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Abstract

Shell and tube heat exchangers are widely used in industrial applications due to their robust construction and high heat
transfer capability. The performance of these heat exchangers is significantly influenced by the configuration of shell-
side baffles, particularly the baffle cut. In the present study, a computational fluid dynamics (CFD) analysis is carried
out to investigate the influence of different baffle cut percentages on the thermal-hydraulic performance of a shell and
tube heat exchanger.

A three-dimensional model of the heat exchanger is developed using CATIA V5, and numerical simulations are
performed using ANSYS Fluent 15.0. The shell-side flow characteristics are analyzed by varying the baffle cut from
10%, 15%, 20%, 25%, 30%, 35%, and 40% of the shell diameter while maintaining other geometric and operating
parameters constant. Post-processing of the CFD results is used to obtain contour distributions of pressure,
temperature, and velocity within the shell region.

The results show that the baffle cut significantly affects the flow pattern, pressure drop, and heat transfer
characteristics of the heat exchanger. Lower baffle cuts increase flow turbulence and pressure drop, whereas higher
baffle cuts reduce pressure drop but weaken cross-flow over the tubes. An optimum range of baffle cut is observed
where a balance between effective heat transfer and acceptable pressure drop is achieved.

The findings of this study provide useful insights for the design and optimization of shell and tube heat exchangers for
improved thermal performance in industrial heat transfer applications.
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1. Introduction

Heat exchangers are essential thermal devices widely used in various industrial sectors such as power plants, chemical
processing, petroleum refining, refrigeration, air conditioning, food processing, and automotive applications. Their
primary function is to transfer heat between two fluids at different temperatures without direct mixing. Among the
various types of heat exchangers available, the shell and tube heat exchanger is the most commonly used due to its
simple design, reliability, ease of maintenance, and ability to operate under high pressure and temperature conditions.

The performance of a shell and tube heat exchanger mainly depends on the flow characteristics of the fluid inside the
shell and tube regions. To improve heat transfer on the shell side, baffles are introduced inside the shell. Baffles serve
multiple purposes: they support the tubes mechanically, direct the fluid flow across the tube bundle, and increase
turbulence in the shell-side fluid. This enhanced turbulence increases the convective heat transfer coefficient and
improves the overall heat transfer performance of the heat exchanger. However, the introduction of baffles also
increases the pressure drop in the shell side, which results in higher pumping power requirements.

One of the most important geometric parameters of a segmental baffle is the baffle cut, which represents the
percentage of the shell diameter removed to allow fluid flow through the baffle window. The size of the baffle cut
significantly influences the flow pattern, turbulence level, pressure drop, and heat transfer characteristics within the
shell side. A smaller baffle cut increases cross-flow velocity and turbulence, leading to improved heat transfer but also
causing a higher pressure drop. On the other hand, a larger baffle cut reduces pressure drop but weakens the cross-flow
across the tubes, which may reduce the heat transfer performance.
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In recent years, Computational Fluid Dynamics (CFD) has become a powerful tool for analyzing the complex flow and
heat transfer phenomena in heat exchangers. CFD enables detailed visualization of velocity, pressure, and temperature
distributions inside the heat exchanger, which is difficult to obtain through experimental methods. Several researchers
have applied CFD techniques to investigate the effects of different geometric parameters such as baffle spacing, baffle
inclination, tube arrangement, and baffle configuration on the performance of shell and tube heat exchangers.

Despite extensive research on heat exchanger design, the influence of baffle cut variation on shell-side flow
characteristics and thermal performance still requires detailed investigation to achieve an optimal balance between
heat transfer enhancement and pressure drop reduction. Understanding the effect of baffle cut is essential for
improving the efficiency and operational performance of heat exchangers.

In the present work, a three-dimensional model of a shell and tube heat exchanger is developed using CATIA V5, and
numerical simulations are carried out using ANSYS Fluent 15.0 to analyze the influence of baffle cut on shell-side
flow behavior. The baffle cut is varied as 10%, 15%, 20%, 25%, 30%, 35%, and 40% of the shell diameter while
keeping other geometric parameters constant. The CFD simulations provide detailed contour distributions of pressure,
temperature, and velocity, which are analyzed to evaluate the effect of different baffle cut configurations on the
performance of the heat exchanger.

