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Thermal management remains a critical challenge in fluid-based thermal systems, 

particularly when low conductivity materials such as polyvinyl chloride (PVC) pipes are 

employed. This study experimentally investigates the optimization of thermal paste 

thickness to enhance heat transfer performance in a heated PVC pipe equipped with an 

aluminum heatsink. The experimental setup consisted of a 500 mm PVC pipe with heated 

water circulation at a constant flow rate of 760 L/h. A steel plate was attached to the outer 

pipe surface, followed by the installation of an aluminum heatsink using thermal paste as 

a thermal interface material (TIM). The thermal paste thickness was varied at 0, 1, 2, and 

3 mm to evaluate its influence on temperature distribution and convective heat transfer 

performance. Temperature measurements were conducted at the water inlet and outlet, as 

well as along the heatsink surface in both longitudinal and transverse directions using K-

type thermocouples integrated with MAX6675 sensors and controlled via an Arduino Uno 

system. The results reveal that thermal paste thickness significantly affects heat transfer 

behavior. The 2 mm thermal paste configuration exhibited the most uniform temperature 

distribution and the highest convective heat transfer coefficient, indicating optimal thermal 

contact between the pipe, steel plate, and heatsink. In contrast, the absence of thermal paste 

and excessive paste thickness led to increased thermal resistance and reduced heat transfer 

performance. These findings demonstrate the importance of thermal interface optimization 

and provide practical guidance for improving passive cooling performance in PVC-based 

thermal systems. 

Keywords: 

thermal management, thermal paste 

thickness, polyvinyl chloride pipe, heatsink, 

convective heat transfer 

1. INTRODUCTION

Thermal management and heat transfer enhancement have 

become increasingly critical in fluid flow based engineering 

systems due to rising demands for higher efficiency, reliability, 

and sustainability [1-3]. In energy systems and industrial 

applications, insufficient heat transfer performance can lead to 

energy losses, reduced system efficiency, and accelerated 

material degradation. Conventional heat transfer fluids such as 

water, oil, and ethylene glycol inherently possess low thermal 

conductivity, which limits their effectiveness in practical 

applications [4]. Consequently, extensive research efforts have 

been directed toward improving heat transfer performance 

through advanced materials, innovative surface designs, and 

enhanced thermal management strategies, particularly in 

energy, electronics cooling, and industrial thermal systems [5, 

6]. 

Among various fluid transport systems, pipes play a central 

role in heat exchange processes. Polyvinyl chloride (PVC) 

pipes are widely employed due to their low cost, corrosion 

resistance, lightweight nature, and ease of installation. 

However, their application in thermal systems is constrained 

by their inherently low thermal conductivity, typically around 

0.19 W/m·K, which is significantly lower than that of 

conventional metallic materials such as aluminum or copper 

[7, 8]. Although several approaches, including the 

incorporation of conductive fillers and surface metallization, 

have been proposed to enhance the thermal performance of 

PVC, these methods often introduce tradeoffs related to 

mechanical properties, thermal stability, and manufacturing 

complexity [9-11]. As a result, alternative and more practical 

strategies are required to improve heat dissipation from PVC 

based thermal systems without fundamentally altering the base 

material. 

One effective approach to enhance heat transfer from low 

conductivity substrates is the integration of external heatsinks. 

Heatsinks increase the effective heat transfer area and promote 

convective heat dissipation to the surrounding environment. 

However, the overall thermal performance of a heatsink is 

strongly influenced by the thermal contact resistance at the 

interface between the heat source and the heatsink. 

Microscopic surface roughness and air gaps at the interface 
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can significantly impede heat flow. To mitigate this issue, 

thermal interface materials (TIMs), such as thermal greases, 

phase change materials, gap fillers, and metal based interfaces, 

are commonly employed to fill micro voids and improve 

interfacial thermal conduction [12]. Previous studies have 

demonstrated that appropriate TIM selection can substantially 

reduce thermal resistance and enhance heatsink effectiveness, 

although TIM performance is sensitive to factors such as 

surface roughness, pressure, temperature, and material 

properties [13, 14]. 

