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Abstract - This research work is focused on Optimization of 
Double Pipe Counter Flow Heat Exchanger. The Coiled 
Mechanical Turbulators are inserted in pipe of Heat exchanger 
and experiments are performed by varying Spacing between 
Turbulators, Mass flow rates of Hot and cold waters. Values of 
Overall Heat Transfer coefficient and pressure drop are 
obtained. Taguchi Method was used to optimize Overall Heat 
Transfer coefficient & Pressure drop individually and later 
Grey Relation Analysis (GRA) has been employed for 
simultaneous optimization of multi-response characteristics 
i.e. Overall Heat Transfer coefficient and Pressure Drop. 
Research provided the optimum values for individually of 
Overall Heat Transfer coefficient and Pressure drop and also 
optimum values for both simultaneously. For the Overall Heat 
Transfer Coefficient, it was observed that optimal combination 
of process parameters are mc is 1500lph, mh is 2000lph, pitch 
is 2cm and optimum value for Overall Heat Transfer 
coefficient is 7486.57 w/m2k and pressure drop at these 
parameters is 3014.78N/m2.For the Pressure Drop it  was 
observed that Optimal combination of process parameters are 
mc is 1500lph, mh is 1500lph, pitch is 10cm and optimum value 
for pressure drop is 1785.17 N/m2 and Overall Heat Transfer 
coefficient at these parameters is 4682.17 w/m2k. Using GRA, 
optimization of the multi response has been converted into 
single response called grey relation grade and the optimal 
combination of the process parameters for multiple 
performance optimization has been found to be mc is 1500lph, 
mh is 1700lph, pitch is 6cm and the optimal value for Overall 
Heat Transfer coefficient s 5803.994 w/m2k and Pressure drop 
is 2408.8N/m2. 
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Abbreviations and Symbols 

Abbreviation Description 

SN Signal to Noise 

lph Litre Per Hour 

HP Horse Power 

KW Kilowatt 

mc Mass flow Rate of cold 
water 

mh Mass flow rate of Hot water 

Symbol Description 

▲P Pressure Drop 

U Overall Heat Transfer 
coefficient 

Q Heat 

m Meter 

cm Centimetre 

N SN Normalized SN ratio 

 ξ Grey Relation Coefficient 

 ἠ Grey Relation Grade 

 
1. INTRODUCTION 
 
1.1 Heat Transfer Enhancement Techniques 

The augmentation of heat transfer is defined as the process 
to increase the heat transfer rate in heat exchanger. This 
process also helps to redesign the heat exchanger by 
reducing the size of heat exchanger but also high initial 
investment. Broadly the devices which are used to enhance 
the heat transfer rate in pipe of heat exchanger are called 
turbulators. And these turbulators are divided into two 
categories Active and Passive.  

Active Techniques for Heat Transfer Enhancement-Active 
techniques of heat transfer enhancement are those which 
require external power ex. surface vibration, fluid vibration, 
injection, suction, and electric or acoustic fields. 

Passive Techniques for the Heat Transfer Enhancement-The 
passive techniques of heat transfer enhancement are those 
which does not require any external power for there 
working. These can be applied by installing the turbulence 
generators or turbulators, e.g. the insertion of twisted stripes 
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and tapes, the insertion of coil wire and helical wire coil and 
the installation of turbulators in the heat exchangers. The 
results of these types of turbulators are studied by many 
authors showing increase in heat transfer rate and also 
increase in friction factor leading to pressure drop in pipe. 

1.2 Optimization 

Optimization is process or a methodology which is used to 
obtain the best results to any problem. This is a process to 
maximize or minimize any objective function. Objective 
function is defined as the response which is required from 
the problem example it can be heat transfer rate, pressure 
drop, heat transfer coefficient. In present work my objective 
functions are defined as the maximization of overall heat 
transfer coefficient and minimization of pressure drop. 
There are many optimization techniques which are used 
depending upon the formulation of problem like Response 
Surface Methodology, Taguchi SN analysis, Grey Analysis. 
Taguchi process and Grey analysis is used in present work 
for optimization of objective function. To make optimization 
process easy Minitab software is used to make calculations 
for SN ratios and to obtain graphs of SN ratios. 

