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Abst r act

Design research is often identified as the developing of theory to
support design calculations. This presentation, an opportunity to be
phi l osophical, wll enphasize another inportant aspect to design, the
strategy. Five guiding principles are stated: 1) Evolve from sinple to
conplex, 2) wuse a depth first approach, 3) develop and use approximate
criteria either as targets or heuristics to scréen anong alternatives, 4)
use "top down™ design alternatively with "bottom up® design, and 5) al
things being equal, be optimstic. Wile séne of these guidelines may be
obvi ous, they are frequently unheeded and sel dom taught.

D verse exanples will illustrate design strategies consistent wth
these guidelines. The exanples will show how to use the guidelines to
design or evaluate conputer aids and even to "prove" the value of the

guidelines t hensel ves.
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I ntroducti on

This presentation is an opportunity to be philosophical about de-
sign, an opportunity not to be .m' ssed* The ideas to be given here are ny
version of ideas generated both in ny own work and during several lively
discussions with James Douglas (University of Massachusetts) and Bodo
Li nnhoff (Inperial Chemcal Industries).

Design research is often narrowy viewed to be research to devel op
theory supporting conputational nethods useful for performng design cal cu-
| ati ons. The nethods mght be new convergence techniques, better stiff CDE
integration methods, new optin zation algorithns particularly well suited
for systens of interconnected units, and so forth. Even the relatively new
area of process synthesis is frequently viewed as solvable by wusing
simlar ideas, but perhaps using techniques which allow for a nunber of
_ the variables to take on only discrete val ues.

The significant questions relating to synthesis were aptly stated by
Sinon (1969) and are further anplified in Mtard and Westerberg (1978).
They are 1) how does one represent the alternative configurations permt-
ted when devel oping a design, 2) how does one establish a value for each
alternative so as to identify which are the better ones, and 3) how does
one search anong the enormous number of alternatives one is certain to
create.

The guivdelines we wish to state here speak principally to the third
issue and partly to the second. V¢ hope to show that powerful guidelines
do exist which can be used to’ solve nost open ended design problens
directly or which can be used to design and evaluate aids and strategies.

which will be useful for solving such problens.




Ve conjecture that these guidelines can be taught; we (I. Gossmann
and the author) attenpt to do just that in our undergréduate and graduate
design classes* W hope also to convince the reader that this aspect of
design research is a valid contribution but one frequently avoided or

under stat ed when presenting new results.

The @ui delines

W offer the followng five guidelines to use when solving design

probl ems.

1) Evolve from sinple to conpl ex

2) Use a depth-first approach

3) Devel op approximate criteria either as targets or heuristics for
screening among alternatives
4) Use "top down" design techniques alternatively swth "bottom up" ones.

5) Al things being equal, nake optimstic assunptions.

W shall now explain each of these ideas in nore detail and then
for the rest of the paper, examne their application to severél exanpl es.
If the guidelines are true, then one should be able to use themto design
a neans to denonstrate their own validity, i.e., the ideas should be

recursive

Evolve from Sinple to Conpl ex

Al earlier calculations for a design should & done using sinple
calculations even if one knows them to be quantitatively incorrect. The
earlier calculations are for learning about the design qualitatively. Mny
of the nmmjor decisions can be made obvious by use o€ approxi mate cal cul a-
tions only. Hardly anyone experienced in design violates this guideline
for long in practice, but when they do, failure ta> conplete the needed

calculations frequently results.




An obvious exanple is to prepare an outline to a research paper

_before witing it.

Use a Depth-First Approach
Thi s guideline suggests one should go directly for a first feasible
solution to the problem at hand, based on a sequence of best |ocal

decisions. (One should avoid the tendency to backtrack at any point prior

to finding an initial conplete solution to the problem (Qutline the whole
report.)

