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Abstract— In this paper, the thermal behavior of the shell side flow of a shell and tube heat exchanger has been studied using 
COMSOL Multiphysis 4.3b.It has been employed to simulate a theoretical 2-D model for shell and tube heat exchanger.  The 
model incorporates the effects of inlet and outlet fluid velocity and the material used for construction of heat exchanger for the 
required heat transfer to be achieved. The purpose of this paper is optimization of shell and tube heat exchanger for water 
heating operation. The heating water at 347K has to be heated to 351K. The study mainly focuses on various configurations of 
shell and tube heat exchanger tube materials and the effect of different variables on temperature drop for optimized 
configuration. Simulation results show that aluminum is obtained as the preferred material of selection as it is coherent with all 
the parameters of design for the desired heat transfer. 
 
Index Terms—COMSOL Multiphysis, Heating, Heat transfer rate, Optimization, Shell and tube heat exchanger. 
 
I. INTRODUCTION 

 
Heat exchangers have always been an important part 
to the of the construction of this shell and tube cooler 
is BEU, heat exchanger is a device built for efficient 
heat transfer from one medium to another in order to 
carry and process energy. Typically one medium is 
cooled while the other is heated. They are widely used 
in petroleum refineries, chemical plants, 
petrochemical plants, natural gas processing, air 
conditioning, refrigeration and automotive 
applications. There are two main types of heat 
exchanger; 

1) Direct contact heat exchanger_ where both 
media between which heat is exchanged are in 
direct contact with each other. 

2) Indirect contact heat exchanger _ where both 
media are separated by a wall through which 
heat transferred so that they never mix. 

Shell and tube type heat exchanger is an indirect 
contact type heat exchanger as it consists of a series of 
tubes, through which one of the fluid. Usually, it is 
cylindrical in shape with a circular cross section, 
although shells of different shapes are used in specific 
applications. For this particular study E shell is 
considered, which a one pass shell is generally. E shell 
is the most commonly used due to its low cost and 
simplicity, and has the highest log mean temperature 
difference (LMTD) correction factor. Although the 
tubes may have single or multiple passes, there is one 
pass on the shell side, while the other fluid flows 
within the shell over the tubes to be heated or cooled. 
Shell and tube heat exchangers in various sizes are 
used in industrial operations and energy conversion 
systems. The optimum thermal design of a shell and 
tube heat exchanger involves the considerations of 
many interacting design parameters which can be 
summarized as follows; 

1) Process Process fluid assignments to shell side 

or tube side. 
2) Selection of stream temperature specifications. 
3) Setting shell side and tube side velocities limits. 
4) Setting shell side and tube side pressure drop 

design limits. 
5) Selection of heat transfer models and fouling 

coefficients for shell side and tube side. 
 
A. Mechanical 

1) Selection of heat exchange TEMA layout and 
number of passes. 

2) Specification of tube parameters- size, layout, 
pitch and material. 

3) Setting upper and lower design limits on tube 
length. 

4) Specification of shell side parameters- 
materials baffles cut, baffle spacing and 
clearances.  

5) Setting upper and lower design limits on shell 
diameter, baffle cut and baffles spacing.[5] 

 
II. DESIRABLE FEATURES OF SHELL AND 
TUBE OIL COOLER 

 
Shell and tube oil cooler consist of a bundle of tubes 
enclosed in a cylindrical shell. The ends of the tubes 
are fitted into tube sheets, which separate the shell side 
fluids. Baffles are provided in the shell to direct the 
fluids flow and support the tubes 
 

 
Fig.1 Single Pass of Shell – Two Passes of Tube 
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In the context of shell and tube cooler on a Diesel 
Locomotive show in Fig. 1, this equipment serves to 
cool the cooling water from a diesel locomotive 
transmission oil system. Cooling water from oil cooler 
flows in the tube side and the raw water as a cooling 
medium flows in the shell side. The principle types of 
shell and tube heat exchangers classified by TEMA 
standards [5]. According to the geometry of the 
construction of this shell and tube cooler is BEU, 
having equilateral triangular tube arrangement, with 
single transverse segmental baffles as shown in Fig.1.  

