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Abstract: This paper focuses on the various researches on CFD analysis in the field of heat exchanger. Shell and tube heat exchanger
is an indirect contact type heat exchange as it consists of a series of tubes, through which one of the fluids runs. They are widely used
in power plant, chemical plants, petrochemical plants and automotive applications. Different turbulence models available in general
purpose commercial CFD tools likes’ k-¢ model, K- model and K- @ SST models. Different CFD code available like CFX, FLUENT.
The quality of the solution has proved that CFD is effective to predict the behavior and performance of a wide variety of heat

exchanger.
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1. Introduction

A heat exchanger transfers energy from one fluid to another
across a solid surface by convection and conduction. Heat
exchangers are used in power plants, nuclear reactors,
refrigeration and air conditioning systems, automotive
industries, heat recovery systems, chemical processing, and
food industries. The design of a new heat exchanger (HE) is
referred to the sizing problem, means it includes
construction type, flow arrangement, tube and shell
material, and physical size which has to meet the specified
heat transfer and pressure drop rating of existing heat
exchanger. We are going to simulate the results for present
material of shell and tube heat exchanger and change the
material, then compare the results of both and study which
is best.

Shell and tube heat exchanger consist bundle of tubes
enclosed with in cylindrical shell one fluid pass through the
tubes and second fluid flows between the tube and shells.
The basic components of a shell and tube heat exchangers
are tubes, tube sheets, shell and shell-side nozzles, tube side
channels and nozzles, channel covers, pass divider, baffles
etc .Most commonly used STHE have large heat transfer
surface area-to-volume ratios to provide high heat transfer
efficiency in comparison with others. They are
mechanically rugged enough to withstand the fabrication
stresses and normal operating conditions. They can be
easily cleaned and the failure parts like gaskets and tubes
can be easily replaced. They offer greater flexibility of
mechanical features to withstand any service requirement.
They are manufactured easily for a large variety of sizes
and flow configurations. They can operate at high pressures
and high temperature. They can be employed for processes
which require large quantities of fluid to be heated or
cooled. In our case, we have heat exchanger with stainless
steel as outer shell and copper as inner tube and baffle
plates.

2. Methods and Material

1) Computational Fluid Dynamics

Computational fluid dynamics, usually abbreviated as CFD,
is a branch of fluid mechanics that uses numerical methods
and algorithms to solve and analyze problems that involve
fluid flows. Computers are used to perform the calculations
required to simulate the interaction of liquids and gases
with surfaces defined by boundary conditions. The
technique is very powerful and spans a wide range of
industrial and non-industrial areas.

2) CFD Methodology
In all of these approaches the same basic procedure is
followed.

During pre-processing

The geometry (physical bounds) of the problem is defined.
The volume occupied by the fluid is divided into discrete
cells (the mesh). the mesh may be uniform or non-uniform.
The physical modelling is defined — for example, the
equations of motions + enthalpy + radiation + species
conservation

Boundary conditions are defined. This involves specifying
the fluid behaviour and properties at the boundaries of the
problem. For transient problems, the initial conditions are
also defined.

The simulation is started and the equations are solved

iteratively as a steady-state or transient.

e Finally a postprocessor is used for the analysis and
visualization of the resulting solution.

o Below figure shows how the total CFD works.

Pre-Processor

Pre-processing consists of the input of a flow problem to a
CFD program by means of an operator-friendly interface.
The user activities at the pre-processor stage involves
geometry clean up, FE modeling like Grid and Cell
generation, Selection of the physical and chemical
phenomenon that need to be modeled, definition of the fluid
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properties and specification of appropriate boundary 3. Results and Discussion
condition at cells.

A. Results for the HE without fin with the velocity

Solver: Different streams of numerical solution techniques 0.04m/sec
are Finite difference method, Finite element method,
spectral method and finite volume method. Following steps
will be performed by all the numerical methods.

Different streams of numerical solution techniques are
Finite difference method, Finite element method, spectral
method and finite volume method. Following steps will be
performed by all the numerical methods.

Post-Processor

As in pre-processing a huge amount of development work
has recently taken place in the post- processing field. Owing
to the increased popularity of engineering workstations
many of which have outstanding graphics capabilities, the
leading CFD packages are now equipped with versatile data -
visualization tools.

. " L

Figure 1: Pressure distribution for the transformer oil

Table 1: Solver Setting

CFD SIMULATION 3D(DOUBLE PRESSION)
Solver Fluent

Space 3D

Time Steady State

Velocity Formulation Absolute

Gradient Option Least Square Cell Based

Table 2: Viscous Model and Turbulence Model Settings

Turbulence Model Spalart-Allmaras
Spalart-Allmaras 1-equation model
Operating Conditions Ambient

Table 3: Boundary condition settings

Velocity Exhaust gas Velocity Inlet 2m/s
Inlet Transformer oil velocity Inlet 0.04, 0.06,
0.09 m/s

Pressure | Gauge Pressure magnitude (shell side) 0 Pa
Outlet | Gauge Pressure magnitude (tube side) 0 Pa
Wall vehicle surface-no-slip wall B/c
Zones Convective coupled wall

Table 4: Solution Controls

Fluid Properties Values

Density 0.871 Kg/m®

Shell side Specific Heat 0.871j/kg-k

(Exhaust Gas) | Thermal conductivity | 0.871w/m-k

Viscosity 0.871kg/m-s

Density 890 Kg/m®

Tube side Specific Heat 2060 j/kg-k

(transformer oil) | Thermal conductivity | 0.12 w/m-k
Viscosity 0.01664kg/m-s
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Figure 3: Temperature distribution for the Transformer oil
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Figure 4: Temperature distribution for the Exhaust gas

B. Results for the HE without fin with the velocity
0.06m/sec

Figure 8: Temperature distribution for the Exhaust gas
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Figure 9: HE with velocity of 0.04m/s with fin
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Figure 6: Temperature distribution for the Transformer oil
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Figure 10: HE with velocity 0.06m/s with fin

4. Conclusion

The results which were obtained from the calculations and
the graphs that were plotted, were studied very thoroughly
and we observe that the effectiveness in general reduces
with the increase of the heat exchanger velocities like
0.04,0.06m/s, turbulence models available in general
purpose commercial CFD tools likes’ k-e model, K-» model
and K- o SST models. Different CFD code available like
CFX, FLUENT.
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