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CHAPTER 4

HEN DESIGN USING MATCH PATTERN APPROACH

There are two fundamentally diffgrent approaches for heat exchanger network
synm&e1s,hasedﬁnlwalnof""_. W01y - optimization and heuristics. In an
optimization method, a e translated into an optimization
model and the translated problcmis solyed € ~-= set of variables that define a
minimum value of a utilil mhmmdbypmblcmand
design requirement trans \‘\ e domain-specific problem-
solving knowledge m have been few attempts to
develop an automated ( on system by using a heuristic
model.

Heunshc]mnwladgcoff twork synthesis has been published in
the literature for over -ff-. n & :,,-~ ally used. In this chapter, a
number of match p I ri (1990), are generated and
rankndaccordmgtothmegubhshndhﬁunshcsmdnuw s. The match pattern is a new

s s B AN

convention of a sythesis nrdmpstat:musedmum synthesis
s QR IEAATOLNTI N AR~
, i.e. they map one design state to another. The advantages of this approach
are its transparency, modularity, and simplicity.

'I'l'ﬂl!h'lnﬂ'ﬂ l'l'n'n ..l.ll'lhlJ: nm
1I‘I‘Il‘lf ~nnH1Jv rﬂ !
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4.1 The Nature of HEN Synthesis

A heat exchanger network design problem is, in its essence, a search problem. A
search space called design space is a collection of all possible design points which are
matches between hot and cold streams and utility streams that would totally or partially
satisfy a set of design constraints. Usually, a design process is partitioned into several
states since there are many alternative design points to choose from. A design or selecting

operator will map one design , / is option, all possible matches must be
created a priori. An equiv ! : operator to match hot and cold
streams. By this view, two i ' h model are: (1) a collection

of match operator (2) a

11¢ actions cannot be evaluated

since they are so many. There -. \m\* an action that is believed to be

4.1.2. DesighiStats ";
Inademgnpmﬁs : m i.ir explored, a notion of design
state is useful. Ad&mpstilmuapumtun solution path where new possibilities are

by W I S o s

cxplumnnwpnmimmﬁ as wllaato&aakbackatthc unselected n ones. When a match
s PEVTXPTITEY Y- TR,

canbncrea:ed If in the current state no eligible match is possible, we
have to backtrack to a previous state to choose a new alternative. Or, if a solution is found,
we might also backtrack to previous states to find another solution.
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v To keep track of all decisions made in an exploration process of all available
alternatives, a system to do the bookkeeping for the necessary information will be needed.
Let us consider the following scenario:
wo
Status: H1 ACTIVE, C1 ACTIVE, C2 ACTVE
Supply Temp: H1 180, C1 20,C2 50
Target Temp: H1 80, C1 120, C2 100
»
w1 w2
F1: Match H1 1 » Match H1 to C2
Af: Change status g angfedp 81€1 = = ' status of H1 and temp of C2
Status: Hi MATCHED, C1 AETIVE, 2 ACTIVE , €1 ACTIVE, C2 MATCHED
Supply Temp: H1.80, ap: H1 130, C1.20,C2 100
Target Temp: H1 80, G 12 gel Temp: H1 80, C1 120, C2 100
FCp: H15, p: H15,C110,€25
In Fig. 41 :.__r__-_ ____________ ternatives to be explored,
different actions to be : HJ‘ esign process. It may be begun
2

by behmngmmfurman? F1 and conclud:ng Al, eg. the annnnwtakcnandsumn

it e oS S ] ot it 2 o

concluding A2. onmuntsmustlaccmmdtosuppuﬂﬁmsed:ﬂ'ﬂmmﬂfbchsfa.ﬁ
e AR ALS=AC i

staws, but not true in others environment, e.g. W2, where another action A2
is chosen. For example, in Figure 4.1, a hot stream Hl is matched to a cold stream C2 with
a larger heat load (F1) in W1. The status of HI is matched and the status of C1 is still
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active and its supply temperature of C1 changes to a new value (A1). In W2, a match of H1
and C2 is chosen (F2). The heat load of C2 is less than H1 so the status of C2 is matched
andthesupplytempcraﬁmcanlischangad(ﬂ).ltcanbesmthaﬂhafacﬁaboutthc
streams H1, C1 and C2 are different in different states. Artifacts or designed objects can be
mutually exclusive and believed in different states. In the above example, the match of H1
and C1 is created in W1, but in W2 it is H1 and C2. These streams must be accessed
without any conflicts. For example, in W1 l:hammsofﬂlmmatch:dandmmreuw