Beyond material selection, the thickness of thermal paste 

plays a decisive role in determining temperature distribution 

and heat transfer efficiency. Excessive TIM thickness can 

increase interfacial thermal resistance, leading to elevated 

operating temperatures, as observed in Light Emitting Diode 

(LED) and high power electronic applications [15]. 

Conversely, reducing TIM thickness has been shown to 

improve heat dissipation by lowering the thermal resistance 

between contact surfaces [16]. Nevertheless, overly thin TIM 

layers may fail to adequately fill surface irregularities, 

reducing effective contact conductance. Several studies 

emphasize that optimal thermal performance is achieved 

within a specific thickness range, where a balance is 

established between adequate surface conformity and minimal 

conductive resistance [17, 18]. These findings suggest that 

TIM thickness optimization is highly application dependent 

and must be evaluated under realistic operating conditions. 

Despite extensive research on TIM optimization in 

electronic cooling, photovoltaic systems, and micro scale 

thermal devices, direct investigations focusing on PVC pipe 

heatsink systems remain scarce. Therefore, the present work 

contributes novel experimental evidence regarding the 

influence of thermal paste thickness on temperature 

distribution and heat transfer performance in a PVC pipe 

heatsink configuration. Existing studies predominantly 

address heatsink geometry, advanced surface structures, or 

fluid dynamics enhancements, while the role of thermal paste 

thickness in PVC based thermal configurations has received 

limited attention [19, 20]. Furthermore, many prior works rely 

heavily on numerical simulations, highlighting the need for 

experimental validation to ensure practical applicability [21, 

22]. In this context, the present study experimentally 

investigates the optimization of thermal paste thickness to 

enhance heat transfer performance in a heated PVC pipe 

equipped with a heatsink. By analyzing temperature 

distribution and convective heat transfer characteristics under 

varying thermal paste thicknesses, this research aims to 

provide practical insights into reducing thermal resistance and 

improving heat dissipation in PVC based thermal systems. 

 

 

2. METHOD  

 

The present study employed an experimental approach to 

investigate the effect of thermal paste thickness on heat 

transfer performance in a PVC pipe heatsink system. Figure 1 

shows the experimental schematic for this work. The 

experimental setup consisted of a straight PVC pipe with a 

total length of 500 mm and an outer diameter of 5/8 inch, 

which was later converted into millimeter units for data 

analysis consistency. The pipe served as the main heat transfer 

channel through which heated water was circulated under 

controlled conditions. 

Hot water was supplied from a reservoir and circulated 

through the PVC pipe using a direct current (DC) pump and a 

nominal flow rate of 760 L/h. This configuration was selected 

to ensure a continuous and stable flow during the experiment 

while maintaining moderate energy consumption. The pump 

enabled a closed loop circulation system, allowing the water 

temperature to be maintained within a warm to hot range 

throughout the testing period. 

 

 
 

Figure 1. Experimental schematic 

 

The heatsink used in this study was an aluminum heatsink 

with dimensions of 10 × 2 × 0.5 cm. Aluminum was selected 

due to its relatively high thermal conductivity, lightweight 

characteristics, and widespread use in passive cooling 

applications. The compact geometry of the heatsink allowed 

effective attachment to the outer surface of the PVC pipe via 

the intermediate steel plate while providing sufficient surface 

area to promote convective heat dissipation to the surrounding 

air. The diameter of PVC pipe is 15.87 mm. This configuration 

ensured consistent thermal contact and enabled a reliable 

assessment of the influence of thermal paste thickness on heat 

transfer performance under controlled experimental 

conditions. 

 

Table 1. Specification of thermal paste 

 
Parameter Typical Range/Description 

Material type 
Silicone-based thermal paste with 

thermally conductive fillers 

Filler material 
Aluminum oxide (Al₂O₃), zinc oxide 

(ZnO), or ceramic-based particles 

Thermal conductivity 

(W/m·K) 
1.0–5.0 

Operating temperature 

range (℃) 
−50 to 200 

Density (g/cm³) 2.0–3.0 

Electrical conductivity Electrically insulating 

Phase change behavior No phase change (grease-type TIM) 

Typical application 

thickness (mm) 
0.1–3.0 

 

Thermal paste was applied between the steel plate and the 

heatsink as a TIM to reduce interfacial thermal resistance. 

