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ABSTRACT 

Plate heat exchangers are widely used in power generation, refrigeration, chemical processing, food industries, and 

energy recovery systems because of their compact design and high heat transfer efficiency. However, exposure to 

high temperatures, pressure variations, turbulent fluid flow, and non-uniform thermal loading may cause plate 

deformation, thermal stress, flow induced vibration, fatigue, leakage, and structural failure. The present study 

investigates thermal and flow-induced damage in a plate heat exchanger using Computational Fluid Dynamics 

(CFD) and coupled thermo-structural analysis. A three-dimensional numerical model of the plate heat exchanger is 

developed to examine fluid-flow behaviour, temperature distribution, pressure drop, heat-transfer rate, and regions 

of excessive turbulence. The governing equations of mass, momentum, and energy conservation are solved under 

different operating conditions, including variations in inlet velocity, fluid temperature, pressure, and flow 

arrangement. The temperature and pressure fields obtained from the CFD analysis are transferred to a structural 

model to determine thermal deformation, equivalent stress, and critical damage-prone locations within the plates. 

Particular attention is given to plate contact regions, inlet and outlet ports, gasket areas, and highly corrugated 

sections where stress concentration and flow-induced forces are significant. The results help identify the operating 

conditions that may lead to plate fatigue, vibration, leakage, or permanent deformation. The study also evaluates the 

influence of plate geometry, flow rate, material properties, and thermal loading on the overall structural integrity of 

the heat exchanger. The findings can support the optimization of plate design, material selection, and operating 

parameters, thereby improving heat-transfer performance, durability, safety, and service life.  

Key Words: Computational Fluid Dynamics, Plate Heat Exchanger, Thermal Stress, Flow Induced Damage, Heat 

Transfer, Pressure Drop, Structural Deformation, Fluid–Structure Interaction.. 

I.  INTRODUCTION 

Plate heat exchangers are among the most efficient heat transfer devices because of their large surface-area-to-volume 

ratio and highly turbulent flow passages. Corrugated plates promote turbulence even at relatively low Reynolds 

numbers, leading to high heat transfer coefficients. Consequently, PHEs are widely adopted in industries requiring 

compact and energy-efficient thermal systems. 

Despite these advantages, the corrugated flow channels experience localized high-velocity regions, recirculation zones, 

and uneven thermal loading. These conditions generate thermal stresses and flow-induced mechanical stresses that may 

cause fatigue cracks, corrosion, gasket deterioration, and erosion. The long-term reliability of PHEs therefore depends 

on understanding the interaction between fluid flow and heat transfer. 

Experimental evaluation of these phenomena is often expensive and limited by accessibility to internal flow channels. 

Computational Fluid Dynamics (CFD) offers an alternative by providing detailed information regarding velocity, 

pressure, turbulence, and temperature fields throughout the exchanger. 

https://www.ijrtsm.com/


 

https://www.ijrtsm.com© International Journal of Recent Technology Science & Management 

44 

 

        
                                                                                                                                                                      ISSN : 2455-9679  
         [Singh et al., 11(2), Feb 2026]                                                                               SJIF Impact Factor : 6.190                                                                                 

The present work employs CFD to investigate thermal and flow-induced damage in a gasketed plate heat exchanger. 

Numerical simulations are carried out using ANSYS Fluent to predict heat transfer performance and identify critical 

regions subjected to excessive wall shear stress, pressure fluctuations, and thermal gradients. 

 

 
Figure.1 PHE Plate 

 

II.  PROBLEM STATEMENT 

Increasing industrial demand for higher thermal efficiency has resulted in higher operating flow rates in plate heat 

exchangers. Although enhanced turbulence improves heat transfer, it also increases pressure losses, vibration, erosion, 

and fatigue damage. An integrated CFD study considering both thermal performance and structural degradation is 

therefore required. 