MINITAB: Minitab is a software which is used to analyse the 
data. It provides a simple, effective way to input the 
statistical data, manipulate that data, identify trends and 
patterns, and then extrapolate answers to the current issues. 
This is most widely used software for business of all sizes - 
small, medium and large. Minitab is also an effective tool for 
analysing DOE problem, Response surface optimization, 
Taguchi Analysis, Making of graphs etc. 

Taguchi Optimization Analysis-Taguchi Method is an 
optimization method that is based on 8-steps of planning, 
conducting and evaluating results of experiments to 
determine the best levels of control/input factors. The 
primary goal is to keep the variance in the output very low 
even in the presence of noise inputs. 

There are 3 Signal-to-Noise ratios of common interest for 
optimization of Static Problems; 

(I) Smaller-The-Better 
n = -10 Log10 [mean of sum of squares of measured data] 
This S/N ratio is used for all undesirable characteristics like 
"defects" etc. for which the ideal value is zero.  
 (II) Larger-The-Better 

n = -10 Log10 [mean of sum squares of reciprocal of 
measured data] 

This S/N ratio is used when our objective function is to be 
maximized like Heat transfer rate in heat exchanger, MRR in 
machining process etc. This case has been converted to 
Smaller-The-Better by taking the reciprocals of measured 
data and then taking the S/N ratio as in the smaller-the-
better case.  

 

 (III) Nominal-The-Best 

This s/n ratio is used when objective function is to be 
optimized in between of two limits. 
 n = 10 Log10 [square of mean variance] 

Grey Analysis-The Grey system theory, was proposed by 
Deng in 1982, is mainly used to study the effect of 
control/Input parameters on multi response system. In 
present work, there are 2 responses and 3 control factors. In 
GRA, experimental data are first normalized in the range of 
zero to one, called grey relational generation. Based on that 
normalized data the grey relational coefficient is calculated 
to represent the correlation between desired and actual 
experimental data. Then overall grey relational grade is 
calculated by averaging the grey relational coefficient for the 
respective responses. So, the multi response problem can be 
converted into a single response process optimization 
problem with overall grey relational grade (GRG) as 
objective function. 

 

2. METHODOLOGY 

• Selection of type of Heat exchanger 
Counter flow heat exchanger is selected for experiment 
over the Parallel flow heat exchanger because 
effectiveness of counter flow heat exchanger is more 
than the parallel flow heat exchanger. For same area of 
heat transfer counter flow will give more heat transfer 
rate than the parallel flow 

• Selection of Turbulators 
There are many types of turbulators available but in 
present work I used constant Crossection coil spring 
because of easy manufacturing and less costly than the 
others. 

• Selection of Input Parameters 
There are many input factors that can be controlled in 
experiment example length of turbulators, inlet 
temperature of hot and cold fluid, spacing between 
turbulators, mass flow rates of both fluids, from these 
all I have selected mane three parameters whose effect 
is studied on the pressure drop and overall heat 
transfer rate i.e. Mass flow rate of both fluids and 
spacing between turbulators. 

• Selection of Values of Parameters 
After studying the previous year papers [4], [13] it is 
concluded that heat transfer rate increases with 
increase in mass flow rate of fluid that is why I selected 
the values of mass flow rates near to maximum that can 
be provided by rotameter. 

• Design of experiment 
In this step experiment is designed levels of all three 
factors are selected total number of experiments are 
calculated and all are arranged on L27 Array. 

• Execution of Experiment 
Experiment is performed for all 27 combinations  
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• Analysis to obtain Results 
Results are analysed obtained from experimentation 
and graphs are obtained for overall heat transfer 
coefficient and pressure drop against the input 
parameters 

• Optimization Analysis 
Taguchi and Grey analysis is performed to get the 
optimum values of input parameters of overall heat 
transfer coefficient, Pressure drop and combination of 

both. 

3. EXPERIMENTAL SETUP 

 

Figure:1 Line Diagram of Double Pipe Heat Exchanger 
 

 

Figure 2: Double Pipe Heat Exchanger 
 
 

The Heat exchanger used for study is concentric double pipe 
single pass counter flow whose Line diagram is shown in 
Figure 1 and picture of experiment setup is shown in Figure 
2. Heat Exchanger used consist MS water tank having 
capacity of 260 litres which contains hot water and Two 
tanks of capacity 600 litre and 300 litre one for collecting 
outlet warm water and one for supplying in the cold water. 

