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RESEARCH

HIGHLIGHTS

Thermal comfort is the human subject perceive satisfaction to the work environment. The
thermal comfort need to be achieve towards productive working environment. The comfort
level of the subject is affected by the human skin temperature. To assess the skin temperature
with the sorrounding by conducting human experiment in the climatic chamber. It is rigorous
and complex experiment.This study was developed to predict human skin temperature in
comfort level with the finite element method and the bioheat equation. The bioheat equation is
a consideration of metabolic heat generation and the blood perfusion to solve heat transfer of
the living tissue. It is to determine the skin temperature focussing at the human arm. From the
study, it is found that the predicted skin temperature value were in well agreement with the
experimental results. The percentage error insignificant with acceptable error of 1.05%.
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RESEARCH OBJECTIVES
There are other studies developed a thermal comfort assessment using Fanger (1) thermal
comfort Predicted Mean Vote (PMV), Stolwijk (2)standard effective temperature (SET) and
Höppe (3) physiological equivalent temperature (PET). These models were index value based
on the human subject perception without consideration of the matebolic heat generation and
blood perfusion that significantly affects human thermal comfort level (4). Blood perfusion is
important as it is affected by physical activities and the surrounding environment (4). The blood
perfusion of the human body is influenced by the human body thermoregulation (5). The
overall thermal sensation and skin temperature show a linear relation, which means the overall
human thermal sensation can be reflected by skin temperature (6). Therefore, these factors must
be considered to determine the accuracy of skin temperature prediction under comfort level.
In this study, a new practical approach that focused on the human arm was developed to predict
the human skin temperature under comfort level using the finite element method and bioheat
equation. The study aimed at identifying the interaction of the surrounding condition with the
human physiology without conducting experiment on human subjects.

M ATERI ALS

AND

METHODS

The study begins with solving the bioheat equation to determine the initial value of skin
temperatue with consideration of the metabolic heat generation and blood perfusion (7). The
Ansys version 14 software is used to design the one dimensional quarter cylinderical geometry
representative of the human arm. The material properties of the clothing is specified as cotton
spendex. The meshing of the model is in quardrilateral uniform. The boundary condition is
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specified similar to the environment sorrounding. The simulation was performed under
transient condition for a duration of 80 second. The initial ambient temperature was specified
at 31.5°C similar as prescribed by (4). The GIT was conducted to determine the suitable number
of elements to be used. The skin temperature was chosen as the reference parameter when
performing the GIT. The number of elements used was increased until the skin temperature
became stable and unchanged. Therefore, a total of 620 elements were used in the preceding
finite element analysis.

RESULTS
The outer clothing layer experienced the lowest temperature, i.e. 31.76°C. It was found that the
temperature changed gradually with the variation of layers from the skin surface to the outer
layer of the clothing. The single-layered structure consisted of cotton spandex and air gap
layers, causing the thermal resistance to grow, which led to a small increment of the skin
temperature to around 37°C as compared to the outer layer temperature. