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Abstract

This research presents a simple hybrid approach to tackle heat exchanger Received: 3 May 2023

network (HEN) synthesis problems. The formulations governing these Accepted: 21 June 2023
issues are inherently non-convex non-linear models, which are Page Number: 96-108

challenging to solve. In this new method, structural variables were
managed by genetic algorithm (GA) to reach optimal networks. While
the optimization of continuous variables was done in the first section by
a linear programming (LP) model and in the second part by a correction
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procedure (COP). In production structures by the GA, to increase Keywords:

the search space, the possibility of utilizing internal utility exchangers Heat Exchanger Network
was also provided. In this way, the complex models governing the HEN Synthesis,

synthesis problems were transformed into a straightforward and Total Annual Cost,
relatively linear hybrid strategy, which increased the likelihood of Optimization, ~Genetic
reaching optimal solutions. Despite the simplicity of the proposed Algorithm,

approach, implementing this method in a case study demonstrated its high
efficiency in generating new solutions and reducing the total annual cost
of the network by 1.21%.
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Figure 1. A typical heat exchanger network generated by GA with 4 exchangers and 3 genes.

1. Total Annual Cost (TAC)

2. Exchanger Address Matrix (EAM)
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Figure 2. Flowchart of relatively linear mathematical programming model.
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Table 1. Stream and cost data for the first case study.

Stream | T (°C) | T (°C) | W (kW.KY) | h (KW.m2K™Y) | Cost ($.kW-tyr?)
Hi 327 40 100 0.50
H2 220 160 160 0.40
Hs 220 60 60 0.14
Ha 160 45 400 0.30
C1 100 300 100 0.35
C2 35 164 70 0.70
Cs 85 138 350 0.50
(o7 60 170 60 0.14
Cs 140 300 200 0.60
Steam 330 250 0.50 60
Water 15 30 0.50 6
Annual cost ($/yr): 2000+70 A for all HEs (A in m?)
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COP; i ay] 3
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Figure 3. (a) Performance of the genetic algorithm, and (b) importance of operating the correction procedure.
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Table 2. Comparison of the results.

Linnhoff and Ahmad [25] 13 -
Fieg et al. [8] 14 23615
Pavéo et al. [23] 14 24758
Rathjens and Fieg [9] 17 24153
Feily et al. [19] 12 23852.4
Liu et al. [26] 16 24460
This work 17 24510.6

Total Area (m?) | TAC ($/yr)

- - 2,992,000
31335 - 2,922,298
32478 17165 2,909,906
31873 17407 2,892,924
31572.4 - 2,919,676
32182 17122 2,891,108
32231.2 16545.2 2,856,183
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