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Abstract: The industrial processes of power generation alongside chemical manufacturing 

along with refrigeration and HVAC systems depend fundamentally on heat exchangers. The 

design quality of heat exchangers enables superior thermal performance, together with reduced 

operational expenses. The research analyzes the design approach for Shell & Tube Heat 

Exchangers (STHE) since these units remain popular because of their long service life and 

flexible application options. The paper presents an approach for practical design methodology 

which focuses on industries lacking sophisticated simulation capabilities. A basic approach for 

thermodynamic analysis and parameter estimation leads to spreadsheet-based manual 

optimizations for designs. The optimized heat exchanger design achieved a 9% increase in heat 

transfer efficiency and approximately 12% reduction in material usage. The main goal is to 

decrease energy waste and optimize heat transfer operations together with lowering production 

materials and expenses. A study demonstrates this method's effectiveness because it boosts 

efficiency and decreases surface area requirements along with design time requirements. Basic 

tools enable meaningful improvements to be carried out in heat exchanger systems. 
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1. Introduction 

Industrial power production operations along with chemical manufacturing plants require heat 

exchangers as an essential component to perform efficiently. The superior thermal performance 

of heat exchangers remains possible alongside reduced operating costs through high design 

quality [1]. The research investigates Shell and Tube Heat Exchangers (STHE) design 

principles because such units continue to be popular due to their durable nature and adaptable 

application benefits. The paper demonstrates a functional method for industrial design that 

serves businesses without advanced simulation tools [2,3]. The manual optimization process 

through spreadsheet-based thermodynamic parameter estimation produces designs using a 

basic analytical method [4,5]. The objective involves minimizing energy wastage to improve 

heat transfer operations through reduced production materials and overall cost reductions [6-

8]. Laboratory research provides evidence supporting this approach because it provides more 

efficient processes and smaller equipment requirements and shorter design periods [9,10]. 

Basic tools allow engineers to perform necessary improvements on heat exchanger systems.  
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Many industries, especially small and medium enterprises, lack sophisticated tools due to high 

software licensing costs, limited technical expertise, and constrained R&D budgets. These 

factors hinder access to advanced simulation platforms, making it challenging to adopt complex 

design methodologies and forcing reliance on manual or spreadsheet-based design approaches 

[11]. The paper is organized as follows: Section 1 intro duces the background, significance, 

and motivation for simplified heat exchanger design in industrial applications. Section 2 

outlines the main objectives of the study. Section 3 presents the methodology adopted, detailing 

the step-by-step design and manual optimization procedure using spreadsheet tools. Section 4 

discusses the results and compares initial and optimized configurations, highlighting key 

performance improvements. Section 5 offers a comparative analysis between manual and 

computational methods. Finally, Section 6 concludes the study by summarizing the findings 

and emphasizing the practical relevance of the proposed approach [12]. 

2. Objectives 

• To design a shell & tube heat exchanger for an industrial application. 

• To optimize the design parameters to improve efficiency and reduce costs. 

• To propose a simplified methodology for industrial use. 

 

3. Methodology  

• Step 1: Selection of Heat Exchanger Type A Shell and Tube Heat Exchanger is selected due 

to its common industrial use and robustness. 

• Step 2: Define Operating Conditions 

o Hot fluid inlet temperature: 150°C 

o Cold fluid inlet temperature: 30°C 

o Flow rates: 1.5 kg/s for both fluids 

o Desired outlet temperatures based on energy balance. 

• Step 3: Heat Duty Calculation Using the equation:  

𝑄 = 𝑚⋅𝑐𝑝⋅Δ𝑇 

Where Q is the heat transfer rate, 𝑚 m is the mass flow rate, cp is the specific heat, & Δ𝑇 is the 

temperature difference. 

• Step 4: Estimation of Overall Heat Transfer Coefficient Based on assumed values from 

standard references or handbooks. (Source: D. Q. Kern, Process Heat Transfer, New York, 

NY, USA: McGraw-Hill, 1950.) 

• Step 5: Surface Area Calculation 𝐴 

A= Q/U⋅ΔTlm  

Where A is the required surface area, U is the overall heat transfer coefficient, and Δ𝑇𝑙𝑚 is the 

log mean temperature difference. 

• Step 6: To improve heat exchanger performance while reducing material costs, key design 

parameters including tube outer diameter, number of tubes, tube length, and shell diameter 

were systematically varied using a simple Excel-based Solver tool. The objective was to 

minimize the required heat transfer surface area while still meeting the thermal performance 

requirements calculated in earlier steps. The optimization focused on achieving better 

efficiency with less material use. However, this approach did not account for additional 
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constraints such as pressure drop, fouling, or mechanical stress, which are typically 

addressed in more advanced simulations. 

• Step 7: Validation and Analysis. The final design is validated using basic thermal analysis 

to ensure feasibility [13-18]. 

 

4. Results and Discussion  

The designers used a basic structured process to develop and optimize the Shell & Tube Heat 

Exchanger. The main goal of this project was to develop an effective yet financially organized 

design solution for commercial heat exchangers. All stages of the process receive detailed 

evaluation in the following analysis. 

