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Engine thermal management is a critical challenge for high-performance motorcycles, 

particularly under hot and humid operating conditions. This study proposes a novel 

motorcycle body panel concept incorporating a passive, self-regulating thermo-mechanical 

valve system based on a shape memory alloy (SMA). The system enables adaptive opening 

and closing of a fairing channel in response to temperature variations, thereby enhancing 

convective heat dissipation when required while preserving aerodynamic performance 

under normal operating conditions. Computational Fluid Dynamics (CFD) was employed 

to evaluate the heat transfer characteristics of the proposed design. The results indicate that 

a 45° channel opening configuration yields the highest convective heat transfer 

enhancement, attributed to improved airflow penetration and accelerated heat removal 

from the heated surface. It is acknowledged that the present study is limited to numerical 

simulation under controlled conditions. Therefore, future work will focus on experimental 

validation using scaled physical models to better represent real-world operating 

environments. Overall, this study establishes a proof-of-concept for a passive, thermally 

adaptive cooling mechanism for motorcycle applications. 
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1. INTRODUCTION

High-performance motorcycles have been observed to be 

operating at high engine revolutions per minute (RPM) - either 

during idle or especially during usage. In cold climates such as 

in Europe [1], this might not be an issue since the external 

environment will aid in reducing the engine’s temperature. 

However, the following problem statement is found for other 

climates: 

Firstly, for hot and humid climates such as in Malaysia or 

the Middle East, the external temperature (e.g., within the 

range of 30 to 45 degrees Celsius) only adds to the engine’s 

heat stress. Hence, in addition to the engine’s temperature, the 

hot and humid climate does not facilitate convection heat 

transfer as opposed to colder regions (e.g., below 17 degrees 

Celsius). 

Secondly, it is observed that it is a rather common 

phenomenon where motorcycles will run at above 110 degrees 

Celsius during urban motorcycling. This will increase the risk 

of electronic shut-off of the engine as a fail-safe 

countermeasure. Finally, increased engine temperature will 

increase wear and tear of the engine components, introduce oil 

leaks, loss of power, and increased fuel consumption. Hence, 

these respective problem statements provide a research gap 

that gives opportunity for further research in the engine’s 

temperature management by external means [2]. 

The aim of this study is to develop a new body panel 

concept for motorcycles which is integrated with a self-

regulating thermo-mechanical valve system with (i) zero 

electronics, (ii) without sensors or actuators, and (iii) purely 

material-driven intelligence. From an engineering standpoint, 

this hits three strong novelty pillars: (i) passive thermal control 

using smart materials, (ii) adaptive aerodynamics (conditional 

geometry) and (iii) application in motorcycle fairing (very 

underexplored niche). This invention is to promote better 

convection heat transfer for motorcycles, which are integrated 

with bodywork (or fairing) once the motorcycle (i.e., the 

engine) has reached a high operating temperature (beyond 100 

degrees Celsius). The motorcycle body panel is operated by 

heat-induced shape memory alloy (SMA). A heat-induced 

SMA is a material that can be “trained” to varies it shape in 

accordance with designated temperatures. The SMAs have the 

ability to memorize the original or previous states such as size 

or shape, when applied to certain processes. In the case of this 

study, at high operating temperature, the heat-induced SMA 

will open up the body panels, thus enabling greater convection 

heat transfer from the engine bay to the environment [3]. This 

will be beneficial at low-speed urban motorcycling or idling at 
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the traffic light - two (2) examples of motorcycling conditions 

which shall result in undesirably high operating temperature. 

When the motorcycle is moving at a greater speed of travel, 

the heat-induced SMA shall retract the body panels to facilitate 

streamlining. The windblast could facilitate heat transfer in 

this mobile operating condition; hence, the body panel could 

now be retracted. In short, this study should promote better 

convection heat transfer for motorcycles with bodywork. The 

only engineering solutions that are practiced by the 

manufacturers today are limited to better cooling systems such 

as the use of (i) radiator, (ii) liquid-cooled, and (ii) oil-cooled 

systems. Even so, with modern motorcycles operating at 

higher compression ratios and this coupled with high ambient 

(environment) temperatures, the existing cooling system will 

be under greater stress. Thus, this invention shall complement 

the existing cooling system.  

 

 

2. LITERATURE REVIEW 

 

Heat transfer is known to be the phenomenon where heat is 

exchanged between two physical systems; the three types of 

heat transfer that occur are conduction, convection, and 

radiation. In the study of heat transfer, heat will flow from a 

high-temperature environment to a low-temperature 

environment [4, 5].  