Table 1 shows the specifications of the thermal paste on this 

work. The specifications of the thermal paste used in this study. 

The thermal paste is silicone-based and contains thermally 

conductive filler materials, such as aluminum oxide (Al₂O₃), 

zinc oxide (ZnO), or ceramic particles, to enhance heat transfer 

performance. It exhibits a thermal conductivity ranging from 

1.0 to 5.0 W/m·K, operates effectively within a temperature 

range of −50 to 200 ℃, and has a density between 2.0 and 3.0 

g/cm³ while maintaining electrical insulation properties. 

Furthermore, the material remains in a stable grease-like phase 

without phase change during operation, and it is typically 

applied with a thickness of 0.1–3.0 mm to ensure efficient 
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thermal contact between surfaces. The thickness of the thermal 

paste was systematically varied at four levels: 0 mm (without 

thermal paste), 1 mm, 2 mm, and 3 mm. Each thickness 

configuration was tested separately under identical operating 

conditions to ensure a fair comparison of thermal performance. 

The application of thermal paste was carefully controlled to 

achieve a uniform layer across the contact surface. 

Temperature measurements were conducted at multiple 

locations to capture the thermal behavior of the system. The 

inlet and outlet water temperatures were measured to evaluate 

the heat transfer occurring along the pipe section equipped 

with the heatsink. In addition, surface temperatures on the 

heatsink were monitored to assess heat distribution and 

dissipation characteristics. 

All temperature measurements were obtained using K-type 

thermocouples interfaced with MAX6675 thermocouple 

amplifier modules. Table 2 describe specification of 

MAX6675 sensor. The MAX6675 is designed for K-type 

thermocouples and employs a cold-junction compensation 

technique, enabling accurate temperature measurements over 

a range of 0–1024 ℃ with a resolution of 0.25 ℃ and a typical 

accuracy of ±2 ℃ within its operating range. In addition, the 

sensor communicates through a digital SPI-compatible 

interface, operates with a supply voltage of 3.0–5.5 V DC, and 

can function reliably under ambient temperatures ranging from 

−20 to 85 ℃. The sensors were connected to an Arduino Uno 

microcontroller, which was used for data acquisition and real 

time temperature monitoring. The MAX6675 module was 

selected due to its reliability and compatibility with Arduino 

based systems for low to medium temperature measurements. 

 

Table 2. Specification of MAX6675 

 
Parameter Specification 

Sensor type K-type thermocouple interface 

Measurement principle 
Cold-junction compensated 

thermocouple measurement 

Temperature measurement range 0-1024 ℃ 

Resolution 0.25 ℃ 

Measurement accuracy 
±2 ℃ (typical, within operating 

range) 

Output interface Digital (SPI-compatible) 

Supply voltage 3.0–5.5 V direct current (DC) 

Thermocouple compatibility Standard K-type thermocouples 

Operating ambient temperature −20 to 85 ℃ 

 

Temperature data were recorded after the system reached a 

steady state condition to minimize the influence of transient 

thermal effects. Each experimental condition was repeated to 

ensure measurement consistency and reduce random errors. 

 

2.1 Experimental procedure 

 

At the beginning of each test, the water in the reservoir was 

heated to the desired temperature range and circulated through 

the system using the DC pump. Once a stable flow rate and 

temperature condition were achieved, temperature data at the 

inlet, outlet, and heatsink surface were continuously monitored. 

Figure 2 shows the procedure of measurement in this work. 

Measurements were taken over a fixed time interval to ensure 

steady state behavior. 

The experiment was repeated for each thermal paste 

thickness configuration while keeping all other parameters 

constant, including flow rate, pipe geometry, and 

environmental conditions. This approach allowed the 

influence of thermal paste thickness on heat transfer 

performance to be isolated and evaluated independently. 

