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Abstract  
This paper investigated an optimization model for heat exchanger network by detailed design method for each heat 

exchanger unit using particle swarm optimization. This technique is used to determine optimum results for total annual 

cost in the mixed material heat exchanger network which included the capital and energy costs of heat exchangers. 

Mixed materials used in corrosive flows and included three types of exchangers such as cheap, expensive and mixed. 

Generally, two methods used to achieve optimum results in mixed materials heat exchanger networks such as total 

and partial decompositions methods. But, it used an additional method to achieve a global optimum result by detail 

equipment design. This method is based on decreasing the total annual cost in each heat exchanger. The total annual 

cost has been reduced by detailed design in each heat exchanger by optimization technique. The case study was used 

to show the application of the proposed method. It has been reduced 20.7% compared with initial case in full 

integration method. The reduction of the total annual cost by detailed design in the partial decomposition method is 

12.4% compared with the full integration method and 5.78% compared with the total decomposition method. 
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1. Introduction 

One of the types of heat exchangers is retrofit designs that 

there is no chance for changing location of each heat 

exchangers. In synthesis process, the total annual cost 

reduced by some methods in mixed materials heat 

exchangers (HEN) such as pinch analysis and mathematical 

programing. Synthesis process is included three steps such 

as method of alternative for optimal values, mathematical 

formulation and using an optimization method [1].  

Gundersen et al. [2] and Furman et al. [3] had studied 

synthesis process in HEN. As mentioned, pinch analysis is 

one of the most important methods in HEN that is improved 

by Grossmann et al. [4] that they studied on HEN synthesis 

by mathematical programing method. Some researchers 

studied the total annual cost in HEN by optimizing the 

variables design such as Bjork and Westerlund [5]. They 

studied synthesis of HEN that achieved optimized utility 

costs and heat exchanger areas by optimal configuration. 

When used mixed materials heat exchanger network, there 

are two types streams in HEN such as corrosive flow and 

non-corrosive flow. Therefore, there are three types heat 

exchanger units in HEN such as cheap, expensive and mixed 

[6]. One of the types heat exchangers is shell and tube heat 

exchanger (STHE) that corrosive and non-corrosive flows 

are in shell or tube sides of these heat exchangers.. For 

example, tube side made with anti-corrosion materials such 

as titanium if flow is corrosive in tube side and shell side 

made with typical materials such as carbon steel if flow is 

non-corrosive in shell side. Therefore, the cheap type of heat 

exchanger is between two anti-corrosion streams, the 

expensive type is between two corrosion streams and the 

mixed type is between corrosion and anti-corrosion streams 

[6]. Hall et al. [7] studied about a mixed heat exchanger 

network for minimizing total annual costs. They used a 

correction factor for decreasing the heat exchanger areas. 

The total annual cost is sum of the operation and capital 

costs.  . Capital cost is depends on various parameters such 

as installation, material and exponent factors where 

installation and exponent factors are constant for HEN and 

mixed materials HEN, but material factor is different in HEN 

and mixed materials HEN [6]. The cost of mixed type is more 

than cheap and expensive types heat exchangers due to 

sealing and technical operation in mixed materials heat 

exchanger. Some researches divided mixed materials HEN 

to two subsystems. One of the subsystems is expensive heat 

exchanger and another is cheap heat exchangers and deleting 

mixed material heat exchanger [6, 8]. As mentioned, one of 

the methods of optimization is to achieve the optimum the 

total annual cost for each heat exchangers in HEN. 

Therefore, kern method is used for design of shell and tube 

heat exchangers. According to figure 1, optimizing each heat 

exchanger units assisted to closer to global optimum.  

 

 

Figure 1.  Local and global optimum points
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As seen in figure1, Points 1, 2 and 3 are local optimum 

points that it’s got by traditional mathematical methods and 

Point 4 is the best global optimum point. This difference is 

using pinch analysis in study of HEN. However, using pinch 

analysis led to near to point 4, but, optimization of each heat 

exchanger unit is one of the methods that caused to closer to 

the best global optimum point. Many researchers optimized 

the total annual cost in the shell and tube heat exchanger. 

Patel et al. [9], Selbas et al. [10] and Caputo et al. [11] 

optimized the total annual cost in shell and tube heat 

exchangers by optimization algorithms such as particle 

swarm optimization (PSO) and genetic algorithm (GA). 

They used three design parameters such as spacing of baffles, 

inside and outside tube diameters as optimization variables. 

Some researchers used multi-objective approach to optimize 

the total annual cost [12]. Ozkol et al. [13] studied the 

geometry of the heat exchanger body to decrease the total 

annual cost by genetic algorithm. Other optimization 

algorithms used to optimum the total annual cost of STHEs 

such as Differential Evaluation (DE), Firefly algorithm 

(FFA), Biogeography based optimization (BBO) and 

Independent Component Analysis (ICA) by researchers. 

Most of the previous research were considered the total 

annual cost as objective function and spacing of baffles, 

inside and outside tube diameters as variable parameters.  

Ravagnani et al [14] studied a heat exchanger network 

synthesis Based on optimization of detailed equipment on 

each heat exchanger unit. They used mixed integer non-

linear programming (MINLP) to optimum geometry 

properties and achieved the best the total annual cost. 

Ravagnani et al [1] optimized a HEN based on pinch analysis 

and then by detailed designed of each heat exchanger in 

HEN, achieved the maximum energy recovery. They used 

Bell–Delaware method for the formulation of detailed design 

in each heat exchanger. Ponce-Ortega et al. [15] studied a 

HEN synthesis based on optimization of detailed heat 

exchanger design by genetic algorithm. However, some 

researchers reduced the total annual cost using nanofluids 

[16]. Karimi et al. [6] minimized the total annual cost in the 

mixed material heat exchanger. They used kern method to 

consider pressure drop and heat transfer coefficient in shell 

and tube sides. However, they used three optimization 

techniques such as Genetic-particle swarm optimization 

(GA-PSO) and shuffled frog leaping algorithm (SFLA) to 

reduce the total annual cost. In another research, Karimi et 

al. [8] studied about a mixed materials heat exchangers 

networks. They used two methods for reducing the total 

annual cost such as total and partial decomposition. In these 

methods, heat exchanger network divided to two separated 

subsystems including corrosive and anti-corrosive flows and 

investigated separately. The total annual cost is decreased 

using the partial decomposition more than another one.  

In this research, the total annual cost of mixed material 

heat exchanger network reduced by detailed equipment 

design in each heat exchanger units in by particle swarm 

optimization technique. This approach is based on 

optimization of physical and geometrical properties on each 

heat exchanger units on mixed material heat exchanger 

networks.  The main aims of this study are (i) to optimize the 

each geometrical parameters on heat exchanger, (ii) to 

represent the effectiveness of optimization algorithm in the 

design optimization of HEN from an economic point of view, 

then, the total annual cost is as objective function.  Spacing 

of baffles, inside and outside tube diameters are as decision 

variables. The present study considers the optimization of 

objective function using optimization method, for improving 

the understanding of optimization of heat exchangers on the 

HEN.  Kern method used for obtaining heat transfer 

coefficients and the shell-side pressure drops in exchanger 

units. Results showed remarkable changes compared with 

others.  

 

2. Mathematical method 

The equation of design of shell and tube heat exchanger 

and mixed materials heat exchanger network are based on 

kern method [8] and cost low formulation [7] respectively. 

Hall [7] suggested equation of capital costs for mixed 

materials heat exchanger as follows 

 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟 = 𝑎 + 𝑏𝐴𝑐 (1) 

 

Where A is area of HEN and a,b and c are constant 

coefficients whereas b coefficient is depended on material 

factor and its different for types of heat exchanger units such 

as cheap, expensive and mixed  in HEN. The total annual 

cost for shell and tube heat exchanger unit 𝐶𝑡𝑜𝑡 determined 

based on Eq. (2) which 𝐶𝑖 is capital cost and 𝐶𝑜𝑑 is the total 

discounted operating cost as estimated by Caputo et al. [11]. 

The total annual cost is achieved based on all of the effective 

parameters in the design of heat exchanger unit. 

 

𝐶𝑡𝑜𝑡 = 𝐶𝑖 + 𝐶𝑜𝑑 (2) 

 

Further details about the applied equations can be found 

in Karimi [6] and [8].  