The outcomes of this study provide useful insights into the optimal selection of baffle cut for improved thermal
performance and efficient design of shell and tube heat exchangers used in industrial heat transfer applications.

2. Literature Review

Shell and tube heat exchangers have been extensively studied due to their widespread industrial applications and their
importance in improving energy efficiency. Researchers have investigated various geometric and operational
parameters such as baffle spacing, baffle inclination, tube arrangement, and baffle cut to enhance the thermal-
hydraulic performance of these heat exchangers.

Eryener conducted a numerical investigation to analyze the effect of baffle spacing and baffle cut on the performance
of a shell and tube heat exchanger using computational fluid dynamics. The study reported that decreasing the baffle
spacing increases turbulence and heat transfer rate but also leads to a higher pressure drop in the shell side.

Wang Q.W. and co-researchers investigated the flow characteristics and heat transfer performance of shell-side fluid
flow in heat exchangers using CFD techniques. Their study demonstrated that baffle configuration plays a significant
role in improving heat transfer by enhancing shell-side turbulence and cross-flow across the tube bundle.

Yang Jian-Fei studied the effects of different baffle configurations on shell-side flow and heat transfer characteristics.
The results showed that optimized baffle arrangements can significantly improve the heat transfer coefficient while
maintaining acceptable pressure drop levels.

Gaddis E. S. and collaborators analyzed various baffle geometries and configurations in shell and tube heat
exchangers. Their work highlighted that the selection of proper baffle cut and spacing is essential to achieve a balance
between improved heat transfer and reduced pressure loss.

Kumar S. performed numerical simulations to examine the influence of baffle cut on shell-side flow distribution and
thermal performance. The study concluded that moderate baffle cuts provide an optimal balance between shell-side
pressure drop and heat transfer enhancement.

Patel V. K. conducted CFD simulations on shell and tube heat exchangers with different baffle configurations. Their
results indicated that variation in baffle cut significantly affects velocity distribution, pressure drop, and temperature
gradients within the shell region.

Babu B. V. and colleagues studied shell-side heat transfer enhancement using numerical modeling techniques. Their
work emphasized that careful selection of design parameters such as baffle cut and spacing can improve the overall
efficiency of heat exchangers used in process industries.

From the above studies, it is evident that baffle configuration plays a critical role in determining the thermal-hydraulic
performance of shell and tube heat exchangers. However, detailed analysis of the effect of different baffle cut
percentages on pressure, temperature, and velocity distributions using CFD tools is still necessary for optimizing heat
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exchanger design. Therefore, the present work focuses on investigating the influence of baffle cuts ranging from 10%
to 40% of shell diameter using CFD simulations to evaluate the resulting flow characteristics and thermal behavior.

3. Methodology

The present study investigates the influence of baffle cut variation on the shell-side flow characteristics and thermal
performance of a shell and tube heat exchanger using Computational Fluid Dynamics (CFD). The methodology
adopted for this study includes geometric modeling, mesh generation, CFD simulation, and post-processing of results.
The overall workflow of the study is shown in Figure (if you later add a flowchart).

3.1 Geometric Modeling

The three-dimensional model of the shell and tube heat exchanger was created using CATIA V5. The model consists
of a cylindrical shell, tube bundle, inlet and outlet nozzles, and segmental baffles placed inside the shell.

The geometric parameters of the heat exchanger were kept constant while only the baffle cut percentage was varied.
Seven different models were developed with baffle cuts of 10%, 15%, 20%, 25%, 30%, 35%, and 40% of the shell
diameter. The segmental baffles were arranged inside the shell to guide the fluid flow across the tube bundle and to
enhance heat transfer.

After completing the modeling process, the geometries were exported in IGES format and imported into the ANSYS
Workbench environment for further numerical analysis.

