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ABSTRACT 

 

This study presents a detailed Computational Fluid Dynamics (CFD) analysis of a shell-and-tube 

heat exchanger with multiple baffle configurations and working fluids to enhance thermal performance. A 

total of six cases were investigated under identical inlet conditions, with a hot fluid entering the tube side at 

353 K and 2.75 m/s, and a cold fluid entering the shell side at 300 K and 2.75 m/s. The baseline design 

consisted of a conventional 0°–180° and 180°–360° baffle arrangement with offsets of 90 mm and 40 mm from 

the center plane. Subsequent iterations focused on optimizing baffle orientation and positioning to improve 

heat transfer effectiveness. The second and third designs introduced modified angular distributions and offset 

variations, resulting in enhanced mixing and flow redistribution. Additionally, the influence of different 

working fluids, including water, air, and ethylene glycol, was analyzed, along with a material change from 

aluminum to copper in the final iteration. Results indicate that the optimized baffle configurations 

significantly affect thermal performance and fluid flow characteristics. The second optimized design with 

water achieved improved tube-side outlet temperature (315.72 K), indicating better heat transfer compared to 

the baseline. The use of air resulted in lower pressure drops but slightly reduced heat transfer efficiency due 

to its lower thermal properties. The ethylene glycol case combined with copper tubing showed improved heat 

retention and thermal conductivity effects. Overall, baffle arrangement, fluid selection, and material 

properties play a crucial role in enhancing the efficiency of shell-and-tube heat exchangers. 

Keywords: CFD Analysis, Shell-and-Tube Heat Exchanger, Baffle Optimization, Heat Transfer Enhancement, 

Thermal Performance, Ethylene Glycol, Copper Tubes, Fluid Flow Analysis, ANSYS Fluent, Pressure Drop 

 

1. INTRODUCTION 

Introduction 

 

The heat exchanger is one of the indispensable devices in modern engineering that transfers heat 

between fluids without direct mixing. One of the most widely used types of the heat exchanger is the shell 

and tube version because of its high reliability, easy maintenance, and high performance efficiency. The 

efficiency of a heat exchanger depends on several factors, such as the characteristics of the fluids, their 

velocity, materials used, and geometry. In particular, baffles configuration, working media, and material used 

for tubes play a decisive role in heat exchange process. 

 

Today, increasing energy efficiency becomes crucial because of ever-growing demand for thermal 

energy and growing environmental requirements. Optimization of heat exchange process is especially critical 

to achieve this goal. The present paper aims to optimize a shell and tube heat exchanger by using 

Computational Fluid Dynamics techniques in order to increase its performance by varying baffles 

configuration, working media, and materials. 

 

Rising energy consumption requires increasing efficiency of thermal engineering devices. Shell and 

tube heat exchangers are highly efficient tools in terms of energy exchange because they provide efficient 

cooling and heating at high thermal energy efficiency level. They are characterized by specific internal flow 
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pattern and thermodynamic resistances depending on certain design parameters, such as baffles configuration 

and material properties. 

 

 

 

 

 

 

 

Figure1. Representation of shell and tube heat exchanger with baffle arrangement 

In the conventional approach to the problem, correlations of an empirical nature have been 

used, sometimes missing out on the complex interplay of flows on the shell side. Currently, owing to the 

advent of CFD modeling, more intricate studies are possible. The current research seeks to achieve 

improved thermal and hydraulic performance of the shell-and-tube heat exchanger using a multi-

objective optimization approach that includes baffle optimization, selection of different fluids, and tube 

material. 

1.1 Overview 

This work presents a detailed CFD analysis of a shell-and-tube heat exchanger under different 

design configurations and operating conditions. A total of six cases were evaluated by varying baffle 

arrangements, working fluids (water, air, and ethylene glycol), and tube materials (aluminum and 

copper). The objective is to analyze how these 

parameters affect thermal performance, fluid flow behavior, and pressure drop. 

The baseline model consists of a conventional baffle arrangement, which is then optimized through 

iterative modifications in angular positioning and offset distances. The study further extends to analyzing the 

impact of different fluids with varying thermophysical properties and enhancing thermal conduction by 

replacing aluminum tubes with copper. The results provide a comparative understanding of performance 

improvement and help identify the most efficient configuration. 

2. LITERATURE SURVEY 

 

2.1. Aydin et al., 2020 

Title: Optimization and CFD Analysis of a Shell-and- Tube Heat Exchanger with Multi-Segmental Baffle 

This study presents a detailed CFD-based optimization of a shell-and-tube heat exchanger using a multi- 

segmental baffle design. The authors focused on improving thermal efficiency while minimizing pressure 

drop, which is a key challenge in industrial heat exchangers. The simulation results showed that modified 

baffle geometry significantly enhances turbulence and fluid mixing, leading to improved heat transfer 

performance compared to conventional segmental baffles. The study concludes that optimized baffle 

arrangements can achieve better thermo-hydraulic performance without increasing system complexity. The 

research highlights the importance of geometric modification as a primary parameter in heat exchanger 

enhancement. 

• Material: Steel shell, copper tubes 

• Type: Shell-and-tube heat exchanger 

• Boundary Conditions: Counterflow, constant inlet temperature and velocity, steady-state CFD 

Download Paper 

2.2. Sahoo et al., 2020 

Title: Design and Analysis of Heat Exchanger for Determined Heat Transfer Rate 

This paper focuses on a multi-model optimization approach for designing a heat exchanger to achieve a 

specific heat transfer rate. The study combines analytical methods with CFD validation to improve design 

accuracy. Results indicate that proper selection of flow parameters and geometry significantly enhances 

performance. The authors conclude that integrating CFD with traditional design methods improves prediction 

accuracy and reduces design errors. The work emphasizes optimization of flow parameters and thermal 

characteristics for efficient design. 

