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Abstract: This paper presents the design and performance evaluation of a shell and tube heat exchanger using advance simulation tools 

– HTRI and Aspen Exchanger Design and Rating (EDR). Heat exchangers are essential to process industries for achieving efficient 

thermal energy transfer. The objective is to assess and compare the thermal performance, sizing, and optimization capabilities of both 

tools using a common problem statement involving benzene and water as the working fluids. Key design parameters such as overall heat 

transfer coefficient, heat transfer area, fluid velocities, and pressure drops were determined using both software platforms. The 

comparative analysis highlights the advantages and limitations of each, with HTRI offering high - fidelity design accuracy and Aspen 

EDR providing seamless integration with process simulation environments. This work demonstrates the importance of simulation - driven 

design in improving heat exchanger efficiency and provides insights into the selection of appropriate design tools in industrial 

applications.  

  

Keywords: Shell and Tube Heat Exchanger, HTRI, Aspen EDR, Thermal Design, Simulation - Based Design, Heat Transfer Analysis, Heat 

Exchanger Optimization, Comparative Software Analysis  

 

1. Introduction 
 

Heat Exchangers are vital components in a wide range of 

industrial processes, including chemical manufacturing, 

power generation, and oil refining. Their primary function is 

to efficiently transfer heat between two or more fluids, 

thereby heat improving energy utilization and process 

performance. Among various heat exchanger types, the shell 

and tube heat exchanger remains the most widely used due to 

its versatility, mechanical strength, and ease of maintenance.  

 

In modern engineering practice, the design and analysis of 

heat exchangers have increasingly shifted from manual, 

empirical methods to simulation - driven approaches. 

Advanced software tools enable engineers to optimize 

thermal performance, minimize pressure drops, and ensure 

operational reliability before physical implementation.  

 

Two such prominent tools are HTRI (Heat Transfer Research 

Inc.) and Aspen EDR (Exchanger Design Rating). HTRI is 

known for its high - accuracy, research - based calculations 

and is widely accepted in industries for detailed performance 

evaluations. On the other hand, Aspen EDR integrates 

seamlessly with process simulation software such as Aspen 

Plus and Aspen HYSYS, offering a streamlined workflow for 

process engineers.  

 

This study focuses on the design and comparative analysis of 

a shell and tube heat exchanger using both HTRI and Aspen 

EDR software. By using a common case study involving 

water and benzene as the working fluids, the research aims to 

evaluate and compare the key output parameters from each 

software, such as heat transfer area, overall heat transfer 

coefficient, pressure drop and fluid velocity. The objective is 

to understand the practical difference in how each platform 

approaches heat exchanger design and highlight their 

respective strengths and limitations in an industrial concept.  

Ultimately, this paper contributes to the ongoing evolution of 

engineering design practices by emphasizing the importance 

of simulation - based tools in the accurate, efficient, and 

sustainable design of thermal systems.  

 

2. Literature Review 
 

Shell and tube heat exchangers are widely used in chemical 

and process industries due to their design flexibility, 

mechanical durability, and thermal performance. Their 

efficiency depends on factors such as baffle spacing, tube 

arrangement, shell diameter, and adherence to standards like 

TEMA. These factors directly influence pressure drop, 

fouling, and overall heat transfer rate. [1] 

 

In the study Design and Optimization of Shell and Tube Heat 

Exchanger Using Aspen EDR, the authors highlighted the role 

of simulation tools in heat exchanger design. Aspen EDR was 

used to evaluate key parameters like heat transfer area, 

pressure drop, and overall heat transfer coefficient, 

demonstrating its ability to provide reliable and standard - 

compliant output. [2] 

 

While Aspen EDR is widely used in academic and industrial 

environments, HTRI software remains less documented in 

published research due to its proprietary nature. However, it 

is known for its high accuracy and strong empirical 

foundation. This paper aims to contribute to the literature by 

comparing the outputs of both tools under similar conditions, 

highlighting differences in performance, assumptions, and 

usability.  

 

3. Methodology 
 

The design and simulation of a shell and tube heat exchanger 

were carried out using two professional tools: Aspen 

Exchanger Design and Rating (EDR) and Heat Transfer 
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Research Inc. (HTRI). The purpose of this analysis was to 

evaluate and compare the design performance of both tools 

under the same operating conditions. The exchanger was 

designed to handle heat transfer between benzene (hot fluid) 

and water (cold fluid), a typical scenario in chemical 

processing systems. Key performance indicators such as heat 

transfer area, overall heat transfer coefficient, pressure drop, 

and fluid velocity were analyzed. The simulations were 

conducted under steady - state conditions assuming single - 

phase flow with no phase change.  

 

3.1 Design and Simulation with HTRI:  

 

HTRI was used to perform the thermal and mechanical design 

of the shell and tube heat exchanger using the same process 

inputs defined the project. HTRI is widely known for its 

detailed empirical correlations, accuracy, and industrial 

acceptance. The input parameters included hot and cold fluid 

properties, flow rates, inlet and outlet temperatures, and 

allowable pressure drops. A counter - current flow 

configuration was used, and standard design rules were 

followed for baffle cut (25%) and spacing (around 15% of 

shell diameter). Additional design inputs such as tube layout, 

tube passes, tie rod arrangement, and segmental baffle design 

were configured. HTRI provided a comprehensive thermal 

rating output, including heat transfer area, overall heat 

transfer coefficient, pressure losses, and shell - side/tube - side 

velocities.  

 

Simulation results generated by HTRI software for the shell 

and tube heat exchanger are shown in Figure 1.  

