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ABSTRACT

Effective heat management is crucial for the optimal performance and safety of medical
updates devices. This paper explores the role of thermal conductivity in material selection for
medical devices, emphasizing its impact on heat dissipation and device reliability.
Various materials, including metals, ceramics, and polymers, are analysed to understand
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Dr. Shweta Jaiswal, aluminium exhibit high thermal conductivity, making them suitable for high-heat
DOI applications, while polymers like polycarbonate offer lower thermal conductivity,

beneficial for insulation purposes. Experimental methods for measuring thermal
conductivity, including the laser flash method, and guarded hot plate method, are
discussed to provide accurate data essential for material selection. The paper also
addresses common heat management challenges in medical devices, including
overheating in implants and imaging systems, and proposes solutions such as advanced
cooling systems and material innovations. The findings highlight the importance of
aligning material properties with specific device requirements to enhance performance
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1. INTRODUCTION

Heat management is a critical aspect of medical device design, particularly as devices become more sophisticated and
compact. Proper thermal management is essential to ensure the safety, efficacy, and longevity of these devices. The
thermal conductivity of the materials used in medical devices plays a central role in managing heat. Materials with high
thermal conductivity can efficiently dissipate heat, while those with lower conductivity may retain heat, potentially
leading to device malfunction or patient harm (Zhang & Li, 2021).

Thermal conductivity is defined as the ability of a material to conduct heat. Measured in watts per meter-kelvin (W/m-K),
itis a key factor in determining how heat flows through materials. For example, metals like copper and aluminium, widely
used in medical devices, have thermal conductivities of 398 W/m-K and 237 W/m-K, respectively (Ashby & Jones, 2019).
These high values make metals suitable for applications requiring efficient heat dissipation. In contrast, polymers,
commonly used for their biocompatibility and flexibility, typically have much lower thermal conductivities, often less
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Thermal Conductivity of Materials: Implications for Heat Management in Medical Devices

than 0.5 W/m-K (Smith et al,, 2020). This disparity highlights the challenge of balancing thermal performance with other
material properties in medical device design.

In medical devices, excessive heat can compromise device performance or cause tissue damage. Devices like pacemakers,
imaging systems, and wearable sensors generate heat during operation. Effective heat management is therefore vital to
maintaining device functionality and preventing overheating. Poor heat dissipation can lead to problems such as tissue
burns or device failure, especially in cases where the device is in prolonged contact with the patient (Jiang et al., 2022).
Moreover, as the trend toward miniaturization continues, medical devices are being designed with increasingly smaller
form factors. This reduction in size often limits the surface area available for heat dissipation, further emphasizing the
importance of selecting materials with appropriate thermal properties. For example, newer implants and wearable
devices must balance both functionality and thermal management to meet regulatory safety standards (Brown, 2021).
In conclusion, understanding the thermal conductivity of materials used in medical devices is crucial for optimizing heat
management. This knowledge helps engineers select the most appropriate materials, ensuring both device efficiency and
patient safety.

"Science is a way of thinking much more than it is a body of knowledge." - Carl Sagan

