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Abstract 

Shell-and-tube heat exchangers are widely used in chemical, power, and process industries due 

to their robustness and suitability for high-pressure and high-temperature applications. Among 

the various design parameters, baffle configuration plays a critical role in enhancing shell-side 

heat transfer by inducing turbulence, while simultaneously affecting pressure drop. In this 

study, the thermal and hydraulic performance of a shell-and-tube heat exchanger with different 

baffle configurations—single baffle, double baffle, and inclined double baffles at 10° and 

20°—is numerically investigated. Three-dimensional computational fluid dynamics (CFD) 

simulations are carried out using ANSYS Fluent to analyze flow behaviour, temperature 

distribution, pressure drop, and velocity fields on the shell side.  

Keywords: Shell-and-tube heat exchanger, CFD, Baffle design, Heat transfer enhancement, 

Pressure drop 

1. Introduction 

Heat exchangers are essential thermal 

devices used to transfer energy between 

two or more fluids at different 

temperatures. Among various heat 

exchanger types, shell-and-tube heat 

exchangers (STHEs) remain the most 

widely adopted in industrial applications 

due to their mechanical strength, design 

flexibility, ease of maintenance, and ability 

to operate under high pressure and 

temperature conditions. 

The thermal performance of an STHE is 

strongly influenced by shell-side flow 
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characteristics. Baffles are installed inside 

the shell to support tubes, direct shell-side 

fluid flow across the tube bundle, and 

enhance turbulence, thereby improving heat 

transfer. However, improper baffle design 

can lead to excessive pressure drop, 

increased pumping power, and flow-

induced vibration. Therefore, optimization 

of baffle geometry and orientation is crucial 

for achieving high thermal efficiency with 

acceptable hydraulic performance. 

 

2. Literature Review 

Numerous studies have investigated the 

influence of baffle geometry on shell-side 

heat transfer and pressure drop in shell-and-

tube heat exchangers. Conventional 

segmental baffles are commonly used due 

to their simplicity; however, they often 

cause flow dead zones and high pressure 

losses. Researchers have explored 

alternative baffle designs such as helical, 

inclined, and double baffles to improve 

shell-side performance. 

Previous experimental and numerical 

studies indicate that inclined and helical 

baffles promote continuous swirling flow, 

reduce flow separation, and enhance heat 

transfer coefficients. However, these 

designs may increase fabrication 

complexity. CFD-based investigations have 

shown that double baffle arrangements can 

improve turbulence distribution while 

maintaining structural simplicity. Studies 

comparing different baffle angles suggest 

that moderate inclination angles provide an 

optimal balance between heat transfer 

enhancement and pressure drop. 

3. Heat Exchanger Design 

Specifications 

3.1 Geometry and Design Parameters 

The shell-and-tube heat exchanger 

analyzed in this study is designed based on 

standard industrial practice. The main 

geometric and material specifications are 

summarized below: 

• Shell diameter: 300 mm 

• Tube length: 1500 mm 

• Tube outer diameter: 15 mm 

• Number of tubes: 75 

• Tube sheet type: Double 

• Material: 316L Stainless Steel (all 

components) 

3.2 Baffle Configurations 

Four different shell-side baffle 

configurations are considered: 

1. Single segmental baffle 

2. Double segmental baffle 

3. Double baffle with 10° inclination 

4. Double baffle with 20° inclination 

 

A heat exchanger is a heat transfer device 

that exchanges heat between two or more 

process fluids. Heat exchangers have 

widespread industrial and domestic 

applications. Many types of heat 

exchangers have been developed for use in 

steam power plants, chemical processing 

plants, building heat and air conditioning 

systems, transportation power systems, and 

refrigeration units.  
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PLATE FIN HEAT EXCHANGER 

 

COMPACT HEAT EXCHANGERS AND THEIR 

CLASSIFICATIONS 
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LMTD METHOD 

The log mean temperature difference 

(LMTD) is derived in all basic heat 

transfer texts. It may be written for a 

parallel flow or counter flow arrangement. 

 

Ɛ− NTU Method 

The effectiveness / number of transfer units 

(NTU) method was developed to simplify a 

number of heat exchanger design problems.  

