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Abstract— In present research The shell and tube heat 

exchanger is widely used in industries as a chillers plant for 

transfer waste heat from the injection molding machine to 

the cooling water from improve the effectiveness of the 

injection molding machine. To increase the heat exchanger 

capacity of heat exchanger is invite the optimization 

problem which seeks to identify the best parameter 

combination of heat exchangers There are various heat 

exchanger performance parameters like tube diameter, mass 

flow rate, pitch length, longitudinal pitch, tube material, 

shell material, types of baffles, baffles angles etc. here to 

improve its effectiveness, heat exchanger parameters done 

successfully using response surface method with multiple 

linear regression method along with cubic model has find 

significant with square root transformation. RSM has proven 

to be a major tool in discovering, which parameters and 

interactions are significant to improve the effectiveness of 

shell and tube heat exchanger. 
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I. INTRODUCTION 

A heat exchanger is a device built for efficient heat transfer 

from one medium to another. The media may be separated 

by a solid wall, so that they never mix, or they may be in 

direct contact. They are widely used in space heating, 

refrigeration, air conditioning, power plants, chemical 

plants, petrochemical plants, petroleum refineries, natural 

gas processing, cryogenics applications and sewage 

treatment. One common example of a heat exchanger is the 

radiator in a car, in which the heat source, being a hot 

engine-cooling fluid, water, transfers heat to air flo wing 

through the radiator (i.e. the heat transfer med iu m).Shell 

and tube heat exchangers consist of a series of tubes. One 

set of these tubes contains the fluid that must be either 

heated or cooled. The second fluid runs over the tubes that 

are being heated or cooled so that it can either provide the 

heat or abs orb the heat required. A set of tubes is called the 

tube bundle and can be made up of several types of tubes: 

plain, longitudinally finned, etc.  

 
Fig. 1: Countercurrent (A) and parallel (B) flows 

Shell and tube heat exchangers are typically used 

for high -pressure applications (with pressures greater than 

30 bar and temperatures greater than 260°C). This is 

because the shell and tube heat exchangers are robust due to 

their shape. 

There are two primary classifications of heat 

exchangers according to their flow arrangement. In parallel 

-flow heat exchangers, the two fluids enter the exchanger at 

the same end, and travel in parallel to one another to the 

other side. In counter-flow heat exchangers the fluids enter 

the exchanger from opposite ends. The counter current 

design is most efficient in that it can transfer the most heat 

from the heat (transfer) medium. See counter current 

exchange. In a cross -flow heat exchanger, the flu ids travel 

roughly perpendicular to one another through the 

exchanger. 

II. MODELING OF SHELL AND TUBE HEAT EXCHANGER 

Solid works is a computer graphics system for modeling 

various mechanical designs for performing related design 

and manufacturing operations. The system uses a 3D solid 

modelling system as the core, and applies the feature base 

parametric modelling method. In short solid works is a 

feature based parametric solid modelling system with many 

extended design and manufacturing applications. 

1) Shell – 150 ND, 750 mm long provided with end 

boxes. 

2) Tubes 7.525 I.D., 9.525 O.D.,1550 mm copper 

tubes with triangular pitch (32 nos.)  

 
Fig. 2: Cavity Models of Shell and Tube Type Heat 

Exchanger 

III. CFD ANALYSIS OF SHELL AND TUBE HEAT EXCHANGER 

This field is known as computational fluid dynamics. At the 

core of the CFD modeling is a three-dimensional flow solver 

that is powerful, efficient, and easily extended to custom 

engineering applications. In designing a new mixing device, 

injection grid or just a simple gas diverter or a distribution 

device, design engineers need to ensure adequate geometry, 

pressure loss, and residence time would be available. More 

importantly, to run the plant efficiently and economically, 

operators and plant engineers need to know and be able to 

set the optimum parameters. 
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Fig. 3: Meshing 

 
Fig. 4: Outlet Temperature for Tube Side 

IV. EXPERIMENTAL SET UP 

Fig.5(a) shows the experiment set up of 1-2 pass shell and 

tube heat exchanger that has been used in this experiment. 