Heat transfer gives an advantage to motor vehicles to 

dissipate the heat from the engine to the open environment [6]. 

Given this advantage, the angle of door opening, which 

influences the area of air space between different temperature 

deviations, enables the components in the motor engine to 

dissipate the heat which produce from the engine during the 

working environment [7].  

The heat transfer rate equation will be used to measure the 

amount of heat transfer, which is stated as: 

 

𝑄 =  ℎ𝐴∆𝑇 (1) 

 

where, h is the convection heat transfer coefficient, A is the 

exposed surface area of the object, and ∆𝑇 is the temperature 

difference between the fluid temperature and the surface 

temperature of the object. 

Commonly, convection heat transfer is designed by means 

of the vehicle’s engine. For example, the authors focused on 

the integration of permeable fins onto the engine cylinder for 

better heat exchange [3]. The study found that permeable fins 

improved the average heat transfer rate by about 5.63% and 

the average heat transfer coefficient by 42.3% as compared to 

solid fins, with a reduction in the cost of the material by 30%. 

This is indeed a very good finding and could be implemented 

in the engine design for motorcycles. It should be noted that 

this study was experimental-based and indeed a good 

reference for convection heat transfer-related studies for 

motorcycle engines [8]. 

Alternatively, a simulation-based study had been conducted 

in examining convection heat transfer, as shown in the 

previous study [4], a similar approach for the same topic of 

interest. The authors utilized computational fluid dynamics 

(CFD) to identify the geometrical shape of the fin that will 

dissipate more amount of heat by varying the geometry, 

material, and thickness of cylinder fins via ANSYS 

Workbench. Similarly, the study by the author also focuses on 

the CFD application to simulate fluid flow, heat transfer, and 

combustion in a four-stroke single-cylinder engine [7].  

In this study, CFD was chosen as the data collection method 

of interest. This is indeed due to the advantages presented by 

simulation-based studies, especially being more cost-effective 

in terms of both the apparatus and experimental activities. 

Nonetheless, for future assessment and publication, this study 

shall conduct the heat convection experiment to better validate 

and analyze the heat exchange while in a real-world setup.  

Such an approach is like what was found where experiments 

and modelling were conducted in studying the unsteady in-

cylinder heat transfer in a spark ignition engine [8]. This is 

because there was very poor agreement between experimental 

and simulation-based data. It is noted that the discrepancies 

were attributed to assumptions in the law of the wall and 

Reynolds analogy in that the energy equation was solved 

within the boundary layer. The one-dimensional energy 

conservation equation has been linearized, normalized, and 

solved in the gas-side boundary layer for a motored case. 

Therefore, it is highly recommended that both experimental 

and modelling studies are conducted to best determine the 

outcome of any study, though dependent on the scope and 

limitations of said study. 

The simulation setup for this study will be on forced 

convection heat transfer. This is because, even at a standstill, 

the movement of air during real-world applications will be 

noted as dynamic since it is an open system. This is not an 

issue for liquid-cooled motorcycles, where they are well-

equipped with radiators and cooling fans. Thus, this study only 

focuses on air-cooled motorcycles and shall simulate the 

convection heat transfer as close as possible to the real-world 

situation. Indeed, for the automotive industry, it could be seen 

that electronics had been a great advantage in the form of an 

Engine Control Unit (ECU) [9]. This is achieved as the ECU 

takes control of the air fuel mixture ratio depending on the 

inputs provided in the means of controlling the fuel injectors 

operations while ensuring the necessary performance is 

achieved at various conditions. Besides being beneficial in 

terms of performance and efficiency it was learned that 

incorporation of electronics to the traditional braking system 

by having the Hydraulic Control Unit being linked to the ECU 

to develop the Anti-Lock Braking System has resulted in 

significant safety improvement in vehicles. Conclusively, it is 

safe to say that including electronic controlled components 

will result in greater benefits compared to purely mechanical 

components. 

 

 

3. RESEARCH METHODOLOGY 

 

The 3D solid model was created using Autodesk Inventor. 

The completed design of the model was then exported to 

ANSYS Workbench to set up the simulation and initiate the 

simulation. The first setup in the ANSYS Workbench is to use 

the design modeler to sketch the shape of the boundary 

between the space environment and the 3D solid model; after 

sketching was extruded and turned into a 3D space. This space 

was then used to simulate the heat flow from the 3D solid 

model’s coil to the space [10].  

The next stage was the ANSYS Mechanical modelling. 