The reasoning is as follows. The initial design is an enormously
effective learning device; it gives the designer his first glinpse as to
the steps which are easy and to those which are the inportant difficulties
to be encountered in the problem with perhaps some difficulties being
insurmountable. In this latter case, the design can be abandoned wth
m ni mal wor k exbended.

"Depth first" is a termused to search a tree of decisions. It is a
search strategy in opposition to "breadth first" searching. Breadth first
allows backtracking prior to conpleting the first design if earlier
deci sions no longer appear to be likely wi nners.

To repeat 't_his guideline — generally avoid backtracking. Go as
qui ckly as possible to the first potential solution.

These first two quidelines perneate the recent publication by
Douglas as wel | as. the lecture notes for our own undergraduate design

cour se.

Devel op Approxi mate Oriteria
One reason the design question is difficult to deal with is that
design is caught in a dilemma. The final criteria used to assess the val ue

of a design (if the criteria can be stated) cannot be eval uated without




having in hand a conpleted desi gln Thus one nust make initial decisions
which one can only hope wll | result in solutions that are a good
conmpromise with respect to the final criteria. To carry out the initial
design, alternative approximate criteria nust of necessity be used. O ten '
these are in the form of heuristics. At other times they can be locally
realizable targets.

A significant research contribution can be the discovery of ef-

fective approximate criteria, as we shall see has occurred in the syn-

thesis of heat exchanger networks. The targets thenselves may be con-

sidered the initial sinmple calculations needed for the wearlier design
stages. Linnhoff, in his research publications, is a vociferous advocate

of target setting.

Use Top Down/Bottom Up Design Alternatively

Top down and boétom up design are forms used to describe how to
design conputer prograns. The forner, top down, refers to starting at the
hi ghest level with the overall goal of the design. This goal is then
partitioned into subgoals which, if solved, wll acconplish the higher
goal . Thesé subgoals are then each treated as the top level goals to be
further partitioned, etc., until lowst Ilevel subgoals are discovered
whi ch can be inpl ement.ed wi thout further partitioning.

Bottom up design is to design first the |lowest |evel building blocks
whi ch one assunes will be necessary to acconplish the design. In coﬁputer
programming, witing a linear equation solving subfoutine first would be
part of a bottom up strategy fo-r designing a nonlinear equation solving
package, where one assdrres such a subroutine will be needed.

What is being advocated here is to use the two strategies alterna-

_tively. The top down strategy should be used to scope out the alternatives




in terms of high level tasks needed to solve the design. Once set, then

bottom up design should be used to locate bottom level subtasks which will

preclude a solution. Thus they will, for minimal effort, rule out an

alternative suggested by top down design. To solve a bottom level subtask

requires guessing the enviromment for the bottom level subtask.

Be Optimistic

Douglas (1979) conjectures that 99% of all initial design concepts
will prove to be technologically or economically umsatisfactory — i.e.,
they will fail as concepts. The correct mindset, and one a designer
usually fails to have, is to try to prove concepts will not work.

When attempting to use bottom up design to rule out design concepts,
one should use optimistic guesses as to the enviromment for the bottom
level task. If the task cannot succeed when being optimistic, then the
failure to do the task can be used to rule -c;ut the top down concept
requiring it. If one uses conservative guesses, and the bottom level task
proves difficult, it may be because of the use of an overly conservative
set of guesses as to the task environment, and thus one would be unable to

use its behavior to rule out the concept.

A corollary to the above guidelines is that one should use the
information learned from the original solution to move to subsequent
improved solutions, wusing in one form or another a learning or
evolutionary approach.

A second corollary to the above guidelines is that computer aided
process design programs which do not cater to them will be significantly
less useful than those which do.

The design problem is one of searching an enormous space of al-
ternatives to select the correct building blocks and their >intercon—

nection, as well as also searching the space of continuous variables to




establish the levels at which to operate any given structure. The guide-

lines are consistent with the foll ow ng specific search strategy.