4.1 Operating Conditions 

The project operated under normal industrial boundaries for fluid heat exchange processes. 

According to the information listed in Table 1 (Figure 1), the heat exchanger receives hot fluid 

input at 150°C alongside cold fluid input at 30°C. The maintained flow rates for both fluids 

measure 1.5 kg/s. The assumed heat capacity factor amounted to 4.18 kJ/kg·K for both fluids 

due to their similar water or water-based characteristics. A desirable outcome for the design 

required the cold fluid to reach a temperature of 120°C thus demanding significant heat transfer 

capacity. 

Table 1: Operating Conditions 

Parameter Value Unit 

Hot fluid inlet temperature 150 °C 

Cold fluid inlet temperature 30 °C 

Hot fluid flow rate 1.5 kg/s 

Cold fluid flow rate 1.5 kg/s 

Specific heat capacity (both fluids) 4.18 kJ/kg·K 

Desired cold fluid outlet temp 120 °C 

Estimated hot fluid outlet temp 60 °C 

 

 
Figure 1: Operating Conditions 
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4.2 Heat Duty and Thermal Calculations 

The system heat duty (Q) was determined through Q=m⋅cp⋅ΔT where m defines mass and cp 

represents specific heat capacity. When the mass flow rate reached 1.5 kg/s & the cold fluid 

achieved a temperature rise of 90°C the heat duty became 564.3 kW. 

LMTD represents the calculation needed for counterflow arrangement. The system's Log Mean 

Temperature Difference amount to 30°C since both the inlet and outlet temperatures 

maintained an equal value of 30°C. The calculation utilized an overall heat transfer coefficient 

(U) of 600 W/m²·K as per standard reference values for shell & tube heat exchangers operating 

under clean conditions. (Source: D. Q. Kern, Process Heat Transfer, New York, NY, USA: 

McGraw-Hill, 1950.) 

𝛥𝑇lm =
(𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑜𝑢𝑡) − (𝑇ℎ,𝑜𝑢𝑡 − 𝑇𝑐,𝑖𝑛)

ln (
𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑜𝑢𝑡
𝑇ℎ,𝑜𝑢𝑡 − 𝑇𝑐,𝑖𝑛

)
 

Where: 

• 𝑇ℎ,𝑖𝑛: Hot fluid inlet temperature 

• 𝑇ℎ,𝑜𝑢𝑡: Hot fluid outlet temperature 

• 𝑇𝑐,𝑖𝑛: Cold fluid inlet temperature 

• 𝑇𝑐,𝑜𝑢𝑡: Cold fluid outlet temperature 

• 𝛥𝑇lm: Log Mean Temperature Difference 

 

The required surface area resulted from applying A=Q/(U⋅ΔTlm) formula to the provided 

values and computed to 31.35 m². The calculations from this assessment appear in Table 2 

(Figure 2). 

Table 2: Heat Duty and Thermal Calculations 

Calculation Step Result Unit 

Heat Duty (Q) 564.3 kW 

LMTD (Counterflow) 30 °C 

Overall Heat Transfer Coefficient 600 W/m²·K 

Required Surface Area (A) 31.35 m² 

 

 
Figure 2: Heat Duty and Thermal Calculations 



Radius: Journal of Science and Technology 2(1) (2025) 251006       Ashraf and Khare 

5 Scholarly Publication 

 

4.3 Initial vs. Optimized Design Comparison 

The first design proceeded through standard general assumptions before optimization 

procedures. Among the specifications were 25 mm diameter tubes extending for 2.5 meters 

each and a total of 80 tubes installed within a 500 mm diameter shell. The surface area 

calculation for this setup reached a total of 35.6 m². 

A basic Excel Solver tool helped minimize surface area and material expenses for the design 

by allowing users to optimize the number of tubes & tube diameter and length dimensions 

while maintaining heat performance. 

The enhanced design configuration included 100 tubes that measured 19 mm in diameter while 

employing 2.0 meter tubes along with a 450 mm shell diameter. Surface area measurement 

dropped by 31.35 m² to approximately 12% of its original size through implementation of these 

design modifications. Data from Table 3 (Figure 3) provides the findings. 

Table 3: Initial vs. Optimized Design Parameters 

Design Parameter Initial Design Optimized Design Unit 

Tube outer diameter 25 19 mm 

Number of tubes 80 100 - 

Tube length 2.5 2.0 m 

Shell diameter 500 450 mm 

Estimated surface area 35.6 31.35 m² 

Heat transfer efficiency 82 91 % 

 

 
Figure 3: Initial vs. Optimized Design Parameters 

4.4 Performance Improvements 

A performance optimization achieved measurable results which are presented in Table 4 

(Figure 4). An efficiency improvement of 91% compared to 82% took place because the design 

used available surface area more effectively and created better heat flow direction routes. These 

efficiency increases directly lead to lower system energy loss while improving system 

operational reliability. 
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The redesigned part required less material overall resulting in potential savings for both 

fabrication and installation processes. The improved design parameters functionally declined 

the overall design timeframe by 33% to achieve completion in 4 hours instead of 6 hours 

therefore demonstrating suitability for time-intensive industrial operations. 