• Material: Aluminum and steel 

• Type: Shell-and-tube heat exchanger 

• Boundary Conditions: Steady-state, fixed inlet temperature and flow rate Download Paper 

https://www.researchgate.net/publication/346123036_Optimization_and_CFD_analysis_of_a_shell-and-tube_heat_exchanger_with_a_multi_segmental_baffle?utm_source=chatgpt.com
https://www.ijert.org/design-and-analysis-of-heat-exchanger-for-determined-heat-transfer-rate-multi-model-optimization-procedure?utm_source=chatgpt.com
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2.3. Shiv Kumar et al., 2020 

Title: Review on Design and Optimization of Shell and Tube Heat Exchanger 

This review paper summarizes various methods used for enhancing heat transfer in shell-and-tube heat 

exchangers. The study discusses parameters such as baffle spacing, tube diameter, and fluid selection. It 

concludes that performance improvement can be achieved through combined optimization rather 

thanfocusing on a single parameter. The authors highlight that energy savings and cost reduction are major 

benefits of optimized heat exchanger design. 

• Material: General (steel, copper, alloys) 

• Type: Shell-and-tube heat exchanger 

• Boundary Conditions: Review-based (various studies) Download Paper 

 

2.4. Shukla et al., 2022 

Title: Investigation on Shell and Tube Heat Exchanger by Using CFD 

This study uses CFD simulation to analyze the effect of baffle number and material on heat exchanger 

performance. The results show that increasing the number of baffles improves heat transfer due to 

enhanced turbulence. Additionally, copper material significantly outperforms aluminum due to higher 

thermal conductivity. The study concludes that optimal baffle design combined with high-conductivity 

materials yields maximum performance. 

• Material: Copper and aluminum 

• Type: Shell-and-tube heat exchanger 

• Boundary Conditions: Counterflow, varying mass flow rates, steady-state Download Paper 

 

2.5. Abdelhamid et al., 2022 

Title: Comparative Performance of Shell-and-Tube Heat Exchangers 

This paper reviews different configurations of shell-and-tube heat exchangers and compares their 

performance. The study highlights that shell-and-tube exchangers are widely used due to their flexibility 

and robustness. It concludes that design modifications such as baffle configuration and tube arrangement 

significantly affect efficiency. The paper also emphasizes the importance of CFD in modern design 

processes. 

• Material: Various industrial materials 

• Type: Shell-and-tube, plate, and double pipe 

• Boundary Conditions: Comparative study Download Paper 

 

 

2.6 Objectives 

• To design a shell-and-tube heat exchanger model for analysis 

• To perform CFD simulation under steady-state conditions 

• To analyze the effect of different baffle arrangements on heat transfer 

• To compare performance using different working fluids (water, air, ethylene glycol) 

• To study the influence of tube materials (aluminum and copper) 

• To evaluate thermal performance based on outlet temperatures 

• To analyze pressure drop and flow characteristics 

• To identify the best configuration for maximum efficiency 

• To achieve improved heat transfer with minimum energy loss 

 

2.7 Important Observations for CFD 

From the analysis of material and fluid properties, it is observed that the choice of working fluid 

and solid material has a significant impact on the thermal and hydraulic 

performance of the heat exchanger. Water is the best working fluid due to its high specific heat and good 

thermal conductivity. The combination enables it to absorb and conduct great heat loads. On the other hand, 

air has the lowest pressure drop due to its low density and low viscosity; however, poor thermal 

characteristics limit its ability to transfer heat. Ethylene glycol is better than water in terms of heat absorption; 

however, it has very high viscosity, making its pressure drop considerable. 

 

When it comes to solids, copper is one of the materials with the highest thermal conductivity that enhances 

https://www.researchgate.net/publication/343311331_A_Review_on_Design_and_optimization_of_shell_and_tube_heat_exchanger_by_varying_parameters?utm_source=chatgpt.com
https://www.researchgate.net/publication/360872993_Investigation_on_Shell_and_Tube_Heat_Exchanger_by_Using_CFD?utm_source=chatgpt.com
https://www.researchgate.net/publication/367583933_A_Review_on_Comparative_Performance_of_Shell-and-tube_Heat_Exchangers_with_Various_Design_Configurations?utm_source=chatgpt.com
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heat transfer between the tube and the fluid. Aluminium is an inexpensive and lighter alternative that is not 

inferior to copper in terms of thermal conductivity. Consequently, material choice depends on a number of 

criteria such as heat transfer capability and pressure drop. 

 

 

 

 

2.8 Assumptions Used in CFD 

 

For the purpose of simplifying the numerical analysis and reducing computational complexity, 

several assumptions are made in this study. The thermophysical properties of both fluids and solid materials 

are considered constant and independent of temperature, which is a common approach for moderate 

temperature ranges. The flow is assumed to be steady-state, meaning that all flow and thermal parameters do 

not change with time. Additionally, the fluid is treated as incompressible, as density variations are negligible 

under the given operating conditions. 

