43

CHAPTER 5

COMPUTER PROGRAM FOR HEAT EXCHANGER NETWORK DESIGN USING
MATCH PATTERN APPROACH

Windows. The program 18 pasfitions o §wo major steps. The first is preanalysis and the

second is network invention

In the preanalysig si@ ] 1sed to find network targets i.e., pinch
temperature, minimum utili "
be divided into subproblems &
procedure is to search subnetwos! 5 y using match patierns to match streams
together. The prograsieiil search fo eat exchanser Sofotics until the subproblems are
—— :

gy

streams are known and fixed.
2. No phase change occurs when streams exchange their heat loads.
3. Overall heat transfer coefficients are constant for all exchanger units.



5.3 Program Limitations
1. Maximum numbers of hot streams and cold streams are 10 streams.
2. Maximum number of units for each subnetwork is 30 units.
3. Maximum number of alternative subnetwork is 30 solutions.

5.4 Program Flow Charts

5.4.1 Preanalysis Step
Figure 5.1 shows how" orstcpa.Whenthupmgramstam
1a keyboard or by input file. The

¢ numbers of streams, supply

a user can select whether to inpuil-strea

" L & rates, minimum temperature
difference and overall hog ;-_ fooTidlpnt AN h(ORhetion will be stored in specific
data records. Particulasly, et 3 stored in STREAMINFO record
which consists of supply : cab capacity flowrate, heat load and
their status. The problem inforfatigavil be 'NODEINFO record.

J‘",ﬂ".ﬂ,afx 1
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Some Ofpl'ﬂl i informafio; lt‘:ﬁ canalysis step in which the
problem table algorithip 76 used o Getermin BE pinch point in the network. If
itisa;nnchudpmhlam,@ plit nroDIEm T Wﬂlb@ﬂuﬁdmaﬂﬁtmlﬂtﬂmﬂ

parts, a hot-end Mﬂdamld—md!ﬁlﬂmm twork invention function
" will treat each

Qﬁﬂﬂﬂﬂ‘imuﬂﬂﬂﬂ’]ﬁﬂ
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informatiodl, as "ROOTNODE?", will be used by the ine the pinch
' temperature. If it is a pinched problem, the pinch temperature will be used as a split point
to divide root node to two subproblems. The first one called, hot-end subproblem and its
information is stored in "HOTROOT". The second called cold-end subproblem, and its
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information is stored in "COLDROOT". If the program can not find the pinch point, this
means that the problem is either a heat sink or a heat source problem but not both.

5.4.2 Pinch Temperature Finder Function
The flow chart of the pinch temperature finder function is shown in Fig. 5.3. The

function uses the problem table method (Linnhoff and Hindmarsh, 1983) to determine the
minimum utility requirements and the location of the pinch point. The function will read
supply and target temperatures of inpufysirgams from ROOTNODE and use this to set up
intervals from higher to lo "--,“;lr: €3¢ Mext, the function will calculate heat
“TPhoat { See %10 the hot utility must be added to

the highest temperature inf€fVale"Ti{1], The pineh poiat wi
heat flow equal to zero. {/a Wt utilin 4.,.. ent is equal to heat added to

TI[1] and the minimum coldfitydity feguirsment
temperature Interval, Ti[n] At fg ,.~_-' ( \L oreater than zero the problem is
threshold problem. The hét wilig £ ,d Sase is wot yequired. The minimum cold utility

requirement is equal to heatTlo

accumulated in each interva

5.4.3 Problem Splitter aT
At the pinch Jemperature, th iem wall"Be scparated into two subproblems.

Vi i
The function called Progsam |

0 "IT to be HOTROOT node
and COLDROOT node. All streams in each node will be recalculated their new heat load.
/s

If heat load ufaﬁ:%g

"ACTIVE" will beiet to a stream.

PMIAINTUNNINGAY




Figure 5.2 Simplified flow chart of the Preanalysis Step.
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Figure 5.3 Flow chart for determining pinch temperature and minimum utility requirement.
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5.4.4 Network Inventer Function

Figure 5.4 shows the simplified flow chart for the network invention step. The
function will separately solve each subproblem by using corresponding subnetwork design
functions. The subnetwork design functions will use match patierns or match operators to
match streams together. At each maitching state, the function will create a node to keep the
status and the actions in that state. The function will repeat matching until the subsolution

is found and it will backtrack to a pieviops state to try to find other solutions. The

networks which are combined ‘l > checked for the existence of heat

T
exchanger loops. The functi ;,;.-f-...-‘:..

nd level. If the loop exists, the
function will show a me
heat loop or break the loops

another subnetwork to avoid that

function flow chart is showdl il Fig 3.5 1he désigneriprogram will start action from the
subproblem root nodes, HO
NODE0]. The match pattern ¢

ROOT, and will set root node to be
: thntopofthe match pattern stack will
be selected to match ¢ _.. see Iig S 6} 1fa matchis falnd, the designer will generate a
new node, NODE[1], 4 upd *"T;‘ the parent node, NODE[0],
tnthechﬂdnudﬂ,NDDE[}] But if the cmmutmamhuperamrmmtﬁndamamh,thu

o e RN g e

ﬂ:aisahafjritsm tions.

P B SR}y
is still active, the node status will be set to OPEN and the designer will continue searching
for the avaiable match. If the current match operator find a match, the designer will create
a new node, a child node of the current node, and update all necessary information for the
new node. The searching will continue until all of streams are matched and then the latest
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node status will be set to GOAL, i.e., a solution is found. To find the others solution, the
designer must backtrack to the previous node , NODE[i-1], and use the current match
operator recorded of that node. Therefore, a parent node can have more than one child
node but a child node can not.

In any design state, if all of match operators are used and no match is found, the
node status will be set to CLOSED. The designer will backtrack its parent state to find the
available matches in that state.
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Figure 5.4 A simplified flow chart of the Network Invention Step.
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