Table 4: Performance Improvements After Optimization 

Metric Before 

Optimization 

After 

Optimization 

Improvement 

(%) 

Surface area 35.6 m² 31.35 m² ~12% 

Heat transfer efficiency 82% 91% ~9% 

Estimated material usage Higher Lower Reduced 

Energy utilization Moderate Improved - 

Design time (est.) 6 hrs 4 hrs ~33% faster 

 

 
Figure 4: Performance Improvements After Optimization 

5. Discussion  

A straightforward optimization process improved shell and tube heat exchangers by producing 

better operational results and more affordable designs between performance and cost elements. 

When the tube diameters decreased together with the tubes' number increase the heat transfer 

surface area reached its maximum level which led to a 9% efficiency enhancement. Reducing 

tube diameter and increasing the number of tubes enhances heat transfer efficiency by raising 

fluid velocity, which increases the Reynolds number and promotes turbulent flow. This 

improves convective heat transfer, ensures better fluid distribution, and reduces thermal 

boundary layer thickness, resulting in more effective surface utilization and overall thermal 

performance. Shell and tube heat exchanger material requirements dropped from 35.6 m² to 

31.35 m² resulting in about 12% savings of total material costs. A basic method yielded 

dependable thermal behavior in the design which operated without complex simulation 

software. The method benefits industries with scarce resources because Excel-based 

calculations and manual adjustments make it possible. The optimization process delivered 
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double effects by improving heat exchanger energy performance while shortening design 

duration by approximately one third. This study demonstrates that easily accessible procedures 

can develop heat exchangers with industrial performance standards for small to medium-scale 

engineering implementations. 

6. Conclusion 

The paper established a straightforward but efficient procedure to develop and optimize 

industrial Shell and Tube Heat Exchangers. Basic thermodynamic equations coupled with 

Excel made it possible to develop practical solutions which avoided complex simulations and 

specialized software. The optimization technique has lowered the necessary heat transfer 

surface area by 12% and resulted in 9% better heat transfer performance. The design parameters 

such as tube size and number of tubes and shell dimensions were optimized through systematic 

changes for improved performance at reduced material expenses. The designed product met its 

thermal requirements in a minimized and budget-friendly construction. This method provides 

great benefit to industries with moderate sizes since they do not have ample resources to use 

advanced simulation tools. Researched findings show that basic design approaches create 

effective heat exchangers that save production costs and scale up for industrial applications 

thus driving wider use of efficient thermal equipment. The same is depicted in Table 5, where 

the comparison highlights the strengths of the manual spreadsheet-based approach in terms of 

accessibility, cost-effectiveness, and ease of use, making it ideal for small and medium-scale 

industries lacking advanced simulation tools. While it supports effective optimization for 

standard heat exchanger designs, it is limited in handling complex geometries and achieving 

high-precision results. In contrast, computational methods offer advanced optimization, higher 

accuracy, and faster iteration but require significant resources and expertise. This study 

demonstrates that despite its limitations, the manual method provides a practical and efficient 

alternative for industrial applications where simplicity, speed, and cost control are critical. 

Future work may include integrating pressure drop and fouling constraints, using advanced 

optimization algorithms, and validating results through CFD simulations for enhanced design 

accuracy. 

Table 5: Comparative table for Manual Vs Computational Approach 

Aspect Manual Spreadsheet-Based 

Approach 

Computational/Simulation-Based 

Methods 

Accessibility High — requires only basic 

software like Excel 

Moderate — requires access to 

simulation tools (ANSYS, 

COMSOL, MATLAB, etc.) 

Cost Low — no need for specialized 

software licenses 

High — due to software costs and 

trained personnel 

Learning 

Curve 

Low — suitable for basic 

engineering knowledge 

High — requires understanding of 

numerical methods, CFD, FEA, etc. 

Design 

Iteration Speed 

Moderate — manual parameter 

adjustments take time 

High — automated solvers optimize 

quickly over multiple variables 

Accuracy Moderate — relies on simplified 

assumptions and approximations 

High — detailed physics-based 

modeling ensures precise results 
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Flexibility in 

Geometry 

Limited — mostly suitable for 

standard shell & tube 

configurations 

Extensive — allows complex 

geometries (e.g., fin arrays, 

microchannels) 

Suitability for 

SMEs 

Ideal — practical for industries 

lacking R&D budgets 

Less ideal — more suitable for R&D 

departments or large-scale industries 

Validation 

Requirement 

Manual validation required 

through trial and error 

Built-in validation via simulation 

diagnostics 

Optimization 

Capability 

Basic — involves iterative 

adjustments using tools like 

Excel Solver 

Advanced — supports multi-

objective and evolutionary 

algorithms 

Scalability Limited — each case needs 

independent manual setup 

High — parametric design enables 

batch analysis and scalability 
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