2. THEORETICAL FRAMEWORK
Thermal conductivity is a fundamental property of materials that dictates how effectively they conduct heat. It is defined
as the rate at which heat is transferred through a material over a unit thickness when there is a temperature gradient.
This property is crucial in the context of medical devices, where efficient heat management is necessary to maintain
optimal performance and safety.
FUNDAMENTALS OF THERMAL CONDUCTIVITY
Thermal conductivity (k) is measured in watts per meter-kelvin (W/m-K) and is governed by the material's atomic or
molecular structure. In materials with high thermal conductivity, heat is conducted efficiently through lattice vibrations
and free electrons, as seen in metals like copper and aluminium, which have conductivities of 398 W/m-K and 237
W/m-K, respectively (Ashby & Jones, 2019). In contrast, materials with low thermal conductivity, such as polymers and
ceramics, conduct heat less effectively. For instance, common polymers like polyethylene have a thermal conductivity of
about 0.35 W/m-K (Smith et al., 2020), while ceramics like alumina range between 20-30 W/m-K (Lee et al., 2021).
HEAT TRANSFER MECHANISMS
Heat transfer occurs through three primary mechanisms: conduction, convection, and radiation. Conduction is the
primary mode of heat transfer within solid materials and is directly related to thermal conductivity. Convection involves
heat transfer through fluid movement and is less relevant to solid materials but important in device cooling systems.
Radiation involves heat transfer via electromagnetic waves and is significant at high temperatures or in vacuum
environments (Incropera & DeWitt, 2022).
KEY PROPERTIES AFFECTING THERMAL CONDUCTIVITY
Several factors influence a material's thermal conductivity, including its density, temperature, and phase (solid, liquid,
gas). For instance, as temperature increases, the lattice vibrations in materials typically increase, enhancing thermal
conductivity in metals but reducing it in non-metals like polymers (Yuan et al, 2023). Additionally, the material’s
microstructure, such as porosity and grain boundaries, can impact its thermal conductivity. For example, the presence
of air gaps or voids in a material can significantly lower its thermal conductivity (Wang et al., 2022).
Understanding these fundamental aspects of thermal conductivity is essential for selecting materials that can effectively
manage heat in medical devices, ensuring both performance and safety.

3. MATERIALS FOR MEDICAL DEVICES
Selecting appropriate materials for medical devices is critical for ensuring their effective heat management and overall
performance. Materials used in medical devices must balance multiple properties, including thermal conductivity,
biocompatibility, strength, and durability. Here, we provide an overview of some common materials used in medical
devices and their thermal conductivities.

OVERVIEW OF COMMON MATERIALS

Metals, ceramics, and polymers are frequently used in medical devices, each offering distinct advantages and limitations.
Metals such as stainless steel and titanium are valued for their strength and biocompatibility. Stainless steel, for example,
has a thermal conductivity of approximately 16 W/m-K, while titanium has a lower thermal conductivity of about 22
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W/m-K (Ashby & Jones, 2019). These materials are often used in implants and surgical instruments due to their
mechanical properties and ability to withstand sterilization processes.
Ceramics, such as alumina and zirconia, are used in applications where high hardness and biocompatibility are required.
Alumina has a thermal conductivity ranging from 20 to 30 W/m-K, while zirconia is around 2.5 W/m-K (Lee et al., 2021).
Although ceramics generally have lower thermal conductivity compared to metals, their high-temperature stability and
wear resistance make them suitable for certain medical device applications.
Polymers are another category of materials used extensively in medical devices due to their flexibility and ease of
fabrication. For example, polycarbonate has a thermal conductivity of about 0.2 W/m-K, which is much lower than metals
and ceramics (Smith et al., 2020). Polymers are used in a variety of applications, including drug delivery systems and
wearable devices, where their low thermal conductivity can be beneficial in minimizing heat buildup.

Table 1: Thermal Conductivity of Common Medical Device Materials

Material Thermal Conductivity (W/m-K)
Stainless Steel = 16

Titanium 22

Alumina 20-30

Zirconia 2.5

Polycarbonate = 0.2
In summary, the choice of material for medical devices is influenced by its thermal conductivity, among other properties.
Metals are preferred for their high conductivity and strength, ceramics for their high-temperature stability, and polymers
for their flexibility and lower thermal conductivity. Each material’s thermal properties must be carefully considered in
the context of the specific requirements of the medical device.

4. HEAT MANAGEMENT CHALLENGES IN MEDICAL DEVICES

Effective heat management is crucial in medical devices to ensure their reliability, performance, and safety. As medical
devices become more complex and miniaturized, managing heat becomes increasingly challenging. This section explores
the types of medical devices affected by heat management issues, the impact of thermal conductivity on device
performance, and examples of problems and solutions.

TYPES OF MEDICAL DEVICES AFFECTED

Heat management is a critical concern for various medical devices, including electronic implants, imaging systems, and
wearable health monitors. Electronic implants, such as pacemakers and neurostimulators, generate significant amounts
of heat during operation due to electrical activity and battery use. Imaging systems, including MRI and CT scanners, also
produce heat that needs to be managed to prevent overheating and ensure accurate imaging results (Jiang et al., 2022).
Wearable health monitors, which are often compact and in continuous contact with the skin, must also address heat
management to avoid discomfort and potential skin damage.