 

3. Particle swarm optimization (PSO) technique 

Kennedy [17] improved a method based on particle 

crowd that called particle swarm optimization (PSO). In this 

method, with selection a random solution is started and by 

searching form crowd leads to find a best solution [18]. This 

method based on social systems such as birds. New term of 

velocity of the particles achieved follows base on ‘pBest’ 

(best solution) and ‘gBest’ (best location so far by any 

particle in the population) locations:  

 

𝑉𝑖+1 = 𝑤𝑉𝑖 + 𝑐1𝑟1(𝑝𝐵𝑒𝑠𝑡𝑖 − 𝑋𝑖)
+ 𝑐2𝑟2(𝑔𝐵𝑒𝑠𝑡𝑖 − 𝑋𝑖) 

(3) 

𝑋𝑖+1 = 𝑋𝑖 + 𝑉𝑖+1 (4) 

 

Where w, c and r are constant values. V and X are 

velocity and location of particles that achieved by the 

algorithm.  Further details about the PSO can be found [18].  

 

4. Results  

In this work, the total annual cost 𝐶𝑡𝑜𝑡 has been defined 

as the objective function. As mentioned, for obtaining the 

optimization of the total annual cost in HEN, each heat 

exchanger units is optimized by PSO algorithms. Tables 1 

and 2 show economic data and stream data including cost 

law for different types of materials heat exchanger 

respectively [19]. Karimi et al. [8] assumed that streams 3, 4, 

6 and 9 are corrosive flows and required titanium (Ti) while 

others are non-corrosive flows and required carbon-steel 

(CS). Figure 2 showed a mixed materials heat exchanger 

network including cheap, expensive and mixed heat 

exchanger units. The total annual cost of mixed material 

HEN determined 3,747,113 $ for figure 2 [8]. As 

mentioned, for optimization of detailed equipment, need to 

all of the parameters for design of shell and tube heat 
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exchanger unit and used methanol in shell side as non-

corrosive flow and sea water in tube side as corrosive flow.  

 

Table 1. Economic data for mixed material shell and tube 

heat exchanger cost laws [19] 
Materials of construction Cost law 

Carbon-Steel(CS) 𝑐𝑜𝑠𝑡($) = 30800 + 750𝐴0.81 
Stainless-Steel(SS) 𝑐𝑜𝑠𝑡($) = 30800 + 1644𝐴0.81 

CS/SS or SS/CS 𝑐𝑜𝑠𝑡($) = 30800 + 1339𝐴0.81 
titanium(Ti) 𝑐𝑜𝑠𝑡($) = 30800 + 4407𝐴0.81 

CS/ Ti or Ti/CS 𝑐𝑜𝑠𝑡($) = 30800 + 3349𝐴0.81 
SS/Ti or Ti/SS 𝑐𝑜𝑠𝑡($) = 30800 + 3749𝐴0.81 

 

 

 

 

 

 

 

Table 2. Streams and utility data [8] 

Streams 

Temperature (C) Heat 

capacity 
flow rate 

(KW/C) 

h-value 

(𝐾𝑊/
𝑚2𝐶) 

Supply Target 

1-Hot 120 65 50 0.5 
2-Hot 80 50 300 0.25 

3-Hot 135 110 290 0.3 

4-Hot 220 95 20 0.18 
5-Hot 135 105 260 0.25 

6-cold 65 90 150 0.27 

7-cold 75 200 140 0.25 
8-cold 30 210 100 0.15 

9-cold 60 140 50 0.45 

Steam 250 -- -- 0.35 
Cooling 

water 
15 -- -- 0.2 

 

 

 

Figure 2. Full integration of mixed materials of construction [8] 

 

Table 3. Process input data and physical properties for case study [11] 

 𝑚. (
𝑘𝑔

𝑠
) 𝑇𝑖( 𝐶)𝑜  𝑇𝑜( 𝐶)𝑜  𝜌(

𝑘𝑔

𝑚3
) 𝐶𝑃(

𝐽

𝑘𝑔
) 𝜇(𝑃𝑎 𝑠) 𝑘 (

𝑊

𝑚𝑘
) 𝑅𝑓(

𝑚2𝑘

𝑊
) 𝜇𝑤(𝑃𝑎 𝑠) 

Case 1 
  Shell side: methanol  

 Tube side: sea water 

27.8 

68.9 

95 

25 

40 

40 

750 

995 

2840 

4200 

0.00034 

0.0008 

0.19 

0.59 

0.00033 

0.0002 

0.00038 

0.00052 

 Table 3 demonstrated physical properties of case study [8]. 