No phase change is considered during the heat transfer process, ensuring that both fluids remain in a single 

phase throughout the simulation. The flow regime is assumed to be turbulent, and an appropriate turbulence 

model, specifically the standard k–ε model, is used to capture the effects of turbulence on heat transfer and 

fluid flow behavior. These assumptions help in achieving a balance between computational efficiency and 

acceptable accuracy. 

2.9 Ready-to-Use ANSYS Fluent Inputs 

 

In the CFD simulation setup using ANSYS Fluent, the material and fluid properties are defined as 

constant values for simplicity and consistency. The density of each fluid is specified as a constant value, 

which is suitable for incompressible flow analysis. Similarly, the specific heat capacity (Cp) is defined as a 

constant to represent the energy storage capacity of the fluid. 

Thermal conductivity is also assigned as a constant value for both fluids and solid materials to model heat 

conduction accurately. The dynamic viscosity of the fluids is specified as a constant, which governs the flow 

resistance and shear behavior within the domain. These simplified inputs allow for stable and efficient 

simulations while still providing reliable results for comparative analysis of different 

configurations.DESIGNS 

2.1 Description of Heat Exchanger Design 

The current project focuses on the analysis of shell and tube heat exchanger, which is considered to be 

very reliable and effective equipment, used in industries. The overall length of the heat exchanger equals 

500 mm, with 320 mm length of the tube section. In addition, inside the shell there are 9 tubes with 

diameters of 30 mm, located in the shell with diameter equal to 180 mm. There are several baffles 

located in the shell area, directing flow inside the heat exchanger, increasing turbulence and thus 

improving the process of heat exchange in hot and cold streams. 

 
Figure 2. ISO Design of base line shell and tube heat exchanger 

Figure 3. 2d front and side wire frame design of shell and tube heat exchanger 

2.2 1st Iteration – Baseline Design 

The first iteration represents the standard baseline configuration of the heat exchanger, which 

serves as a reference for performance comparison. In this design, a total of four baffles are arranged 
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symmetrically along the shell length. Two baffles are positioned on the top side between 0°–180°, while 

the remaining two are placed on the bottom side between 180°–360°. Each pair of baffles is offset from 

the center plane by 90 mm and 40 mm, creating a staggered flow path. 

This configuration forces the shell-side fluid to follow a zig-zag flow pattern, increasing the contact time 

between the fluid and the tube surfaces. The alternating top and bottom arrangement ensure moderate 

turbulence and mixing. However, due to the relatively conventional design, some flow maldistribution and 

dead zones may still exist, which can limit heat transfer efficiency. This baseline case provides a benchmark 

to evaluate the effectiveness of further optimized designs. 

2.3 2nd Iteration – Optimized Baffle Arrangement (Enhanced Efficiency Design) 

 

In the second iteration, the baffle arrangement is modified to improve flow distribution and 

enhance heat transfer. The first set of two baffles is positioned between 0°–90°, with offsets of 90 mm and 

40 mm from the center plane. The second set of two baffles is placed between 180°–270° on the opposite 

side with the same offsets. 

This design introduces a more directed and controlled flow path, reducing the possibility of stagnant regions 

within the shell. The angular positioning ensures that the fluid is guided more effectively across the tube 

bundle, leading to improved turbulence and better heat exchange. Compared to the baseline design, this 

configuration minimizes flow bypassing and enhances the interaction between the fluid and tube surfaces. 

As a result, this iteration is expected to provide higher heat transfer efficiency with a relatively lower 

pressure drop, making it one of the most effective configurations. 

 

Figure 4 iso view of optimized design 2 

 
Figure 5 iso wireframe design of optimized design 2 

2.4 3rd Iteration – Advanced Optimized Baffle Configuration 

The third iteration represents a more advanced optimization of the baffle arrangement, designed 

to further enhance thermal performance. In this case, four baffles are distributed across different angular 

regions to create a more complex flow pattern. The first baffle is placed between 0°– 90° with a 90 mm 

offset, while the second is positioned between 90°–180° with a 40 mm offset. The third baffle is 

arranged between 270°–360° with a 40 mm offset, and the fourth is located between 180°–270° with a 

90 mm offset on the opposite side. 
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This configuration creates a multi-directional flow path, forcing the fluid to continuously change 

direction as it passes through the shell. Such an arrangement significantly increases turbulence intensity 

and promotes better mixing of the fluid. The alternating offsets (90 mm and 40 mm) ensure that the fluid 

covers a larger surface area of the tubes, thereby enhancing heat transfer. However, the increased flow 

complexity may also lead to a slightly higher pressure drop compared to simpler designs. 

 

Figure 6 iso view of optimized design 3 

 
Figure 7 iso wireframe design of optimized design 3 heat exchanger 

2.5 Overall Heat Exchanger Design 

 

The present work involves the design and analysis of a shell-and-tube heat exchanger developed 

to study the effect of baffle arrangement, working fluid, and material on thermal performance. The heat 

exchanger is designed with an overall length of 500 mm and an effective tube length of 320 mm, 

ensuring sufficient contact time between the hot and cold fluids for efficient heat transfer. The shell has a 

diameter of 180 mm, enclosing a bundle of 9 tubes, each with a diameter 

of 30 mm, arranged to provide adequate heat transfer surface area while maintaining compactness. 

It consists of two fluids; the hot fluid passes through the tubes while the cold fluid passes through the shell. 

With this arrangement, heat transfer takes place through the walls of the tubes without mixing the flows. The 

flow mainly consists of counter-flow, which has a tendency to give high temperature gradients and hence 

good heat transfer compared to the parallel flow. 

