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Abstract

In view of the two sides of the probability acceptance of the worse solution in the forced evolutio-
nary random walk algorithm, on the one hand, the worse solution will replace the solution which
still has the evolutionary potential and interrupt the individual’s possible evolutionary path. On the
other hand, the individual’s mutation ability is not strong enough to jump out of the local optimal
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value in the late evolution stage, so a double population mutation strategy is proposed. In addition to
the basic population, two special populations are set up to accept the current optimal solution of the
corresponding individuals of the basic population periodically, and the individual in the special
population is treated differently to accept the worse solution probability, and the optimal value of
the individual of the basic population is given back at the end of the cycle. The improved algorithm is
applied to the optimization of heat exchanger network and good results are obtained.
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Table 1. 10sp example data
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Stream Tin/'C Tout/'C W/kW-"C ™
H1 85 45 156.3
H2 120 40 50.0
H3 125 35 23.9
H4 56 46 1250
H5 90 86 1500
H6 225 75 50.0
c1 40 55 466.7
c2 55 65 600
C3 65 165 180
c4 10 170 81.3
HU 220 198
cu 15 20

MFRHE L 23 AN, MEER) 2 S 2, A rPigic— B3 ISR & an i 1 foR. TRk
B, B E—Ridi)e, REEFRAEL B F T, BHEZ e L b R 2 218,
AMEARMER RIS EOL S5 K, FE T REFE BLZE T A AE S % .

| —=—TAC|
[ ]
5640000
| ] .,I
l/ [ ]
n /
) [ 1 ] \ n
2 A / o/
5620000 . m .
| 1 | § =
/\ / A%
n
[ './R./
]
L]
5600000 T T T T T T T
600000 650000 700000 750000

IT

Figure 1. Cost iteration curve of No. 23 Individual
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Figure 2. The cost iteration curve with probability of 0 and 0.01
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Figure 3. Algorithm flow chart
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Figure 4. Cost iteration curve
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Figure 5. Schematic diagram of optimized results
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Table 2. Comparison of results in case 1
2. Bl 1Rt

Ref. Cold utility/kW Hot utility/kwW TAC/USD-a™*
Ravagnani et al. [10] 14,924 20,529 5,672,821
Yerramsetty et al. [11] 15,140 20,745 5,666,756
Khorasanya et al. [12] 14,000 19,606 5,662,366
He et al. [13] 14,246 23,117 5,629,953
Xiao et al. [14] 14,614 20,219 5,629,748
Peng et al. [15] 14,734 20,339 5,596,079
This work 14,624 20,230 5,583,749

53k gl FAR L, SREOSUFFREAS S5 SRS (1 AF 256 38 R PR R, 02 SOk 2 SRR T 11,066 USDI/A.
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FiBE 2 B2 ZANERE 0= 0.03, B RIFEDK L =50 KW,

Table 3. 9sp example data
F3IOBREHISH

Stream Tin/'C Tout/°C W/KW-°C™* H/KW-m?.°C™*
H1 327 40 100 0.5
H2 220 160 160 0.4
H3 220 60 60 0.14
H4 160 45 400 0.3
(o1 100 300 100 0.35
c2 35 164 70 0.7
c3 85 138 350 0.5
c4 60 170 60 0.14
c5 140 300 200 0.6
HU 330 250 0.5
cu 15 30 0.5
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Figure 6. Optimization results of 9sp example
6. 9sp EHIM kLR

Table 4. Comparison of results in case 2

4 B 2 BRI

Ref Cold utility/kW Hot utility/kwW TAC/USD-a*
Linnhoff et al. [6] 33,030 25,310 3,024,932
Linnhoff et al. [16] 32,760 25,040 2,992,494

Lewinetal. [17] 33,410 25,690 2,945,122
Peng et al. [15] 32,292 24,572 2,942,013
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Continued
Chenetal. [18] 31,001 23,272 2,932,737
Peng et al. [15] 32,215 24,495 2,935,112
This work 32,391 24,672 2,926,008

6. &t

1) 7#1 RWCE Sik P RER 32 Z MR SRS IO PR T 1%, — 7 2 e e ZE i 4 2 R DL MACR RE 2 21
W ZE M A AR 5 — T, BRI DU 82 2R, MR R RE AN
9k, RSV,

2) ASCHRH T R B XURM AR 53R4T SRS (1 RWCE 5%, fESSREFPRE 2 4b, WE T 2 MRRERFIEE,
A SRR X R 2 AT S PR, 70 I I AN R R P MR HEAT DRI AU R AR S B 7, B2 1
CAPSLESuiA

3) KR HI Stk SRS ) RWCE S0 S T e 2% 7 Sl S5 MY, 2 AN IGUE BSodt Jm S0
BETTEE 5, S5 T 2 HOUIE R

E&WH
5K | AR 54 42(21978171)

&5k

[1] Furman, K.C. and Sahinidis, N.V. (2002) A Critical Review and Annotated Bibliography for Heat Exchanger Network
Synthesis in the 20th Century. Industrial & Engineering Chemistry Research, 41, 2335-2370.
https://doi.org/10.1021/ie010389¢

[21 ®AFAE, HER, RUER, 5 ZREAME MINLP I EEE MR ST [0]. TRAMELEAR, 2012, 33(2):
285-287.
[8]1 &EX, #ER. KA ICt R 5L K RWCE BEMRAL B ML [J]. THEYIHE, 2017, 34(5): 593-602.