 
III. DESIGN THEORETICAL 
CONSIDERATION 
 
The various design considerations of a heat exchanger 
are: selection of working fluid, development of 
analytical model, analytical consideration and 
assumptions, procedure, input parameters required, 
computed parameters. The developments for shell and 
tube heat exchangers focus on better results for lower 
pressure drop and for higher heat transfer coefficient 
by improving the conventional tube design. [1] 
There are many different types of heat exchanger 
enhancements. These include extended surfaces, 
inserts, coiled or twisted tubes, surface treatments and 
additives. Tubes can be finned on both the interior and 
exterior. This is probably the oldest form of heat 
transfer enhancement. Tubes with rough surfaces have 
much higher heat transfer coefficients than tubes with 
smooth surfaces. [4] 

 

 
Fig.2 Tube Pattern from a Shell and Tube Heat Exchanger 

Flow Direction 

The detailed designing methodology of shell and tube 
heat exchanger is based on Bell’s procedure for 
determining both shell side heat transfer coefficient 
and shell side pressure drop. [2] Theoretical formulae 
for shell side are 
1)  Shell side heat transfer coefficient ,hs: 

The shell side heat transfer coefficient is given by 
considering the various leakage and bypass flow 
streams.  

 
2)   Overall Heat transfer coefficient 

 

  
IV. PROBLEM DESCRIPTION AND 
METHODOLOGY 
 
The objective of the oil cooler is to create COMSOL 
model for shell and tube heat exchanger. Water 
heating operation is taken into consideration. In oil at 
383 K is used to heat heating medium. The heating 
medium is available at 347 K, which to be heated to 
351K. A increase of 4 K is desired from the heat 
transfer in heat exchanger. This paper also aims at 
plotting and studying the temperature and velocity 
profile for different inlet flow velocity, pipe diameter 
and pipe material. 
The shell and tube heat exchanger is considered here 
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because this type of heat exchanger is cheap and easily 
available. There is flexibility regarding materials of 
construction. The shell and the tubes can be made of 
different materials. 
To achieve the same, a 2D model of shell and tube heat 
exchanger was taken. Appropriate cross the same for 
all cases. Different cases were simulated by keeping 
the inlet temperatures constant, and varying the flow 
rate and pipe material for shell and tube heat 
exchanger. 
In each case, a parametric sweep was conducted by hit 
and trail of any one of the variable, keeping the other 
one constant, in order to achieve the required 
temperature difference. That way, the optimum 
quantity of that variable was determined. Further, 
temperature and velocity plots have been plotted.  
 
A.  Governing Equations 
Selection of  governing physics: 
An important characteristics of a flow is often 
described by the Reynolds number, which is defined 
as 

Re (14)
UL




If the Reynolds number is low, no turbulence model is 
needed. If, on the other hand, the Reynolds number is 
high, then the flow is dominated by convection, and a 
turbulence model is necessary. By using standard 
values of water for the density and viscosity, the 
equation gives an approximate Reynolds number of 
5000, which is high enough to warrant the use of a 
turbulent model. The governing equations in this 
model are 

1) The Reynolds Averaged Navier-Stokes(RANS) 
equations and a k-ε turbulence model 

2) Fluid (water) heat transfer solid equations 
The Non Isothermal Flow interface was selected; thus 
the above equations are coupled to model the fluid 
thermal interaction.[7] 

 . .( ) 15pC u T k T Q    
The temperature dependent properties for water and 
metals from the built-in material library were used in 
the model. The software incorporates the influence of 
the turbulent fluctuations on the temperature field by 
using the Kays-Crawford model for the turbulent 
Prandtl number. 