3.2 Mesh Generation

The computational mesh was generated using the ANSYS Meshing module. A suitable mesh was created to accurately
capture the flow behavior within the shell and tube regions. A fine mesh was used near the tube surfaces and baffle
regions to ensure better resolution of velocity and temperature gradients.

The mesh quality parameters such as skewness, orthogonality, and aspect ratio were checked to ensure numerical
stability and accuracy of the CFD simulation. The generated mesh was then imported into ANSYS Fluent 15.0 for
performing the numerical simulations.

3.3 Governing Equations

The fluid flow and heat transfer within the shell and tube heat exchanger are governed by the fundamental
conservation equations, which include:

Continuity Equation: V-(pV) =0
Momentum Equation: p(V-V)V = —VP+uV?V
Energy Equation: pCp(V-VT) = kV°T
where

p = fluid density

V = velocity vector

P = pressure

p = dynamic viscosity
Cp = specific heat

k = thermal conductivity
T = temperature

These equations were solved numerically using the finite volume method implemented in ANSY'S Fluent.
3.4 Boundary Conditions and Simulation Setup

The CFD simulations were carried out in ANSYS Fluent 15.0 under steady-state conditions. The working fluid
considered in the analysis was assumed to be water, and its thermo-physical properties were taken as constant.

The boundary conditions applied in the simulation are summarized as follows:

. Inlet: Specified velocity inlet condition
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. Outlet: Pressure outlet condition
o Tube walls and shell walls: No-slip boundary condition
. Heat transfer surfaces: Constant temperature or heat flux condition

The turbulence effects of the fluid flow were modeled using the standard k—e turbulence model, which is widely used
for heat exchanger simulations. Pressure—velocity coupling was achieved using the SIMPLE algorithm, and second-
order discretization schemes were used for improved numerical accuracy.

3.5 Post-Processing of Results

After convergence of the CFD simulations, the results were analyzed using the post-processing tools available in
ANSYS Fluent. Contour plots were generated to visualize the distribution of:

. Pressure (Pa)
. Temperature (K)
) Velocity (m/s)

These contours were studied to evaluate the effect of different baffle cut percentages on the flow behavior and thermal
performance of the shell and tube heat exchanger. The results obtained for each configuration were compared to
identify the baffle cut that provides an optimal balance between effective heat transfer and acceptable pressure drop.

4. Results and Discussion

The CFD simulations were carried out to analyze the influence of baffle cut on the shell-side flow behavior and
thermal characteristics of the shell and tube heat exchanger. The simulation results were obtained in the form of
pressure, velocity, and temperature contour plots using post-processing tools in ANSYS Fluent. These results provide
insight into the fluid flow pattern, turbulence characteristics, and heat transfer behavior inside the shell region.

To understand the detailed flow behavior, the results obtained for the 20% baffle cut configuration are analyzed and
discussed in the following subsections.

4.1 Analysis of Results for 20% Baffle Cut

The CFD results obtained for the 20% baffle cut model provide a clear understanding of the flow and thermal
characteristics within the shell side of the heat exchanger. The contour plots of velocity, pressure, and temperature
distributions are shown in Fig. 4.1, Fig. 4.2, and Fig. 4.3, respectively.

4.1.1 Velocity Distribution

The velocity contour of the shell-side fluid for the 20% baffle cut configuration is presented in Fig. 4.1. The fluid
enters the shell through the inlet nozzle and is forced to move across the tube bundle due to the presence of segmental
baffles. The baffles guide the fluid in a zig-zag cross-flow pattern, which increases the turbulence intensity and
improves the convective heat transfer.

From the contour plot, it can be observed that the velocity of the fluid is highest near the inlet and at the baffle window
regions, where the fluid is accelerated through relatively narrow passages. The maximum velocity observed in the
model is approximately 1.661 m/s, indicating significant fluid acceleration due to the redirection of flow by the
baftles.

As the fluid progresses along the shell length, the velocity gradually decreases due to flow resistance and frictional
effects caused by the tube bundle and baffle surfaces. Low velocity regions can also be observed behind the baffles,
indicating the formation of recirculation zones, which are typical in shell and tube heat exchangers with segmental
baffles.

