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Abstract: In present day shell and tube heat exchanger is the most corporate type heat exchanger widely use in oil factory and other
large chemical process, because it suits high pressure use. The process in solving simulation consists of modeling and meshing the
basic geometry of shell and tube heat exchanger using CFD ANSYS. The objective of the project is design of shell and tube heat
exchanger with helical baffle and study the flow and temperature field inside the shell using ANSYS software tools. The heat
exchanger contains 7 tubes and 600 mm length shell diameter 90 mm. The helix angle of helical baffle will be varied from 0° to
20°. In simulation will show how the pressure vary in shell due to different helix angle and flow rate. The flow pattern in the shell
side of the heat exchanger with continuous helical baffles was forced to be rotational and helical due to the geometry of the
continuous helical baffles, which results in a significant increase in heat transfer coefficient per unit pressure drop in the heat
exchanger.

Index Terms — Heat Exchanger, Helical Baffle, Cfd, Ansys Baffle Inclination Angle.

I. INTRODUCTION

Baffles are used to support the tubes for structural rigidity, preventing tube vibration and sagging and to divert the flow across

the bundle to obtain a higher heat transfer coefficient. Baffle spacing (B) is the Centre line distance between two adjacent baffles,
Baffle is provided with a cut (Bc) which is expressed as the percentage of the segment height to shell inside diameter. Baffle cut can
vary between 15% and 45% of the shell inside diameter. In the present study 36% baffle cut (Bc) is considered. In general,
conventional shell and tube heat exchangers result in high shell-side pressure drop and formation of recirculation zones near the
baffles. Most of the researches now a day are carried on helical baffles, which give better performance than single segmental baffles
but they involve high manufacturing cost, installation cost and maintenance cost. The effectiveness and cost are two important
parameters in heat exchanger design. So, In order to improve the thermal performance at a reasonable cost of the Shell and tube heat
exchanger, baffles in the present study are provided with some inclination in order to maintain a reasonable pressure drop across the
exchanger.
The complexity with experimental techniques involves quantitative description of flow phenomena using measurements dealing with
one quantity at a time for a limited range of problem and operating conditions. Computational Fluid Dynamics is now an established
industrial design tool, offering obvious advantages. In this study, a full 360° CFD model of shell and tube heat exchanger is
considered. By modeling the geometry as accurately as possible, the flow structure and the temperature distribution inside the shell
are obtained.

Il. LITERATURE REVIEW

A new type of baffle, called the helical baffle, provides further improvement. This type of baffle was first developed by Lutcha
and Nemcansky. They investigated the flow field patterns produced by such helical baffle geometry with different helix angles. They
found that these flow patterns were very close to the plug flow condition, which was expected to reduce shell-side pressure drop and
to improve heat transfer performance. Stehlik et al. compared heat transfer and pressure drop correction factors for a heat exchanger
with an optimized segmental baffle based on the Bell-Delaware method, with those for a heat exchanger with helical baffles. Kral et
al. discussed the performance of heat exchangers with helical baffles based on test results of various baffles geometries. One of the
most important Geometric factors of the STHXHB is the helix angle. Recently a comprehensive comparison between the test data of
shell-side heat transfer coefficient versus shell-side pressure drop was provided for five helical baffles and one segmental baffle
measured for oil-water heat exchanger. It is found that based on the heat transfer per unit shell-side fluid pumping power or unit shell-
side fluid pressured drop, the case of 400 helix angle behaves the best. The flow pattern in the shell side of the heat exchanger with
continuous helical baffles was forced to be rotational and helical due to the geometry of the continuous helical baffles, which results
in a significant increase in heat transfer coefficient per unit pressure drop in the heat exchanger. Properly designed continuous helical
baffles can reduce fouling in the shell side and prevent the flow-induced vibration as well. The performance of the proposed STHXs
was studied experimentally in this work. The use of continuous helical baffles results in nearly 10% increase in heat transfer
coefficient compared with that of conventional segmental baffles for the same shell-side pressure drop. Based on the experimental
data, the non-dimensional correlations for heat transfer coefficient and pressure drop were developed for the proposed continuous
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helical baffle heat exchangers with different shell configurations, which might be useful for industrial applications and further study
of continuous helical baffle heat exchangers.