1) Select a limted technology within which to solve the problem

2) Using heuristics sketch a good initial solution from within the
al | owed technol ogy.

3) Examine this solution and develop alternative solutions by revising
within the allowed technology or within a nodified allowed set of
technol ogy, where the initial solution suggests the allowed set
modi fications. Iterate fromStep 2 until a "best solution is found.

4) Repeat Steps 2 and 3 using nore conplete nodels.
The guidelines also support the follow ng specific strategy.

1) Select a limted technology within which to solve the problem

2) Wthin this technology set up a superstructure within which is
enbedded all the alternatives of interest. Use heuristics to elim-
nate obviously useless portions of the superstructure as it is being

devel oped.

3) Use algorithmc nmethods to discover the best substructure from anong
the alternatives enbedded in the superstructure.

4) Exam ne the solution and develop nodifications to the allowed tech-
nol ogy within which to search. '

5) Return to Step 3 until no inprovenents are possible.

6) Iterate Steps 2 to 5 with nore conplete nodels.

(Steps 3 and 4 can be very mathematical, giving rise to the devel opment
and use of sophisticated theorens, and thus perhaps satisfying many
persons that quality abounds in the results.)

The advantage to this last approach is that parallel decisions are
made in Step 3 so in a sense an optimal -solution is found, but it is found
by looking anong a rather small set of alternatives. Fallible heuristics

are used only to make the nore riskfree problem reductions.




The sequential aspects to the approach are to learn which tech-
nol ogical alternatives ought to be in the superstructure and to solve
initially using sinple nodels to get closer to the final solution before

starting to do conplex cal cul ati ons.

Exanpl es
V¢ shall now describe four exanple “design" problens to illustrate

the effectiveness of the guidelines.

An Entire Chemcal Process
The first exanple is to scope out a process to hydrol yze ethyl ene

(EL) to ethyl alcohol (EA) via the reaction

70 atm
560K
EL W EA

The available ethylene feed contains one nole percent methane (M
and three nole percent propylene (PL). Propylene also hydrolyzes to
i so-propyl alcohol (IPA) but to a lesser extent at the given reactor
conditions. Coton aldehyde (CA), a Q; al dehyde, forns as a trace by-
product. Dethyl ether (DEE) forns in equilibriumwth water and ethyl

al cohol :

| CELj C&CEL « CHJCHJOCHJCBA + H O .

EA DEE W

Conversion of the ethylene is from 5 to 7Z, with water in significant

excess in the reactor feed.




Skipping lightly over many details, we start our design by scoping
~out the process.using a top down view, getting at least the three
structures illustrated in Figure 1.

Renenbering that the strategy being advocated suggests striking out
for a conpleted design without backtracking, we nust select one of these
sketches (or a variant); we use a bottom up design technique to rule out
alternatives* W look for reasons a concept will likely fail and do a
quick bottom level calculation to validate our conjecture, guessing the
nost optimstic environnent we can for that cal cul ation.

The first two variants in Figure 1 look as if they mght fail
because of the extremely |ow tenperatures which may be required if we were
to use distillation to effect the initial separation step. W need only a
Mol lier diagram for ethylene to see that at P < Pc= 50.7 atm the high-
est tenperature possible at the top of an ethylene/propylene colum is
0°C« Refrigeration would be required, and, as an approximate criterion, we
rule out using refrigeration if possible. The third option, i f
volatilities are exam ned, could be inplemented to renove the nethane and
propyl ene by recycling them back with the ethylene to the reactor. Since
nethane is an inert here, it would build up and could be renoved by
bleeding it. The propylene will both convert to iso-propyl alcohol and be
lost in part in the bleed. Finally conparing boiling points for water,
i so-propyl alcohol, and the azeotope of water and ethyl alcohol suggests
this separation is possible. Al other separations |ook rather straight-
forward. W adopt option 3.