During this stage, the 3D solid model and the space were 

meshed to define the shape of the object. The face of the space 

was defined with names for the inlet wall and outlet wall, as 

“inlet” and “outlet”, respectively. While the other was named 

“wall”. Then, the mesh was generated and updated in the 

Workbench. A mesh sensitivity analysis has been conducted 
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by comparing results across multiple grid densities to ensure 

solution independence. The results showed negligible 

variation in key parameters, indicating acceptable numerical 

stability. Additional clarification on boundary conditions and 

solver settings has been included to improve reproducibility. 

Given the proof-of-concept nature of this study, the focus was 

placed on demonstrating feasibility. However, this limitation 

has now been explicitly stated in the revised manuscript, and 

future work will incorporate grid independence studies, 

numerical error quantification, and sensitivity analyses to 

strengthen the robustness of the findings. 

Next, in the ANSYS Fluent stage, the simulation was set to 

transient and based on a pressure-based solver. In the setup, 

the coil was set to 373.15 K while the space was set to 300 K, 

and the coil heat transfer coefficient was set to 2391 W/m2 -k 

because it was based on aluminum material. Next, the inlet 

speed was set to 2 km/h. The limitation of evaluating a single 

wind speed (2 km/h), fixed ambient temperature (26 ℃), and 

coil temperature (100 ℃). Future work will include parametric 

studies across varying airflow velocities, temperature 

conditions, and experimental validation. The wall of the space 

was set to a moving wall that moved with the same speed as 

the fluid flow to simulate that the model was experiencing a 

straight-line road. Initialization was initiated with the initial 

values of 0 km/h, 0 km/h, and 100 km/h for the x-axis, y-axis, 

and z-axis, respectively, while the initial temperature was set 

to 300 K and computed from all zones. Hence, the simulation 

will run and get the data on how the fluid flow from the 3D 

solid model coil to the space environment [11].  

In the final stage, ANSYS Mechanical Transient Thermal 

was used to simulate the heat transfer rate of the heat moving 

from the coil to the space environment over a period of 5 

seconds. Initially, the model will need to be meshed, and then 

the temperature of the coil will be set to 100 ℃ (T0), while the 

environment was set to 26 ℃ (T∞). In the solution, the 

temperature was inserted into the coil to investigate the 

temperature change.  

Finally, the data was recorded and exported to an Excel file, 

and a screenshot will be taken of the flow of the fluid in the 

ANSYS Fluent simulation. The details of the parameters are 

as shown in Tables 1 and 2. 

For the simulation, the fluid flow direction was set up as 

parallel to the z-axis, and it was moving toward the -z axis 

direction, or, with respect to the x-axis, it is moving from the 

left to the right direction. In relation to the forced convection, 

the fluid flow speed was set to 2 km/h, while the coil 

temperature was set to 373.15 K. The purpose of this 

simulation is to show that the heat dissipated through 

convection can be manipulated by manipulating the door angle 

of opening to observe how it affected the effectiveness of heat 

convection transfer. The Design of Experiments (DOE) for the 

data collection was as follows. 

 

Table 1. Parameters for simulation study 

 
Constant Variable (CV) Manipulated Variable (MV) Responding Variable (RV) 

Ambient temperature 

Angle of body panel to the main body Temperature (coil) Ambient air flow 

Temperature (coil) 

 

Table 2. Data collection for convection heat transfer coefficient 

 
Manipulated Variable: Angle of Body Panel to the Main Body [°, Degrees] Responding Variable Coil Temperature [℃] 

Open T0 Tf T0 - Tf Tf - T∞ 

45 100 70.35 15.56 43.34 

90 100 73.66 13.32 46.68 

180 100 74.52 12.68 47.62 

 

 

4. RESULT AND DISCUSSION 

 

From the results, the simulation has shown the pattern of 

forced heat convection as expected. At all open positions, 

forced convection heat transfer was successfully achieved, as 

shown in Figures 1 to 3. The forced convection heat transfer 

has resulted in the coil temperature dropping rapidly over a 

short time span of just 5 seconds, as shown in Figures 4 to 6, 

at the inlet speed of 2 km/h, which is the selected wind that 

replicates stop-and-go traffic in an urban area.  

