOLDS NO. 542397640
2. STEAM RATE 5265856000
3. WATER RATE 5&66007552
PROBABLE UNCERTAINTIES
1. KEROSENE RATE . 5321056099
2. STEAM RATE 5120164178
3. WATER RATE 53152001
B. HEAT BALANCES
HEATER COOLER
1., HEAT SUPPLIED BY SHELL FLUID 5562252359 =556270717.
2. HEAT ABSORBED BY KEROSENE 5560911125 5560911125
3. HEAT LOST BY RADIATION 5313457078 5225290935
g. HEAT LOST BY CONVECTION 5310412223 5217344105
‘5. NET HEAT LOST BY SYSTEM 5411025411 5417534137
6. SAME, AS FRACTION OF ABSORPTION 4918100816 1928786429
PROBABLE UNCERT AT NTIES
1, HEAT SUPPLIED BY SHELL FLUID 51419060794 Suﬁugﬁusua
2. HEAT ABSORBED BY KEROSENE cu6787317L 5467873172
6, FRACTIONAL HEAT LOSS 5011768355 5019285625
C. HEAT TRANSFER COEFFICIENTS
HEATER COOLER
_EigﬁP. PREDICTED EXPER. PREDICTED
1. SHELL SIDE §ﬂ227u5u21 5345211066
2. TUBE SIDE 5285549319 5285549319
3, FOULING 51,20000000 5410000000
L. OVERALL 5291234129 5268398291 52112756633 5259197989
PROBABLE UNCERTAINTIES |
1. SHELL SIDE 5223215143 5163570229
2. TUBE SIDE 5116514913 5116511913
. OVERALL 5210243823 5112318093 5147876196 5092899L87
Note: Numbers represantatiun -50
+ pp nonnnnnn = ¥0.nnnnnnnn X 10PP
-5271200000 = =T7.12 g
1532350000 = 0.3235 X 10
THE ART OF FILTRATION
IDENTIFICATION NO. -5250000000
EXPERIMENTAL CONDITIONS
SLURRY TEMPERATURE F, 5270000000
PRESSURE DROP PSIG 5250000000
EXPERIMENTAL RESULTS
VALUE DEVIATION
BEST X COORDINATE 5111228350
BEST Y COORDINATE 5330889000 5268681988
Y INTERCEPT BB 52113191675 5230745552
SLOPE KP 5323664055 5223721290
SPECIFIC CAKE RESISTANCE ALPHA 6312115680 523hh77353
FILTER MEDIUM RESISTANCE RM 617298816l 612617465
SLURRY CONCENTRATION CS 51144352000 999056835
ALUMI NUM HYDROXIDE, PERCENT 5113910505 048642833
SILICON DIOXIDE, PERCENT 50811630350 5048639873
OPTIMUM FILTRATE VOLUME 5126601593
OPTIMUM FRAME THICKNESS 5037837050 5013576260
Note. Numbers rapraaantatinn pp=50
- +pp nnnnnnnn & L O.nnnnnnnn X 10

-5271200000 = -7.12 g
L532350000¢ = 0.3235 X 10~
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APPENDIX A CH. E. 440
UNIT OPERATIONS LABORATORY
COOLING TOWER
| IDENTIFICATION NO. 0000000002
PERIMENTAL CONDITIONS, ACTUAL
AIR
MASS FLOW RATE GY 5417647408
TEMPERATURE F.
INLET, DRY BULB 5278500000
INLET, WET BULB 5270500000
EXIT, DRY BULB 5271500000
EXIT, WET BULB 5270500000
HUMIDITY
INLET 4913500000
EXIT 1915500000
WATER
MASS FLOW RATE GX 5396623275
TEMPERATURE F.
INLET 5271000000
EXIT 5269000000
EXPERIMENTAL AND TEEORETICAL RESULTS
| THEORETICAL ERROR EXPERIMENTAL ERROR
INTERFACE AREA PER UNIT VOLUME A - 5247411960 5114190322
HEAT TRANSFER COEFFICIENT HYA 5287410747 5286395293 5322719hog 53124451326
HEAT TRANSFER COEFFICIENT HY 5118436434 5118213901  51479191L 5126222 02
MASS TRANSFER COEFFICIENT KYA 5335388967 5335190623 5391981407 535040965
MASS TRANSFER COEFFICIENT KY 5174641436 5173740236 5219400465 5210616399
Note: Numbers representation 50
<+pp nnnnnnnn = : O,nnnnnnnn X 10PP~

-5271200000

- 7112

1532350000 = 0.3235 X 102

APFENDIX B, EXAMPLE SET OF EQUIPMENT SUBROUTINES

AND EQUIPMENT AND STREAM MATRICES FOR USE WITH PACER

EQUI PMENT SUBROUTINE UNAMEZ2
DISTILLATION AND REACTOR SIMULATION

This program can be used to simulate distillatlon towers and re=-
actors. It is written to handle five components, One FEED stream

i{s split into an OVERHEAD and a BOTTOMS stream,

In Process Matrix, first output stream is OVERHEADS, second output
stream is BOTTOMS, =

Equi pment ShL T
n
Szhrgzzinn 1 STRMO(1,13) \
UNAMEZ2
STRMI (1,13) | EN(NE,B8)
STRMI(1,3) ENC(NE,5)

Method of Calculatlon
1. Calculate amounts of each component in OVERHEADS and BOTTOMS,

2. Sum component amounts to find total amount of OVERHEADS and

BOTTOMS,

3. Calculate percentage compositions of OVERHEADS and BOTTOMS.

L. Calculate Fictitious Head Load.

MATRIX formats are shown on the following pages.
UNAMEZ2 is compatible with UNAME3.

EQUIPMENT SUBROUTINE UNAME3 - COMPONENT MIXER

| UNAME3 is a MIXER subroutine whiﬁh adds the amounts of each compo=-
nent in each input stream, splits the total input amounts of each
component equally between the output streams and then calculates

the percentage compositions of the output streams,
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STREAM PARAMETERS LIST SN sand STRMI and STRMO (NS,13)

game format required for .all streams,

MaTrix
Row Variable
1 Stream Number - always required
2 ~ Stream Flag - always required
3 Total Quantity of the stream W
% Percent of Component 1 O, = 1.0
Percent of Component 2 0. = 1.0
6  Percent of Component 3 0. = 1.0
7 Percent of Component % 0. = 1.0
8 Percent of Component 0. - 1,0
2 =1,0
9 pmount of Component 1
10 Amount of Component 2
11l Amount of Component 3
12 Amount of Component %
13 Amount of Component
S =
STREAM CONTROL LIST SNC and STRMCI and STRMCO (NS,3)
Matrix | |
Row . Verlable
1 Stream Number - always required
2 Stream Flag
3 Light Key Component Number 1 or 2 or 3 or L
Note: Stream Type Stream Flag
Inter-equipment 0
Feed +1
Product +2
Special Feed +3
EQUI PMENT PARAMETER LIST EN(NE,8)
Matrix
Row Variable
1 Equipment Number - always required
2 Equipment Flag
3 Fictitious Head Load Q
I Fraction of Component 1 in FEED appearing in OVERHEAD
5 Fraction of Component 2 in FEED appearing in OVERHEAD
6 Fraction of Component 3 in FEED appearing in OVERHEAD
T Fraction of cnmpnnanf I in FEED appearing in OVERHEAD
8 Fraction of Component 5 in FEED appearing in OVERHEAD

NOTE: (l. = Fraction of Component in OVERHEAD) = Fraction of Com=-
ponent in BOTTOMS, -

Fictitious Head Load Equatlion:
Q = A# OVERHEAD B# (] Frey = Frey - 1, x 10é) 3#3:C

EQUIPMENT CONTROL LIST ENC(NE,5)

Matrix
Row Variable
1 Equipment Number - always required

Equipment Flag
18t Constant of Heat Equation (A 1n above equation)

2nd Constant of Heat Equation (B in above equation)

i F w

3rd Constant of Heat Equation (C in above equation)