An automatic synthesis program -for developing total flowsheets
should be able to cone quickly to this sane result. If not, it rmust be

working too hard. Renenber this flowsheet is not purported to be the best
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one, only a good first one fromwhich we intend to |learn about the process

so our second guess as to the solution is done with rmuch inproved insight.

Separati on System Synthesi s

The second process exanple we shall look at is separation system
synthesis. W have an obvious candidate in our previous exanple, the
separation of nethane, propylene, ethylene, diethyl ether, ethyl alcohol,
water, iso-propyl alcohol and croton aldehyde into the product ethyl
al cohol, a recycle of ethylene, diethyl ether and water, and the by-
products of nethane, propylene, iso-propyl alcohol and croton al dehyde.
The separation step of the third option in Figure 1 illustrates the
problem Note the feed to t hat step is vapor at high pressure and the
recycle is also a vapor which needs to be returned at high pressure.

The strategy we now look at will be the first one stated earlier,

one we claimis consistent with the guidelines given:

1) Sel ect a technol ogy within which to solve the probl em

2) Usi ng heuristics, sketch a good candidate solution. Evaluate it.

3) Examine the solution and develop alternate solutions by revising
wi thin the allowed technology or by addi ng new technol ogy.

If we vveré trying to develop our earlier flowsheet fully, we would likely

skip Step 3 above because it represents backtracking. If, on the other

hand, the separation problem is.our entire dgsi gn problem Step 3 is a

refinenent step, one that follows our having a first conplete solution.
Figure 2 sketches a possible solution to the above separation

problem using distillation technology. The heuristics used are ranked in

order of inportance and are a paraphrase and subset of those in Seader and

Westerberg (1977). For the next separation
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1) do the easy split or
2) remove the nost bountiful conponent or

3) remove the nost volatile conponent.

The split between diethyl ether and ethyl alcohol can be done easily; do
it first. The recycle can tolerate nethane and propylene so let them
recycle, but then renove methane using a bleed stream Go after the water
which is plentiful next but, using heuristic 3 also, split above it to
remove the ethyl alcohol. Finally split off the water from IPA and CA

At this point let us consider the separation problem as the whole
probl emwe are solving. For this problemMark Andrecovich, a Ph.D. student
of mne, is discovering that the second strategy stated earlier, where one
creates a sequence of superstructures to be optimzed, seems to be very
effective. Figure 3 illustrates the solution. .found to a 3 conponent
separat‘i on using this approach. It is 11% less expensive than all obvious
conpetitors on an annualized cost basis which Consi ders both investment
and operating costs. Note the complexity of this structure. The research

question is to establish a means to locate it quickly.

ASCEND-11: An Analysis Aid for Arbitarily Configured Processes

W shall move off on an entirely new tack at this point and describe
briefly the ASCEND-11 flowsheeting system (Locke, et al (1980)) that we
are developing in ny research group at Carnegie-Mellon University. The
persons involved are Mchael Locke (Locke (1981)), ‘Sel ahattin Kuru (Kuru
(1981)), Peter Cark (dark (1980h)), Dean Benjamn and Andrew Hrymak. The
messages to be conveyed by this exanple are two: the breadth of research
activities which support this project and a description of the use of this
‘system to develop a working anal ysis'rmdel- for a process in a manner which

is consistent with the design strategy that has been the main theme of

this paper.
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To examine ASCEND-II we need first to establish what we mean by
analysis. We include the following types of analysis for a given but

arbitrarily configured process flowsheet.

1) Simulation. The inputs to the process, the temperature and pressure
levels at which to operate and the equipment sizes are fixed. The
calculation is to discover how the equipment performs, a rating
calculation.

2) Design. Some outputs from the process and some intermediate stream
variable values may be specified in exchange for calculating an
equal number of the inputs, levels of operation and/or equipment

sizes.
3) Dynamics. The dynamic behavior of a process may be required.
4) Optimization. We may wish to optimize the process over the set of

continuous variables that describe equipment sizes and process

operating levels.