 

One of the features that make this particular heat exchanger unique is the baffles that exist on the shell side of 

the exchanger. Baffles cause fluid flowing through the shell to take up a zig-zag path thus causing turbulence 

of the fluid thus enhancing heat transfer. Different arrangements of baffles are examined for their effect in this 

experiment. 

 

Other parameters that will be varied in this experiment include the working fluids, which are water, air, and 
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ethylene glycol; other parameters are also varied including the materials used to make the tubes, which are 

aluminum and copper. 

3. CFD ANALYSIS 

3.1 Case 1: Baseline Design with Water 

 

In the first case, the standard baseline baffle arrangement is used with water as the working fluid. 

The baffles are arranged in the 0°–180° (top) and 180°–360° (bottom) regions with offsets of 90 mm and 40 

mm, creating a conventional zig-zag flow path. This design ensures moderate turbulence and heat transfer 

between the shell-side and tube-side fluids. 

The primary function of this arrangement is to generate moderate turbulence within the shell-side 

flow. As the fluid repeatedly changes direction while passing through the baffles, it disrupts the thermal 

boundary layer formed on the tube surfaces. This improves the rate of heat exchange between the hot fluid 

inside the tubes and the cold fluid in the shell. However, since this is a conventional design, the flow 

distribution is not fully optimized. Certain regions inside the shell may experience low velocity zones or 

recirculation areas, commonly referred to as dead zones, which reduce the effective heat transfer area. 

CFD 

3.2 1st iteration CFD with base paper design for validation 

Geometry Details 

• Heat Exchanger Type: Shell and Tube 

• Overall Length: 500 mm 

• Tube Length: 320 mm 

• Number of Tubes: 9 

• Tube Diameter: 30 mm 

• Shell Diameter: 180 mm 

• Working Fluid: Water (both hot and cold side) 

 

A computational fluid dynamics (CFD) analysis was performed  on  a  shell-and-tube  hydro-thermal  

heatexchanger to investigate the thermal and flow characteristics of water as the working medium on both the 

hot and cold sides. The heat exchanger has an overall length of 500 mm, with nine tubes of 30 mm diameter 

arranged inside a shell of 180 mm diameter. The effective tube length for heat transfer is 320 mm. Both hot 

and cold fluids enter the exchanger with an inlet velocity of 2.57 m/s. The inlet temperature of the hot fluid is 

353 K, while the cold fluid enters at 300 K. 

 

Parameter Hot Fluid 
Cold 

Fluid 

Inlet Velocity 2.75 m/s 2.75 m/s 

Inlet Temperature 353 K 299 K 

Turbulence Model  

RNG k-ε 

Enhanced Wall Treatment 

Enabled 

50 

Wall Treatment 

Energy Equation 

Iterations 

table 1. tabular of boundaries 

The simulation was carried out using a steady-state, pressure- based solver with the RNG k-ε turbulence 

model and enhanced wall treatment to accurately capture near-wall effects and turbulent behavior. The 

energy equation was enabled to account for conjugate heat transfer between the hot and cold streams. 

Water properties were considered for the operating temperature range, and the solution was iterated up to 

50 iterations until residual convergence was achieved and outlet temperatures stabilized. 
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Figure 8 Shell Solid Design 

 
Figure 9 Cold Water Volume Extraction from Solid Shell Using Space claim 

 

Based on the inlet velocity and tube diameter, the Reynolds number is in the order of 10⁴–10⁵, indicating 

fully turbulent flow in both the tube and shell sides. The use of the RNG k-ε model is therefore 

appropriate for predicting turbulence effects and improving heat transfer estimation. The velocity 

distribution shows higher magnitudes at the inlet regions, with gradual reduction along the flow direction 

due to frictional effects. Minor flow interactions and mixing are observed within the shell region 

because of the presence of multiple tubes, enhancing convective heat transfer. 

 
Figure 10 Hot Water Volume Extraction from Solid Shell Using Space Claim 

 
Figure 11 Heat Exchanger Fluid Parameters 

The temperature contours indicate a progressive decrease in hot fluid temperature along the tube 

length, while the cold fluid temperature increases correspondingly. The maximum temperature gradient 

occurs near the inlet section where the temperature difference between the two fluids is highest. As the 

fluids move downstream, the temperature difference reduces, indicating effective heat exchange. The 

uniform arrangement of nine tubes promotes distributed heat transfer across the shell domain. Pressure drop 
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is observed along both flow paths due to viscous and turbulent losses. However, because the velocity is 

moderate (2.75 m/s), the pressure drop remains within acceptable limits while still maintaining strong 

convective heat transfer. Overall, the CFD analysis confirms that the heat exchanger operates in a fully 

turbulent regime, providing effective thermal energy transfer between the hot and cold water streams under 

the specified boundary conditions. 

 
Figure 12 Wireframe Diagram of Complete assembly of Hydro Thermal Shell Type Heat Exchanger 

 

 

 

 

 

 

 

Figure 13 Mesh Configuration on Cold Fluid Domain 

 
Table Mesh Statistics 

 
Figure Named Selection For cold Domain 

 

Figure 14 Named Selection For Hot Domain 

444032 Elements 
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Figure 15 Setup Viscos Flow to the modal 

 

 
Figure 16 Material Assignment for the both Fluid Domain 

 
Figure 17 Cold Domain Boundary temperature assignment 

Statistics 

Nodes 94848 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 temperature difference contour plot 
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Figure 19 Pressure distribution across the heat exchanger 

 
Figure 20 change in velocity in m/sec at inlets and outlets 

3.3 Case 2: Optimized Baffle Arrangement (2nd Iteration) – Detailed Explanation 

From the simulation results, the shell-side outlet temperature is 335.87 K, indicating that the cold fluid has 

absorbed heat from the hot fluid. The tube-side outlet temperature is 310.45 K, showing a corresponding 

decrease in the hot fluid temperature. This temperature difference confirms that heat transfer is occurring 

effectively, but not at the maximum possible level. The pressure at the shell inlet is 9.90 × 10³ Pa, which 

reflects a moderate resistance to flow due to the presence of baffles. The velocity of 3.59 m/s indicates a 

reasonably turbulent flow regime, supporting convective heat transfer. 