4.2 Heat Exchanger Ne

Usually, heat exchanger

4.2.1 Network Tagfletifigf - |
The following impa ! j-_t‘ri-ni;r Al be datermined before the actual network
T |
is designed. They are used as { 'ﬂ: for’
1. The maximum - he minimum utilities). The minimum
utilities can be cal hfm—'-_'ﬁ‘:\" innhoff and Flower, 1978a).
Thcvaluesdcpmdontﬁ imum appic ne ---rmv s ATmin. The effect of ATpyin

unthagmannnufm ummhﬂmt,atmhrghervalm,mme

e AR DN
Wa‘wmwww Re——

Nmatch,min = Nhot stream * Ncold stream =1
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If a problem is separated by pinch, this equation must be applied separately to each
separated problem. If a matching procedure follows the ‘tick-off' heuristics, a solution
abtajned“dﬂfeatumthcminimummatchmpredicwdb]rthaabmeequaﬁnn In general,
the cost of a minimum matches network solution is close to the minimum capital cost

network (Nishida et al., 1977).

4.2.2 Network Synthesis

conditions in testing a ma

For a match at hot end

‘fﬁg \\. -

aobiris < 2
where ATpe = TpSUPPLY - T 12880 71 = Tig ad, W = heat capacity flowrate, h = hot
]E c ",--"'Ef{: fz_r

mmﬂcsmld SLEE -—— "'I',,

Fmammhamwmdﬂiﬁm )|
A UH INBRIRIING
QL TS

where ATod = Tht2rget - T,

Usiuguncnpcramrdumnntuseanyhmnisﬁcmndadgeatau. To make use of

hﬂlﬁsﬁnsmmuﬂdmﬂmmmmngmmhﬁmﬁngmcﬂmhmmfm We
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can classify matches into several categories and give them different priorities. In this way,
heuristics are used.

The HEN heuristics have appeared in the literature over two decades. The
following is a summary of published HEN heuristics. The best known one is to make use
of the pinch temperature which is called pinch heuristics (see Linnhoff and Hindmarsh,
1983). However, it alone cannot solve all problems. Other heuristics must be utilized in
order to solve difficult problems.

4.3

of publications. The heuristics for

inventing HENs with n s are reported by Masso and
udd (1969); Ponton and J -ft/ o d P 1975); Linnhoff and
Rudd ( ); Ponton Il @r \\‘\ An¢ owers (1975);
Hindmarsh (1983); Jezowsk / \\, , Mehta and Fan (1988), etc.
The following are B the u- classified according to the design
criteria.
The heuristigs'ig ize the capi ‘uﬁw of heat exchangers):

Y]
Heun.sthlB wamngthumm:mum
number of heat transfer lﬂmhmﬂWﬂlﬁMmofmmm a

wor e oY PR NUNIN El\’lﬂ‘i

a mﬂblmmzmm 1§72 cooling problem.

Obviously, a match of this type will feature the maximum temperature difference.

Stream at its cold end if
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Heuristic C.3 Prefer matching large heat load streams together. The significance
of this rule is that the control problem ( a capital cost) of a match of this type (whether it is
implemented by one or many heat exchangers) should be less than that of heating or
cooling a large stream with many small streams.

The heuristic to minimize the energy cost (the minimum utility requirement):

Heuristic E.1 Divide the problem at the pinch into subproblems and solve them

ately (LinnhofT and Hindmassh, 1983 )" #ls€ is followed by the next three heuristics.
Sﬂpa'r 1 _\,\\} 3 / . h}'

Heunistic E.2 Do not faaster heat across the pi

Heuristic E.3 Do "

Heuristic E.4 Dgffioy -/[ = '\\\

Heuristic E.5 PfCiegh ?ﬁ i \ sidual of the second type match

should be more likely to mcli er utilities of lower temperature

can be used for such residus

Heuristic E. 6-Do the ess —— h first Ina'c 3 end problem, if there is only
] ':T—' lCmperanre, matﬂh thm two
streams. Otherwise, more thanthem:mmumunhtms oe required. The same is true for

a“‘mmlﬁWWﬂ?m
] ﬁm”“‘"‘ﬁ’i‘“’“‘tﬁwnwmaa

Rule T.1 In a heating problem, if a supply temperature of a cold stream is less
than a target temperature of a hot stream by the minimum approach temperature (ATp,in)
or more and the heat capacity flowrate of a hot stream is less than or equal to the heat
capacity flowrate of a cold stream, the match between these two streams is feasible.