Hot water tank contains four heaters of capacity 2KW 
each that are used to maintain a constant temperature of 75 
degree Celsius in hot water tank. Hot water motor pump has 
power of 1HP and for cold water has power of 0.5 HP. 
Heat exchanger contains two pipes,  

 Inner pipe is made of copper with inner diameter 
2.15 cm and thickness 7mm and of 4m length and 
its U-bend is of length 0.232m which make total test 
section length 4.232m  

 Outer pipe is made of Galvanized Iron with inner 
diameter 4.5cm and thickness 25mm and has length 
equal to inner pipe approximately. 

Two rotameters were used to monitor the flow rate of hot 
water and cold water in heat exchanger where hot water 
rotameters range is 0-2000lph and cold-water rotameter has 
range of 0-1500lph.  

Two pressure gauges were used for calculating pressure 
drop along test section both of 0-15 Lb./inch2 range 

Passive Mechanical Turbulators 

Constant Crossection coils are used as turbulators which will 
create turbulence in fluid flow and enhance heat transfer 
rate. Shape and dimensions of coil is shown in Table 1 and fig 
3 shows how coil is installed inside of copper tube of Double 
Pipe Heat Exchanger. Coil Turbulators are made of high 
carbon spring steel with 9 cm of length and an external 
diameter of 1.8cm. The Turbulators are mounted at regular 
intervals in inner pipe of Heat exchanger. 

       Table: 1 Turbulator dimensions 

 

                      Figure: 3 Coil Turbulator and Pitch 

 

Lenght Diameter Thickness Number of 
coils 

9 cm 1.8 cm 2mm 12 
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Formulation of Experiment 
 
Input Parameters Output Parameters 
1.Mass flow rate of Hot 
water 

1. Overall Heat Transfer 
Coefficient 

2.Mass flow rate of hot water 2.Pressure Drop 
3. Pitch – Spacing between 
turbulators 

 

 
Table: 2 Process Parameters 

 
All three input parameters have three different levels i.e. 
different values as shown in table 3 
 
Factors/Levels 1 2 3 Units 
mc 1000 1300 1500 lph 
mh 1500 1700 2000 lph 
Pitch 10 6 2 cm 

 
Table: 3 Level of Process Parameters 

 
4. RESULTS AND DISCUSSION 

Overall Heat Transfer Coefficient Analysis 

Overall heat transfer coefficient is calculated by equating 
heat transfer by LMTD equation and Heat Drop by Hot 
water. 

 

Figure: 4 Variation of U with mh at mc=1000 lph 
 
Graph in Figure 4  Shows Variation of overall Heat transfer 
coefficient with Mass flow rate of Hot water at different 
pitches at fixed Mass flow rate of cold water i.e. mc=1000 lph. 
Value of U increases with increase in mass flow rate of hot 
water and with decrease in pitch.U is maximum when 
mh=2000 lph and spacing between Spring is 2cm. U is 
minimum when Mass flow rate of Hot water is 1500 lph and 
spacing is 10 cm. 

 

Figure: 5 Variation of U with mh at mc=1300 lph 
 

 

Figure: 6 Variation of U with mh at mc=1500 lph 
 
Similar results are obtained when Mass flow rate of cold 
water is 1300lph and 1500 lph as shown by Graph in Figure 
5 and graph in Figure 6. 
Variation on U due to Mass flow rate of cold water can be 
analysed by observing all three graphs at same time, if we 
look value of U at mh=1500 and Spacing=10 cm it can be 
observed value of U increases when Mass flow rate of cold 
water increases. 

Optimization Analysis of Overall Heat Transfer Coefficient 
Graph shown below are obtained from MATLAB software. 
These are the optimum values of input parameter for 
maximization of overall heat transfer coefficient. Taguchi 
S/N ratio analysis is done to obtained results. Larger is 
better S/N formulation is used for Overall heat transfer 
coefficient and its values are shown in Table A3 

Figure: 7 SN ratio curves for U 
Optimum value of U is 7486.57 w/m2k at Pitch 2 cm, mc 
1500 lph, mh 2000 lph at these Parameters Heat Drop is 
46.92 kw and Heat gain by cold water is 44.77 kw and 2.15 
kw of heat is lost to environment.  
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Pressure Drop Analysis 

Values of Pressure Drop along the length of inner pipe are 
obtained from pressure gauges and are converted into SI 
units. With insertion of Turbulators in pipe will offer 
resistance and obstruction to flow of Hot water, therefore 
pressure drop is noted only for inner pipe. 