Cut section of experimental shell and tube heat exchanger 

that used has 32 numbers of tubes of internal diameter of 

8.52 mm and length 750 mm as shown in Fig. 5 (b). The set 

up includes two digital flow meter; four thermocouples to 

measure the inlet and out let temperature of shell as well as 

tube side. LAB VIEW software is incorporated to draw the 

readings from the heat exchanger to the computer system. 

Set up further includes the hot water tank and cold water 

tank of same capacity of 30 litters, the external power source 

is used for heating the water in the hot water tank. In this 

experiment hot water is allowed to flow though the tubes of 

heat exchanger and cold water is made to flow in the shell of 

heat exchanger. The details of shell and tube heat exchanger 

under consideration are shown in Table 1. 

 
(a)            (b) 

Fig. 5: Experimental Set up 

Heat duty = 345000 Kcal/hr 

Quantity of oil = 43.33 m
3
/hr 

Quantity of water = 200 m
3
/hr 

Cooling water inlet temperature, 

T1 
= 32

C
 

Oil outlet temperature, T2 = 45
C
 

Fouling factor on oil side = 
0.0004 hrm

2


C
/ 

Kcal 

Fouling factor on water side = 
0.0002 hrm

2


C
/ 

Kcal 

Tube material = Admiralty brass 

Thermal conductivity of tube 

material 
= 104.14 kcal/hrmᵒC 

Number tubes = 32 

Number pass = 1 

Length of tube = 
1550 mm 

(with bend) 

Inside diameter of tube = 8.52 mm 

Tube thickness = 2 mm 

Tube pitch = 23 mm 

Water property at average temperature of 35ᵒ C 

Density of water = 1000 kg/m
3
 

Specific heat = 1 Kcal /Kg ᵒC 

Thermal conductivity = 0.5425 Kcal/hrmᵒC 

viscosity = 2.6 Kg/hr m 

Table 1: Technical Data of Shell and Tube Heat Exchanger 

The practical value of the Inlet and Outlet 

temperature of shell and tube heat exchanger are showing 

below in Table 2. This value is taken by temperature sensor 

mounted at inlet and outlet locations. Computational results 

have been validated with experimental values for tube inside 

diameter 8.5 mm for tube pitch 23 mm at flow rate of 1.2 

kg/s.  

 Inlet 

temperature 

Outlet 

temperature 

Hot water 

temperature 
  

(Practical 

Reading) 
314.5 k 310 k 

(Tube side)   

Hot water 

temperature 
  

(ANS YS 

result) 
313.8 k 310.5 k 

(Tube side)   

Table 2: validation of Experimental and computational 

analysis of water in tube 

V. DESIGN OF EXPERIMENTS 

The world experiment is used in a quite precise sense to 

mean an investigation where the system under study is 

under the control of the investigator. This means that 

experiment is the process in which purposeful changes are 

made to the input variables of process or systems so that 

we may observe and identify the reasons for changes that 

may be ob served in the output response. Therefore to 

reduce the number of Experiments and to obtain good 

quality of investigation the term named Design of 

experiments (DOE) is highly useable method in all over 

the world. 
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A. Response Surface Method: 

The response surface methodology is a collection of 

mathematical and statistical techniques that are useful for 

modelling and analysis in applications, where a response 

interest is influenced by several variables and the objective 

is to optimize this response. RSM has been developed by 

Box and Wilson (1951) to explore the potential of 

statistical design in industrial experiments. This 

methodology has been found extensive application in a 

wide variety of industrial settings like chemical processes, 

semiconductor and electronics manufacturing, machining, 

metal cutting, and joining processes etc (Myers and 

Montgomery, 1995). RSM constructs polynomial 

approximations to build functional relationships between 

design variables and performances. 

B. Design of Experiment for STHE: 

Design of experiment parameters with their minimum and 

maximum level have been illustrated in Table 3. Total 17 

experiments was designed with the Box–Behnken 

statistical model using multiple linear regression method 

where cubic model is find significant with square root 

transformation. Box–Behnken design for 3 factors 

involves three blocks, in each of which 2 factors are varied 

through the 4 possible combinations of high and low. It is 

necessary to included centre points as well (in which all 

factors are at their central values). Set of design of 

experiment and result is presented in Table 4. 