28
(Immediately above the pinch temperature, the heat capacity flow rate of a cold stream
mustbagrcatermanoreqmltnmﬂufaht}tm)

Rule T.2 In a cooling problem, if a supply temperature of a hot stream 1s greater
than a target temperature of a cold stream by the minimum approach temperature, ATmin,
or more and the heat capacity flowrate of a hot stream is greater than or equal to the heat
capacity flowrate of a cold stream, the match between these two streams is certainly

feasible. (Immediately below the pinch
stream must be greater than or eq \\ O &)lmm)

@mhfmmmwm

Rule T.3 For a Sity » rules, a match feasibility must
determined by che ny/lﬁ ‘:*\\\-E.- re difference of a match
, / , \\ fed by the design.

ﬁ,g":

Inordurto:nzkeus&r

smperature, the heat capacity flow rate of a hot

RutﬂT.lﬂﬂde can oc used as

violates the minimum appro

4.4 Match Classification

we must classify matches. The following
criteria are canaider (f

l.Pusitiouof i at the cold end and Heuristic

Ejprcfmammhathut mchhmmnmmfasamﬂchﬂth:mldmdmahmtmg

subproblem mdﬂn%ﬂ@%&“ﬁ A Hovorr, e v e

pnmbﬂmc:s weﬂummﬂbyusugﬂmmc.l or 'uck-oﬁ'mle' there are four ways
e oo Wil k! | 3 14 URNINYA Y

2. Heat capacity flowrate between hot and cold streams. See Heuristic T.1 and
T2
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3. Heat load between hot and cold streams. The heuristics that concern heat load
state that one must match a large heat load hot and cold streams first. However, we want to
propose two heuristics:

Heuristic N.1 We propose that for a heating subproblem, a match where the heat
load of a cold stream is greater than that of a hot stream should be given higher priority
than the other. The reason is that the net heat load in a heating subproblem is a deficit. The

Heuristic N.2

is greater than that of a co

4. Residual heat Jofid A0g € lsistie for ghisiquaitity have thus for appeared. Two
nﬂwheuristicsmmtmd |

For a match in afheal Jthat satisfies the heat load preference or
Heuristic N.1 '

Heuristic N.3 e prefe 2 ______-___ heat load is less than or equal

Fmamatchmi geoling probleny that satisfies the heat load preference or

Hewristie N2 ﬂ‘UEI’JVlEWI‘iWEI’]ﬂ‘i
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’Iheraasunhﬂhjndth&ﬂﬂ(N.B,N.4)iaﬂm!ifamsidualhuatlaadi&1wuthana
uﬁﬁtyrcquhmem,ﬂmmsidualmaybcmmhedmauﬁﬁtymﬁm,nmhasthc

possibility of eliminating two streams at once.

4.5 Match Patterns

A number of match patterns, a sub-structure description, are generated and
ranked according to those published hedristigs and new ones. A match pattern is a new
concept used as a fundamental \ it ifld combinatorial HENS problem.

By the use of Heugisis whigh says-ie ach match eliminate at least one of
two streams can be matched
d streams and the positions of

a match. We then classi§ matthypattc " =\\\ \ nd simply call them Class A,

Class B, Class C, and ClagdD Jf J 72 ‘\
1. Class A. A match gf this*elass s h which is a match at cold end

posiﬁnnandﬂmheatlaad of the }.,,

upstream match. See Table
Fmahmﬁngggulem, ok is Tavorec over the other Classes, because
it leaves a col ﬁocmﬂq §iream at the hotgend (Heuristic N.1) and follows the pinch

NENTNENT
g UL VR 1 R W—

theh&tloﬁdofthehntstmammgrmtcrthanﬂmtuﬁhcmldm
match. Table 4.1.
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For a cooling problem, a Class B match is favored over the other Classes, because
it leaves a hot process stream at the cold end (Heuristic N.2) and also follows pinch

heuristics.

3. Class C. A match of this class is a Type I match which is a cold end match and
the heat load of the hot stream is greater than that of the cold stream. This is a downstream
match. Table 4.2.

4. Class D. A match of this Slass i

the heat load of the cold strez o Aren i) e hot stream. This 1s a downstream
' -d

We will make

Class A and B and give thefc @ Subcl
EEE < o

lSubclasaAH.A ﬁ,'iﬁ ass is a member of Class A, a heating
problem where the regidual is less than or equ & Hiinimum heating requirement.