[4] Furman, K.C. and Sahinidis, N.V. (2001) Computational Complexity of Heat Exchanger Network Synthesis. Comput-
ers & Chemical Engineering, 25, 1371-1390. https://doi.org/10.1016/S0098-1354(01)00681-0

[5] Khorasany, R.M. and Fesanghary, M. (2009) A Novel Approach for Synthesis of Cost-Optimal Heat Exchanger Net-
works. Computers & Chemical Engineering, 33, 1363-1370. https://doi.org/10.1016/j.compchemeng.2008.12.004

[6] Lin, M.H., Tsai, J.F. and Yu, C.S. (2012) A Review of Deterministic Optimization Methods in Engineering and Man-
agement. Mathematical Problems in Engineering, 2012, Article ID: 756023. https://doi.org/10.1155/2012/756023

[ Hk, EER, 00 — Mo T s 2 2R P sl 3t BEALI E FIE 0], LTk, 2016, 67(12):

5140-5147
(8] b, FEEI, PREE. RS ORI SR ) sl i 1A BE LI A B AR A 42 [0]. (L T4, 2017, 68(9):
3522-3531

[0 BRZFAE. S FRID LRGN K4 /L D]: [ LA arie 0], bilg: B TR, 2018,

[10] Ravagnani, M., et al. (2005) Heat Exchanger Network Synthesis and Optimization Using Genetic Algorithm. Applied
Thermal Engineering, 25, 1003-1017. https://doi.org/10.1016/j.applthermaleng.2004.06.024

[11] ‘Yerramsetty, K.M., et al. (2008) Synthesis of Cost-Optimal Heat Exchanger Networks Using Differential. Computers
and Chemical Engineering, 32, 1861-1876. https://doi.org/10.1016/j.compchemeng.2007.10.005

[12] Khorasany, R.M. (2009) A Novel Approach for Synthesis of Cost-Optimal Heat Exchanger Networks. Computers and
Chemical Engineering, 33, 1363-1370. https://doi.org/10.1016/j.compchemeng.2008.12.004

[13] 54K, EEE, VFigEk 5 SO ER TR R E M 4B 88 B 4 R IR A [3]. AL, 2014,
43(1): 37-45.

[14] Xiao, Y., Cui, G.M., Peng, F.Y., et al. (2015) An Improved Particle Swarm Optimization for Precocious Phenomenon
in Nonlinear System Engineering. Chinese Journal Computational Physics, 32, 693-700.

DOI: 10.12677/mo0s.2021.102062 628 jé

[

S


https://doi.org/10.12677/mos.2021.102062
https://doi.org/10.1021/ie010389e
https://doi.org/10.1016/S0098-1354(01)00681-0
https://doi.org/10.1016/j.compchemeng.2008.12.004
https://doi.org/10.1155/2012/756023
https://doi.org/10.1016/j.applthermaleng.2004.06.024
https://doi.org/10.1016/j.compchemeng.2007.10.005
https://doi.org/10.1016/j.compchemeng.2008.12.004

R, HEER

[15]

[16]

[17]

(18]

Peng, F.Y., Cui, G.M., et al. (2015) Efficient Simultaneous Synthesis for Heat Exchanger Network with Simulated
Annealing Algorithm. Applied Thermal Engineering, 78, 136-149.
https://doi.org/10.1016/j.applthermaleng.2014.12.031

Linnhoff, B., Ahmad, S., et al. (1990) Cost Optimum Heat Exchanger Networks-1. Minimum Energy and Capital Us-
ing Simple Models for Capital Cost. Computers and Chemical Engineering, 14, 729-750.
https://doi.org/10.1016/0098-1354(90)87083-2

Lewindr, et al. (1998) A Generalized Method for HEN Synthesis Using Stochastic Optimization-11. The Synthesis of
Cost-Optimal Networks. Computers and Chemical Engineering, 22, 1387-1405.
https://doi.org/10.1016/S0098-1354(98)00221-X

Chen, S., Cui, G.M., Zhang, C.W., et al. (2016) Optimization of Heat Intergrationin Dynamic Multi-Agent Differential
Evolution Algorithm. Chinese Journal Computational Physics, 33, 349-357.

DOI: 10.12677/m0s.2021.102062 629 e RSE TR


https://doi.org/10.12677/mos.2021.102062
https://doi.org/10.1016/j.applthermaleng.2014.12.031
https://doi.org/10.1016/0098-1354(90)87083-2
https://doi.org/10.1016/S0098-1354(98)00221-X

	双种群变异策略改进RWCE算法优化换热网络
	摘  要
	关键词
	Optimization of Heat Exchanger Network Based on Improved RWCE Algorithm with Double Population Mutation Strategy
	Abstract
	Keywords
	1. 引言
	2. 换热网络数学模型
	2.1. 目标函数
	2.2. 主要约束

	3. RWCE算法
	4. 双种群变异策略
	4.1. RWCE算法概率接受差解的两面性分析
	4.2. 双种群变异策略的RWCE算法流程
	4.3. 优化效果分析

	5. 算例验证
	5.1. 算例1
	5.2. 算例2

	6. 结论
	基金项目
	参考文献