It assumed that flow in shell side is non-corrosive and flow 

in tube side is corrosive. Table 4 demonstrated physical 

properties on shell and tube sides according to case study on 

table 3. Value of discounted operating cost is calculated with 

ny =10 yr, annual discount rate i = 10%, energy cost Ce 

=0.12 V/kW h and work hours annual H= 7000 yr/h [6]. 

Table 5 demonstrated types of flows in shell side and tube 

side in shell and tube heat exchanger. In table 5, value of heat 

transfer and type of heat exchanger unit have been marked in 

bracket. However, all of the physical parameters is specified 

in shell and tube sides.  

 

Table 4. Bounds for design parameters [6] 
Parameters Lower value Upper value 

Tubes outside diameters(m) 0.01 0.051 

Shell diameters(m) 0.1 1.5 
Central baffle spacing(m) 0.05 0.5 
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Table 5. Physical properties on shell and tube sides 
Case 1 

Shell side: methanol 
Tube side: sea water 

𝑚. (
𝑘𝑔

𝑠
) 𝑇𝑖( 𝐶)𝑜  𝑇𝑜( 𝐶)𝑜  𝜌(

𝑘𝑔

𝑚3
) 𝐶𝑃(

𝐽

𝑘𝑔
) 𝜇(𝑃𝑎 𝑠) 𝑘 (

𝑊

𝑚𝑘
) 𝑅𝑓(

𝑚2𝑘

𝑊
) 𝜇𝑤(𝑃𝑎 𝑠) 

E1 (250, exp.) 
68.9 
68.9 

120 
220 

122.5 
207.5 

995 
995 

4200 
4200 

0.0008 
0.0008 

0.59 
0.59 

0.0002 
0.0002 

0.00052 
0.00052 

E2 (1750, exp.) 
68.9 
68.9 

207.5 
105 

120 
140 

995 
995 

4200 
4200 

0.0008 
0.0008 

0.59 
0.59 

0.0002 
0.0002 

0.00052 
0.00052 

E3 (6300,mixed) 
27.8 

68.9 

135 

75 

113.27 

120 

750 

995 

2840 

4200 

0.00034 

0.0008 

0.19 

0.59 

0.00033 

0.0002 

0.00038 

0.00052 

E4 (5500, cheap) 
27.8 

27.8 

135 

65 

113.84 

120 

750 

750 

2840 

2840 

0.00034 

0.00034 

0.19 

0.19 

0.00033 

0.00033 

0.00038 

0.00038 

E5 (950, exp.) 
68.9 
68.9 

113.27 
83.67 

110 
90 

995 
995 

4200 
4200 

0.0008 
0.0008 

0.59 
0.59 

0.0002 
0.0002 

0.00052 
0.00052 

E6 (2300, mixed) 
27.8 
68.9 

113.8 
68.33 

105 
83.67 

750 
995 

2840 
4200 

0.00034 
0.0008 

0.19 
0.59 

0.00033 
0.0002 

0.00038 
0.00052 

E7 (500, exp.) 
68.9 

68.9 

120 

65.01 

95 

68.34 

995 

995 

4200 

4200 

0.0008 

0.0008 

0.59 

0.59 

0.0002 

0.0002 

0.00052 

0.00052 

E8 ( 2000, mixed) 
27.8 

68.9 

120 

65 

80 

105 

750 

995 

2840 

4200 

0.00034 

0.0008 

0.19 

0.59 

0.00033 

0.0002 

0.00038 

0.00052 

E9 (250, mixed) 
27.8 
68.9 

80 
60 

75 
65 

750 
995 

2840 
4200 

0.00034 
0.0008 

0.19 
0.59 

0.00033 
0.0002 

0.00038 
0.00052 

E14 ( 3500, cheap) 
27.8 
27.8 

80 
30 

68.34 
65 

750 
750 

2840 
2840 

0.00034 
0.00034 

0.19 
0.19 

0.00033 
0.00033 

0.00038 
0.00038 

 

Table 6. Optimum values on each heat exchanger units in full integration method HEN 
Full integration 

method 

Heat 

Duty 
Opt. do Opt. Ds Opt. B 

Opt.  

capital cost 
Capital Cost [8] Utility Cost 

E1 250 0.015007 0.82097 0.49791 41,092 79,218.9  
E2 1750 0.015144 0.67687 0.49629 129,730 583,968 
E3 6300 0.015022 0.60397 0.49983 488,430 1,520,520 