=

X )
isamember of Class B, a cooling

2. Sutlﬂ]ﬂﬂﬂ- Bﬂ A mateh
problem where the residual ig.Jess than or equal to the minimum cooling requirement.

Wl ﬂﬂﬂﬂmﬁﬂ‘ﬁwmﬂlmm _—
W“ﬁﬁﬂfﬁmm‘ﬁ‘ﬁ%wm“

wﬂmmmwmhmmmmmmﬂum.m
following pinch heuristic, in a heating problem, we prefer a match where the heat capacity
flowrate of a cold stream is greater or equal to that of a hot stream. For example, A[H] is a
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match in which the heat capacity flowrate of the cold stream is greater than that of the hot
stream and the residual of the cold stream is matched to the heating utility.

Similarly in a cooling problem. we prefer a match where the heat capacity
flowrate of the hot stream is greater or equal to that of the cold stream. For example, B[C]
is a match in which the heat capacity flowrate of the hot stream is greater than that of the
cold stream and the residual of the hot stream is matched to the cooling utility.

A[H], B[C], A[C], B[H], C[H]}xDIC]}. €[C|4dd . For a cooling problem, BK, B[C],
A[H], B[H], A[C], D[C], C[H}D '

The defined mafCh pdttgs Ave s _,_ N, hes, the split matches, the
match patierns are use as
ors are match patterns of two
stream matches which requig€ no/ " Any " other qualification besides the

[H] and [C] subclass cHaet

4.5.2 Stream SplitMatch Operators /
m%%?""ﬂm%l;ﬁmmmm

obsewﬂon&d&sfmpmchmﬂchmwhmﬁaspMﬁngmmmm&om
observing the population and the heat capacity flowrate constraints. Stream splitting is

very problem-specific so, split operators implemented in this work cannot be exclusive.



Table 4.1: Match Pattern Operators of Class A and B.

Match Operators Conditions Actions
Pattern AH T > TS Match H and C
m I Ly <L¢ Status of H <= Matched
Ty T8+ Ly/We Ty > TS +LyyWe
Le - Ly < Q"™ Le<Llc-ly
Pattern BK TSy > Tl Match H and C
——I—r'— Le <L Status of C <= Matched
o< TSy > Ty -Lo/We
Lp<=lg-lc
Pattern A[H]

Match H and C
Status of H <= Matched

'H> TS+ LyWe
ic<=lc-ly

alch H-:IC
Status of C <= Matched

Ty <= T -LcWy

Ly<ln-Lc

Lc "Lm’

v U139

TS¢ < TSy -Lo/Wy

Statulaf

E‘iﬁﬁ*&lﬂﬂ

Lay<=lg-ic

Note: Cold stream temperatures are shifted up by AT ;0
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Table 4.2: Match Pattern Operators of Class C and D.

Match Operators Conditions Actions
Pattern C[H] Ty = T Match H and C
:E: Ly > Lo Status of C <= Matched
Wy <We Ty <= Ty + LWy
Ly <=Ly-Lc
Pattern D[C] TSy >Tle Match H and C
”I: \\i} Status of H <= Matched
Tle<=Tlc-LgWe

# Lc<-Lc-Lly

Pattern C[C] atch H and C
_P_T__ \ Status of C <= Matched
<= Ty +Lc/Wy

<=Ly-Lc

Pattern D[H] fatch H and C
l Status of H <= Matched
Tlo <= Tle - LW

Le<=Lc-Ly

]

There are numerous poss *"’:J this type of problem. The only

cunmmntma:secmsreasogabln mﬂla.tih::mmbﬁnfaphmbemm:al

Stream Q\Hﬂm mmgm in violating minimum
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1. Population constraint. The first case arises when the number of hot streams is
greater than the number of cold streams in a heating subproblem and vice versa in a
cooling subproblem (Linnhoff and Hindmarsh 1983).