 
Furthermore, to account for the effect of mixing due to 
eddies, it is necessary to correct the fluid’s thermal 
conductivity, keff, according to the equation. [6] 

 
 
B. Geometry of shell and tube heat exchanger 
Considering a single section of shell and tube heat 
exchanger in 2-D gives the following figure 

 
Fig. 3 Cross Sectional View of the Shell and Tube 

 
C. Boundary Conditions 
The boundary conditions mentioned for the problem 
are 

 
Fig. 4 Model 2D geometry with Boundary Conditions 

 
D. Meshing 
There are different types of meshing.  Selecting a mesh 
is purely intuitive. Default meshing was used for this 
model because the temperature of the tube side fluid is 
fixed. This reduces the complexity of the problem.  A 
default mesh with single refinement will give 
satisfactory results. The finished mesh will look like 
Fig. 5. 

 

 
Fig. 5 Meshed View of the Shell and Tube 
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Table. I 
Mesh Statics for Shell and Tube 

 
 
E. Solving the problem 
There are a wide range of solvers to select from in 
COMSOL. For all of our simulations, the auto select 
of solver was used, which detects the type of problem 
encountered and automatically selects the best solver 
for the given problem. The solver detected was 
stationery segregated solver, and the same solver was 
used in all our simulations.   

 
Table. II 

Parameters for Shell and Tube 

 
 

Table. III 
Parameters for Shell and Tube 

 
 
V. RESULT AND DISCUSSION 
 
A cross section of the shell and tube heat exchanger 
was taken and used for the purpose of simulation in the 
COMSOL software. The parameters studied were 
flow rate of the cold fluid and materials of tube 
diameter. Keeping the inlet temperatures and flow 
velocity constant, the flow velocity was adjusted by hit 
and trail to get the desired outlet temperature. The 
optimum flow rate for each case has been found, and 
recorded. The following there cases were considered. 
The same data has been taken from the water heating 
operation. The diameter of the inflow boundary was 
set as 0 mm. In each of the cases, the temperature plot 
is given for the red line highlighted boundary as shown 
in Fig. 5. 

 

 
Fig. 6 Boundary Condition of Shell and Tube for 

Temperature Measurement 

A. Case 1: 
In Fig.7 and 8, the cold water is taken in the annulus 
and hot oil in inner tube (constant temperature 
346.8K). For the given flow rate of hot fluid 0.226 
m/s, with tube material aluminum the temperature 
difference achieved is 3.58 K. The temperature 
profiles are the black line the basis for the graph 
plotted.  

 
Fig.7 Temperature and Arch Length 

 

 
Fig.8 Surface Plot of Temperature 

  
B. Case 2: 
In Fig.9 and 10, the cold water is taken in the annulus 
and hot oil in inner tube (constant temperature 
346.8K). For the given flow rate of hot fluid 0.226 
m/s, with tube material copper the temperature 
difference achieved is 3.45 K. The temperature 
profiles are the black line the basis for the graph 
plotted. 

 
Fig. 9 Temperature and Arch Length 

 

 
Fig.10 Surface Plot of Temperature  
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C. Case 3: 
In Fig. 11 and 12, the cold water is taken in the 
annulus and hot oil in inner tube (constant temperature 
347K). For the given flow rate of hot fluid 0.226 m/s, 
with tube material Steel AISI 4340 the temperature 
difference achieved is 3.55 K. The temperature 
profiles are the black line the basis for the graph 
plotted. 
 

 
Fig. 11 Temperature and Arch Length 

 

 
Fig.12 Surface Plot of Temperature  

 
CONCLUSION 
 
In the simulation of the shell and tube heat exchanger, 
the materials were changed .In Case 1, 2and   3, flow 
rate is kept constant and the material is varied. From 
the figures, it is seen that the maximum and minimum 
temperature for aluminum is from 346.8 K to 350.38 
K, for cooper is 346.8K to 350.25K and for steel is 
346.8K to 350.3 K which is simulated from the 
COMSOL Multiphysis. Hence, it is observed that 
aluminum gives better temperature drop compared 
with that of copper and steel.  
Calculation of fluid water outlet temperature is 351K 
which is nearer to the value mentioned in output 
temperature of COMSOL result. As we change, the 
tube material from the aluminum to copper and steel 
had been varied. 
This COMSOL Multiphysis is very helpful in 
determining the optimum dimensions. It solves using 
iteration of many random values thereby giving more 
accurate results. 
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