Dušan Petković, Miloš Madić, Goran Radenković, Predrag Živković, Mladen Tomić 
Heat exchangers materials selection by using mcdm approach 
 (
LOGO WILL BE HERE
)[image: zaglavlje]
HEAT EXCHANGERS MATERIALS SELECTION BY USING MCDM APPROACH
Dušan Petković[footnoteRef:1], Miloš Madić[footnoteRef:2], Goran Radenković[footnoteRef:3], Predrag Živković[footnoteRef:4], Mladen Tomić[footnoteRef:5] [1:  MSc, Dušan Petković, Niš, Faculty of Mechanical Engineering, (dulep@masfak.ni.ac.rs)]  [2:  PhD, Miloš Madić, Niš, Faculty of Mechanical Engineering, (madic@masfak.ni.ac.rs)]  [3:  PhD, Goran Radenković, Niš, Faculty of Mechanical Engineering, (rgoran@masfak.ni.ac.rs)]  [4:  PhD, Predrag Živković, Niš, Faculty of Mechanical Engineering, (pzivkovic@masfak.ni.ac.rs)]  [5:  MSc, Mladen Tomić, Niš, The School of Higher Technical Professional Education, (mladentomic@yahoo.com)] 

Summary: Materials play an important role in engineering design. Selection of the most suitable material involves the study of a large number of factors, such as thermal, mechanical, electrical, chemical and physical properties as well as machinability, formability and weldability of available materials. Heat exchanger is a design part which takes heat from one fluid and passes it to a second. Selection of the most suitable material for a heat exchanger is a multi-criteria decision making (MCDM) problem with diverse objectives. This paper describes the use of recently developed MCDM methods for selecting the most suitable material for a heat exchanger. Results revealed that naval brass UNS C46400 is the most preferable material for this application.
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INTRODUCTION
Heat exchangers are devices used to transfer heat between two or more fluid streams at different temperatures. Heat exchangers find widespread use in power generation, chemical processing, electronics cooling, air-conditioning, refrigeration, and automotive applications. The goal of heat exchanger design is to relate the inlet and outlet temperatures, the overall heat transfer coefficient, and the geometry of the heat exchanger, to the rate of heat transfer between the two fluids.
A heat exchanger consists of heat exchanging elements such as a core or a matrix containing the heat transfer surface, and fluid distribution elements such as headers, manifolds, tanks, inlet and outlet nozzles or pipes, seals. Usually there are no moving parts in a heat exchanger; however, there are exceptions such as a rotary regenerator, a scraped surface heat exchanger, agitated vessels, and stirred tank reactors [1].
The heat transfer surface is a surface of the exchanger core that is in direct contact with fluids and through which heat is transferred by conduction, Fig. 1. The portion of the surface that also separates the fluids is referred to as the primary or direct surface. To increase heat transfer area, appendages known as fins may be intimately connected to the primary surface to provide extended, indirect surface. The rate of the heat transfer depends both on the heat transfer area and the thermal conductivity of the core marerial. Therefore heat exchanger material and design determine its efficiency and gabarite. 
[image: ]
Fig. 1 Schematic view of a heat exchanger
The objectives and criteria in the material selection process are often in conflicts which involves certain trade-offs amongst decisive factors, such as desired properties, operating environment, production process, cost, market value, availability of supplying sources and product performance. Only with a systematic and structured mathematical approach the best alternative for a specific engineering product can be selected [2]. The material selection problems with multiple non-commensurable and conflicting criteria can be efficiently solved using multi-criteria decision making (MCDM) methods [3]. The MCDM methods have the capabilities to generate decision rules while considering relative significance of considered criteria upon which the complete ranking of alternatives is determined [4]. 
Various approaches have already been proposed by the past researchers to solve the material selection problem. This study aims to select the most suitable material for a heat exchanger by using three MCDM methods considering design and service requirements.
HEAT EXCHANGER MATERIAL SELECTION PROCESS
A material selection process begins by considering the material requirements which are needed for a specific application. Therefore it is necessary to select criteria that can be used to select the most suitable heat exchanger material. Since the general function of a heat exchanger is to transfer heat from one fluid to another (colder), it is primarily that a heat exchanger material must have high coefficient of thermal conductivity. Due to the thermal stresses which occur as a consequence of heat loading it is desirable the material having a high strength. In addition, It is essential to choose a material that can withstand corrosion in the working fluids, which is taken to be water containing chloride ions (seawater). Its maximum service temperature must be adequately above the temperature of the hotter working fluid and the material must have sufficient formability to be drawn into a tube or rolled into a sheet. As higher as possible weldability and solderability/brazability of the material is desirable in order to facilitate joining of the exchanger parts and increase their reliability. Enhanced use of air condition devices in the living area, planes, trains and cars, requires lower their mass. Hence density is also taken as one of the criterion for selection of heat exchanger materials. Finaly, the low cost of the material  is preferable.
After the selection of the criteria, it is necessary to make a list of potential materials, among which the best one will be selected according to the criteria. For this application, general list of potential materials is consisted of the metals with both good thermal conductivity and strength, which are resistant to corrosion in saline solutions. Based on the Ashby approach pre-selection process was employed which yield the cooper alloys as the most appropriate materials for this application [5]. Taking carefully into consideration the available cooper alloys with their properties, a list of potential materials for a heat exchanger is created (Table 1) [6-8]. Unfortunately, the cost of the potential materials are not selected as a criterion due to unavailable prices for all considered materials. 
Table 1 Potential heat exchanger materials
	No.
	Material
	Thermal
conductivity
(W/mK)
	Yield stress (MPa)
	Density (g/cm3)
	Corrosion resistance
	Machinabilituy (%)
	Formability
	Solderability and Brazaability
	Weldability