E4 5500 0.015102 0.56751 0.4993 176,850 391,351 

E5 950 0.015068 0.65005 0.49833 110,760 441,344 
E6 2300 0.015005 0.61556 0.44606 143,050 571,315 

E7 500 0.015015 0.70017 0.49729 63,942 238,239 

E8 2000 0.015006 0.60849 0.47733 206,400 596,784 
E9 250 0.015004 0.68748 0.37483 64926 135827 

E14 3500 0.015064 0.55872 0.49925 117,650 311333 

H10 11200 --- --- --- --- 219,031 
2,394,000 

H11 8750 --- --- --- --- 249,514 

C12 500 --- --- --- --- 52,528.8 
60,000 

C13 5500 --- --- --- --- 231,259 
Sum   --- --- --- --- 5,622,231 2,454,000 

T.A.C [8] 5,622,231 × 0.23 + 2,454,000 = 3,747,113 $ 
T.A.C(opt) 2,242,634 × 0.23 + 2,454,000 = 2,969,805 $ 

Table 6 showed the optimum value of decision variables 

including capital cost of each heat exchanger units and the 

total annual cost (TAC) in full integration method of HEN 

by the PSO algorithm. As seen, most of the values reduced. 

The total annual cost is achieved 2,969,80 $ for ten years 

that its 20.7% less than compared with Ref. [8] that 

annualization factor was calculated 0.23 based on Ref. [8]. 

There are no optimization for coolers and heaters in this 

study. As seen, the total annual cost has been decreased by 

optimization of detailed design for each heat exchanger unit. 

Therefore it's got closer to global optimum, however is not 

yet a global optimum. Using total decomposition method, 

HEN divided to two sub-networks including network with 

corrosive flow such as carbon steel and non-corrosive flow 

such as titanium. As mentioned, the network by made of 

carbon steel is the cheap network and the network by made 

of titanium is the expensive network. Figure 3 demonstrated 

heat exchanger network in two subsystems including 

expensive and cheap networks which contained titanium and 

carbon steel materials respectively. Table 7 showed the 

optimum value of decision variables, capital cost of each heat 

exchanger units and the total annual cost (TAC) in mixed 

material HEN by the PSO algorithm in total decomposition 

method.  The total annual cost is achieved 3,195,019 $ for 

ten years that its 9.21% less than compared with Ref. [8] that 

annualization factor was calculated 0.23 based on Ref. [8]. 

As seen, the optimum the total annual cost in total 

decomposition method (Figure 3) is 7.58% more than the 

optimum the total annual cost in full integration method 

(Figure 2). It’s demonstrated that total decomposition 

method isn’t useful in this method (detailed equipment 

design). Using decomposition methods such as total and 

partial aren’t always useful and depended on how layout of 

the heat exchanger in HEN and physical properties of flows 

in HEN. Using detailed design of heat exchangers units 

method, total decomposition method is not suitable for 

decreasing the total annual cost. Another method of 

reduction the total annual cost in HEN is partial 

decomposition method. Table 8 showed the total annual cost 

by partial decomposition method and the optimum results by 

detailed design method by PSO algorithm. In partial 

decomposition method, at least one mixed material of heat 

exchanger was used to reduce the total annual cost [8]. The 

results showed the optimum total annual cost is 16.1% less 
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than the results of Ref. [8], as well as, its 5.78% and 12.4% 

less than the optimum total annual cost in full integration and 

total decomposition methods, respectively. However, results 

showed that used of partial decomposition method led to 

decrease in the total annual cost.  

 

 

 

a) cheap network 

 

b) expensive network 

Figure 3.Total decomposition of mixed materials of construction [8] 

 

 

 

 

 

Table 7. Optimum values on each heat exchanger units in Total decomposition method HEN 
a). for expensive network   
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Total Dec. Heat Duty do Ds B Opt. cost Capital Cost Utility Cost 

