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CHAPTER 3

A REVIEW OF HEAT EXCHANGER NETWORK DESIGN

3.1 Problem Definition

The problem of heat ex¢han hanger netddied; ign can be described as follows:
- -#
A set of cold stie ply temperature T;® and at heat

“T;'. Concurrently, a set of hot
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\\\ wrate W; is to

ailable for use. The enthalpy
 foralk streatus\The appropriate physical properties
for determining heat transféf ci DI Tho objoctive is to design the
optimal network of heat exXchdagers heaters to accomplish the desired
temperature changes. .!4-- istadly maed “i" for the capital and utility

capa:ityﬂomtawi'
streams (j = 1,np) ini
cooled to target tempe:
vs temperature relationshap 190k

costs available. "v"' = '}H‘
3.2 Network Properties
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3. The minimum approach temperature difference between hot process and cold
process streams which is a bottleneck in a design.

3.3 Conventi Design M
The design procedure is normally partitioned into two steps:
1. Preanalysis or Targeting.

7
e
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This step ) \ The design target of a
network are the maximuny@ne Py ice g Y ’\\ theé minimum number of matches.
temperature-enthalpy di 170) or " he problem table (Hohmann, 1971,

Linshoff etal., ficmaiical geoffanming techniques, ic. the northwest
idea-of the first two methods is to
?’f and all cold into a single
cumpnmtamldmm.g the position of th oﬂlpcsﬂcmldmﬁmmwealung
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The Pinch Temperature. The pinch temperature arises in networks which require

merge all hot strez

both heating and cooling utilities. It is the point of closest approach, on the temperature
scalc,ufthemmpusitchnaﬁngmdmnﬁngmeaaadictatﬂdbyﬂmnﬂwmkﬁTmmm

minimumapprmchmmpmmcbemmhmpranamdemsm.
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The pinch temperature divides the network into two subnetworks with the requirement that
nnheaxiaaﬂawﬂmmnsmitthmughlﬁatpniminordﬁmachiwehrﬁllumh
suhneiwurk,onlymtypcofuﬁ]iw{hcaﬁngorcmﬁng)ismquim

The Minimum Number of Matches. The probable minimum number of matches
(heat exchanger, heaters and coolers) can be predicted by the following equation
(Hohmann, 1971),

Ny are the numbers of cold™pr :. ty siréams, For problems with a pinch this

//\\\\k

equation should be applicc 3 o1 -.{:\* above and below the pinch

(Linnhoff et al., 1982).

3.3.2 Network G

Two fundamentally ¢ - ‘l cs 1ol =131 dﬁ&lgll are {:I.) ﬂptlm.'l.zanﬁﬂ

e -'..W.gu Z/ .

J-I-u ng or algori involves establishing
e R e
__m__lﬂ

Prob Tbgﬁmtahnmrpmgrmmmgmﬂhndumthﬂﬁcldﬂf
s e B YA Gy o oot
bﬂwmmm specified node have been employed. The transportation problem formulation
has been used by Cerda and Westerberg (1983b) to determine the optimum network for
transporting a commodity (heat) from source (hot streams) directly to destinations (cold
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streams) through temperature intervals accounting for thermodynamics constraints in the
transfer of heat. Papoulias and Grossmann (1983) use the transshipment model formulation
which is a variation of the transportation problem to investigate the optimum network. The
problem is formulated as a transportation problem, but instead of being sent directly to
cold stream, the heat packets are sent from hot streams to intermediate nodes (i.e.
temperature intervals) first and then to the cold streams. The models for the minimum
utility cost target (linear programming or LP} and the minimum number of units target

MILP model Floud8 tLal {1986) proposed 4 procedure for automatic generation
of a network featuring 1-’mn mber of units. The LP and MILP
msshipmcﬂt mﬂdﬁlﬂ are S "|}LL;i_ i3 _L'L_i‘"nqll fﬂr dmﬂg ﬂlﬂ m
superstructure, i.¢. the steill uiclbding alternah \a am matches, splits, by-passes,

wonlinear programming (NLFP)
formulation for final network car f minimum investment cost.

NLP model Colbﬂg_ allg 990) 1 Bse the transshipment model formulation

o3 capital co for ger network synthesis with
IR (for differeat materials of
construction, pressure rating, m)whmmﬂemmmﬁmﬂnnmenmbmnfmnmhm
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NLPs, the trada-nfﬂl:am&enmmdn ofumtu can be wa.'luatedbefnre synthesis.
AMARSAIAAMANEA

The design methods that fall into this classification use heuristics. Since there is

fi-.

no complete theory of how a network is derived, and methods that make use of process
knowledge, thermodynamic laws, matching heuristic, graphics, except optimization, in
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reducing the number of possible combinatorial maiches to be considered, or making
matching suggestions are under this category.

Graphs or diagrams Graphs or diagrams have been used as tools to understand the
problem and to devise the solution networks. The graphs or diagrams which have been
used are the heat-content diagram, a plot of temperature versus heat capacity flow rate
(Nishida el. al. 1971, Pehler and Liu, 1983), the heat-enthalpy diagram, temperature versus
enthalpy (Whistler, 1984). The design stgatag

‘I‘4
the plot) of hot streams against those of b}f intuitive judgment of designers

 is to try to match the heat load (e.g. area of

and heuristic rules (¢.g. match'the-hottest thﬁhoneet cold stream first)

in order to achieve minimuf TiuabGrhf uhits while maintaining MER or vice versa.

mperature igjgls et \ off'ad Flower (1978a) divides the
network into several subgetwark == ature inferyals) according to supply and target
network however, is not sigbld c4pas4i1y 8¢ larke Problems. The temperature interval
method must be combined with's ,;l_,, Vol jelion methods.

Evol ;---_q.:-~- ing the TT method or other

methods resulting in h47iig MOTE UNITS thaf mimn R0l achieving MER. The designs
canbaprovedbymmﬂmng r of units @Iuﬁﬁtymnsumpﬁnn.ﬁeuﬂml
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heuristics and ms1ghts derived from the previous work (Linnhoff and Flower 1987a). The
problem first must be identified as to whether it is (1) a heating problem or, (2) a cooling

problem or, (3) both, which divides the network at the pinch. If it is pinched, the heat must
not be allowed to transfer across the pinch. The suggested matching heuristics are: start
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matching from the pinch, do not transfer heat across the pinch, observe the heat capacity

flowrate constraints, etc.

Enumeration methods This approach employs a variety of search techniques and

heuristics for selecting the optimal matches through the search space. It needs a reduction
of the search space in order to be competent. The search methods that have been reported
are depth-first and heuristic search (e.g. evaluating a cost function of the next 2 steps) by a

AN, IV (Pho and Lapidus 1973), branch and bound
method (Lee et al. 1970, \‘l”b a'." 1975), thermodynamic-combinatorial
method (Flower and Linnhoff 19803, depth-first.seareh with branch and bounds (Jezowski

and Hahne 1986).

programming to solve thgs 14 problem. In their Work, two rules for a hot end and

computer program writien in FORTR

cold end matches are used (1982) use two match types,
Type E and Type M, along #it $'to synthesize a HEN. A type E match is a

match with the largest averagé M match is a match with the smallest

average AT in, among the method and heuristics are implemented
on OPS3RX, and eagiyh<ersion of the OPSS mle-based language. Chen etal. (1989)
present a kItOWlﬁdEﬂ- ,:'!n"nfﬂu struction of pmctmal heat

exchanger network called SPHEN. The created netwo.
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