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ABSTRACT

Shell and tube heat exchangers (STHE) are widely used in chemical, power, and process industries due
to their robustness and efficient heat transfer. This study focuses on optimizing the design parameters
of STHE to improve thermal performance and reduce manufacturing cost while maintaining
operational reliability. Using traditional design principles, parametric analysis was conducted on key
variables such as baffle spacing, tube diameter, and shell diameter. A combination of empirical
correlations and simulation methods were employed for heat transfer and pressure drop calculations.
Statistical analysis identifies the most influential parameters impacting performance. The study
concludes with optimized design guidelines enhancing heat exchanger efficiency within the constraints

of 2019 technology.
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INTRODUCTION

Heat exchangers play a critical role in industrial applications, facilitating energy transfer between two fluids
without direct contact. Among various types, shell and tube heat exchangers are prevalent for their versatility,
ease of maintenance, and capacity to handle high pressure and temperature differentials. Designing an efficient

STHE involves balancing thermal effectiveness, pressure drop, material cost, and physical dimensions.

In industrial operations such as petroleum refining, power generation, and HVAC systems, optimizing STHE
design enhances energy conservation, reduces operational costs, and improves system reliability. Traditional
design methodologies involve selecting parameters such as tube count, shell diameter, tube pitch, baffle
spacing, and material thickness based on empirical correlations and standards like TEMA (Tubular Exchanger

Manufacturers Association) and ASME.
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This research aims to investigate the influence of key design parameters on the performance of shell and tube
heat exchangers and provide an optimized design framework using engineering principles and statistical

analysis as per technologies available until 2019.

Shell and Tube Heat Exchanger Design Process
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Fig: Shell and Tube Heat Exchanger Design Process
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Heat Transfer Fundamentals in STHE

The shell and tube heat exchanger transfers heat between two fluids: one flowing through tubes and the other
around tubes inside the shell. The overall heat transfer coefficient (U) depends on convective coefficients on

shell and tube sides, conduction resistance through tube walls, and fouling factors.

Kakac and Liu (2012) detail the heat transfer mechanisms and emphasize the importance of turbulent flow
induced by baffles to improve heat transfer rates. TEMA standards suggest optimal baffle spacing to maximize

turbulence while minimizing pressure drop.
Design Parameters Affecting Performance
Several studies highlight critical design variables influencing thermal and hydraulic performance:

o Baffle Spacing: Baffles direct the shell-side fluid across tubes to enhance turbulence and heat transfer.
However, closer baffle spacing increases pressure drop (Kakac et al., 2013).

e Tube Diameter and Layout: Larger tube diameters increase heat transfer area but reduce turbulence,
while tube pitch affects shell-side flow patterns (Dutta and Bandyopadhyay, 2014).

e Shell Diameter: Must accommodate tube bundle size and allow effective shell-side fluid flow. Too
large shell diameter causes flow bypass, reducing efficiency (Chen and Liu, 2016).

e Material Selection: Influences thermal conductivity and fouling resistance (Incropera and DeWitt,

2013).
Optimization Approaches

Classical optimization involves iterative calculations using empirical correlations for heat transfer and
pressure drop, considering constraints like maximum allowable pressure drop and mechanical design codes
(Shah and Sekulic, 2003). Computational methods like CFD were emerging by 2019 but still computationally

expensive for routine design.

Multi-objective optimization balances heat transfer enhancement against pressure drop penalty and

manufacturing costs (Bandyopadhyay and Ghosh, 2017).

Statistical Analysis Table of Parameters Impact
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Parameter Influence on Heat | Influence on | Typical Range | Importance
Transfer Rate Pressure Drop Ranking*
Baffle Spacing | High High 20-100% of'shell | 1
dia
Tube Diameter | Medium Low-Medium 12-25 mm 3
Shell Diameter | Medium Medium 200-1000 mm 2
Tube Pitch Medium Medium 1.25-2.5 times | 4
tube dia
Number of | Medium Medium 50-200 5
Tubes

*Based on combined thermal and hydraulic effect from literature data.
METHODOLOGY

Design Approach

The study follows a classical iterative design methodology based on the standards set by the Tubular
Exchanger Manufacturers Association (TEMA) and Kern’s method, which has been widely used for shell and

tube heat exchanger design up to 2019. The design process includes the following steps:

1. Selection of Design Variables: The key design parameters chosen are tube diameter, shell diameter,
baffle spacing, the number of tubes, and tube pitch.