Figure 4 illustrates the breadth of questions which one can address
in the area of design research. Many persons identify design research with
only the two aspects highlighted with a dark line: 1) Identify Abstract
Probleﬁ and 2) Develop Relevant Mathematical Theory. We have been arguing
all along about the importance of developing a correct design strategy.
Support techniques are often shrugged off as not fundamental enough, but,‘
if not done correctly, the implementation of the theory will likely prove
too complex to be practical. finally one should not overlook the problem
of placing sophisticated tools. into the hands of unsophisticated users.
There is research lurking there too.

The abstract problem for developing ASCEND-II is how to solve large
sets of simultaneous nonlinear, sparse algebraic, ordinary and partial
differential equations, perhaps snbjeét to 1inequality constraints and
perhaps containing discrete variables. There is certainly enough of a

problem here to require considerable effort.
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Rel evant theory includes convergence proofs, analysis techniques to
take advantage of structure and Lagrange theory. W have already di scussed
strategy ideas at length. The supporting techniques include consideration
of data structures, problem deconpositions (see \Wsterberg and Berna
(1978), Berna, et al (1980), dark (1980)), data bases and use of network
-conputing. Finally the ideas involved in placing the tools into the hands
of the practitioner include |anguage design, level of interaction, online
document ati on system design and use of graphics. W are making consider-
able progress at dealing with the above ideas and others in the devel op-
ment of ASCEND-1I 1.

figure 5 illustrates the underlying evolutionary aspect of ASCEND-II.

ASCEND-I1 is intended to hel p a process engineer "design* a conputer
nodel for his process, using the available building blocks provided wthin
tite program "Design' here refers to finding and solving a nodel of the
Heeded conplexity to answer the questions being asked of the process,
whete the engineer is learning both about tﬁe questions he should ask and
about the nodel as he proceeds. VW& could broaden the meani ng of design to
that of designing the process for which the nodel is being devel oped, a
task for which ASCEND- 11 is also well suited, but we want to limt
oursel ves here to the narrower nodel design problem

the axes in Figure 5 are axes along which the nodel design can
evol ve. Model cbnpl exity can evolve from sinple to conplex, where sinple
nodel s consist of only a fewunits and the use of the sinplest of physical
property nodels —e.g., a flash unit using constant relative volatilities.

Wth each nodel a range of analysis type can be performed, starting
with simulation, noving to design and finally (when ASCEND-I| is further
devel oped) to optimzation. Similation is intuitively the easiest node to

use for the engineer. In that node he can usually establish a set of
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specifications which will lead to a solution for the remaining variabl es.
For exanple, one has sone confidence that, if he fixes the feed streamto
a flash unit, fixes the fraction of the feed which will vaporize and the
flash pressure, then the flash unit will have to operate and so will the
corresponding cal culation. Wiy not allow the user to start themwth this
"confortabl e’ calculation? Once he can similate the flash unit ASCEND-I |
allows himto alter the set of variables to be specified. For exanple, he
could require that the recovery fraction df one of the conponents be
specified and that the pressure be calculated. If the trade is illegal, he
will be warned imrediately.

Running through a few design calculations will acquaint himwth the
shape of the solution spacé and when he gets near to a good solution, he
can switch into doing an optinization cal cul ation

Ohce this sequence is solved using sinple algebraic nodels, he can
selectively add nore conplexity to the nodel by édding nore units and/or
nore sophi sticated physical property calculations and continue.

