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Abstract-A thermo economic optimization analysis is presented 
yielding simple algebraic formula for estimating the optimum 
operating temperatures for three different types of heat 
exchangers which are applied in industrial applications. An 
economic analysis method is used in the present study, together 
with the thermal analyses  of heat exchangers, for thermo 
economic optimization of all of the three different types of heat 
exchanger. The validity of the optimization formulations was 
checked.  
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I. INTRODUCTION 
Economics of heat exchanger operation is vitally 

significant. So, optimum operating temperatures for three 
different types of heat exchanger as shown in Fig. 1 is 
extremely important in order to have minimum overall life 
cycle cost for these systems. The optimum values of 
maximum operating temperatures must be calculated at which 
minimum cost occurs for four heat exchangers that can be 
applied for industrial applications for that reason. There exist 
many parameters for optimizing such heat exchangers in a 
thermo economical manner. Fixing, and so eliminating all of 
these thermal and economical parameters depending on the 
certainty of operating characteristics of applications and the 
most efficient operating condition of the heat exchangers can 
determine the optimum operating temperatures for heat 
exchangers. It is known that the effectiveness of the heat 
exchanger is directly related to its size together with its initial 
cost. A thermo economic feasibility study is necessary before 
installing the heat exchanging systems. The basic topic of the 
present work depends upon this idea. A new thermo economic 
optimization technique is realized and presented for this 
purpose. Original formulae are developed for calculating the 
optimum operating temperatures at which the minimal total 
life cycle cost occur. A thorough search of the current 
literature showed that there was no previous study on 
minimizing the life cycle cost of a heat exchanger in detail. A 
well known and practical method, P1-P2 method, which is 
offered by Duffie and Beckman (1980), is used for optimizing 
the size and operating conditions of heat exchanger, and 
original interesting results are presented. Variable parameters 
used in formulating the optimization problem are listed as 
technical life of the heat exchanger, first cost of the heat 
exchanger per unit heat transfer area, annual interest rate, 
present net price of energy, annual energy price escalation 
rate, annual average operating time, ratio of minimum heat 
capacity rate into maximum heat capacity rate, design values 

of maximum and minimum temperatures of hot and cold 
fluids for single fluid heat exchanger, overall heat transfer 
coefficient of the heat exchanger, resale value and the ratio of 
annual maintenance and operation cost to the first original 
cost. Optimum steam temperature for single fluid heat 
exchanger and optimum value of maximum temperature 
difference for counter current and parallel flow heat 
exchangers can be calculated easily in a few minutes with the 
help of practical formulae. A thorough search of the present 
literature showed that there were several studies about the 
heat exchangers (Vojtech et. al. 2011, Chung et al. 2002, 
Grazzini and Rinaldi 2001, Cornelissen and Hirs 1999, 
Georgiadis 1998, Şahin 1997, Edwards and Matavosian 1982. 
All of these studies are not directly related to the present work.  
Original formulae are developed and presented finally. 

II. MATHEMATICAL FORMULATION 

A. Single Fluid (C = 0) Heat Exchangers (Steam Heater) 
The total cost of single fluid heat exchanger as shown in 

Fig. 1 can be calculated by using the cost data (Burmeister 
1998) as: 

 

Fig. 1 Schematic Figure of Alternative Heat Exchangers 
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The area of heat transfer for single fluid heat exchanger 
can be calculated by the following. 
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Where the effectiveness of the heat exchanger is defined 
by: 

min

minmax
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The total cost of the single fluid type of heat exchanger 
per unit heat capacity rate can be estimated by means of the 
following function. 
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where 

U
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and 
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The cost of energy in the form of steam as a function of 
steam temperature in dollars per joule can be approximated 
(Stoecker1989) as in the following form. 
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And also: 
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The first derivative of the total cost function with respect 
to steam temperature can be obtained for optimization 
purpose by the following equality. 
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Eq. (9) can be simplified to form Eq. (10) as: 
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The optimum operating steam temperature can be 
calculated by the help of Eq. (11). 
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The second derivative of the total cost function is always 
positive which indicates a local minimum certainly. 
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Since: 
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B. Counter Current (C = 1) Heat Exchangers 
The same procedure can be applied for the counter and 

parallel flow heat exchangers and the following equations can 
be obtained. The cost of energy is approximated due to the 
maximum operating temperature difference, in $/J 
(Stoecker1989) also as in Eq. (14). 
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C. Parallel Flow Heat Exchangers 
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D. Counter Current (C # 1) Heat Exchangers 
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The economic parameters P1 and P2 are defined as in 
following equations (Duffie and Beckman 1980). If I is equal 
to d: 
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III. RESULTS AND DISCUSSION 
For a typical heat exchanger problem, it is assumed that i 