Despite achieving stable operation, the baseline design has certain limitations. The symmetric placement of 

baffles can lead to uneven flow distribution, where some regions experience higher flow while others receive 

less fluid interaction. This reduces the overall thermal efficiency of the system. Additionally, the presence of 

dead zones and bypass streams allows some portion of the fluid to pass through the shell without effectively 

participating in heat exchange. 

Overall, this case provides a balanced but non-optimized performance, making it an essential reference point 

for evaluating improvements in subsequent optimized designs. It clearly demonstrates the need for better 

baffle arrangement to enhance flow uniformity, reduce thermalIn the second iteration, the baffle configuration 

is modified to improve the overall thermal efficiency of the heat exchanger by enhancing flow distribution 

and minimizing stagnant zones. In this design, two baffles are positioned in the 0°–90° region with offsets of 

90 mm and 40 mm from the center plane, while the remaining two baffles are arranged in the 180°–270° 

region on the opposite side with the same offsets. This configuration creates a more asymmetric and directed 

flow path compared to the baseline design, allowing better control over the movement of the shell-side fluid. 

 

The primary objective of this arrangement is to reduce flow maldistribution and eliminate dead zones 

that were present in the baseline configuration. By concentrating the baffles in specific angular regions, 

the fluid is forced to pass more effectively across the tube bundle, increasing cross-flow interaction 

between the fluid and the tubes. This leads to improved turbulence and a more uniform velocity 

distribution throughout the shell. The staggered offsets of 90 mm and 40 mm further ensure that the fluid 

repeatedly changes direction, which helps in disrupting the thermal boundary layer and enhances 

convective heat transfer. 
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Figure 21 temperature result compute 

From the simulation results, this design shows a significant improvement in performance compared to 

the baseline case. The tube-side outlet temperature increases to 315.72 K, which indicates that more heat 

is transferred from the hot fluid to the cold fluid. At the same time, the shell-side outlet temperature 

decreases to 331.70 K, confirming that the cold fluid absorbs a greater amount of heat. The pressure at 

the shell inlet reduces slightly to 9.60 × 10³ Pa, which suggests that the optimized flow path reduces 

unnecessary resistance while maintaining effective turbulence. The velocity of 3.56 m/s indicates stable 

and well-distributed flow conditions. 

This configuration achieves an optimal balance between heat transfer enhancement and pressure drop 

control. Unlike the baseline design, where some regions experienced poor flow interaction, this 

optimized arrangement ensures that most of the shell-side fluid actively participates in heat exchange. 

The improved flow uniformity and reduced bypassing result in higher thermal efficiency without 

increasing energy consumption significantly. 

Overall, the second iteration demonstrates that strategic repositioning of baffles can greatly enhance heat 

exchanger performance. It provides the best combination of high heat transfer, controlled pressure drop, 

and efficient fluid flow, making it the most effective design among all the cases studied. 

 

 
Figure 22 velocity result compute contour 

 
Figure 23 Temperature result compute contour 
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Figure 24 Pressure result compute contour 

3.3 Case 3: Advanced Optimized Baffle Arrangement (3rd Iteration) – Detailed Explanation 

 

In the third iteration, the baffle configuration is further refined to create a more complex and 

highly interactive flow pattern within the shell side of the heat exchanger. In this design, a total of four 

baffles are strategically distributed across different angular regions to maximize fluid mixing. The first 

baffle is placed in the 0°–90° region with a 90 mm offset, the second baffle in the 90°–180° region with a 40 

mm offset, the third baffle in the 270°–360° region with a 40 mm offset, and the fourth baffle in the 

180°–270° region with a 90 mm offset on the opposite side. This arrangement creates a non-uniform, 

staggered pattern that forces the fluid to continuously change direction throughout its flow path. The 

purpose of this advanced configuration is to generate maximum turbulence and multi-directional flow, 

thereby enhancing the interaction between the shell-side fluid and the tube surfaces. As the fluid passes 

through each baffle, it is redirected across different sections of the tube bundle, increasing the effective 

contact area and promoting better heat transfer. The alternating offsets of 90 mm and 40 mm ensure that the 

flow does not follow a predictable path, which helps in breaking thermalboundary layers more 

effectively than simpler designs. This results in improved mixing and more uniform temperature distribution 

across the shell. 

 

Figure 25 Temperature result compute contour 

 

Figure 26 Pressure result compute contour 
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Figure 27 pressure result compute from surface integral 

 
Figure 28 velocity result compute from surface integral 

 

Figure 29 velocity result compute contour 

However, the increased complexity of the flow path also introduces certain challenges. The frequent changes 

in direction and higher turbulence levels lead to an increase in flow resistance, which can result in a higher 

pressure drop compared to simpler configurations. From the simulation results, the tube outlet temperature is 

observed to be 311.35 K, while the shell outlet temperature is 337.42 K. Although heat transfer is enhanced 

compared to the baseline design, it is slightly lower than the second iteration. The pressure at the shell inlet is 

9.81 × 10³ Pa, which is higher than the optimized second case, indicating increased resistance due to the 

complex flow pattern. 