 

 
 

Figure 2. Flow of measurement 

 

The experimental system was configured as a closed-loop 

circulation setup in which heated water was circulated through 

a PVC pipe using a DC pump operated at a constant nominal 

flow rate throughout all experiments. The inlet and outlet 

water temperatures were continuously monitored using K-type 

thermocouples connected to MAX6675 modules and an 

Arduino Uno-based data acquisition system to ensure accurate 

and stable temperature measurements. Prior to data acquisition, 

the system was allowed to operate until steady-state conditions 

were achieved, which was defined by negligible variations in 

temperature readings over a specified period of observation. 

This procedure minimized the influence of transient thermal 

effects on the experimental results. In addition, transient 

temperature data during the initial heating phase were 

recorded to verify the system’s stabilization behavior before 

reaching steady state. Temperature measurements were 

systematically obtained at multiple locations along both the 

longitudinal and transverse directions of the measurement 

surface to characterize the heat distribution more 

comprehensively. 

The collected temperature data were used to analyze heat 

transfer characteristics, including temperature distribution 

along the system and convective heat transfer performance. 

The difference between inlet and outlet water temperatures 

provided an indication of the heat transfer rate, while heatsink 

surface temperatures were used to assess the effectiveness of 

thermal conduction and convection mechanisms. Comparative 

analysis was performed to identify the optimal thermal paste 

thickness that resulted in enhanced heat transfer performance. 

Additional information has been included to clarify the 

criteria used for establishing steady-state conditions. 

Temperature measurements were conducted only after the 

system reached thermal equilibrium, defined as a condition in 

which temperature fluctuations remained within a narrow 

range over a specified observation period, thereby minimizing 

the influence of transient thermal effects on the experimental 

results. To further enhance the reliability of the study, details 

regarding the initial temperature stabilization process prior to 

steady-state operation have also been incorporated. In addition, 

the description of sensor placement and heat distribution 

measurement techniques has been expanded to provide a 

clearer explanation of how temperature data were 

systematically acquired along both the longitudinal and 

transverse directions of the heatsink surface. These revisions 

improve the clarity, reproducibility, and overall 

methodological robustness of the experimental procedure. 

Measurement uncertainty and data accuracy were carefully 

considered to ensure the reliability of the experimental results 

[23]. Temperature measurements were performed using K-

type thermocouples coupled with MAX6675 modules, which 

provide a typical temperature resolution of 0.25 ℃ and an 

accuracy of ±2 ℃ within the operating temperature range 

specified by the manufacturer. Prior to the experiments, all 

sensors were checked for consistency by comparing their 
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readings under identical thermal conditions. 

The inlet and outlet water temperatures, as well as the 

heatsink surface temperatures, were recorded after the system 

reached steady state conditions to minimize transient effects. 

Steady state was identified when temperature fluctuations 

remained within ±0.5 ℃ over a sufficiently long observation 

period. This approach helped reduce uncertainties associated 

with temporal temperature variations during data acquisition. 

Geometric uncertainties related to pipe length, diameter, 

and thermal paste thickness were minimized through careful 

measurement and controlled application. The pipe dimensions 

were measured using a digital caliper, while the thermal paste 

thickness was applied as uniformly as possible across the 

contact surface. Although slight local variations in paste 

thickness may have occurred due to surface roughness and 

application technique, these effects were assumed to be 

negligible compared to the overall thermal resistance trends 

observed in the experiments [24]. 

Flow rate uncertainty was associated with the DC pump 

performance, which was operated at a constant nominal flow 

rate of 760 L/h. Variations in flow rate due to pump instability 

were considered minimal during steady operation and were 

assumed to have a limited influence on comparative results, as 

all experiments were conducted under identical hydraulic 

conditions. 

Overall experimental uncertainty was mitigated by 

repeating measurements for each thermal paste thickness 

configuration and maintaining consistent boundary conditions 

throughout the tests. As the primary objective of this study was 

comparative performance evaluation rather than absolute heat 

transfer quantification, the measurement uncertainties were 

deemed acceptable and sufficient to support the conclusions 

regarding the optimal thermal paste thickness. 