IMPACT OF THERMAL CONDUCTIVITY

The thermal conductivity of materials used in these devices significantly affects their ability to manage heat. For instance,
high thermal conductivity materials, such as metals, can effectively dissipate heat, which is crucial for devices like
pacemakers that generate heat internally. Conversely, devices made from materials with low thermal conductivity, such
as certain polymers, may retain heat, leading to overheating and reduced device performance (Zhang & Li, 2021).

EXAMPLES OF HEAT MANAGEMENT PROBLEMS AND SOLUTIONS

One common problem is overheating in electronic implants, which can lead to device failure or discomfort. For example,
early pacemakers sometimes experienced overheating due to inadequate heat dissipation. Modern solutions include
using high-conductivity materials like titanium and integrating thermal management systems such as heat sinks (Brown,
2021). In imaging systems, improper heat dissipation can affect image quality and device longevity. Solutions often
involve enhanced cooling systems and improved thermal management designs to maintain optimal operating
temperatures (Incropera & DeWitt, 2022).

Table 2: Heat Management Issues and Solutions in Medical Devices

Device Type Heat Management Issue Solution
Electronic Overheating due to internal heat generation Use of high-conductivity materials and heat sinks
Implants
Imaging Systems Heat affecting image quality and device Enhanced cooling systems and thermal management designs
longevity
Wearable Heat buildup causing discomfort Selection of materials with suitable thermal properties and design
Monitors modifications
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In conclusion, addressing heat management challenges is essential for the performance and safety of medical devices. By
understanding the impact of thermal conductivity and implementing effective solutions, manufacturers can enhance
device reliability and patient comfort.

5. EXPERIMENTAL METHODS
Accurate measurement of thermal conductivity is essential for assessing material performance in medical devices.
Various techniques are employed to measure thermal conductivity, each suited to different material types and
applications.

TECHNIQUES FOR MEASURING THERMAL CONDUCTIVITY

One common method is the steady-state method, where heat flow through a material is measured while maintaining a
constant temperature gradient. The laser flash method is used for materials with low thermal conductivity, involving a
short laser pulse to heat one side of a sample and measuring the temperature change on the opposite side (Yuan et al.,
2023). For high thermal conductivity materials, the guarded hot plate method is frequently employed, where heat is
applied to one side of the sample and the temperature difference across it is recorded (Incropera & DeWitt, 2022).
SAMPLE PREPARATION AND TESTING PROCEDURES

Samples must be prepared with precise dimensions and surface finishes to ensure accurate measurements. Testing
procedures involve controlling environmental conditions such as temperature and humidity to avoid external influences
on thermal conductivity results (Wang et al., 2022).

Overall, choosing the appropriate method and carefully preparing samples are critical for obtaining reliable data on
thermal conductivity.

6. NUMERICAL ANALYSIS AND RESULTS
The numerical analysis of thermal conductivity data provides insights into the effectiveness of different materials for
heat management in medical devices. This section presents key findings from experimental measurements and their
implications for device design.
PRESENTATION OF NUMERICAL DATA
Thermal conductivity measurements were conducted on various materials used in medical devices, including metals,
ceramics, and polymers. The results, summarized in Table 3, illustrate the range of thermal conductivities observed
across these materials.

Table 3: Thermal Conductivity of Selected Materials

Material Thermal Conductivity (W/m-K) Measurement Technique

Copper 398 Laser Flash Method

Aluminium 237 Guarded Hot Plate Method

Stainless Steel = 16 Guarded Hot Plate Method

Alumina 25 Steady-State Method

Polycarbonate = 0.2 Laser Flash Method
ANALYSIS OF RESULTS

The data indicates significant variation in thermal conductivity among the materials tested. Copper exhibits the highest
thermal conductivity at 398 W/m-K, making it ideal for applications requiring efficient heat dissipation. In contrast,
polycarbonate has a much lower thermal conductivity of 0.2 W/m-K, which may lead to higher heat retention in medical
devices that use this material (Smith et al., 2020).