= d = 0.08, U = 500 W/(m2.K), H = 2000 hr/yr, N = 20 yr, T = 
200 K for counter and parallel flow heat exchangers, Tmax = 
250C for single fluid heat exchanger, ∆ Tmin = 50C, CA = 100 
$/m2, Ms = 0, R v = 0.  The values of total costs for this 
specific example are depicted in Figs. 2 to 5. There exist 
specific local minimum cost points in each figure. The best 
maximum steam temperature is calculated for single fluid heat 
exchanger as 253 degrees C by using Eqn. (11) whereas 
optimum maximum temperature difference values are 
calculated by using Eqns. (22), (33) and (44) as 224, 403 and 
206 degrees C respectively for counter flow C =1, parallel 
flow C = 1 and counter flow C # 1 heat exchangers. The 
values of optimum temperatures with corresponding 
effectiveness and heat transfer area values are presented in 
Table 1. The same data was used for all of the four alternative 
heat exchangers. C is selected as unity for parallel flow heat 
exchanger and 0.5 as an example for counter flow heat 
exchanger for C # 1 case as illustrated in concerning figures. 
There exist so many design tools such as computer codes for 
designing the heat exchangers. These codes are helpful for 
speedy estimation of heat exchangers and they are used in 
industry. These computer codes select the standardized heat 
exchanger due to predesigned operating temperature levels by 
using thermo-hydraulic data without considering economics. 
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Fig. 2 Total Cost versus Steam Temperature for Single Fluid Heat 

Exchangers. 
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Fig. 3 Total Cost versus Maximum Temperature for Counter Current Heat 

Exchangers C = 1. 
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Fig. 4 Total Cost versus Maximum Temperature for Parallel Flow Heat 

Exchangers C = 1. 

10
12
14
16
18
20

200 220 240TC
/(m

.C
p)

, $
/(W

/K
))

maximum temperature difference (degrees C)

Total cost versus maximum temperature 
difference for counter flow, C # 1

 
Fig. 5 Total Cost versus Maximum Temperature for Counter Current Heat 

Exchangers C # 1 

TABLE 1 THERMO ECONOMIC PERFORMANCE VALUES FOR FOUR HEAT EXCHANGERS. 

Type of heat exchanger Single fluid,C= 0 Counter, C =1 Parallel, C = 1 Counter, C # 1 

TS,opt or ∆Tmax,opt(C) 252.96 224.50 401.49 205.67 

Optimum effectiveness 0.985 0.891 0.498 0.972 

AHX/(m.CP) (m2.K/W) 0.0042 0.0082 0.0055 0.0058 

TC/(m.CP)  [$/(W/K)] 21.925 14.966 27.326 14.882 

IV. CONCLUSION 
It can be deduced that there exists always a local 

minimum value in heat exchanger applications for three 
alternative configurations. Excessive steam temperature or 
maximum temperature difference will not be cost effective 
beyond the optimum values in spite of a greater heat transfer 

recovery potential. The maximum operating temperature of 
heat exchanging fluid has dominant effect on the amount of 
total life cycle cost. It is clear that there exist good thermal 
performance at the optimum point for each alternative heat 
exchanger. These types of systems must be designed close to 
this optimum point. The present formulae may seem to be 
helpful for heat exchanger designers and manufacturers. 
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APPENDIX 
A Constant depending on values of fixed operating 

parameters as defined in Eqns. (5), (17), (29), (40) 

AHX Area of heat exchanger, (m2) 

B Constant depending on values of fixed operating 
parameters as defined in Eqns. (6), (18), (28), (39) 

C Ratio of minimum to maximum heat capacity rates of 
two streams in heat exchanger 

CA Area dependent first cost of the heat exchanger, 
($/m2) 

CEN Cost of energy depending on the maximum 
temperature, ($/J) 

CES Cost of energy in the form of steam, ($/J) 

Cmax Higher heat capacity rate in heat exchanger, (= 
mCmax), (W/K) 

Cmin Lower heat capacity rate in heat exchanger, (= 
mCmin), (W/K) 

Cp Specific heat of circulating fluid having minimum 
heat capacity rate, [ J/ (kg.K)] 

d Market discount rate in fraction 

H Annual time of operation, (h/yr) 

i Energy price escalation rate in fraction 

m Mass rate of flow of circulating fluid having 
minimum heat capacity rate, (kg/s) 

Ms Ratio of annual maintenance and operation cost into 
first original cost 

N Technical life, (yr) 

NTU Number of transfer units 

P1 Ratio of the life cycle energy cost savings to the first 
year energy cost savings, (yr) 

P2 Ratio of the life cycle expenditures incurred because 
of the additional capital investment to the initial investment 

Rv Ratio of resale value into the first original cost 

Tmax Maximum temperature of hot fluid at the inlet side of 
single fluid heat exchanger, (C) 

Tmin Minimum temperature of cold fluid at the inlet side 
of single fluid heat exchanger, (C) 

TS Temperature of phase changing steam in single fluid 
heat exchanger, (C) 

TS,opt  Optimum temperature of steam in single fluid heat 
exchanger, (C) 

TC Total cost of the heat exchanger 

U Overall heat transfer coefficient, [W/ (m2.K)] 

∆t  Number of seconds in an hour, ( = 3600 ) 

∆T Inlet-exit temperature difference for fluid having 
minimum capacity rate in counter or parallel flow heat 
exchangers, (C) 

∆Tmax Maximum temperature difference between hot 
and cold fluid inlet in counter or parallel flow heat exchangers, 
(C) 

∆Topt Optimal maximum temperature difference 
between hot and cold fluid inlet in counter or parallel flow 
heat exchangers, (C) 

ε Effectiveness of heat exchanger 
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