Designate

d 

Parameter 

Symbols 

Paramete

rs 

Minimu

m Level 

(-) 

Intermedia

te level 

Maximu

m Level 

(+) 

A 
Tube Dia 

(mm) 
8.52 9.52 10.52 

B 

Pitch of 

Tube 

(mm) 

23 25 27 

C 

Mass 

flow Rate 

(kg/s) 

1.2 1.5 1.8 

Table 3: Parameters for Design of Experiment 

Analysis of Variance (ANOVA): Three factors 

are A, B, and C is tube diameter, pitch of tube and mass 

flow rate. They have a high and low level. 

Trial 
Factor 

A 

Factor 

B 
Factor C Factor D 

1 9.52 25 1.5 306.7 

2 8.52 23 1.5 305.5 

3 10.52 23 1.5 306.7 

4 9.52 25 1.5 306.4 

5 9.52 23 1.2 305.9 

6 10.52 25 1.2 308.45 

7 8.52 27 1.5 305.3 

8 9.52 27 1.2 305.7 

9 9.52 27 1.8 306.2 

10 9.52 25 1.5 306.5 

11 9.52 25 1.5 306.5 

12 10.52 25 1.8 306.2 

13 9.52 25 1.5 306.5 

14 8.52 25 1.8 305.37 

15 10.52 27 1.5 307.31 

16 9.52 23 1.8 306.2 

17 8.52 25 1.2 305.2 

                  Table 4: Design of Experiment Result 

C. Analysis of Variance (ANOVA) for outer Temperature at 

Tube 

The results of analysis of variance (ANOVA) for shell & 

tube type heat exchanger are shown in table 5.  This table 

also shows the degrees of freedom (DF), sum of squares 

(SS), mean squares (MS), F-values (F-VAL.) and 

probability (P-VAL.) in addition to the percentage 

contribution (Contr. %) of each factor and different 

interactions. A low P-value (≤0.05) indicates statistical 

significance for the source on the corresponding response 

(i.e., α = 0.05, or 95% confidence level), this indicates that 

the obtained models are considered to be statistically 

significant, which is desirable; as it demonstrates that the 

terms in the model have a significant effect on the response. 

The other important coefficient, R
2
 as shown in table 6., The 

"Pred R-Squared" of 0.9954 is in reasonable agreement with 

the "Adj R-Squared" of 0.9815. "Adeq Precision" measures 

the signal to noise ratio.  A ratio greater than 4 is desirable. 

Your ratio of 34.017 indicates an adequate signal.  This 

model can be used to navigate the design space. R
2
 is called 

coefficient of determination in the resulting ANOVA tables, 

is defined as the ratio of the explained variation to the total 

variation and is a measure of the fit degree. When R
2
 

approaches to unity, it indicates a good correlation between 

the experimental and the predicted values. 

 
Table. 5: Analysis of variance 

 
Table 6: Adeq Precision’ signals to noise ratio 

To understand the cooling process in shell & tube 

type of heat exchangers in terms of outer temperature, 

statistical model was developed using multiple linear 

regression method where cubic model is find significant 

with square root transformation. However, this model is 

built using only the main variables (Tube Diameter, Mass 

flow rate and Pitch of tube) and their significant 

interactions. Output temperature model is given by equation 

(1) based on coded values and on actual values model is 
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given by equation (2). Its coefficient of correlation R
2
 is 

99.54%. 

 
Final Equation in Terms of Actual Factors: 

 

D. One Factor: 

It is clear from the results of ANOVA in Table 6.4 that the 

tube diameter affects outer temperature in a considerable 

way. Its F value is maximum 348.44. The second factor 

influencing outer temperature is mass flow rate as It’s F 

value is 13.36.  For pitch of tube is not that much significant 

to effect outer temperature. . Figure 6 has reported the tube 

diameter as most significant factor and as tube diameter 

increases output temperature of water from tube is also 

increases but that increases the overall size and cost of 

STHE. 

 
Fig. 6: Significant one factor effects on output parameter 

E. Interaction Factor  

It is clear from the results of ANOVA in Table 5. that the 

tube diameter and mass flow rate are most significant 

interacting parameters affects outer temperature in a 

considerable way. Its F value is maximum 122.77. The 

second significant interacting factors are tube diameter and 

tube pitch influencing outer temperature is mass flow rate as 

It’s F value is 13.67.  For interaction of pitch of tube and 

mass flow rate is not that much significant interaction factor 

to effect outer temperature with it’s F value of 0.84. Figure 7 

has reported graphical effect of interacting parameters of the 

tube diameter and mass flow rate as most significant factor. 

