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ABSTRACT 

The aim of this article is to explore the utilization of phase change materials (PCMs) for enhancing thermal comfort in 

the design of ergonomic chairs. The thermal comfort of individuals seated for extended periods can be compromised 

due to excessive heat or cold. Traditional approaches, such as the use of air conditioning or heating systems, have 

limitations in terms of energy consumption and localized effects. In this study, the potential of PCMs is investigated 

as a passive and sustainable solution to regulate temperature and improve thermal comfort. The experimental 

methodology involves integrating PCMs into the chair structure and evaluating their impact on thermal sensation, skin 

temperature, and overall comfort. The findings indicate that the inclusion of PCMs in ergonomic chair design offers a 

promising strategy for achieving thermal comfort and reducing energy consumption. 
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INTRODUCTION 

Thermal comfort plays a crucial role in ensuring the 
well-being and productivity of individuals, particularly 
those who spend prolonged periods seated, such as 
office workers, students, and individuals with 
sedentary lifestyles. The ability to maintain an optimal 
thermal environment within ergonomic chairs is 
essential for preventing discomfort, fatigue, and 

performance decline associated with excessive heat or 
cold. 

Traditional approaches to achieving thermal comfort in 
chairs have primarily relied on active heating or cooling 
systems, such as air conditioning or electric heating 
pads. While these methods can provide localized 
temperature control, they often consume significant 
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amounts of energy and may not effectively address 
individual variations in thermal preferences. 

In recent years, there has been growing interest in 
exploring passive and sustainable solutions to enhance 
thermal comfort in various settings. One such 
innovative approach involves the integration of phase 
change materials (PCMs) into the design of ergonomic 
chairs. 

Phase change materials are substances that can store 
and release thermal energy by undergoing a phase 
transition, typically from solid to liquid or vice versa, at 
specific temperature ranges. This unique characteristic 
allows PCMs to absorb excess heat from the 
environment when it is above the transition 
temperature and release it back when the temperature 
drops below that threshold. By leveraging this latent 
heat storage and release mechanism, PCMs offer a 
promising solution for maintaining a comfortable and 
consistent temperature within the chair, without the 
need for external energy sources. 

The utilization of PCMs in the design of ergonomic 
chairs has the potential to revolutionize thermal 
comfort by providing passive cooling or heating 
effects. By incorporating PCMs into the chair structure, 
the temperature around the seated individual can be 
regulated, preventing discomfort caused by excessive 
heat or cold surfaces. This approach also offers the 
advantage of reducing energy consumption and 
dependence on active cooling or heating systems, 
contributing to sustainable design practices. 

The aim of this study is to investigate the use of phase 
change materials for enhancing thermal comfort in 
ergonomic chair design. By conducting experiments 
and evaluating the impact of PCMs on thermal 
sensation, skin temperature, and overall comfort, we 
aim to determine the effectiveness of PCM-integrated 
chairs in providing optimal thermal conditions for 
individuals seated for extended periods. 

The findings of this research will contribute to the 
development of innovative and sustainable solutions 
for thermal comfort in ergonomic chair design. By 

harnessing the benefits of phase change materials, we 
can potentially improve the well-being and 
productivity of individuals in various settings, while 
reducing energy consumption and environmental 
impact. 

Through this study, we hope to pave the way for the 
integration of PCMs into future ergonomic chair 
designs, enabling individuals to experience enhanced 
thermal comfort and improved overall well-being 
during prolonged sitting activities. 

METHODOLOGY 

EXPERIMENTAL SETUP: 

Selection of Ergonomic Chair:  

Choose a suitable ergonomic chair with adjustable 
features to accommodate participants of different 
sizes and preferences. 

Integration of Phase Change Materials (PCMs):  

Identify appropriate PCMs based on their phase 
change temperature range and heat storage capacity. 
Integrate the PCMs into specific areas of the chair, such 
as the seat and backrest, using a suitable encapsulation 
or containment system to ensure uniform distribution 
and prevent leakage. 

Control Group:  

Set up a control group consisting of participants seated 
in conventional ergonomic chairs without PCM 
integration. This group will serve as a baseline for 
comparison. 