DESIGN CONSIDERATIONS AND 

ALGORITHM DEVELOPMENT 

Shell 

Shell is the container for the shell fluid and the 

tube bundle is placed inside the shell. Shell 

diameter should be selected in such a way to 

give a close fit of the tube bundle. The 

clearance between the tube bundle and inner 

shell wall depends on the type of exchanger 

shells are usually fabricated from standard 

steel pipe with satisfactory corrosion 
allowance. 

TUBE 

Tube OD of ¾ and 1‟ are very common to 

design a compact heat exchanger. The most 

efficient condition for heat transfer is to 

have the maximum number of tubes in the 

shell to increase turbulence. The tube 

thickness should be enough to withstand the 

internal pressure along with the adequate 

corrosion allowance. The tube thickness is 

expressed in terms of BWG (Birmingham 

Wire Gauge) and true outside diameter 

(OD). 
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TUBE PASS 

The number of passes is chosen to get the 

required tube side fluid velocity to obtain 

greater heat transfer co-efficient and also to 

reduce scale formation. The tube passes 

vary from 1 to 16. The tube passes of 1, 2 

and 4 are common in application.

 

TUBE SHEET 

The tubes are fixed with tube sheet that 

form the barrier between the tube and shell 

fluids. The tubes can be fixed with the tube 

sheet using ferrule and a soft metal packing 

ring. The tubes are attached to tube sheet 

with two or more grooves in the tube sheet 

wall by tube  

rolling.  

 

BAFFLES 

Baffles are used to increase the fluid velocity by diverting the flow across the tube bundle to obtain 

higher transfer co-efficient. The distance between adjacent baffles is called baffle-spacing 



 

      

 

                                                                                                               ISSN: 2456-219X 

Journal Of Mechanical Engineering And Biomechanics           Volume 11 Issue 1 April 2026 

19 
 

 

 

 
MATERIALS: 

A material is a substance or mixture of 

substances that constitutes an object. Materials 

can be pure or impure, living or non-living 

matter. Materials can be classified based on 

their physical and chemical properties, or on 

their geological origin or biological function. 

Structural Steel 

Structural steel, one of the other widely used 

building materials in the construction industry, 

is also the most studied and best understood. Its 

behaviour is predictable and is subject to 

various standards and codes established by 

agencies such as the American Institute of Steel 

Construction (AISC) that define its specific 

shape, cross-section, chemical composition, 

and mechanical properties. 

 

4. Numerical Methodology 

4.1 Computational Model 

A three-dimensional model of the shell-

and-tube heat exchanger is developed using 

ANSYS Space Claim. The fluid domain 

includes the shell-side flow region with 

tubes modelled as solid walls. The effect of 

baffles on shell-side flow redirection and 

turbulence generation is explicitly captured. 

4.2 Meshing 

An unstructured mesh with local refinement 

near tube surfaces and baffle regions is 

generated to accurately resolve boundary 

layers and flow separation. Mesh 
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independence is ensured by verifying that 

further refinement does not significantly 

alter pressure drop and temperature results. 

4.3 Governing Equations and Solver 

The steady-state, incompressible Reynolds-

Averaged Navier–Stokes (RANS) 

equations are solved along with the energy 

equation. Turbulence effects are modelled 

using the SST k–ω turbulence model, which 

provides reliable predictions for flows with 

strong separation and adverse pressure 

gradients. Space claim: Space Claim is a 

solid modeling CAD (computer-aided 

design) software that runs on Microsoft 

Windows and developed by Space Claim 

Corporation. The company is 

headquartered in Concord, Massachusetts. 

 

 

 

 

 

 

 

Shell Diameter 300mm 

Tube Sheet Type Double 

Material All Components 316L Stainless Steel 

 

 
 

Tube Count 75 

Tube Length 1500 mm 

Tube Outer Diameter 15mm 



 

      

 

                                                                                                               ISSN: 2456-219X 

Journal Of Mechanical Engineering And Biomechanics           Volume 11 Issue 1 April 2026 

21 
 

 

 
Finite element method:  
The finite element method (FEM) is a 

numerical technique for solving problems 

which are described by partial differential 

equations or can be formulated as 

functional minimization. 