 

 

3. RESULT AND DISCUSSION 

 

Figure 3 presents the temperature distribution along the X-

direction of the heatsink surface for different thermal paste 

thicknesses, namely 0 mm, 1 mm, 2 mm, and 3 mm. The X-

axis represents the measurement positions along the heatsink 

surface, while the Y-axis indicates the corresponding surface 

temperature. This figure provides insight into how thermal 

paste thickness influences heat conduction from the PVC pipe 

to the heatsink and its subsequent distribution along the 

heatsink length. For the configuration without thermal paste (0 

mm), the temperature decreases progressively along the X-

direction. This behavior indicates limited heat spreading 

across the heatsink surface, which can be attributed to poor 

thermal contact between the steel plate and the heatsink. The 

absence of thermal paste likely results in air gaps at the 

interface, increasing thermal contact resistance and restricting 

efficient heat conduction away from the heat source. 

Consequently, the heat transfer along the heatsink becomes 

less effective, leading to a pronounced temperature gradient.  

When thermal paste is applied with a thickness of 1 mm, the 

temperature distribution shows a more stable profile compared 

to the no-paste condition. Although a slight temperature drop 

is observed at intermediate positions, the overall temperature 

level remains higher than that of the 0 mm case. This suggests 

that the thermal paste partially fills surface irregularities, 

improving interfacial contact and enhancing heat conduction 

from the pipe to the heatsink. However, the observed 

temperature reduction at the mid-section indicates that the 

thermal paste layer may still be insufficient to fully optimize 

heat spreading along the heatsink. The most uniform and 

elevated temperature distribution is observed for the 2 mm 

thermal paste configuration. The temperature remains 

relatively consistent along the X-direction, indicating effective 

heat transfer and improved thermal spreading across the 

heatsink surface. This behavior implies that a 2 mm thermal 

paste thickness provides an optimal balance between 

minimizing interfacial thermal resistance and avoiding 

excessive conductive resistance within the paste layer. As a 

result, heat is transferred more uniformly from the pipe to the 

heatsink, allowing the entire heatsink surface to actively 

participate in convective heat dissipation. In contrast, the 3 

mm thermal paste configuration exhibits higher temperatures 

near the measurement endpoints but a noticeable temperature 

dip at intermediate positions. This non-uniform distribution 

suggests that excessive thermal paste thickness introduces 

additional conductive resistance, limiting heat flow from the 

steel plate to certain regions of the heatsink. Although the 

initial contact area may receive sufficient heat, the thicker 

paste layer reduces effective heat spreading, resulting in 

localized thermal gradients along the X-direction. 

 

 
 

Figure 3. Temperature on the X-axis 

 

Overall, the results demonstrate that thermal paste thickness 

plays a crucial role in controlling temperature distribution 

along the heatsink surface. An insufficient or excessive 

thermal paste thickness leads to non-uniform temperature 

profiles and reduced heat transfer effectiveness. Among the 

tested configurations, a thermal paste thickness of 2 mm 

provides the most favorable temperature distribution, 

indicating superior thermal contact and enhanced heat transfer 

performance. These findings support the conclusion that 

careful optimization of thermal interface thickness is essential 

for improving the thermal efficiency of PVC pipe heatsink 

systems. 

Figure 4 illustrates the temperature distribution along the Y-

direction of the heatsink surface for different thermal paste 

thicknesses, namely 0 mm, 1 mm, 2 mm, and 3 mm. The Y-

axis represents the transverse distance from the base of the 

heatsink, while the corresponding temperatures reflect the 

effectiveness of heat spreading and dissipation across the 

heatsink thickness. 