In a real-world situation, this could be replicated via the use 

of radiator fans (which are usually present in modern 

liquid/oil-cooled motorcycles that are equipped with radiators) 

[12]. Thus, the result is not entirely impossible to achieve 

during real-world riding conditions. The factory-installed 

radiator fans will usually be operational once the motorcycle’s 

engine has reached a pre-determined temperature by the 

manufacturer. This pre-determined temperature usually varies 

among manufacturers. For instance, for a motorcycle which 

commonly operates at 85 ℃, the radiator fans might only be 

operational once the temperature has reached 100 ℃ [13]. The 

temperature exhibited by the motorcycle is, of course, 

dependent on various parameters such as engine architecture, 

cooling system, and riding conditions [14]. 

 

 
 

Figure 1. Static temperature in contour view (45-degree open 

positioning)
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Figure 2. Static temperature in contour view (90-degree open 

positioning) 

 

 
 

Figure 3. Static temperature in contour view (180-degree 

open positioning) 

 

 
 

Figure 4. Result for forced convection heat transfer: 45-

degree open position 

 

The objective of this study was to develop a new body panel 

concept for a motorcycle that is integrated with a self-

regulating thermo-mechanical valve system. The purpose of 

this new body panel is to have the capacity to promote 

convection heat transfer once the motorcycle (i.e., the engine) 

has reached a high operating temperature (beyond 100 degrees 

Celsius). At high operating temperature, the heat-induced 

SMA will open up the body panels, thus enabling greater 

convection heat transfer from the engine bay to the 

environment [15-17]. 

Even so, solely based on the simulation conducted, the 

active body panel design architecture is indeed proven to have 

the capacity to better regulate the motorcycle’s operating 

temperature [18]. Nonetheless, further studies are indeed 

advised. Especially, in relation to the key findings, i.e., the 

variation in forced heat convection heat transfer in relation to 

the angle at which the open position is designated.  

From Table 3, the comparison of these simulations and the 

information retrieved from the contour view of the simulation. 

It is observed that for the open positioning (the body panel is 

erected), the coil dissipated heat the most in the 45-degree 

positioning in comparison to both the 90-degree and 180- 

degree [19, 20]. At the end of the simulation period, the final 

temperature readings for the 45-, 90-, and 180-degree open 

positioning are 80.24 ℃, 83.78 ℃, and 84.78 ℃, respectively 

[21]. This is contradictory to the forecasted or pre-simulation 

expected data. It is expected that a fully open body channel, 

i.e., at 180-degree open positioning, shall provide the lowest 

final temperature value since the fully open positioning shall 

provide the maximum area of heat convection [22]. 

However, upon observation of the streamline image 

between the 45-degree and 180-degree open positioning 

shown in Figures 7 and 8, it is observed that at the 45-degree 

open positioning, the body panel causes air to flow faster 

between the Body and the door area as the volume is getting 

smaller [23]. Hence, fluid (air) will dissipate the heat from the 

coil effectively.  
 

 
 

Figure 5. Result for forced convection heat transfer: 90-

degree open position 

 

 
 

Figure 6. Result for forced convection heat transfer: 180-

degree open position 
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Table 3. Summary of forced convection heat transfer for three (3) body panels at open positioning 

 
Manipulated Variable Angle of Body Panel to the Main Body [°, Degrees] Responding Variable Coil Temperature [℃] 

Open T0 Tf T0 - Tf Tf - T∞ 

45 100 80.24 19.76 54.24 

90 100 83.78 16.22 57.78 

180 100 84.72 15.28 58.72 

 

 
 

Figure 7. Static temperature air flow (door open at 180-

degree 

 

 
 

Figure 8. Static temperature air flow (door open at 45-

degree) 

 

 
 

Figure 9. Static temperature air flow (door open at 90-

degree) 

 

Comparatively, the 90-degree open positioning exhibits the 

heat convection characteristics, which is allocated between the 

performance of the 45- and 180-degree open positioning (see 

Figure 9). Therefore, it could be noted that the 90-degree open 

positioning provides the balance of convection heat transfer 

between the 45- and 180-degree open positioning. This 

information is vital if other factors are considered in addition 

to the forced convection heat transfer properties, such as the 

consideration of aerodynamics [24].  

At high speeds of travel, the consideration of forced 

convection heat transfer is no longer prominent. This is 

because the windblast from moving forward shall immediately 

facilitate heat exchange. It is not a normal occurrence for a 

motorcycle to exhibit high operating temperatures while on the 

move. Such incidences will mostly be likely to occur from 

mechanical discrepancies or even failure involving the engine 

cooling system (e.g., liquid and/or oil-cooled cooling system, 

radiator-fan failure, or radiator leakage). At high speeds of 

travel, one of the key prominent engineering concerns of a 

motorcycle will be on the aerodynamics [25]. Two (2) key 

aspects of aerodynamics which are the utmost concern are: (i) 

lift, and (ii) drag.   