The choice of measurement technique can also influence results. The laser flash method is suitable for materials with
low thermal conductivity, such as polycarbonate, while the guarded hot plate method is better for high-conductivity
materials like aluminium and stainless steel (Yuan et al., 2023).

IMPLICATIONS FOR HEAT MANAGEMENT

Materials with high thermal conductivity, such as copper and aluminium, are advantageous for devices generating
significant heat, as they help prevent overheating and ensure stable operation. Conversely, materials with low thermal
conductivity might be used in applications where heat retention is beneficial or where cooling mechanisms are
integrated to manage heat effectively (Zhang & Li, 2021).

In conclusion, the numerical analysis of thermal conductivity provides valuable insights for selecting materials based on
their heat management properties, crucial for optimizing the performance and safety of medical devices.
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7. DISCUSSION
The results from the thermal conductivity measurements highlight several key insights into material selection and heat
management in medical devices. Understanding how different materials perform in terms of thermal conductivity can
guide the design and optimization of these devices to enhance their functionality and safety.
INTERPRETATION OF RESULTS
The data shows a wide range in thermal conductivity values among materials. Metals such as copper and aluminium,
with high thermal conductivities of 398 W/m-K and 237 W/m-K respectively, are effective at dissipating heat. This
property makes them ideal for devices that generate significant heat, such as pacemakers and imaging systems (Ashby
& Jones, 2019). On the other hand, materials like polycarbonate, with a thermal conductivity of 0.2 W/m-K, tend to retain
heat, which might be advantageous in applications where thermal insulation is desired (Smith et al., 2020).

POTENTIAL IMPROVEMENTS IN MATERIAL SELECTION AND DEVICE DESIGN

The results suggest that selecting materials with appropriate thermal properties is crucial for optimal device
performance. For high-heat generating devices, incorporating materials with high thermal conductivity can prevent
overheating and ensure device reliability. For instance, using copper or aluminium in critical heat-dissipating
components can enhance thermal management and prolong device lifespan (Jiang et al.,, 2022).

Conversely, devices requiring heat insulation or those where heat generation is minimal might benefit from materials
with lower thermal conductivity. For example, using polycarbonate in certain wearable health monitors can reduce heat
buildup and improve patient comfort (Zhang & Li, 2021).

LIMITATIONS AND AREAS FOR FURTHER RESEARCH

While the data provides valuable insights, it is important to consider that thermal conductivity is not the sole factor
influencing heat management. Factors such as material thickness, device geometry, and environmental conditions also
play significant roles. Future research could explore the interactions between these variables and their collective impact
on device performance. Additionally, investigating the long-term effects of thermal cycling on material properties could
provide a more comprehensive understanding of material behaviour in real-world applications (Incropera & DeWitt,
2022).

In summary, the findings underscore the importance of choosing the right materials for heat management in medical
devices. By aligning material properties with specific device requirements, manufacturers can enhance both
performance and patient safety.

8. CASE STUDIES OF MEDICAL DEVICES
PACEMAKERS

Pacemakers are implantable medical devices that regulate heartbeats by delivering electrical impulses. The heat
generated during their operation, though minimal, must be dissipated efficiently to avoid damaging surrounding tissues.
In pacemakers, titanium is commonly used as the casing material due to its biocompatibility, corrosion resistance, and
moderate thermal conductivity (around 21.9 W/m-K) (Smith et al., 2020). This thermal conductivity allows for sufficient
heat dissipation while maintaining the device's compact size and structural integrity. Additionally, the careful
management of heat is critical for ensuring the long-term reliability of the pacemaker’s electronic components and
battery life (Brown & Davis, 2019).

MAGNETIC RESONANCE IMAGING (MRI) MACHINES

MRI machines generate significant heat due to their powerful electromagnets and radiofrequency (RF) coils. Efficient
heat dissipation is crucial to maintaining optimal performance and safety. Copper, with its high thermal conductivity
(around 400 W/m-K), is used extensively in the coils and cooling systems of MRI machines to manage the heat generated
during scanning (Chen & Liu, 2018). Modern MRI machines incorporate water-cooled systems and superconducting
materials to improve heat management further. Proper thermal control in MRI machines not only extends the lifespan
of the machine but also ensures patient safety by preventing overheating (Jiang et al., 2022).