For the configuration without thermal paste (0 mm), the 

temperature profile remains relatively flat along the Y-

direction. This behavior suggests limited heat conduction from 

the interface into the upper regions of the heatsink, indicating 

that thermal contact resistance at the interface restricts 
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effective heat penetration through the heatsink thickness. As a 

result, only a portion of the heatsink near the contact area 

actively participates in heat dissipation. When a 1 mm thermal 

paste layer is applied, a moderate temperature gradient is 

observed along the Y-axis. The temperature decreases slightly 

with increasing distance from the base, indicating improved 

heat conduction into the heatsink compared to the no-paste 

condition. This suggests that the thermal paste partially 

enhances interfacial contact, allowing heat to propagate more 

effectively across the heatsink cross-section, although the 

overall heat spreading remains limited. 

  

 
 

Figure 4. Temperature on the Y-axis 

 

The 2 mm thermal paste configuration exhibits the highest 

temperature levels and a relatively gradual temperature 

decrease along the Y-direction. This indicates that heat is 

transferred efficiently from the PVC pipe through the steel 

plate and into the heatsink, allowing a larger portion of the 

heatsink volume to be thermally activated. The more uniform 

temperature distribution suggests that the thermal paste 

thickness of 2 mm minimizes interfacial thermal resistance 

while maintaining sufficient conductive performance within 

the paste layer, resulting in effective heat spreading through 

the heatsink thickness. In contrast, the 3 mm thermal paste 

configuration shows a pronounced temperature drop along the 

Y-direction, particularly at the outer edge of the heatsink. 

Although the temperature near the base is relatively high, the 

steeper gradient indicates that excessive thermal paste 

thickness introduces additional conductive resistance, limiting 

heat flow into the upper regions of the heatsink. Consequently, 

heat dissipation becomes less uniform, and the effective heat 

transfer area of the heatsink is reduced. 

Overall, the temperature distributions observed along the Y-

axis reinforce the findings obtained from the X-direction 

analysis. Both results demonstrate that thermal paste thickness 

strongly influences heat spreading within the heatsink. Among 

the tested configurations, a thermal paste thickness of 2 mm 

provides the most favorable balance between thermal contact 

improvement and conductive resistance, leading to enhanced 

heat distribution and improved thermal performance of the 

PVC pipe heatsink system. 

Figure 5 shows the variation of the convective heat transfer 

coefficient as a function of thermal paste thickness applied 

between the steel plate and the aluminum heatsink. The results 

clearly indicate that thermal paste thickness has a significant 

influence on the convective heat transfer performance of the 

PVC pipe heatsink system. 

 
 

Figure 5. Heat transfer 

 

In the absence of thermal paste (0 mm), the convective heat 

transfer coefficient exhibits the lowest value. This behavior 

can be attributed to the presence of microscopic air gaps at the 

interface between the steel plate and the heatsink, which 

introduce high thermal contact resistance. As a result, heat 

transfer from the pipe to the heatsink is limited, leading to a 

reduced surface temperature of the heatsink and, consequently, 

a lower convective heat transfer coefficient. 

When a thermal paste thickness of 1 mm is applied, a 

noticeable increase in the convective heat transfer coefficient 

is observed. The thermal paste fills surface irregularities and 

improves interfacial contact, thereby reducing thermal 

resistance and allowing more heat to be conducted into the 

heatsink. This enhanced heat conduction increases the 

effective temperature difference between the heatsink surface 

and the surrounding air, resulting in improved convective heat 

transfer. 

The maximum convective heat transfer coefficient is 

achieved at a thermal paste thickness of 2 mm. At this 

thickness, the thermal paste provides an optimal balance 

between minimizing interfacial thermal resistance and 

maintaining sufficient conductive performance within the 

paste layer. The improved thermal contact enables a more 

uniform temperature distribution across the heatsink surface, 

as observed in the temperature profile analyses along both the 

X- and Y-directions. Consequently, a larger effective surface 

area participates in convective heat dissipation, leading to the 

highest convective heat transfer coefficient among the tested 

configurations. 

In contrast, increasing the thermal paste thickness to 3 mm 

results in a significant reduction in the convective heat transfer 

coefficient. Although the thermal paste continues to fill 

interfacial gaps, the excessive thickness introduces additional 

conductive resistance within the paste layer itself. This 

increased resistance limits heat flow from the steel plate to the 

heatsink, reducing the heatsink surface temperature and 

diminishing the driving force for convection. As a result, the 

convective heat transfer performance deteriorates despite the 

presence of thermal paste. 