This outcome suggests that while turbulence is essential for improving heat transfer, excessive flow 

disturbance may not always lead to better performance. In this case, the highly complex baffle arrangement 

causes additional energy losses, which partially offsets the benefits of increased mixing. As a result, the 

overall efficiency is slightly lower than the second iteration, even though the design is more advanced. 

3.4 Case 4: Effect of Changing Working Fluid to Air (4th Iteration) 

In the fourth iteration, the focus shifts from geometric optimization to working fluid variation, where 

the shell-side fluid is changed from water to air while keeping the baffle arrangements unchanged. Two cases 

are analyzed under this iteration: one with the baseline (1st iteration) baffle design and another with the 

advanced optimized (3rd iteration) baffle configuration. This approach helps in understanding how fluid 

properties influence heat exchanger performance independently of geometry. 
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Figure 30 pressure result compute from surface integral 

 

Figure 31 Temperature result compute contour 

 

 
Figure 32 velocity result compute from surface integral 

 

3.5 4th air with design 3 

When air is used as the working fluid in the baseline design, the flow behavior changes significantly due 

to its low density, low thermal conductivity, and low viscosity compared to water. The fluid experiences 

very little resistance while flowing through the shell, resulting in a very low pressure drop of around 

12.4 Pa and a slightly higher velocity of 3.69 m/s. However, despite improved flow characteristics, the 

heat transfer performance decreases because air has a much lower ability to absorb and transfer heat. 

This is reflected in the results, where the tube outlet temperature is 311.80 K and the shell outlet 

temperature is 336.62 K, indicating less effective heat exchange compared to water. 

In the second case of this iteration, the optimized 3rd iteration baffle arrangement is used with air as the 

working fluid. The complex baffle configuration enhances turbulence and promotes better mixing of the 

fluid within the shell. However, due to the inherently poor thermal properties of air, the improvement in 

heat transfer remains limited. The results show a tube outlet temperature of 311.05 K and a shell outlet 

temperature of 338.20 K, which are very close to the baseline air case. The pressure remains low at 

approximately 12.5 Pa, confirming that air continues to offer minimal flow resistance even in a more 

complex geometry. 
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Figure 33 pressure result compute from surface integral 

 

 
Figure 34 velocity result compute from surface integral 

 
Figure 35 Temperature result compute contour 

 

These analyses prove that although modifications in the baffle shapes can help improve the flow path, the 

thermal performance will depend highly on the characteristics of the working fluid itself. For instance, since 

air has a relatively poor heat capacity and thermal conductivity, no matter how complicated the shape of the 

baffles gets, the amount of heat transferred will not increase significantly. However, one of the advantages of 

using air is that it will reduce the pressure drop substantially and minimize the pumping losses, so if energy 

efficiency outweighs heat transfer efficiency, this would be the best option to consider. 

 

To conclude, based on the results obtained during the fourth iteration, it becomes evident that the working 

fluid is the crucial parameter influencing the effectiveness of the heat exchanger. Water provides excellent 

heat transfer, while air demonstrates superior flow characteristics. 

 

3.6 Case 5: Effect of Material Change and Ethylene Glycol (5th Iteration) 

During the fifth experiment, the influence of the material of the tubes and the shell-side fluid in combination 

with the optimal arrangement of baffles is evaluated. In this case, aluminum is replaced by copper for the 

construction of the heat exchanger tubes and the shell-side fluid is switched to ethylene glycol, keeping the 

third-generation baffle configuration constant. The chosen parameters of materials and fluid create an 

opportunity to observe how enhanced thermal conductivity of the material in combination with new fluid 

affect heat exchanger performance. 

 

The material of the tubes used in this configuration, namely copper, is crucial for increasing heat transfer 

efficiency. With significantly greater thermal conductivity, copper promotes more rapid heat transfer from 

the hot fluid in the tubes to the cold fluid in the shell side due to reduced thermal resistance between two 
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media. Thus, the efficiency of energy transfer and the resulting performance are improved in comparison 

with aluminum materials. 

 

 

 

 

 

 

 

 

 

 

 

Figure 36 pressure result compute from surface integral 

 

Figure 37 velocity result compute from surface integral 

 
Figure 38 Temperature result compute contour 

At the same time, the working fluid is changed to ethylene glycol, which has different thermophysical 

properties compared to water and air. Ethylene glycol has higher viscosity and lower thermal 

conductivity than water, but better heat retention capability. Due to its higher viscosity, the fluid 

experiences greater resistance while flowing through the shell, leading to an increase in pressure drop. 

From the results, the pressure at the shell inlet is 1.14 × 10⁴ Pa, which is higher than both water and air 

cases. The velocity is observed to be 

3.56 m/s, indicating stable but more resistive flow conditions. In terms of thermal performance, the tube 

outlet temperature is 311.15 K, and the shell outlet temperature is 338.2 K. These values indicate 

moderate heat transfer, but not as high as the optimized water case. While copper improves heat 

conduction, the overall performance is influenced by the fluid’s ability to transfer heat. Since ethylene 

glycol has lower thermal conductivity than water, the heat transfer enhancement due to copper is 
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partially offset by the fluid’s limitations. 