111. COMPUTATIONAL MODEL

The computational model of an experimental tested Shell and Tube Heat Exchanger (STHX) with 10 helix angle is shown in fig.
2, and the geometry parameters are listed in Table 1.As can be seen from Fig ,the simulated STHX has six cycles of baffles in the
shell side direction with total number of tube 7 .The whole computation domain is bounded by the inner side of the shell and
everything in the shell contained in the domain. The inlet and out let of the domain are connected with the corresponding tubes.
Geometry and Mesh:

The model is designed according to TEMA (Tubular Exchanger Manufacturers Association) Standards Gaddis (2007).
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Fig 1 Isometric view of arrangement of baffles and tubes of shell and tube heat exchanger with baffle inclination.
Meshing :

Initially a relatively coarser mesh is generated with 1.8 Million cells. This mesh contains mixed cells (Tetra and Hexahedral cells)
having both triangular and quadrilateral faces at the boundaries. Care is taken to use structured cells (Hexahedral) as much as possible,
for this reason the geometry is divided into several parts for using automatic methods available in the ANSY'S meshing client. It is
meant to reduce numerical diffusion as much as possible by structuring the mesh in a well manner, particularly near the wall region.
Later on, for the mesh independent model, a fine mesh is generated with 5.65 Million cells. For this fine mesh, the edges and regions
of high temperature and pressure gradients are finely meshed.
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Fig 2 Meshing diagram of shell and tube heat exchanger
IV RESULTS
Variation of Temperature:
The temperature Contours plots across the cross section at different inclination of baffle along the length of heat exchanger will
give an idea of the flow in detail. Three different plots of temperature profile are taken in comparison with the baffle inclination at
0°, 10°, 20°.
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Figure 5 Temperature Distribution for 20°baffle inclination
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Figure 6 Plot of Baffle inclination angle vs Outlet Temperature of shell and tube side
It has been found that there is much effect of outlet temperature of shell side with increasing the baffle inclination angle from 0°
to 20°.

Variation of Pressure:

Pressure Distribution across the shell and tube heat exchanger is given below in Fig. .With the increase in Baffle inclination angle
pressure drop inside the shell is decrease. Pressures vary largely from inlet to outlet. The contours of static pressure are shown in the
entire figure to give a detail idea.
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Figure 7 Pressure Distribution across the shell at 0 0 baffle inclination.
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Figure 8 Pressure Distribution across the shell at 100 baffle inclination
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Figure 9 Pressure Distribution across the shell at 200 baffle inclination.
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Figure 10 Plot of Baffle angle vs Pressure Drop

The shell-side pressure drop is decreased with increase in baffle inclination angle i. e., as the inclination angle is increased from
0° to 20°. The pressure drop is decreased by 4 %, for heat exchanger with 10° baffle inclination angle and by 16 % for heat exchanger
with 20° baffle inclination compared to 0° baffle inclination heat exchanger as shown in fig. 18. Hence it can be observed with
increasing baffle inclination pressure drop decreases, so that it affect in heat transfer rate which is increased.

Table 1 for the Overall Calculated value in Shell and Tube heat exchanger in this simulation.

Baffle Shell Outlet Tube Outlet Pressure Heat Transfer Outlet
inclination Temperature Temperature Drop Rate(Q) Velocity
0° 346 317 230.992 3554.7 4.2
10° 3475 319 229.015 3972.9 5.8
20° 349 320 228.943 4182 6.2
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CONCLUSIONS

The heat transfer and flow distribution is discussed in detail and proposed model is compared With increasing baffle inclination
angle. The model predicts the heat transfer and pressure drop with an average error of 20%. Thus the model can be improved. The
assumption worked well in this geometry and meshing expect the outlet and inlet region where rapid mixing and change in flow
direction takes place. Thus improvement is expected if the helical baffle used in the model should have complete contact with the
surface of the shell, it will help in more turbulence across shell side and the heat transfer rate will increase. If different flow rate is
taken, it might be help to get better heat transfer and to get better temperature difference between inlet and outlet. Moreover the model
has provided the reliable results by considering the standard k-e and standard wall function model, but this model over predicts the
turbulence in regions with large normal strain. Thus this model can also be improved by using Nusselt number and Reynolds stress
model, but with higher computational theory. Furthermore the enhance wall function are not use in this project, but they can be very
useful. The heat transfer rate is poor because most of the fluid passes without the interaction with baffles. Thus the design can be
modified for better heat transfer in two ways either the decreasing the shell diameter, so that it will be a proper contact with the helical
baffle or by increasing the baffle so that baffles will be proper contact with the shell. It is because the heat transfer area is not utilized
efficiently. Thus the design can further be improved by creating cross-flow regions in such a way that flow doesn’t remain parallel
to the tubes. It will allow the outer shell fluid to have contact with the inner shell fluid, thus heat transfer rate will increase.
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