The analysis was performed under steady-state conditions 

to ensure that the reported results were not influenced by 

transient thermal behavior. Steady state was confirmed when 

temperature fluctuations remained within a narrow range over 

a defined observation period prior to data recording. This 

approach ensures that all presented temperature and heat 

transfer characteristics represent stable operating conditions of 

the system. In addition, the initial transient temperature 

behavior was examined to verify the stabilization process, 
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showing a gradual convergence toward equilibrium before 

steady-state data acquisition. This confirmation of thermal 

stability strengthens the validity of the experimental results 

and supports the reliability of the measured data. Furthermore, 

the spatial temperature distribution was evaluated based on 

measurements obtained at multiple points along both the 

longitudinal and transverse directions of the heatsink surface, 

allowing a more comprehensive assessment of heat spreading 

behavior under the tested conditions. 

Overall, the observed trend demonstrates that thermal paste 

thickness plays a critical role in determining convective heat 

transfer performance. An insufficient or excessive thermal 

paste thickness leads to suboptimal heat transfer, while an 

intermediate thickness yields superior performance. Based on 

the experimental results, a thermal paste thickness of 2 mm is 

identified as the optimal configuration for maximizing 

convective heat transfer in the PVC pipe heatsink system. This 

finding highlights the importance of thermal interface 

optimization in enhancing the effectiveness of passive cooling 

systems. 

The experimental results obtained in this study are 

consistent with trends reported in previous investigations on 

TIMs, particularly regarding the role of interface quality in 

enhancing heat transfer performance. Earlier studies on metal-

metal and electronic cooling interfaces have demonstrated that 

the application of thermal paste significantly reduces thermal 

contact resistance by filling microscopic air gaps, thereby 

improving heat conduction across the interface. For instance, 

Asif et al. [25] reported a noticeable improvement in 

interfacial thermal conductance when thermal paste was 

introduced, compared to direct surface contact without TIM, 

although excessive material thickness was found to limit 

further performance gains. Similar behavior is observed in the 

present study, where the absence of thermal paste results in 

lower heat transfer performance, while moderate paste 

thickness enhances thermal energy transport to the heatsink 

surface. 

Furthermore, studies focusing on the optimization of 

thermal paste thickness in electronic cooling systems have 

highlighted the existence of an optimal thickness range that 

balances contact resistance reduction and internal conductive 

resistance within the TIM layer. Singhal et al. [26] showed that 

increasing TIM thickness beyond an optimal value leads to a 

decline in thermal performance due to the dominance of 

conductive resistance within the interface layer itself. The 

findings of the present work align closely with this principle, 

as the highest convective heat transfer coefficient was 

achieved at a thermal paste thickness of 2 mm, while further 

thickness increase resulted in performance degradation. This 

agreement suggests that, despite differences in application 

scale and base material, the fundamental heat transfer 

mechanisms governing TIM optimization remain consistent. 

Importantly, this study extends prior findings by 

experimentally validating these mechanisms in a PVC pipe 

heatsink system, which has been scarcely addressed in earlier 

literature. 

 

 

4. CONCLUSIONS 

 

The optimization of thermal interface thickness plays a 

significant role in enhancing heat transfer performance in PVC 

pipe–heatsink systems. The results indicate that the thermal 

interface layer influences both interfacial thermal resistance 

and conductive resistance, thereby affecting temperature 

distribution and overall thermal management effectiveness. 

These findings contribute to a better understanding of thermal 

interface behavior in systems involving low thermal 

conductivity substrates and provide practical guidance for the 

design of passive cooling applications. Future research should 

focus on the evaluation of TIMs with higher thermal 

conductivity, the investigation of alternative heatsink 

configurations and operating conditions, and the integration of 

numerical simulations with experimental approaches. Such 

studies would provide deeper insights into the underlying heat 

transfer mechanisms and support the development of more 

efficient and reliable thermal management systems. 
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