III.  METHODOLOGY 
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IV.  RESULTS AND DISCUSSION 

The air with moisture, its pressure is high and when it acts on the refrigerant tube, the erosion and stress will be high 

and if this happens continuously, the tube will puncture. Whereas if the air turbulence is high, the heat transfer will be 

high and the efficiency of the heat exchanger will increase and the high velocity is also not good for the tube and this is 

there as on that due to which even little moisture in the air is causing puncture of refrigerant tubes of PHE. 

 

         
 

Figure 2(a) & (b)  Temperature & Pressure contours 

 

 
 

Figure.3 Pressure comparison charts 

 

The Pressure (Pa) Comparison Chart presents the pressure distribution for two different PHE configurations: the Two 

PHE Design and the Three PHE Design. The two heat exchangers designs are shown on the x-axis, while the y-axis 

displays the pressure values in Pascals (Pa). Another significant element to study in heat exchangers is pressure since it 

has a direct impact on the fluid flow characteristics, pumping power needs, and the overall performance of the system. 

The graph shows that the pressure of the Two PHE Design is about 670,000 Pa and the Three PHE Design is around 

1,120,000 Pa. The large rise in pressure shows that the inclusion of the third plate provides a more complicated route 

for the flow to take, which leads to higher resistance to the passage of the fluid. The greater pressure is also related with 

increased turbulence which increases mixing of the fluid and accelerates the rate of heat transfer. 

The Three PHE Design has a higher working pressure and hence a higher pumping power . However, it has a better 

thermal performance owing to better interaction of the fluids and a higher convective heat transfer coefficient . In 

comparison, the Two PHE Design has a reduced pressure drop, therefore being more energy-efficient, but a poorer heat 

transmission efficacy. 
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Generally, the figure shows that the operating pressure and the heat transfer performance increase with the number of 

plates in the heat exchanger. Therefore, the Three PHE Design is more efficient in terms of thermal performance, but 

the greater pressure need has to be addressed in the system design to establish a compromise between heat transfer 

efficacy and pumping energy consumption. 

 

 
 

Figure.4 Turbulence kinetic energy comparison charts 

 

The TKE Comparison Chart compares the turbulence kinetic energy produced in Two PHE Design and Three PHE 

Design. The x-axis displays the two alternative heat exchanger layouts, and the y-axis displays the turbulence kinetic 

energy in m²/s², which is a measure of the intensity of turbulent fluid motion within the heat exchanger. 

The graph shows that the Two PHE Design provides a turbulent kinetic energy of around 6,500 m²/s², but the Three 

PHE Design yields a much greater value of nearly 26,000 m²/s². This corresponds to a turbulent kinetic energy almost 

four times higher with the third plate added. 

The increased turbulence in the Three PHE Design means the working fluid is mixed more vigorously, which improves 

convective heat transmission by thinning the thermal boundary layer. Better fluid mixing leads to a more uniform 

temperature distribution and a higher total heat transfer coefficient. Therefore, the Three PHE Design is projected to 

have greater heat exchanger efficiency and better thermal performance than the Two PHE Design. 

However, increased turbulence is generally associated with a higher pressure drop, requiring additional pumping 

power. Therefore, while the Three PHE Design offers superior heat transfer characteristics, its hydraulic performance 

and energy consumption should also be considered during design optimization. Overall, the chart demonstrates that 

increasing the number of plates significantly enhances turbulence generation, making the Three PHE Design a more 

effective configuration for applications requiring high heat transfer efficiency. 

 

V.  CONCLUSION 

CFD provides an effective tool for evaluating both thermal performance and flow-induced damage in plate heat 

exchangers. The coupled analysis enables visualization of velocity, pressure, temperature, and wall shear stress 

distributions that are difficult to obtain experimentally. Identifying critical regions susceptible to erosion, vibration, and 

thermal fatigue allows engineers to optimize plate geometry, corrugation patterns, and operating conditions. The 

proposed methodology can be extended to multi-pass, chevron-type, and nanofluid-based plate heat exchangers for 

enhanced performance and reliability. 
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