Overall, the 20% baffle cut configuration promotes strong cross-flow over the tube bundle and enhances turbulence,
thereby improving the heat transfer performance of the heat exchanger.
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Fig 4.1: Velocity counter obtained in Ansys Fluent Post processing for Model with 20% baffle cut

4.1.2 Pressure Distribution

The pressure distribution for the shell-side fluid is illustrated in Fig. 4.2. The contour plot shows that the pressure is
relatively higher near the inlet region and gradually decreases towards the outlet as the fluid flows through the shell.

The pressure drop occurs due to frictional resistance, flow obstruction caused by the tube bundle, and repeated
redirection of the fluid by the baffles. These effects increase the turbulence level and enhance heat transfer but also
contribute to pressure losses.

From the CFD results, the maximum pressure drop across the shell side is approximately 6812 Pa. The pressure
variation along the length of the shell is relatively smooth, indicating stable flow conditions inside the heat exchanger.
The pressure drop obtained for the 20% baffle cut configuration is within an acceptable range and contributes to
effective fluid mixing and heat transfer.

Fig 4.1: Pressure counter obtained in Ansys Fluent Post processing for Model with 20% baffle cut
4.1.3 Temperature Distribution

The temperature contour obtained for the 20% baffle cut configuration is shown in Fig. 4.3. The temperature
distribution indicates the heat transfer interaction between the shell-side fluid and the tube surfaces.

As the fluid flows across the tube bundle, heat transfer occurs between the two fluids, resulting in a gradual
temperature change along the shell length. The contour plot clearly shows that the fluid temperature increases as it
moves towards the outlet region due to continuous heat exchange.
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From the simulation results, the temperature difference observed across the heat exchanger is approximately 63.8 K,
which indicates effective heat transfer between the fluids. The presence of baffles enhances turbulence and fluid
mixing, which improves the convective heat transfer coefficient.

The temperature distribution pattern confirms that the 20% baffle cut configuration provides efficient heat transfer
while maintaining a reasonable pressure drop within the shell side of the heat exchanger.

Viewl ~

Fig 4.3: Temperature counter obtained in Ansys Fluent Post processing for Model with 20% baffle cut
4.2 Comparative Analysis of Different Baffle Cut Configurations

To investigate the influence of baffle cut on the thermal and hydraulic performance of the shell and tube heat
exchanger, simulations were carried out for seven different baffle cut configurations: 10%, 15%, 20%, 25%, 30%,
35%, and 40% of the shell diameter. The results obtained from the CFD simulations in terms of pressure drop,
temperature drop, and velocity rise are summarized in Table 4.1.

Table 4.1: Effect of Baffle Cut on Pressure Drop, Temperature Drop, and Velocity Rise

Temperature
Baffle Cut Pressure drop (Pa) | drop(K) Velocity rise(m/s)
10% 7646 43.7 1.324
15% 7215 51.6 1.461
20% 6812 63.8 1.661
25% 7432 53.2 1.422
30% 7891 41.5 1.201
35% 8331 21.8 0.998
40% 8819 12.4 0.855

4.2.1 Effect of Baffle Cut on Pressure Drop

The pressure drop across the shell side varies significantly with the change in baffle cut. From Table 4.1, it can be
observed that the minimum pressure drop occurs at 20% baffle cut with a value of 6812 Pa. When the baffle cut is
reduced to 10%, the pressure drop increases to 7646 Pa, which can be attributed to the stronger obstruction created by
the smaller flow passage between the baffle and shell wall.

As the baffle cut increases beyond 20%, the pressure drop begins to increase again, reaching 8819 Pa at 40% baffle
cut. This increase is mainly due to changes in flow distribution and the reduced effectiveness of cross-flow over the
tube bundle. The results indicate that moderate baffle cut values help maintain a balanced pressure drop within the heat
exchanger.
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4.2.2 Effect of Baffle Cut on Velocity Distribution

The velocity of the shell-side fluid is strongly influenced by the baffle cut configuration. The results show that the
maximum velocity rise of 1.661 m/s occurs at 20% baffle cut. This is because the fluid is forced to pass through
relatively narrow passages, which increases turbulence and accelerates the fluid flow across the tube bundle.