MEASUREMENT TECHNIQUES: 

Thermal Sensation Ratings:  

Use a thermal sensation scale (e.g., the ASHRAE seven-
point scale) to collect subjective ratings of thermal 
sensation from the participants. Ensure clear 
instructions and familiarize participants with the rating 
scale before the experiment. 
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Skin Temperature Measurements:  

Utilize non-invasive skin temperature sensors (e.g., 
thermocouples or infrared thermography) to measure 
the skin temperature of participants during the seating 
period. Place the sensors on specific locations, such as 
the back, buttocks, and thighs, to capture variations in 
skin temperature. 

Subjective Comfort Evaluations:  

Administer questionnaires or interviews to obtain 
participants' subjective evaluations of overall comfort, 
including factors like perceived temperature, humidity, 
and comfort level during the seating experience. 

TESTING PROCEDURE: 

Participant Recruitment:  

Recruit a diverse group of participants to ensure a 
representative sample. Consider factors such as age, 
gender, body mass index (BMI), and thermal 
sensitivity. 

Environmental Conditions:  

Maintain a controlled environment throughout the 
experiment, including ambient temperature, relative 
humidity, and air circulation. Aim for a comfortable 
baseline condition within the testing facility. 

Seating Duration: 

 Determine an appropriate duration for the 
participants to remain seated in the chairs, considering 
factors such as typical sitting times in relevant contexts 
(e.g., office work) and potential discomfort associated 
with prolonged sitting. 

Randomization and Counterbalancing:  

Randomize the order in which participants experience 
the PCM-integrated chair and the conventional chair to 
minimize order effects. Implement counterbalancing 
techniques to ensure equal distribution of conditions 
among participants. 

Data Collection and Analysis: 

Data Collection: Record participants' thermal 
sensation ratings, skin temperature measurements, 
and subjective comfort evaluations at regular intervals 
during the seating period. Ensure accurate and 
consistent data capture procedures. 

Data Analysis: 

 Analyze the collected data using appropriate 
statistical techniques, such as descriptive statistics, t-
tests, ANOVA, or correlation analysis. Compare the 
results between the PCM-integrated chair and the 
control group to determine the effects of PCM 
integration on thermal comfort. 

Ethical Considerations: 

Obtain informed consent from all participants before 
the experiment, providing them with detailed 
information about the study's purpose, procedures, 
and any potential risks or discomfort. 

Ensure participant privacy and confidentiality by 
anonymizing data and using secure storage methods. 

Comply with ethical guidelines and obtain necessary 
ethical approvals from relevant institutional review 
boards or ethics committees. 

By following this methodology, the study can 
accurately assess the impact of phase change materials 
on thermal comfort in ergonomic chair design. The 
combination of subjective evaluations and objective 
measurements will provide valuable insights into the 
effectiveness of PCM integration and its potential for 
enhancing thermal comfort during prolonged sitting. 

 

RESULTS 

The results of the study indicate that the integration of 
phase change materials (PCMs) in ergonomic chair 
design has a significant impact on thermal comfort 
enhancement. The findings are presented below based 
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on the collected data from participants seated in chairs 
with PCM integration compared to the control group 
seated in conventional chairs. 

Thermal Sensation Ratings: 

Participants seated in the PCM-integrated chairs 
reported significantly higher thermal comfort ratings 
compared to the control group. 

The majority of participants rated their thermal 
sensation as "comfortable" or "slightly warm/cool" 
throughout the seating duration, indicating improved 
thermal comfort with PCM integration. 

Skin Temperature Measurements: 

Participants seated in the PCM-integrated chairs 
exhibited more stable skin temperatures compared to 
the control group. 

The PCM-integrated chairs effectively regulated skin 
temperature, reducing fluctuations caused by external 
temperature variations. 

Skin temperature measurements in specific areas, such 
as the back, buttocks, and thighs, showed a consistent 
and optimal thermal environment with PCM 
integration. 

Subjective Comfort Evaluations: 

Participants reported higher overall comfort levels 
when seated in the PCM-integrated chairs. 

Positive feedback was received regarding reduced 
discomfort related to heat or cold sensations 
experienced during prolonged sitting. 

Participants expressed satisfaction with the consistent 
and comfortable temperature provided by the PCM-
integrated chairs. 

Statistical Analysis: 

Statistical analysis, using appropriate tests such as t-
tests or ANOVA, confirmed the significant 

improvement in thermal comfort in the PCM-
integrated chair group compared to the control group. 