 

 
Figure 1: HTRI output summary 

  

3.2 Design and Simulation with Aspen EDR:  

 

Aspen Exchanger Design and Rating (EDR) software was 

used to perform a parallel simulation using the same process 

conditions and fluid properties as in the HTRI model. Aspen 

EDR is widely used in both academia and industry due to its 

integration with Aspen Plus and compliance with TEMA and 

ASME standards. The heat exchanger was configured with a 

counter - current flow arrangement, 25% baffle cut, and baffle 

spacing of approximately 15% of the shell diameter. Inputs 

such as tube dimensions, layout, pitch, and material were 

entered based on standard design guidelines. The software 

generated thermal performance data, including heat transfer 

area, pressure drops, and overall heat transfer coefficient.  

 

Simulation results generated by Aspen EDR software for the 

shell and tube heat exchanger are shown in Figure 2.  
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Figure 2: Aspen EDR output summary 

 

3.3 Comparison of HTRI and Aspen EDR outputs:  

 

The output from HTRI and Aspen EDR software were 

compared to evaluate the design performance of shell and 

tube heat exchanger under identical operating conditions. Key 

design parameters such as heat transfer area, overall heat 
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transfer coefficient, pressure drop, and flow velocity were 

extracted from both simulations. The purpose of this 

comparison is to analyze how each software approaches 

thermal design and to identify practical differences in their 

results.  

 

Table 1: Comparative Analysis 
Parameters HTRI output Aspen EDR output 

Fluid Pair Benzene and 

cooling water 

Benzene and 

cooling water 

Heat Duty 0.4093 

(mmkcal/hr) 

0.5 

Overall Heat Transfer 

Coefficient 

224.98 

kcal/m2hr. c 

18.2 

Heat Transfer Area (m2) 62.95 56 

Shell side pressure drop (bar) 0.3703 0.6894 

Tube - side pressure drop (bar) 0.695 0.703 

Shell Diameter (mm) 435 423 

Tube Count 174 174 

Baffle Spacing (mm) 350 292.84 

Baffle Cut (%) 25 27.12 

 

The outputs from HTRI and Aspen EDR showed generally 

comparable trends, though notable differences were observed 

in parameters like heat duty and overall heat transfer area. 

HTRI estimated a heat duty of approximately 477KW, while 

Aspen EDR reported a higher value of around 581.5 KW. 

This difference may result from variations in default 

assumptions, thermal resistance modeling or input handling. 

Additionally HTRI a U - value of 941.9 W/m2k, while Aspen 

output did not clearly display the correspondence value for 

validation. These observations reflect the importance of 

understanding each tool’s calculation basis and ensuring all 

the inputs are fully aligned when performing comparative 

analysis. Both tools remain industry - reliable and 

demonstrates valid, though not identical, design outcomes.  

 

3.4 Observations on Pressure Drop and Heat Transfer 

Area:  

 

Both HTRI and Aspen EDR produced design that met the 

required thermal duty, with differences in output values 

observed primarily in pressure drop and heat transfer area. 

HTRI reported a shell side pressure drop of 0.3703 bar and 

tube - side pressure drop of 0.695 bar, while Aspen EDR 

reported 0.6894 bar and 0.703 bar respectively. These values 

are reasonable and within expected design limits.  

 

The heat transfer area calculated by HTRI was 62.95 m2, 

slightly higher than the 56m2 reported by Aspen EDR. These 

variations are most likely due to differences in user input, 

default configurations, and interpretation of process 

conditions during simulation. Both software platforms are 

industry - standard tools, and any discrepancies in output here 

are a result of how the input data was handled during the 

project.  

 

1) Cost Estimation:  

The cost estimation was carried out using Aspen EDR’s built 

- in equipment costing module, based on the finalized design 

parameters. The estimated cost includes the heat exchanger’s 

material, fabrication, and installation. The output provided a 

total equipment cost of approximately Rs.3, 02, 100 for the 

designed shell and tube unit. This figure is based on a default 

costing assumptions within the software and is intended for 

preliminary evaluation only.  

 
Cost Component Estimated Cost (INR) 

Material and Fabrication Rs.2, 65, 000 

Installing and Handling Rs.37, 100 

Total Estimated Cost Rs.3, 02, 100 

Figure 2: Approximate cost estimation based on Aspen 

EDR output 

 

2) Advantages and Limitations:  

Both Aspen EDR and HTRI offer reliable thermal design 

capabilities, but differ in terms of accessibility and depth of 

control. Aspen EDR is widely used in academic and industrial 

settings for its user - friendly interface and integration with 

process simulation tools like Aspen Plus. However it may be 

limited in advance customization and detailed empirical 

modeling.  

 

HTRI, on the other hand, is more detailed and widely trusted 

in industry for its precise calculations and robust empirical 

database, but it is less accessible due to licensing constraints 

and may have a steeper learning curve.  

 

For student - level projects, Aspen offers convenience and 

speed, while HTRI is preferred when advanced accuracy is 

needed.  

 

4. Conclusion 
 

This paper presented the design and comparative analysis of 

a shell and tube heat exchanger using HTRI and Aspen EDR 

software. Both tools successfully produced feasible designs 

for the given process conditions involving benzene and 

cooling water. While differences were observed in heat duty, 

pressure drops, overall heat transfer coefficient, and surface 

area, these variations were attributed to user inputs and 

software - specific design approaches.  

 

The study reinforces the practical application of design 

software in undergraduate projects and highlights the 

importance of consistent input validation. A preliminary cost 

estimation was also performed using Aspen EDR to provide 

an industrial perspective on equipment sizing. Overall both 

software platforms proved to be reliable for thermal designs 

and are valuable tools for chemical engineering applications.  
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