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EXTENDED ABSTRACT

Introduction

Energy storage plays an important role in reducing the consumption costs of related
industries such as petrochemicals, power plants, refineries, and food. Shell and tube heat
exchangers as one of the components of these industries have always attracted the attention
of researchers and engineers. The ease of installing and upgrading shell and tube heat
exchangers has led to a 40% share of this type of exchanger in related industries. Recent
research to improve the performance of heat exchangers shows the importance of this
device in related industries. In this type of converter, the structure of the baffles and the
arrangement of the tubes play a major role in the distribution and improvement of the fluid
flow distribution on the shell side. In addition to directing the flow across the bundle of
pipes, this part increases the heat transfer (by increasing the flow path) and on the other
hand, it acts as a holder for the pipes to prevent the movement of the bundle of pipes caused
by the fluid flow. Various baffles were presented by researchers to improve this type of heat
exchanger. The main types are mentioned below in order of importance:

1- Segmental baffle

2- Helical baffle

3- Diskbaffle

4- Rod baffle

5- Combined baffle

Thus far, a comprehensive analytical method for the design and application of baffles
has not been presented. Bell Delaware's method is available and only applies to segmental
baffles and in a certain Reynolds range. Laboratory methods are also not cost-effective due
to the high cost of building this type of heat exchanger; therefore, numerical methods are
very effective for investigating baffles and flow distribution between tube bundles.

Methodology

The fluid flow domain in this research was solved using the finite volume method.
Solidwork flow simulation (version 2015) software was used to simulate the fluid flow on
the shell side (numerical domain). Figures 1 and 2 show the geometry of the converter. The
geometry of interest is a laboratory-scale heat exchanger that Ozden and Terry used in their
research. To increase the accuracy in the numerical simulation, all the dimensions of the
Shell and tube heat exchanger are considered the same and only the baffles are changed. In
this condition, the behaviour of the fluid flow can be clearly observed.
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Figure 1. geometry of shell and tube with helical and pore helical baffle.
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Figure 2. Geometry of shell and tube with helical and pore helical baffle.

To validate the numerical simulation, the obtained results were compared with the Bell-
Delaware method and Ozden and Tari's research [22]. Pressure drop and heat transfer
obtained from tube shell heat exchangers with segmental baffles were considered as two
comparative criteria. A comparison of the results obtained with the data from Bell
Delaware's methods and the results of Ozden Tari et al. [22] is shown in Table 3. According
to the results, the average heat transfer difference between the Bell Delaware method and
Ozden Tari results was approximately 9.32% and 6.5%, respectively. On the other hand, the
average deviation of the overall lateral pressure drop of the shell (Aps) with references were
21 and 6.5%, respectively.

Results and discussion

Unlike analytical and laboratory methods, one of the advantages of numerical methods
is to depict the fluid behaviour near baffles and tube bundles. Analytical methods in this
field are not able to describe the behaviour of the fluid flow at different points of these heat
exchangers. On the other hand, in laboratory methods, it is very expensive to create
conditions to depict the behaviour of the fluid flow on the shell side near the baffles. Figures
3to 6 show the flow velocity contour for the proposed baffle. The flow in the pore structures
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was more uniform (3 and 6) and the volume of dead areas created behind the baffles was
reduced. In the helical pattern, the fluid flow was concentrated in the centre of the shell.
High speed causes turbulence in the centre. In the holed state, the flow concentration in the
centre was reduced and a more uniform flow was observed. Furthermore, no vortices were
observed near the tube wall in the centre. These vortices, in turn, caused a local increase in
heat transfer and hindered the uniform distribution of the flow along the shell.
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Figure 4. Fluid flow distribution along the shell with segmental baffle.
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Figure 6. Fluid flow distribution along the shell with pore helical baffle.

Conclusion

The purpose of providing new structures was to simultaneously reduce the pressure
drop and increase the heat transfer of the system. In this research, to smooth the fluid flow
path on the shell side and increase the thermo-hydraulic performance of shell and tube heat
exchangers, the effect of perforated structures of segmental and helical baffles was
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compared to the basic configuration in the numerical approach. By evaluating different
baffles, the results are expressed as follows:
—  For the pressure drop:
Segmental baffles and pore helical baffles reduced the pressure drop by 19.7 and 22.7%,
respectively, compared to the basic configuration.
— Heattransfer to pressure drop:
In segmental baffles, the perforated structure provided a 10% increase in performance
compared to the simple configuration. The perforated helical baffle also provided a 15.4%
increase in performance compared to the simple model (helical baffle).

Efficiency evaluation coefficient (EEC)

By comparing EEC, it can be concluded that the pore helical baffle showed the highest
value with a 43.04% increase in the thermos-hydraulic performance of the holed spiral. It
can be a suitable alternative for tube shell heat exchangers with sector baffles under the
same working conditions. Spiral baffles and perforated sectors rank next with 24/64,
11/79. Among all the proposed models, pore structures provided better performance than
the basic structure (helical and segmental).
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