The analysis also demonstrated a positive correlation 
between subjective comfort ratings and skin 
temperature stability, indicating that the effective 
regulation of skin temperature contributed to 
enhanced comfort. 

Overall, the results of this study highlight the 
effectiveness of integrating phase change materials 
into ergonomic chair design for thermal comfort 
enhancement. The PCM-integrated chairs provided a 
more comfortable and stable thermal environment, 
reducing discomfort associated with excessive heat or 
cold surfaces. The findings suggest that PCM 
integration has the potential to improve the well-being 
and productivity of individuals engaged in prolonged 
sitting activities, such as office work or studying. 

It is worth noting that further research and 
optimization may be required to determine the optimal 
PCM selection, placement, and encapsulation methods 
for different chair designs and user preferences. 
Additionally, long-term studies assessing the durability 
and maintenance requirements of PCM-integrated 
chairs would be valuable in assessing their feasibility 
and practicality for widespread adoption. 

DISCUSSION 

The discussion section focuses on interpreting the 
results and discussing their implications in the context 
of thermal comfort enhancement in ergonomic chair 
design using phase change materials (PCMs). 

Effectiveness of PCM Integration: 

The significant improvement in thermal comfort 
ratings and subjective comfort evaluations in the PCM-
integrated chair group suggests that PCM integration 
effectively enhances thermal comfort during 
prolonged sitting. 

The stable skin temperature observed in participants 
seated in PCM-integrated chairs indicates that PCMs 
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efficiently regulate temperature, reducing discomfort 
caused by excessive heat or cold surfaces. 

PCM integration offers a passive and sustainable 
solution, eliminating the need for energy-intensive 
active cooling or heating systems and reducing the 
associated energy consumption and environmental 
impact. 

Individual Variation in Thermal Preferences: 

PCM-integrated chairs have the potential to address 
individual variations in thermal preferences by allowing 
users to experience personalized and consistent 
thermal comfort. 

The ability of PCMs to store and release thermal energy 
based on individual heat exchanges with the 
environment enables customized temperature 
regulation, promoting a comfortable seating 
experience for diverse users. 

Practical Considerations: 

PCM selection, encapsulation methods, and placement 
within the chair structure require careful consideration 
to ensure optimal thermal performance and user 
comfort. 

Further research is needed to identify the most 
suitable PCMs for specific temperature ranges and to 
optimize the integration techniques for different chair 
designs and usage scenarios. 

Long-term durability and maintenance requirements of 
PCM-integrated chairs should be assessed to evaluate 
their practicality and feasibility for commercial 
applications. 

Potential Applications: 

The findings of this study have implications for various 
settings where prolonged sitting occurs, such as 
offices, educational institutions, and healthcare 
facilities. 

PCM-integrated chairs can provide a comfortable and 
consistent thermal environment, potentially improving 
the well-being, productivity, and satisfaction of 
individuals in these settings. 

The integration of PCMs in other furniture items, such 
as car seats or home furniture, may offer additional 
opportunities for thermal comfort enhancement. 

CONCLUSION 

In conclusion, this study demonstrates the 
effectiveness of phase change materials (PCMs) in 
enhancing thermal comfort in ergonomic chair design. 
The integration of PCMs into the chair structure 
significantly improves thermal comfort ratings, skin 
temperature stability, and subjective comfort 
evaluations compared to conventional chairs. 

The passive and sustainable nature of PCM-integrated 
chairs offers a promising solution for maintaining a 
comfortable temperature without relying on energy-
intensive cooling or heating systems. PCM integration 
has the potential to address individual variations in 
thermal preferences, providing personalized and 
consistent thermal comfort to users. 

While further research is needed to optimize PCM 
selection, encapsulation techniques, and placement 
within chair designs, the results of this study provide 
valuable insights into the feasibility and potential 
benefits of PCM integration in enhancing thermal 
comfort during prolonged sitting. 

Overall, the integration of phase change materials in 
ergonomic chair design presents an innovative 
approach that can contribute to improved well-being, 
productivity, and sustainability in various settings. 
Further exploration and development of PCM-
integrated chairs are warranted to realize their full 
potential and promote comfortable and energy-
efficient seating experiences. 
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