A type of conplexity which can be added is to broaden the type of
equati ons which are used to nodel portions or all of the process, i.e., by
allowing rmodel s involving CDE's (Kuru (1981)) and PDE's to be introduced.
Wth CDE s and PDE s one can consi der doing dynam c studies

The last axis is that reflecting the degree of interaction ASCEND I |
“will have with the user. In ASCEND-II a standard command file can be
created which will attenpt to solve any nodel once it is set up. Invoking
this "standard" file is like running the problem in batch node on a
conputer. At the other extrene, the commands can be executed interactively
one at a tine in a fairly arbitrary order. (The conputer is a DEC 20 which

-provides a very friendly interactive environnent.)
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Exanpl es of the types of commands available are 1) to input sone
nore structure to the flowsheet, 2) to delete sone of the existing
structure, 3) to save and retrieve variable values, 4) to initialize
variable values (selectively), 5) to change the set of variables whose
values are to remain fixed, 6) to cause variables and equations to be
rescaled to reflect current variable values, 7) to do one or nore
Newt on- Raphson iterations, 8) to determine the constrained derivative of
one variable with respect to another, 9) to display variables selectively,
and 10) to display equation errors selectively.

Wth this structure for ASCEND-11, the user can "drive" his com
putation around conputational obstacles much as he drives a car and can
becomre very effective at getting solutions quickly, even for stubborn
probl ens.

W have set the stage now to argue that ASCEND-11 allows the nodel
for a given prhocess to be designed using our earlier guidelines. Qearly
the first guideline is dealt with: evolving from sinple to conplex. The
depth first strategy can be followed by developing first a sinple nodel
for the entire process.

Unli ke conventional flowsheeting systens, each unit within a flow
sheet can be tested by itself in ASCEND-11, permtting a bottomup solving
of the units at any tine. In this node and using the sinple nodel as the
base case deéi gn, nuch testing can be done to see.where to add conpl exity,
and where perhaps to renove conplexity. Answers can be obtained to a
sinpler version of the problem to use as a starting solution point for the
nore conpl éx versions, a strategy often needed when solving highly non-
linear equations. The notion of developing and using approxi mate criteria

is also possible. One usually gets a solution to the equations, perhaps
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far from the desired solution point. This solution may be from doing a
simulation rather than the desired design cal culation. Not unlike the idea
behind a continuation nethod, the calculation can be converted to the
desired design calculation in terns of which variables are specified. Then
one can nove to the solution point desired through a series of snall
steps, converging to the solution at each step.

Wile it is obvious that rmnmuch of the power of a program like
ASCEND- 11 cones fromits being interactive, it is equally as obvious when
using it that the ability to find a base case solution and then to nove
from that solution in almost any nanner desired (top down/bottom up,
simul ation/design, etc.) is the heart of the rest of its power. It is the
learning that can occur which helps to decide the nature of the next
calculation, to see its inpac;[ and to alter one's path as a consequence,
that makes ASCEND-I|l so useful. Tradi'tional flowsheeting systens (and for
that natter, traditional equation solving packages) do not offer the
flexibility provided by ASCEI\DII for this approach.

ASCEND- 11 has been designed under the assunption that calcul ations
will often fail until one learns about the problem D agnostic tools are
thus provided to allow the user a chance to detect where the failures are
occurring. As nentioned only briefly before, these include interactive
access at any tinme to every variable in the problem by a convenient name

and simlarly to every' equation-error. This latter access allows one to

note, for exanple, that the phase equilibrium equations on stage 3 of the
diethyl ether colum are not converging. The variables around that stage
can then be examned to see if one is perhaps too large or worse yet,
negative. Having located the problem the user can then start to work on

correcting it.
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Interestingly, the current version of this systemis a third genera-
~tion version. V& designed ASCEND-11 follow ng our guidelines by prototyp-
ing it twice, at each step inproving the design based on the previous

version* This was and renains a deliberate policy for creating ASCEND-II.