 

Figure: 8 Pressure Drop Variation with mh 
 
Graph in Fig. 8 shows the pressure drop variation along the 
inner pipe with pitch and Mass flow rate of hot fluid. It can 
be easily observed that pressure drop is increases when flow 
rate of hot fluid increases and pressure drop increases with 
decrease in pitch of turbulators. The pressure drop is 
maximum when Mass flow rate of hot water is maximum i.e. 
mh=2000lph and spacing between springs is minimum i.e. 2 
cm. 

Optimization Analysis of Pressure Drop 
This Graph in Figure 9 shows the optimum values of input 
parameter for minimization of Pressure Drop. Taguchi S/N 
ratio analysis is done to obtained results and values are 
shown in Table A3. Smaller is better S/N formulation is used 
for Pressure Drop.  

 

Figure: 9 SN ratio curves for Pressure Drop 
 
Optimum value of ∆P is 1785.96 N/m2 at Pitch 10 cm, mc 
1500 lph, mh 1500 lph at these Parameters Heat Drop is 
35.33 kw and Heat gain by cold water is 33.39 kw and 1.94 
kw of heat is lost to environment.  

Optimization Analysis by Grey Analysis when both 
responses U and ∆P considered  

Graph in Figure 10 shows optimum value of parameters 
when both pressure drop and overall heat transfer cofficient 
are considered. This analysis is very important because from 
results of previos graphs it can be noted that results of 
pressure drop and overall heat transfer cofficient are 
opposite to each other.The parameter values which 
increases the U also increases the pressure drop.This thing is 
not dersired.Therefore this analysis is done to know the 
optimum parameters forwhich heat transfer rate is 
increased but not at the cost of high pressure drop. 
 

` 

Figure: 10 SN ratio curves for Grey relation Grade 
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Optimum value of ∆P is 2408.8 N/m2 and of U is 5803.993 at 
Pitch 6 cm, mc 1500 lph, mh 1700 lph at these Parameters 
Heat Drop is 40.32 kw and Heat gain by cold water is 38.27 
kw and 2.05 kw of heat is lost to environment.  

 
5. CONCLUSION 

The objectives mentioned were successfully performed in 
the range of cold water varying from 500 lph to 1500 lph and 
hot water ranging from 1500 lph to 2000 lph, and pitch 
between turbulators from 2 cm to 10 cm. The most 
significant conclusions that were drawn after performing 
this experiment were as:  

a) Keeping the experimentation conditions approximately 
identical, Optimum value for overall heat transfer 
coefficient is obtained when mass flow rate of hot water 
and cold water is maximum and pitch is minimum. At 
the same time with increases in overall heat transfer 
coefficient it may also be noted that pressure drop also 
increases in that manner. Table shows the optimum 
values of overall heat transfer coefficient. 
 

Pitch cm mc lph mh lph U w/m2k 

2 1500 2000 7486.57 

  
b) Optimum analysis for pressure drop is performed and it 

may be concluded that effect of mass flow rate of cold 
water is nil on pressure drop because we have studied 
pressure drop only for pipe which contains turbulators. 
The Pressure drop is minimum when pitch is maximum 
and mass flow rate of hot water is minimum. Its values 
are shown in table 
 

Pitch 
cm 

mc 
lph 

mh 
lph 

∆P N/m2 

10 1500 1500 1785.96 

 
c) Grey Analysis performed to find optimum value of 

overall heat transfer coefficient and pressure drop 
considering both. The optimum values are shown in 
table 

Pitch 
cm 

mc 
lph 

mh 
lph 

U w/m2k ∆P 
N/m2 

6 1500 1700 5803.994 2408.8 

 
Grey Analysis optimum solution decreased overall heat 
transfer coefficient by 22.47 % optimum solution of 
alone overall heat transfer coefficient given by Taguchi 
analysis. And increased the pressure drop by 34.87% 
than the optimum solution of pressure drop alone by 
Taguchi analysis. 
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