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Abstract—In this study an algorithm which is based on the second law of thermodynamics is presented
for the synthesis of heat exchanger networks. For this purpose a new dimensionless group(the number
of exergy loss units) to represent the degradation of energy is defined. The design objective is to find
a proper network synthesis minimizing the number of heat exchanger units required under the minimum
utility consumption. By testing seven well-known standard problems dealing with 4 to 7 streams, this method
proved to be efficient in generating an optimal or near-optimal structure by simple hand calculations. The
present method can be used for a preliminary design of actual heat exchange processes.
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Fig. 1. Construction of composite curves.
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Fig. 2. Energy targets and the pinch with composite
curves.
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Fig. 3. Schematic of a counter flow heat exchange unit.
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Table 1. Stream data for example problem EX

Heat capacity Supply Target
Stream flow rate temperature temperature
C(kW/K) T(K) T(K)
EX hy 2.0 453 313
hy 4.0 423 313
c 3.0 333 453
Cy 26 303 403

Table 2. Design data for problems

EX 45P1 4sp2 0T
problems
Steam:
Pressure(bar) 45 66 31 31
Temperature(K) 531 500 555 509
Cooling water:
Temperature(K) 303 311 305 311

Heat capacity(J/g-K) 4.2 4.2 4.2 4.2
Maximum water output

temperature(K) 353 355 355 355
AT,.in (K}

Heat exchanger 10 11.1 11.1 111
Steam heater 10 13.9 139 13.9
Water cooler 10 11.1 111 11.1
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Fig. 4. Array of subnetworks for example problem EX.
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Table 4. Stream data for problems

Heat capacity Supply Target
Problem Stream flow rate temperature temperature

C(kW/K) T(K) T(K)

45P1 h; 8.79 433 366
hy 10.55 522 411

) 7.62 333 433

[ 6.08 389 533

45p2 hy 10.55 533 316
hy 26:38 494 383

hs 15.83 478 316

[V 36.93 269 489

5SP1 hy 16.62 522 394
h, 13.29 478 339

a 11.39 311 478

C2 12.92 339 455

C3 13.03 366 478

6SP1 by 14.77 500 339
h; 12.56 544 422

hs 17.72 463 339

o 8.44 311 494

c2 17.28 366 450

3 13.90 378 478

7SP1 h; 12.56 544 422
h, 14.77 500 339

hs 17.72 472 339

[ 8.44 311 494

C2 10.47 450 483

[ 13.90 366 478

Cs 17.28 355 450

75P2 hy 12.53 583 478
h 8.32 517 366

h3 6.96 551 339

cy 8.44 366 478

C2 8.44 311 494

c3 21.78 422 478

C4 13.84 339 411
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: flow exergy [W/K]

: exergy per unit mass [J/kg-K]

: heat capacity flow rate [W/K] or cooler
:cold stream

: heat capacity [J/kg-K]

: enthalpy [J]

: mass flow rate [kg/s]

: total number of stream(including utilities)
:number of exergy loss units

: total number of exergy loss units
: pressure [ N/m?]

: heat flow [W]

: gas constant [J/kg-K]

: entropy per unit mass [J/kg-K]

: absolute temperature [K]

: temperature

: number of units

ST HYROVZZZITIOC OT
=

Xt
i : input
o] : output

SHFERL

c : cold stream
CW : cooling water
h  :hot stream
i,j :stream

5ast H30H M43 199244 8%

: enthalpy per unit mass [J/kg] or hot stream

8%
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