E1 1700 0.015023 0.66113 0.49975 121780 432,972  

E2 2300 0.015003 0.65729 0.49687 130360 455,533  
E3 3750 0.015013 0.65758 0.49774 177570 782,385  

C4 1200 -- -- -- -- 219,018 
20,000 

C5 800 -- -- -- -- 192,772 
total      2,082,680  

T.A.C 2,082,680 × 0.23 + 20,000 = 499,016 $ 

b). for cheap network  

 Heat Duty do Ds B Opt. cost Capital Cost Utility Cost 

E1 4500 0.01509 0.58452 0.49795 398,510 348,624  

C1 4500.     226597 
52,500 

C2 750.     59,978.9 
E2 2000 0.015019 0.5829 0.49667 216,600 172,098  

E3 4800 0.015184 0.57307 0.49952 152,900 293,020  
E4 3000 0.015047 0.58259 0.49885 291,810 355,762  

H1 8500 -- -- -- -- 155811 2,544,000 

H2 12700 -- -- -- -- 231572 
Sum      1,843,462  

T.A.C [8] 1,843,462 × 0.23 + 2,544,000 + 52,500 = 3,020,496 $ 
T.A.C 

(opt.) 
2,981,474+213,545=3,195,019 $ 

 
Table 8. Optimum values on each heat exchanger units in Partial decomposition method HEN 

a).  for cheap network 

Partial Dec. Heat Duty do Ds B Opt. cost Capital Cost Utility Cost 

E1 4200. 0.015031 0.58905 0.49985 263900 288780  

E2 2000. 0.015021 0.56987 0.49868 155940 146146  
E3 3000. 0.015118 0.56007 0.49967 56792 293547  

C4 750 -- -- -- 59978.9 59978.9 
55500 

C5 4800 -- -- -- 319270 319270 
H6 10700 -- -- -- 214482 214482 

2,340,000 
H7 8800. -- -- -- 82260.4 82260.4 

E8 4800 0.015012 0.57252 0.4959 152,840 216744  
Sum      1,621,207  

T.A.C [8]      1,621,207 × 0.23 + 2,340,000 + 52,500 = 2,768,377 $ 
T.A.C opt.      1,163,224 × 0.23 + 2,340,000 + 52,500 = 2,660,041 $ 

b). for expensive network  

 Heat Duty do Ds B Opt. cost Capital Cost Utility Cost 

E1 1500. 0.015023 0.66451 0.49975 100,240 371452  

E2 2500. 0.015071 0.66076 0.49996 147,540 511363  

E3 2750 0.015002 0.68769 0.49877 158820 681165  
E4 1000. 0.015093 0.6861 0.49966 80354 341082  

Sum      1,905,062  

T.A.C [8] 1905062 × 0.23 = 438,164 $ 
T.A.C 
opt. 

486,954 × 0.23 = 111,999 $ 

c). for mixed heat exchanger 

 Heat Duty do Ds B Opt. cost Capital Cost Utility Cost 

M1(mixed) 2000 0.015019 0.63159 0.4403 113450 558822  

T.A.C [8] 558822 × 0.23 = 128,530 $ 
T.A.C opt 113,450 × 0.23 = 26,093 $ 

T.A.C (overall in HEN) [8] 3,335,071 $ 
T.A.C (opt.) 2,798,133 $ 

5. Conclusion 

The optimization of the total annual cost in mixed 

material heat exchangers studied by detailed design of each 

heat exchanger units by PSO algorithm. Its used shell and 

tube heat exchanger units in HEN. The total annual cost is as 

objective function. There are three decision variable for 

processes of optimization such as tube outer diameter, shell 

diameter and central baffle spacing. Mixed materials heat 

exchangers network are included two flows including 

corrosive and non-corrosive flows. There are three type of 

heat exchangers in HEN such as cheap, expensive and 

mixed. The mixed type of heat exchanger has been used 

carbon steel for non-corrosive flow in shell side and titanium 

for corrosive flow in tube side. However, HEN divided in 

two subnetwork total decomposition method and partial 

decomposition method. Detailed design method led to 

reduce the total annual cost in mixed material heat exchanger 

network by full integration and partial decomposition 

methods. It has been reduced 20.7% compared with initial 

case in full integration method. Also, there are 9.21% and 

16.1% to reduce compared with initial cases in total and 

partial decomposition methods. However, the reduction of 

the total annual cost by detailed design in partial 

decomposition method is 12.4% compared with full 

integration method and 5.78% compared with total 

decomposition method. The reduction of the total annual cost 

by detailed design in total decomposition method is -7.61% 

compared with full integration method. Based on the 

findings of this study, using of detailed design of heat 

exchangers by optimization algorithms led to more reduction 

in the total annual cost especially in mixed material heat 

exchanger networks. Moreover, this study obtained target the 

total annual cost of the heat exchanger network using PSO 

optimization technique. 
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