WEARABLE HEALTH MONITORS

Wearable health monitoring devices, such as fitness trackers and glucose monitors, have become increasingly popular.
These devices are in constant contact with the skin, so managing heat buildup is essential to prevent skin irritation and
discomfort. Polymers like silicone, with low thermal conductivity (around 0.2 W/m-K), are often used in the outer casing
to provide insulation and ensure that heat generated by the device’s electronics does not affect the user. Moreover, the
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lightweight and flexible nature of polymers makes them ideal for wearable devices, which must balance thermal
management with comfort and usability (Zhang et al., 2021).

These case studies illustrate how different materials are selected for medical devices based on their thermal properties,
ensuring both performance and patient safety. Each device presents unique challenges in thermal management, and
understanding these challenges can guide material selection in future innovations.

9. PATIENT SAFETY AND COMFORT
Effective thermal management in medical devices plays a critical role in ensuring patient safety and comfort. Medical
devices, especially those implanted or in direct contact with the skin, must maintain optimal temperatures to prevent
potential harm. Overheating in devices can cause burns, tissue damage, or discomfort, which may not only impact the
patient’s health but also compromise the device's performance and longevity.
IMPLANTABLE DEVICES
In devices like pacemakers and defibrillators, excessive heat generation can lead to inflammation or tissue necrosis
surrounding the implant site. These devices are often made from materials with moderate thermal conductivity, such as
titanium or stainless steel, which help disperse heat without causing injury to the surrounding tissue (Brown et al., 2020).
Manufacturers conduct rigorous testing to ensure that the internal temperature of such devices stays within safe limits,
even during long-term use. Additionally, careful design and material selection are crucial to ensure the durability of the
device and patient comfort over time.
EXTERNAL DEVICES AND SKIN CONTACT
For external devices, such as wearable health monitors and imaging devices, managing skin temperature is paramount
for user comfort. Wearable devices, like glucose monitors and fitness trackers, generate heat due to continuous electronic
activity. Materials like polymers with low thermal conductivity are often used to insulate heat and prevent skin irritation
(Smith & Zhang, 2021). Failure to manage this heat can result in discomfort, rashes, or burns, leading to reduced
compliance or the discontinuation of use by patients.
THERMAL CONTROL FOR SENSITIVE PATIENT GROUPS
Particular attention must be paid to sensitive patient groups, such as the elderly or those with compromised immune
systems, who may be more vulnerable to the risks posed by inadequate heat management. In devices like dialysis
machines or heating pads, too much heat can worsen existing conditions, while insufficient heat can reduce therapeutic
efficacy. Therefore, manufacturers implement robust thermal management systems and materials that control heat
dissipation efficiently while ensuring patient safety (Jiang et al., 2022).
By prioritizing both thermal performance and patient safety, manufacturers can ensure that devices not only function
effectively but also contribute to patient comfort and long-term health.

10. CONCLUSION
Effective heat management is pivotal for the design and functionality of medical devices. This paper explored the critical
role of thermal conductivity in selecting materials for medical devices, emphasizing the impact of thermal properties on
device performance and safety.
SUMMARY OF FINDINGS
The analysis revealed a broad spectrum of thermal conductivities across different materials. Metals such as copper and
aluminium exhibit high thermal conductivity, making them suitable for applications requiring efficient heat dissipation.
In contrast, polymers like polycarbonate offer lower thermal conductivity, which can be advantageous for applications
where heat retention is desirable or where cooling systems are in place (Ashby & Jones, 2019; Smith et al., 2020).
Ceramics, with intermediate thermal conductivity values, provide high-temperature stability and durability, adding
versatility in material selection for various device components (Lee et al.,, 2021).
IMPLICATIONS FOR DEVICE DESIGN
Understanding the thermal conductivity of materials helps optimize heat management strategies in medical devices.
High-conductivity materials are essential for preventing overheating in high-heat-generating devices, while low-
conductivity materials can be used effectively in heat-insulating applications. The choice of material should be aligned
with the specific thermal demands of the device to ensure reliable performance and patient safety (Jiang et al., 2022;
Zhang & Li, 2021).
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RECOMMENDATIONS FOR FUTURE RESEARCH

Future studies should focus on the long-term effects of thermal cycling on material properties and the interplay between
thermal conductivity and other material characteristics, such as mechanical strength and biocompatibility. Additionally,
exploring advanced materials and novel cooling technologies could further enhance heat management in increasingly
sophisticated medical devices (Incropera & DeWitt, 2022).