	1
	UNS C23000
	159
	125
	8.75
	good
	30
	excellent
	excellent
	good

	2
	UNS C26000
	120
	105
	8.53
	fair
	30
	good
	excellent
	good

	3
	UNS C28000
	123
	160
	8.39
	fair
	40
	good
	excellent
	good

	4
	UNS C37000
	120
	140
	8.41
	good
	70
	fair
	good
	good

	5
	UNS C44300
	110
	152
	8.53
	excellent
	30
	good
	excellent
	good

	6
	UNS C46400
	116
	455
	8.41
	good
	30
	good
	excellent
	good

	7
	UNS C60800
	79
	185
	8.17
	excellent
	20
	good
	fair
	fair

	8
	UNS C61300
	57
	240
	7.95
	excellent
	30
	good
	fair
	good

	9
	UNS C65500
	36
	152
	8.53
	good
	30
	excellent
	good
	excellent

	10
	UNS C70600
	40
	125
	8.94
	excellent
	20
	good
	excellent
	good

	11
	UNS C71500
	29
	170
	8.94
	excellent
	20
	excellent
	excellent
	good

	
	1 – poor, 3 – fair, 5 – good, 7 – excellent

	Weights of criteria
	objective
	0.29
	0.25
	0.00
	0.10
	0.18
	0.06
	0.10
	0.04

	
	subjective
	0.35
	0.30
	0.05
	0.15
	0.04
	0.04
	0.04
	0.04

	
	combined
	0.32
	0.27
	0.03
	0.12
	0.11
	0.05
	0.07
	0.04


In short, this study considers the following eight criteria which influence the heat exchenger material selection: Thermal conductivity, Yield strength, Density, Corrosion resistance, Machinability, Formability, Solderability and Brazaability, and Weldability. Among these eight criteria, the attributes of alternatives which refers to Thermal conductivity, Yield strength, Density and Machinability are expressed quantitatively, having absolute numerical values. Attributes of alternatives which refers to the rest of the criteria have qualitative measures, ranging from poor to excellent as shown in Table 1.
WEIGHTING OF CRITERIA
Many of MCDM methodes require quantitative weightings for the attributes. Because weightings of attributes play a very significant role in the ranking of results of the alternatives, one crucial problem is to assess the weightings or relative importance of materials properties (criteria) [9]. Furthermore, the reasonableness of the weighting assignment has an important impact on the reliability and accuracy of the decision results. Weighting methods that try to define the importance of the criteria can be categorized into three groups:
· subjective methods in which decision maker or designer assess the importance of the criteria,
· objective methods in which decision maker has no role in determining the importance of the criteria, and
· the combined weighting of the two previous groups.
Within this study, weights of the criteria used for MCDM calculations are determined as average of the subjective and objective pairwise weights, as shown in Table 1. Objective weights are calculated by using entropy concept [10-11], while subjective weights are asigned based on the experience of the authors.
MCDM METHODS
The MCDM methods have the capabilities to generate decision rules considering relative significance of considered criteria upon which the complete ranking of alternatives is determined [5]. In this study TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) [11], VIKOR (Više kriterijumska optimizacija – kompromisno rešenje) [12] and WASPAS (Weighted Aggregated Sum Product Assessment) methods [4] are used. Based on the MCDM methods, the list of the materials is ranked and comparison of the ranking results is carried out.
RESULTS AND DISCUSSION
Proposed rankings of the cooper alloys as materials for a heat exchanger are presented in Table 2. As could be seen from the table, application of different methods gives different ranking order. Hovewer, two the best ranked materials according to the all methods are materials number 6 and 1, respectively (UNS C46400 – naval brass and UNS C23000 – red brass). It should be said that naval brass was one of the favorits for this application due to significantly high strength and good thermal conductivity, while the other properties are closed to pairwise of the other alternatives. On the other hand, materials number 9, 10, and 11 are the worst ranked materials for the heat exchanger (UNS C71500, UNS C70600 – cooper-Nickel alloys and UNS C65500 – silicone bronze). It is expected due to their very low thermal conductivity.
Table 2 Ranking results of the heat exchaner material based on the TOPSIS, VIKOR and WASPAS methods
	No.
	Materials
	TOPSIS
	VIKOR
	WASPAS

	1
	UNS C23000
	2
	2
	2

	2
	UNS C26000
	6
	8
	7

	3
	UNS C28000
	5
	5
	5

	4
	UNS C37000
	3
	4
	3

	5
	UNS C44300
	4
	3
	4

	6
	UNS C46400
	1
	1
	1

	7
	UNS C60800
	7
	6
	8

	8
	UNS C61300
	8
	7
	6

	9
	UNS C65500
	11
	11
	10

	10
	UNS C70600
	10
	9
	11

	11
	UNS C71500
	9
	10
	9


Apart from Table 2, comparative results obtained by the TOPSIS, VIKOR, and WASPAS methods are graphically presented in Fig 2.
Fig. 2 Ranking results
From Fig. 2 it can be easily noticed that there is no total match among the methods. Total match of the ranking results is occurred in three of eleven cases. However, Spearman’s rank correlation coefficient values beween the methods are not smaler than 0.94 (Table 3), revealing a very strong correlation between the methods.
Table 3 Spearman’s rank correlation coefficient values
	Method
	TOPSIS
	VIKOR
	WASPAS

	TOPSIS
	1.00
	0.96
	0.95

	VIKOR
	0.96
	1.00
	0.94

	WASPAS
	0.95
	0.94
	1.00


CONCLUSION
Without any doubt, it can be claimed that the best ranked material according to the all used methods is naval brass UNS C46400. In addition, all three methods are ranked red bras UNS C23000 as the second preferred material. On the other hand, the worst ranked materials are silicone bronze as well as cooper-nickel alloys.
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