2. Heat capacity flowrate constraint. Two different conditions indicate the need

(a) Ina hot side, the heat capagilyflowrate of the hot stream is larger than that of

thﬁmidstream,andthetargﬂ cold stream is greater than the supply

temperature of the hot stream therwise . can be matched to the cold
stream at hot end position

{b)Fnramld' - ///\\\ thtcoldstrmmmlargﬁthan
AnC '.;'n qir e

that of the hot stream .
supply temperature of the gbldst, ,.... (oit \\\\

end position without having 6 \\

= hot stream 1s lower than the

stream can be matched at cold

Mf‘

ARt iie

If should be noted h Bound of heat capacity flowrate, e.g.
frT‘

for a hot side, for all pinch matéhes; = «

]I
g EWH,] < z [Wmmwm)

o .mﬂmm P 1101) p R
BV LSNP L7F 01}

end position, the heat capacity flowrate of the hot stream being greater than that of the

cold stream is favored. This match choice offers match opportunity when starting a match

1191081 L 6
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at pinch is not possible provided that the target temperature of the cold stream must be less
than that of the hot stream.

There is still another constraint that will result in stream splitting besides the
population and the heat capacity flowrate cases.

3. Temperature constraint. This is an essential split match. The situation arises

whenthcmisonlyanaslreamthalc&nmatchmmqalnthwstrmmsbawdonm

temperature constraint. So, such a s be split otherwise, an unnecessary cooling
\\\ J /

or heating utility stream has to b& matehcd 16 - ined streams. For example, in a

whwpmmmmlnwthmaﬂuf

the supply temperatures of geld SifCatng \'- cold stream must be split and
matched to the two hot st; ' ‘

hﬂauﬂg pmblem there are tWo _[ﬂ-"" .

The match patt pafaibes for the ¢ three ¢ases are devised for the following
situations |
1. Split one stream ififo giteains with two opposing streams.
2. Split one sigcany inf6 TWo stream ~* one opposing stream.
: Y |
Various splitting m ¢ shown in Table 4.3, 4.4 and

4.5. Each pattern in Ta :43md44tsusedfur only a certain combination of the

L7
population of h w Wm E‘Wﬂﬂ heating or cooling. for
example, apau;rﬂ;ﬂﬁz shnwana?le 43?;) wforahmt?:l:mty flowrate case in a

AL RO

ﬂnmtec&cmahntmde canbeusedfnrapopulﬂhuncascmamldmde The pattern

D2, shown in Table 4.4(f), for a heat capacity flowrate case in a cold side can be used for a
population case in a hot side.
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Matching Conditions. The testing equations for the splitting pattern are shown in
the tables. :

A value of heat capacity flowrate of a stream i superscripted by a star (W#*;) is an
uquivalemvaluaadjustedmthatthccudtampemﬂnuofsﬂaamiandmmjaiamatch
starting point are different by ATpip.

3. ClassCm 4 Jld end pos andLH}I.C See Table 4.3
(c) and 4.4 (b), (c).

4.5.3 e Quidid PROUIGECIRASIS A Eﬂﬂi

Amﬂchﬂanmupmfmamwhﬁcﬂnmmmommmm

M@Wﬂmﬂﬁmﬁmﬁ?‘ﬁﬁﬂw@m :

single streams in a problem will be splitted when it is necessary. A special operator is
introduced for this purpose.



Table 4.3: Hot Stream Splitting Match Pattern Operators.
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Match Operators Conditions Actions
Pattern AZH" T2 TS . T Split H with Wiy = Wy <=> Ly =L
Y P 5. Ly <Ley +Lea Match split Hs to C1 and C2
:& Ly >1c1 = Le2 Set stream conditions, e.g. status, temps, etc.
Wi = Wey + W
Pattern A2H Ty > TScy. TSe2 Split H with a ratio of [W¢y: Wes]
Ly <Lc + Ik Match split Hs to C1 and C2

i

'_set stream conditions, e.g. status, temps, etc.

Pattern C2H

Pattern B2H

with Wiy= W <=>L=Ley
Waséh split Hs to C1 and C2

= m@mgg.mmm

Wi EW*c)+ W2 v

1T " UiV I ™ TN I L2 LS

Iy AT o 400 “Spiit H with a ratio of [W*): Wl
L <Lc) + L@ o, Match spiit Hsto C1 and C2

ST ] DB o o




Table 4.4: Cold Stream Splitting Match Pattern Operators.
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Match Operators Conditions Actions
T‘Hl ,TtﬂzszC Split C with a ratio of [W*q: W*a]
L+ Lz <Lc¢ Match split Cs to H1 and H2

d:lé

W*q +Wige < We Set stream conditions, e.g. stafus, temps, etc.