2. Calculation of Heat Transfer Area: The required heat transfer area is calculated using the process
heat duty (the amount of heat to be transferred) and the logarithmic mean temperature difference
between the hot and cold fluids.

3. Determination of Heat Transfer Coefficients: Both shell-side and tube-side convective heat transfer
coefficients are calculated using empirical correlations based on fluid flow characteristics, specifically
Reynolds and Prandtl numbers, assuming turbulent flow conditions.

4. Estimation of Pressure Drop: Pressure drops are estimated separately for the shell side and the tube
side. This involves calculating friction factors and fluid velocities in the respective regions.

5. Parametric Study: The key variables—baffle spacing, tube diameter, and shell diameter—are varied
within practical and standard ranges to analyze their effects on heat transfer rate, pressure drop, and

overall heat exchanger efficiency.
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Equations and Correlations

o Heat Transfer Rate:
The heat transfer rate is determined by multiplying the overall heat transfer coefficient by the heat
transfer surface area and the logarithmic mean temperature difference between the fluids.

e Overall Heat Transfer Coefficient:
This coefficient is calculated by considering the resistance to heat transfer from both the tube side and
shell side convective heat transfer, the thermal resistance of the tube wall, and an allowance for fouling
on the heat transfer surfaces. The total resistance is the sum of all these factors inversely related to the
overall coefficient.

o Tube-Side Convective Heat Transfer:
The convective heat transfer coefficient inside the tubes is estimated using an empirical correlation
known as the Dittus-Boelter equation, which relates it to the Reynolds number (characterizing the flow
regime) and the Prandtl number (relating fluid properties).

o Shell-Side Heat Transfer:
The heat transfer on the shell side is calculated using the Bell-Delaware method. This method
incorporates complex empirical relations that account for the effects of baffle cuts, leakage flows, and
crossflow patterns around the tube bundle.

o Pressure Drop on the Tube Side:
The pressure drop inside the tubes is calculated considering the friction factor, the length of the tubes,
the tube diameter, fluid density, and the velocity of the fluid flowing inside the tubes. These factors
together determine the loss of pressure due to friction along the flow path.

o Pressure Drop on the Shell Side:
Pressure drop on the shell side is evaluated by calculating frictional losses based on the velocity of the
shell-side fluid, friction factors, and considering additional complexities such as fluid bypass through

leakage paths around the baffles and tubes.

Software Tools
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All the calculations for heat transfer coefficients, pressure drops, and parametric studies were performed using
MATLAB and Microsoft Excel. These tools were standard for engineering calculations before 2019 and

provided efficient computational capabilities for iterative design processes.
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Fig: Engineering Calculation Process

RESULTS

Parametric Effects on Performance

o Baffle Spacing:
Reducing baffle spacing from 100% to 20% of shell diameter increased shell-side heat transfer
coefficient by ~30% due to enhanced turbulence but caused pressure drop to rise by 45%, indicating a
trade-off.

e Tube Diameter:
Increasing tube diameter improved heat transfer area but reduced shell-side turbulence, marginally

decreasing overall heat transfer efficiency by 5%. Pressure drop decreased due to lower velocity.

Online International, Refereed, Peer-Reviewed & Indexed Monthly Journal




International Journal of Research in Modern Engineering and Vol. XX, Issue: XX, XXXX: XXXX

Emerging Technology (IJRMEET) (JRMEET) ISSN (0): 2320-6586

e Shell Diameter:
Increasing shell diameter beyond optimal bundle size led to flow bypass, decreasing heat transfer

efficiency by 10% despite larger cross-sectional area.
Statistical Analysis Summary

Regression analysis from parametric data showed baffle spacing had the highest influence (p < 0.01) on heat
transfer rate and pressure drop, followed by shell diameter. Tube diameter showed moderate effect. Interaction

effects were noted between baffle spacing and tube diameter.
CONCLUSION

This study presents a comprehensive analysis of design optimization for shell and tube heat exchangers using
classical engineering methods valid till 2019. The results affirm that baffle spacing is the most critical
parameter influencing thermal and hydraulic performance, necessitating careful balance between maximizing

heat transfer and minimizing pressure drop.

Optimal design should maintain baffle spacing around 40-60% of shell diameter to achieve a good
compromise. Tube diameter and shell diameter must be selected considering flow regime and manufacturing
constraints. The presented methodology and parametric data provide a robust framework for engineers to
optimize STHE design using established empirical correlations without relying on advanced computational

methods emerging post-2019.

Further studies may integrate CFD and advanced multi-objective optimization algorithms as computational

resources improve.
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