This case highlights the trade-off between material enhancement and fluid properties. Although copper 

significantly improves heat conduction, the higher viscosity of 

ethylene glycol increases flow resistance and reduces convective heat transfer efficiency. However, ethylene 

glycol is advantageous in applications requiring freeze protection and stable thermal behavior, making it 

suitable for specific industrial conditions. 

 

3.7 Comparison of All Cases and Design Changes 

 

The overall comparison of all six cases clearly demonstrates the combined influence of baffle 

arrangement, working fluid, and material selection on the thermal and hydraulic performance of the shell-

and- tube heat exchanger. Each iteration introduces a specific modification, and the results show how these 

changes affect outlet temperatures, pressure drop, and flow behavior. A systematic comparison reveals that 

both geometric optimization and fluid properties play critical roles, but their effectiveness depends on how 

well they are balanced. 

Starting with the baseline design using water (Case 1), the heat exchanger shows stable but moderate 

performance. The shell outlet temperature of 335.87 K and tube outlet temperature of 310.45 K indicate a 

reasonable level of heat transfer. However, the conventional baffle arrangement leads to non-uniform flow 

distribution, causing dead zones and reducing efficiency. The pressure drop of 9.90 × 10³ Pa reflects 

moderate resistance due to the zig-zag flow pattern. This case serves as a reference point, highlighting the 

limitations of traditional designs. 

When the baffle arrangement is optimized in Case 2 (water with 2nd iteration design), a significant 

improvement in performance is observed. The tube outlet temperature increases to 315.72 K, which is the 

highest among all cases, indicating maximum heat transfer. Simultaneously, the shell outlet temperature 

decreases to 331.70 K, showing better heat absorption by the cold fluid. The pressure drop reduces slightly to 

9.60 

× 10³ Pa, which means that the optimized flow path not only enhances heat transfer but also improves 

hydraulic performance. This case demonstrates that proper baffle positioning can effectively eliminate dead 

zones and improve flow uniformity, making it the best-performing configuration. 

In Case 3 (3rd iteration with water), the design introduces a more complex baffle arrangement aimed at 

increasing turbulence. While this results in improved mixing, the performance does not surpass Case 2. The 

tube outlet temperature is 311.35 K, which is lower than the optimized Case 2, and the shell outlet 

temperature rises to 337.42 K, indicating less efficient heat transfer. The pressure increases to 9.81 × 10³ Pa, 

showing higher resistance due to excessive flow disturbances. This comparison reveals that increasing 

turbulence beyond an optimal level can reduce overall efficiency, as the energy losses begin to outweigh the 

benefits of enhanced mixing. The impact of working fluid change is clearly observed in Case 4 (baseline 

with air). Compared to water, air results in a drastic reduction in pressure drop to 12.4 Pa, due to its low 

density and viscosity. However, the heat transfer performance decreases, with a tube outlet temperature of 

311.80 K. Although this is slightly higher than the baseline water case, the shell outlet temperature of 336.62 

K indicates less effective heat exchange. This highlights that air provides excellent flow characteristics but 

poor thermal performance, making it suitable only where low energy consumption is more important than 

heat transfer efficiency. 

In Case 5 (optimized 3rd design with air), the improved baffle configuration is applied to air flow. The 

expectation is that increased turbulence might compensate for the poor thermal properties of air. However, the 

results show minimal improvement, with a tube outlet temperature of 311.05 K and shell outlet temperature of 

338.20 K. The pressure remains very low at 12.5 Pa. This confirms that fluid properties dominate over 

geometric modifications, and even advanced designs cannot significantly enhance heat transfer when using a 

low-conductivity fluid like air. 

Finally, in Case 6 (optimized 3rd design with ethylene glycol and copper), both material and fluid are 

modified simultaneously. The use of copper enhances heat conduction, but the high viscosity of ethylene 

glycol increases resistance, resulting in the highest pressure drop of 1.14 × 10⁴ Pa among all cases. The tube 

outlet temperature is 311.15 K, and the shell outlet temperature is 338.2 K, indicating moderate heat transfer. 

Compared to water, glycol shows lower thermal performance but higher resistance. This case demonstrates 

the trade-off between improved material conductivity and increased viscous losses of the fluid. 

When comparing all cases collectively, it is evident that Case 

2 (optimized baffle design with water) provides the best overall performance. It achieves the highest heat 

transfer with a relatively low pressure drop, making it the most efficient configuration. Water consistently 

outperforms air and glycol in terms of heat transfer due to its superior thermophysical properties. Air offers 
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the lowest pressure drop but fails to deliver adequate heat exchange, while ethylene glycol provides stable but 

less efficient performance with higher resistance. 

The comparison also highlights that baffle arrangement plays a crucial role in controlling flow distribution, 

but its effectiveness is strongly influenced by the working fluid. While optimization improves performance, 

excessive complexity (as in Case 3) can lead to diminishing returns. Similarly, material enhancement alone 

cannot compensate for poor fluid properties, as seen in the glycol case. 

In conclusion, the detailed comparison confirms that the best heat exchanger performance is achieved through 

a balanced combination of optimized geometry, suitable working fluid, and appropriate material selection. 

Among all parameters, working fluid and baffle design have the most significant impact, while material 

selection provides additional improvement. This study successfully demonstrates the importance of multi-

objective optimization in achieving maximum efficiency in heat exchanger systems. 