Pattern C2¢-* Ty . Ttm}'rﬂ Split C with Loy = Ly
L+ L Match split Cs to H1 and H2
'stream conditions, e.g. status, temps, etc.
Pattern C2¢ ‘Cwithltﬂhof{w*c]:““m]
Match split Cs to H1 and H2
m conditions, e.g. status, temps, etc.
Pattern B2* t C with a ratio of Lj= L
Match split Cs to H1 and H2
conditions, e.g. status, temps, elc.

yith a ratio of W) W]
,“ h split Cs to H1 and H2

mmiliﬁom.e.gstmn,lms,ﬂc.

-

N T Spidcivit ha ratio of [W*gpy: Wepo)
o Match splitCs to HI and H2

ek D S | e Fh e Bl st e
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Table 4.5: Splitting Match Pattern Operators.

Match Operators Conditions Actions
Pattern D¢y /2 TSy 2 Tle Split C with Wey = Wy
Ly<Le Match split C1 to H
W*g < We Set stream conditions, e.g. status, temps, etc.
Pattern Cyyy /2 T = TS Split C with Wygy = W*e

Lp>Le Match split Hl to C

4.5.4 Essential Mg

An essential matg ’\\\\\

constraint, must also be Impi€: 15 o avoid backtracking. For example,
in heating problem, if thete igond ¢ - *\\' i can cool a hot stream {o iis target
temperature, then a match bet@een# ,--,\, 15 is an essential match. A situation where
there are two cold streams to cOt --_‘- f hot stream is also implemented. For a
cooling problem the situgti are reversed, e. tﬁ' h is match of a single hot
stream that can heat a &gl¢

Large Strean Match Operator, |, m
i °ﬂﬂ%ﬂ%ﬁlﬂ%hﬁﬁﬁﬁﬁ°‘d sorcen can B s

melcmcnwd.ﬂn: hnperalorfur‘hmmduamimldmdembpal}lmlabcladLHmd

o= RGN I N NTINETRE

4.5.5

Mthoughmatch&abytheseapualmcanalmhafmmdbyothermﬂchpauam
operators, they may not be selected as early as desired, so the operators to detect these

situations are included.
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Table 4.6: One Stream Problem Match Operators

Match Operators Conditions Actions
Pattern Byyy Heating problem Find n necessary Cs to match them to H
No of cold stream = 1 Split H and match ton Cs
K TSe < T ooldest hot stream | S¢t stream conditions, e.g. status, temps, etc.
Paftern Acy Find n necessary Hs to match them to C
e Split C and match to n Hs
E conditions, e.g. status, temps, etc.
4.5.6 Utili £ NN
When there is onlyfoné Jtiat groe | ! ms left active, a solution is found.
the process streams are autogfati€allymétc i However, there is rule for
detecting a situation that'a gridis siresm to a utility stream since it
cannot be matched to o Jﬂ’ n constraint. This essential
mamhopqa.twwﬂlmducean‘; ;;: streams to be considered and probably
reduce the computati .
46 Synthesis Procedure | )|

¢

A eoceif GFERppbes o g gnpyay 1 oo of s dse

state can be carriedin steps as follows:

ARAASAIAINBATUHI AL s

new state.

2. While there is an operator on a stack.
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(a) Pop a match operator from a stack to operate on process streams.

(b) If a match is found, exclude matched streams from a set of process
streams. Change the condition of residual streams. Include the residual streams into a set

of process streams. Go to a new design state (the first step).

3. If there are only hot or cold process streams left in the set of stream, a solution
is found. If there are other solutions \ can be found by backtracking to the previous
states to try the unused operators: ‘/

4. If no matches ig £g s e, backirack to a previous state
to try an available operatos 2 S0 o R-b‘-éw?-‘::-\""- S@meeprm&ousloop).lt
is a recursive proced y

more previous state.

The above sequtnces gepr CREn 2 lpop 8 One des ign state. A total generation
procedure a loop composing olfhesesequ

The match operators asnd des ept bring a new look to HEN synthesis
by heuristic approach, € ;m-:_.-m.__ﬂ_...1._,717...;.:‘-;,:.:..&;:_.'..;..:i atch operators are classified
acc.urdmgmmatchand ‘ I non, degree of heat loads, heat

capacity flowrates, etc,, .andhﬁunshcaﬂyrankedmrdmgtopubhshedmdm

i & i B S B i i e

can be automated : mmpuﬁpmgmpmdwemﬂd:mrtmthemxtcham

ARIANN I UA1INYAY
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