 

COMPUTATIONALFLUID 

DYNAMICS: Computational fluid 

dynamics or CFD is the analysis of systems 

involving fluid flow, heat transfer and 

associated phenomena such as chemical 

reactions by means of computer-based 

simulation. 
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4.4 Boundary Conditions 

• Shell-side inlet: Uniform velocity 

inlet 

• Shell-side outlet: Pressure outlet 

• Tube walls: Constant wall 

temperature 

• Outer shell: Insulated wall 

• INLET                                                            

  

OUTLET 

 

HOT 

 

OUT 

 
CONVECTION 
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5. Results and Discussion 

CFD simulations were performed for four 

different baffle configurations to evaluate 

shell-side thermal and hydraulic 

performance. The key parameters analyzed 

include pressure drop, velocity distribution, 

and temperature variation. A comparative 

assessment is presented to identify the most 

effective baffle configuration. 

5.1 Pressure Distribution 

The pressure contours indicate a 

progressive increase in shell-side pressure 

drop with the modification of baffle 

geometry. The introduction of double and 

inclined baffles enhances flow obstruction 

and turbulence, resulting in higher pressure 

losses. 

 

Table 1. Net Shell-Side Pressure Drop 

 

 

 

 

The double baffle with 20° inclination 

exhibits the highest pressure drop due to 

increased flow redirection and longer flow 

paths. Although pressure loss increases, it is 

accompanied enhanced heat transfer 

performance. 

 
 

PRESSURE
0

100
200

PRESSURE

PRESSURE

S.NO BAFFLE NET 

PRESSURE 

(MPa) 

1 SINGLE 92 

2 DOUBLE 127 

3 DOUBLE 

100 

137 

4 DOUBLE 

200 

161 
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5.2 Velocity Distribution 

Velocity contours show that single baffles 

allow partial bypassing of shell-side fluid, 

leading to non-uniform flow distribution. In 

contrast, double and inclined baffles 

promote stronger cross-flow and higher 

turbulence intensity. 

Table 2. Net Shell-Side Velocity 

 

The maximum velocity is observed for the 

double baffle with 20° inclination, 

indicating improved fluid mixing and 

reduced stagnant zones. 

S.NO BAFFLE NET 

VELOCITY 

(m/s) 

1 SINGLE 1.03 

2 DOUBLE 1.09 

3 DOUBLE 

100 

1.08 

4 DOUBLE 

200 

1.15 
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5.3 Temperature Distribution 

Temperature contours demonstrate 

improved thermal mixing for inclined 

baffles. The enhanced turbulence facilitates 

better heat transfer between shell-side fluid 

and tube walls. 

 

5.4 Comparative Performance Analysis 

Table 3. Net Shell-Side Temperature 

 

From the CFD results, it is evident that 

modifying baffle geometry significantly 

affects shell-side flow behaviour. Inclined 

double baffles increase turbulence intensity 

and reduce thermal boundary layer 

thickness, resulting in enhanced heat 

transfer. Although pressure drop increases 

with baffle inclination, the improvement in 

thermal performance justifies the trade-off 

for industrial applications where heat 

transfer efficiency is a priority. 

6. Conclusion 

A numerical investigation of a shell-and-

tube heat exchanger with different baffle 

configurations was carried out using CFD 

techniques. The study focused on 

evaluating shell-side thermal and hydraulic 

performance for single baffle, double 

baffle, and inclined double baffles at 10° 

and 20°. 

The results show that: 

• Baffle configuration has a 

significant impact on shell-side 
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pressure drop, velocity distribution, 

and temperature profiles. 

• Double and inclined baffles 

enhance turbulence and improve 

heat transfer compared to a single 

baffle arrangement. 

• The double baffle with 20° 

inclination provides the highest heat 

transfer enhancement due to strong 

flow mixing, though at the cost of 

increased pressure drop. 

• An optimal balance between 

thermal performance and hydraulic 

loss is achieved using inclined 

double baffles. 
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