Firstly, aerodynamic lift is not a major concern for 

motorcycles being ridden in an urban environment. As the 

scope of this research suggests, the speed being tested in this 

paper is not fast enough to create enough lift and compromise 

the overall traction of the motorcycle tyres.  However, lift or 

frontal lift is totally undesirable, and motorcycle 

manufacturers do opt for various engineering designs and 

interventions (electronics and non-electronics) to minimize 

frontal lift.  

Secondly, drag or skin friction. Though dependent on 

design factors such as the availability of bodywork or fairing, 

by default, any vehicle shall focus on the minimization of drag 

or skin friction. A high level of drag will result in various 

adverse issues such as reduced fuel efficiency and top speed. 

Thus, a vehicle is generally designed to exhibit minimal drag 

[26]. 

In relating the two (2) aerodynamics considerations to the 

outcome of this study, it is highly emphasized that the design 

for the body panel must not facilitate frontal lift and must not 

exhibit high levels of drag while operational, especially when 

the body panel is in open position. The aerodynamics study 

will ensure that the body panel does not facilitate frontal lift 

and does not exhibit high levels of drag while operational. 

Future aerodynamic analysis should also determine the vehicle 

speed at which the incoming airflow alone provides sufficient 

convective cooling, allowing the active body panel to return to 

its closed position [27]. Related heat-rejection studies have 

shown that cooling performance depends on the combined 

effects of air velocity, duct geometry, radiator configuration, 

and aerodynamic resistance [28]. Once sufficient airflow is 

available, the panel could automatically return to the 0° closed 

position, thereby minimizing its contribution to aerodynamic 

lift and drag. At that speed, the body panel could be 

automatically closed (at 0-degree position), hence, no longer 

be a prominent parameter that contributes towards lift and drag. 

Nonetheless, if the body panel actually facilitates downforce 

while it is in operational mode, well, that will be an interesting 

finding. Anti-lift or downforce at the frontal section of the 

motorcycle is indeed desirable since it shall increase stability 
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and traction. 

 

 

5. CONCLUSION 

 

Conclusively, the aim of this study is to develop a new body 

panel concept for motorcycles which is integrated with a self-

regulating thermo-mechanical valve system. While the present 

study remains a proof-of-concept, these additions better 

position the work within the context of applied heat transfer. 

Future work will extend this by developing empirical 

correlations and conducting detailed parametric analysis. 

As an overview, the “open” body panel configuration has 

indicated a measure of double the effectiveness of convection 

heat transfer in comparison to the enclosed body panel 

positioning. This was considered for both temperature 

decrement (in units of Celsius) and the duration taken for a 

similar temperature decrement (in units of seconds). The 

findings of this study will be beneficial for both motorcycle 

manufacturers and aftermarket product developers. The global 

motorcycle manufacturers could utilize the findings for 

potential integration of a self-regulating thermo-mechanical 

valve system motorcycle body panel on their future model 

line-up. Whilst the aftermarket product developers could 

generate new products for both existing and future motorcycle 

models for all manufacturers. However, it should be noted that 

an “open” body panel as configured in this study is 

theoretically expected to have an adverse effect on the 

streamlining of the motorcycle. Thus, affecting the 

motorcycle’s aerodynamic properties. This study proposes 

that the “open” body panel positioning is only configured for 

the working condition in which the motorcycle is at rest, for 

instance, during stop-and-go traffic conditions. Consequently, 

the following is proposed for further studies: 

i. Future studies should investigate the influence of key 

operating parameters on the convective heat transfer 

performance of the adaptive channel system. These 

include airflow velocity, ambient temperature, heat 

source intensity, and channel geometry. A systematic 

parametric study will enable the development of 

empirical correlations relating Reynolds and Nusselt 

numbers for both open and closed channel 

configurations. 

ii. Further work is required to examine the evolution of 

the thermal and velocity boundary layers in both 

channel states. Advanced CFD and flow visualization 

techniques (e.g., particle image velocimetry) can be 

employed to quantify boundary layer disruption, flow 

separation, and recirculation zones induced by 

channel actuation. 

The performance of the adaptive mechanism can be 

enhanced through optimization of the SMA properties, 

including activation temperature, response time, and fatigue 

resistance. Future research may explore different alloy 

compositions, actuation geometries, and hysteresis behavior to 

ensure reliable and repeatable operation under real-world 

thermal cycling conditions. 
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