For smaller baffle cuts such as 10% and 15%, the velocity rise is comparatively lower due to increased flow resistance.
On the other hand, when the baffle cut increases beyond 25%, the velocity begins to decrease gradually. At 40% baffle
cut, the velocity rise reduces to 0.855 m/s, indicating weaker cross-flow over the tube bundle.

This behavior suggests that moderate baffle cut values enhance fluid mixing and turbulence, which is beneficial for
improving heat transfer.

4.2.3 Effect of Baffle Cut on Temperature Drop

The temperature drop across the heat exchanger is an important indicator of heat transfer performance. From the
results, it can be observed that the maximum temperature drop of 63.8 K occurs at 20% baffle cut, indicating the
highest heat transfer effectiveness among all configurations.

For smaller baffle cuts such as 10% and 15%, the temperature drop is lower because excessive flow restriction reduces
the effective flow distribution inside the shell. Similarly, when the baffle cut increases beyond 25%, the temperature
drop decreases significantly due to reduced turbulence and weaker cross-flow across the tubes.

At 40% baffle cut, the temperature drop reduces to 12.4 K, which indicates significantly lower heat transfer
performance compared to smaller baffle cuts.

4.2.4 Overall Performance Evaluation

From the comparative analysis, it is evident that the 20% baffle cut configuration provides the best overall thermal
performance. This configuration achieves:

. Maximum temperature drop: 63.8 K
. Highest velocity rise: 1.661 m/s
J Lowest pressure drop: 6812 Pa

These results indicate that the 20% baffle cut offers an optimal balance between heat transfer enhancement and
pressure loss. The improved performance at this configuration is mainly due to enhanced turbulence and effective
cross-flow over the tube bundle.

The results of this study are also consistent with industrial design recommendations, where baffle cuts in the range of
20-25% are commonly used in shell and tube heat exchangers to achieve efficient thermal performance.

5. Conclusions

In the present study, the effect of baffle cut variation on the shell-side thermal and hydraulic performance of a shell
and tube heat exchanger was investigated using Computational Fluid Dynamics (CFD). The heat exchanger geometry
was modeled using CATIA V5, and numerical simulations were performed using ANSY'S Fluent 15.0. Seven different
configurations with baffle cuts ranging from 10% to 40% of the shell diameter were analyzed. Based on the results
obtained from the simulations, the following conclusions can be drawn:

1. The CFD analysis successfully demonstrated the influence of baffle cut percentage on pressure
distribution, velocity pattern, and temperature variation within the shell side of the heat exchanger.

2. The presence of segmental baffles forces the shell-side fluid to flow in a zig-zag cross-flow pattern
across the tube bundle, which enhances turbulence and improves the heat transfer performance.

3. Among the different configurations analyzed, the 20% baffle cut exhibited the best overall thermal
performance, achieving the maximum temperature drop of 63.8 K, indicating effective heat transfer between
the fluids.

4, The velocity rise was also highest at 20% baffle cut with a value of 1.661 m/s, which indicates
enhanced fluid mixing and turbulence in the shell side region.
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5. The minimum pressure drop of 6812 Pa was observed at the 20% baffle cut configuration, suggesting
that this configuration provides an optimal balance between heat transfer enhancement and hydraulic losses.

6. For higher baffle cuts (30%—40%), the velocity and temperature drop decreased significantly,
indicating weaker cross-flow and reduced heat transfer performance.

7. Based on the results obtained, it can be concluded that a baffle cut of approximately 20% of the shell
diameter provides optimal performance in terms of both heat transfer efficiency and pressure drop for the shell
and tube heat exchanger considered in this study.

The findings of this work can be useful in the design and optimization of shell and tube heat exchangers for improved
thermal performance and energy efficiency in industrial applications.
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