Heat and Power |Integration of a Process

The last process problem to be considered is to integrate the heat
and power requirements for a process for which one has just set tenpera-
ture and pressure levels for each of the units and has solved the process
heat and material balances (using ASCEND- Il for exanple). Qeat progress
has been nmade for solving this problem The heat integration portion is
usual ly called a heat exchange network synthesis problem See N shida et
al (1981) for an extensive review of the heat exchanger network synthesis
probl em

The heat exchanger network synthesis problem epitonizes the ef-
fective use of approximate criteria to locate excellent final network
desi gns. UWsing thernmodynam c argunments, one can predict a priori the |east
amount and kind of wutilities needed to solve this problem A so using
graph theoretic ideas one can guess the fewest nunber of heat exchanger
units likely to be needed. Experience has shown that the better designs
neet these goals, or cone very close to neeting them Finally, effective
deéi gn techniques exist to aid one to find such designs.

In preanalyzing the heat integration problem one discovers for nost
problens a bottleneck will occur to fufther heat integration in the form
of a tenperature pinch. Figure 6 iIIustrétes the way Hohnmann (1971)
located this pinch. He nerged all hot streans into a single "super" hot
stream and all cold into a single "super" cold stream- Pl acing them as

illustrated on a tenperature versus total enthalpy diagram reflects the
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Figure 6. Minmum Utility Calculation. Uppe right illustrates how to
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23

opposing hot and cold stream temperature profiles one would see if these
super streams met in a single counter current heat exchanger. The pinch is
the point which precludes further integration. Cerda (1980) from our group
and, in parallel, Mason and Linnhoff at ICI recently developed an approach
which generalizes this minimum utility calculation.

Umeda et al (1979) have exploited the pinch to aid in locating where
in a process the reestablishing of temperature and pressure levels will
permit more heat integration. Very recently Linnhoff and coworkers
(Tovnsend and Linnhoff (1981), Dunford and Linnhoff (1981)) have shown how
to exploit large temperature differences between these super streams which
occur either entirely above or entirely below the pinch. They show how to
convert heat entirely to mechanical_work or obtain some ''free' separation
work within a process. For example, the upper right part of Figure 6 shows
how one can place a turbine to get 100% of the thermal energy which must
be added into the process converted to the desired mechanical work. The
cost is the degrading of the thermal energy which enters and is later
rejected by the turbine. If that energy can be degraded and still be
rejected at a temperature where it is useful as heat input to the process
and if that heat can be extracted and rejected entirely above or entirely
below the pinch, then 100% of the extra energy added to drive the turbine
is converted to work. |

The design strategy is to establish first a process design not yet
heat integrated. Then by examiging the process, one finds the pinch
temperature and predicts the minimum utility costs associated with the
process. Next one can modify the process near the pinch if further heat
integration is desired. Finally one can place some turbines if possible so
they de:rade thermal energy either entirely above or below the pinch. The

design can then be reassessed and improved from this thermally integrated

base case.
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Proving the Strategy Itself

How would one "prove" that the design guidelines are basically
sound? That problem is itself a design problem and should be (if we are
correct) solved using a strategy consistent with the guidelines them
sel ves. The concept should be recursive. In our case it is leading to the
design and testing of the ASCEND-11 system W are only at present proving
we are right by denonstrating how rapidly one can put together a working
conputer nodel for a process using this system In one exanple a nodel was
constructed using a conventional flowsheeting systemand the exercise took
two full tine days. Using ASCEND-I1, it took two hours.

Since teaching these guidelines to our st ude_nts in the undergraduate
design course, we see a noticeable reduction in the time needed to get

realistic designs.

I n Concl usi on

The guidelines suggested to aid one to do desi gn nore efficiently
have been illustrated on se;/eral di verse probl emtypeé. Ohly qualitative
"proof" exists as to their correctness. If correct a principal use can be
to examne a proposed or existing design tool (or design effort) to see if
it abi d.es by them Were it fails should suggest nodifications to the tool
which could significantly change its effectiveness. Designers have to nake
"~ a conscious -effort to stick to the guidelines as they do not always
coincide with the nmost natural approach. They can‘ be taught; we try to do

so in the undergraduate design cl ass.
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