49 Result Table 
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Table 2 overall comparison of results 

 
Graph 1 velocity result comparison 

 

Graph 2 Pressure result comparison 

 

Graph 3 Outlet temperature result comparison at tube side 
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Graph 4 Outlet temperature result comparison at Shell side 

 

4. CONCLUSION & FUTURE SCOPE 

4.1 CONCLUSION 

The current work explores the design of the shell and tube heat exchanger with an investigation into the 

CFD modeling of performance improvement by means of multi-objective optimization. The research is 

based on six cases performed for identical conditions regarding boundary, geometrical and fluid 

characteristics and aimed at the optimization of the baffle arrangement and working fluid, as well as 

material adjustment. This study provides a detailed analysis of how parameters influence the heat 

exchanger performance in terms of temperature distribution and pressure drop. 

 

The findings prove that for case 1 when using water as a working fluid, the performance is stable, but it 

is moderate as a result of conventional baffles that cause poor distribution of the flow in the tubes and 

even dead zones. Case 2 demonstrates significant increase in performance due to optimized baffle design 

since temperature inside the tubes is significantly elevated, while shell outlet temperature is decreasing, 

which indicates efficient exchange. Pressure drop becomes reduced as well; therefore, it is evident that 

optimization of baffle position positively affects both heat transfer and pressure drop and is the most 

beneficial solution. 

 

In case 3, the baffles are more complex in their structure to induce turbulence, but the findings confirm 

that increasing turbulence leads to an increment of pressure drop and no additional heat transfer effect, 

which suggests existence of a threshold of flow disturbance. Thus, excessive turbulence does not 

guarantee efficiency improvement. 

The study also emphasizes the dominant role of working fluid properties. When water is replaced with 

air, a drastic reductionin pressure drop is observed due to lower density and viscosity. However, due 

to low thermal conductivity and low specific heat of the air, the heat transfer capability is significantly 

reduced. With properly adjusted baffles, there is still a limited enhancement of the heat transfer, and it 

becomes obvious that physical characteristics of fluid play an important role rather than geometric 

changes in baffle design. In case of using ethylene glycol and copper pipes, the improved thermal 

conductivity of copper promotes better heat conduction, while increased viscosity causes an increase in 

pressure drops in the system. Thus, the final performance of the process is not significantly higher and 

does not overcome the performances in water cases. 

 

On the whole, from the analysis of the performed experiments it can be concluded that the geometry of 

baffles and fluid type are key factors affecting heat exchanger performance, whereas material selection plays 

only the second role. Thus, the most optimal solution for the task is realized using water in the second 

iteration where the highest level of heat transfer efficiency and minimum pressure drop are reached. As 

follows from the presented results, it is necessary to perform the multi-criteria optimization of heat 

exchangers rather than to optimize one criterion. 

4.2 Future Modifications and Scope 

 

The present study provides a strong foundation for improving heat exchanger performance through 

CFD-based optimization; however, there are several opportunities for further enhancement and advanced 
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research. One important area for future modification is the use of advanced baffle designs, such as helical, 

segmental, or perforated baffles. These designs can provide smoother flow paths, reduce pressure drop, and 

improve heat transfer simultaneously compared to conventional flat baffles. Additionally, optimizing 

parameters such as baffle spacing, cut ratio, and orientation using numerical optimization techniques can 

further enhance performance. 

Another significant scope lies in the application of advanced working fluids, particularly nanofluids. Fluids 

containing nanoparticles such as Al₂O₃, CuO, or TiO₂ have shown the potential to significantly improve 

thermal conductivity and heat transfer rates. Future studies can focus on combining nanofluids with optimized 

baffle configurations to achieve higher efficiency. Moreover, the use of hybrid nanofluids can also be 

explored to balance thermal performance and viscosity effects. 

The study can also be extended by considering temperature-dependent material and fluid properties instead of 

constant values. This would provide more realistic results, especially for systems operating under a wide 

temperature range. In addition, transient (time- dependent) analysis can be performed to study the dynamic 

behavior of the heat exchanger during start-up and varying load conditions, which is important for real 

industrial applications. 

Further improvement can be achieved by exploring advanced materials such as composite materials, coated 

tubes, or corrosion-resistant alloys. The use of additive manufacturing (3D printing) can enable the 

development\ of complex geometries like lattice structures and enhanced surface textures, which can 

significantly improve heat transfer performance. 

From a design perspective, future work can include multi- objective optimization techniques such as 

genetic algorithms or machine learning methods to simultaneously optimize heat transfer, pressure drop, 

and cost. Experimental validation of CFD results is another important scope, as it helps in verifying 

simulation accuracy and improving model reliability. 

4.3 Final Conclusion (Points) 

• The performance of the heat exchanger is strongly influenced by baffle arrangement, working 

fluid, and material selection 

• The baseline design shows stable but moderate performance due to flow maldistribution and 

dead zones 

• The 2nd iteration (optimized baffle design) significantly improves heat transfer and reduces 

pressure drop 

• The 3rd iteration increases turbulence but leads to higher pressure drop with no major gain in 

heat transfer 

• Water is the most effective working fluid due to its high specific heat and thermal conductivity 

• Air provides the lowest pressure drop but has poor heat transfer capability 

• Ethylene glycol offers stable performance but results in higher pressure drop due to high 

viscosity 

• Copper enhances heat transfer due to high thermal conductivity but increases cost significantly 

• Aluminum provides a good balance between cost and performance 

• Excessive turbulence does not always improve performance; optimal flow distribution is more 

important 

• Multi-objective optimization is necessary to achieve the best thermo-hydraulic performance 
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