As tube diameter increases with less mass flow rate of 1.2 

kg/s leads to absorb more heat as compare to higher mass 

flow rate of 1.8 kg/s. it’s clearly reported that output 

temperature of water from tube is also increases but that 

increases the overall size and cost of STHE.  

F. 3D Interaction Effect of Significant Parameters: 

Fig.8-10 have represented 3D surface plot for significant 

parameters effect on system output parameter tube water 

temperature. Fig.8 represent 3D surface plot at 25 mm tube 

pitch for mass flow rate & tube diameter interaction on 

output temperature of tube water. Fig.9 shows the clear 

interaction of tube diameter and tube pitch at mass flow rate 

of 1.5 kg/s. Fig.10 recorded the interaction effect of change 

of Tube pitch and mass flow rate at tube diameter of 9.52 

mm. All 3D plots are closely significant to describe the 

mathematical model based on multi-level regression 

analysis computed by Design of Expert version 8.0.7.1.  

 
Fig. 7: Interaction factor effect on output temperature 

 
Fig. 8: 3D surface plot at tube pitch of 25 mm 

 
Fig. 9: 3D surface plot at mass flow rate of 1.5 kg/s 
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Fig. 10: 3D surface plot at tube diameter of 9.52 mm 

Multiple linear regression method with cubic 

model has find significant with square root transformation 

that computed by Design of Expert version 8.0.7.1. The 

performance prediction of actual and predicated responses 

has been shown in fig.11. The actual and predicted values of 

response are very close and verify the fitness of polynomial 

response. Which graphically represent the model based on 

performance of variance analysis and F-ratio. 

  
Fig. 11: Predicted v/s Actual Responses  

G. Optimization 

Objective of this work is to get optimize process parameters 

to get maximum output temperature of tube water so it can 

carry away the maximum amount of heat from injection 

moulding die. As show in fig.12, maximum output 

temperature is set to achieve at 308.46 k. applied constrains 

are tabulated in table 7 and then solution was executed 

which result into 20 probable solutions as listed in table 8. 

the most suitable model has been selected on basis of 

desirability of each solution.  Hence, numerically optimize 

value with highest desirability is tabulated in table 9. 

 
Fig. 12: O Optimization dialog menu of DOE 

 Table 7: Constraints for optimization 

 
Table 8: List of optimize solutions 

 
Table 9: Optimized Numerical 

VI. CONCLUSION 

Shell and tube heat exchanger is widely used in industries. 

Today the main problem of industries is effectiveness of the 

heat exchanger. There are various heat exchanger 

performance parameters like tube diameter, mass flow rate, 

pitch length, longitudinal pitch, tube material, shell material, 

types of baffles, baffles angles etc. here to improve its 

effectiveness, heat exchanger parameters done successfully 

using response surface method with multiple linear 

regression method alongwith cubic model has find 

significant with square root transformation. RSM has proven 

to be a major tool in discovering, which parameters and 

interactions are significant to improve the effectiveness of 

shell and tube heat exchanger.Based on the practical and 

computational results, it is found that the mass flow rate is 

the Primary parameter and pitch length is the secondary 

element that has an effect of improvement of effectiveness 

of heat exchanger. Also from results of RSM analysis it can 

be concluded hat optimum parameter to increase the 

effectiveness of the heat exchanger are tube diameter are 8.6 

mm, pitch length of tube 25.5 mm and mass flow rate 1.36 

kg/s.ANSYS and experimental result are compared and 
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found in good agreement, thus proving the strength of 

model. After completing CFD Analysis Results, we can say 

that CFD Analysis is a good tool to avoid costly and time 

consuming Experimental Work.  

VII. FUTURE SCOPE OF WORK 

Further investigations may conduct with oil type of heat 

exchangers for injection molding machine. Effect of 

additives in tube water is another area of interest by 

industries for small STHE. Number of Baffle s and 

arrangement of baffles is another significant design criterion 

for development of STHE for power plant applications. 
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