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Abstract

This study proposes an efficient and straightforward hybrid two-level approach for the
synthesis of mixed-material heat exchanger networks (HENS). Given the inherently nonlinear
and non-convex nature of the governing equations, this methodology employs a genetic
algorithm (GA) at the outer level to generate diverse HEN structures. At the inner level, a
mathematical optimization model determines the optimal values of continuous variables for
each network generated by the algorithm, aiming to minimize the total annual cost (TAC) of
the network. This inner-level optimization proceeds in two steps. The first step involves a linear
programming model, operating on the principle of maximizing energy recovery, coupled with
a search loop to determine stream splitting ratios. The second step implements a linear
correction procedure, utilizing the outputs from the first step to identify optimal values for
exchanger heat loads, split ratios, and the HEN's minimum approach temperature, thereby
improving the likelihood of obtaining a lower TAC. A notable advantage of this approach is,
in addition to considering non-isothermal mixing for split streams, the implicit computation of
exchanger areas, which permits the consideration of various cost functions for exchangers
within the TAC. The results of a case study involving two scenarios showed that the proposed
approach reduced the TAC of the network by approximately 0.69% and 0.89% in the first and

second scenarios, respectively, compared with the values reported in previous studies.
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Figure 1. A typical HEN generated by the GA with 6 exchangers, 3 genes, and its
exchanger address vector (EAV).
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Table 1. Data for the Case Study Network.



TAC (Shyr)

4300000

Stream TN (°C) | T (°C) | F(kW.K?) | h(kW.m?K?)
H: 120 65 50 0.50

Ho 80 50 300 0.25

*Hs 135 110 290 0.3

*Hy 220 95 20 0.18

Hs 135 105 260 0.25

*Cy 65 90 150 0.27

C 75 200 140 0.25

Cs 30 210 100 0.15

*Cy 60 140 50 0.45
Steam 250 250 0.35
Cooling Water 15 15 0.2
**Heat exchanger capital cost based on shell/tube material ($) (A: m?):
CS/CS: 30800 + 750 A%8! SS/SS: 30800 + 1644 A%8

TI/TI: 30800 + 4407 A%® CS/SS or SS/CS: 30800 + 1339 A%&!
CS/Tl or TI/CS: 30800 + 3349 A%8  SS/TI or TI/SS: 30800 + 3749 A°8!
Hot utility cost ($ kW? y?): 120 Cold utility cost ($ kW™ y?): 10
Plan lifetime (y): 6 Interest rate (%): 10

* Corrosive streams

**Abbreviations: CS: Carbon Steel, SS: Stainless Steel, TI: Titanium;
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Figure 3. Performance of the GA in finding the optimal HEN for the first and second scenarios.
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Figure 4. The optimal network obtained by the proposed method for the first and second scenarios.
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Table 2. Specifications of the heat exchangers in the optimal HEN for the both scenario of case study.

1% Scenario (Figure 4.a) 2" Scenario (Figure 4.b)
Exchanger H?aktvll‘;ad ’(*r;‘i‘;‘ shell/tube Hef‘lfv'\‘/’)ad ’(*nZ‘Z‘;‘ shell/tube
E: 1247.64 224.27 CS/SS 2500.00 420.43 TIUTI
E> 7250.00 2877.04 CSISS 1500.00 232.66 TITI
Es 1252.36 271.25 SS/SS 1750.00 578.78 TITI
E4 2497.64 958.52 CS/SS 277151 2045.05 CS/CS
Es 4753.11 2510.04 CSICS 5028.49 3323.03 CS/CS
Ee 3046.89 737.35 CS/SS 2162.11 1335.31 CS/CS
E; 4528.19 3201.99 CSICS 2000.00 470.70 CSITI
Es - - - 4086.33 2210.70 CSICS
CU 252.36 33.66 CSICS 587.89 73.92 CS/CS
CU2 4471.81 957.94 CSICS 4913.67 1036.47 CSICS
HU> 9002.36 793.75 CSICS 10471.51 878.07 CS/CS
HUs 8718.70 1101.69 CSICS 8980.05 1121.07 CSICS
HU4 953.11 40.59 CS/SS - - -

*Abbreviations: CS: Carbon Steel, Tl: Titanium;
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Table 3. Comparison of the obtained results for the case study.

Senario Units ATnmin Qnu Qcu Total Area TAC
(°Q (kW) (kW) (m?) $.yhH
Panjeh Shahi
1 etal [10] 11 8 19500.00 5550.00 13,315.00 3,153,317
This work 12 589 1867418 472418 1370810 3,131,477
Panjeh Shahi 11 5 5190000 725000 11,768.00 3.589.679
ond et al.. [_10]
Fg]'m' etal. 4 8 1950000 5550.00 13,734.00 3,509,007
This work 12 589 1945156 550156 13,726.17 3,477,899
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