In conclusion, selecting materials with appropriate thermal properties is fundamental to optimizing medical device
performance. By integrating thermal conductivity data into material selection and design processes, manufacturers can
improve device reliability and patient outcomes, advancing the field of medical technology.

CONFLICT OF INTERESTS

None

ACKNOWLEDGMENTS

None

REFERENCES

Ashby, M. F., & Jones, D. R. H. (2019). Engineering materials 1: An introduction to their properties and applications.
Butterworth-Heinemann.

Brown, C. A. (2021). Advanced thermal management in medical devices. Journal of Medical Device Engineering, 15(2),
112-123.

Incropera, F. P., & DeWitt, D. P. (2022). Fundamentals of heat and mass transfer (8th ed.). Wiley.

Jiang, H. Li, X, & Yang, Y. (2022). Thermal management strategies in implantable medical devices. Biomedical
Engineering Reviews, 14(3), 251-268.

Lee, W. S, Kim, S. K,, & Park, J. H. (2021). Thermal properties of advanced ceramic materials. Materials Science and
Engineering, 32(4), 489-505.

Smith, A. ], Johnson, R. L., & Miller, T. W. (2020). Thermal conductivity of polymers for biomedical applications. Polymer
Engineering and Science, 60(6), 987-996.

Wang, Q., Zhang, L., & Liu, M. (2022). Measurement techniques for thermal conductivity of materials. International
Journal of Thermophysics, 43(1), 73-85.

Yuan, X., Chen, M., & Zhao, Y. (2023). Laser flash method for measuring thermal conductivity. Journal of Thermal Analysis
and Calorimetry, 146(3), 1023-1035.

Zhang, ]., & Li, ]. (2021). Advances in thermal management materials for medical devices. Journal of Advanced Materials
Research, 89(2), 345-357.

Ashby, M. F.,, & Cebon, D. (1991). Materials selection in mechanical design. Butterworth-Heinemann.

Cheng, H., & Liu, X. (2018). Recent developments in thermal management of electronic devices. Electronic Materials,
28(2),203-220.

Gong, S., Xu, W., & Zhang, X. (2016). Effect of thermal conductivity on heat dissipation in medical devices. Journal of
Biomedical Engineering, 18(4), 314-321.

Huang, Y., & Wu, Z. (2015). Thermal insulation materials for wearable medical devices. Materials Today Communications,
3,56-63.

Kumar, S., & Gupta, R. (2019). Comparative study of thermal management techniques in medical electronics. Medical
Device Technology, 30(6), 45-53.

Li, S., & Zhou, Q. (2020). Innovations in thermal management materials for high-performance medical devices. Journal of
Applied Polymer Science, 137(7), 4825-4834.

Miller, E., & Wang, H. (2017). Thermal conductivity and its impact on medical device performance. International Journal
of Medical Robotics and Computer Assisted Surgery, 13(1), 45-59.

O'Connor, M., & Smith, J. (2014). Heat dissipation solutions for compact medical devices. Journal of Mechanical
Engineering, 10(4), 233-245.

Qin, W., & Zhang, Z. (2020). Advanced materials for effective thermal management in medical applications. Journal of
Thermal Analysis and Calorimetry, 142(2), 551-559.

Sharma, R., & Kumar, V. (2022). Exploring the thermal properties of new materials for medical device applications.
Materials Science and Engineering B, 270, 115-123.

ShodhKosh: Journal of Visual and Performing Arts 137



https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066

Thermal Conductivity of Materials: Implications for Heat Management in Medical Devices

ShodhKosh: Journal of Visual and Performing Arts 138


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066
https://dx.doi.org/10.29121/shodhkosh.v5.i7.2024.2066

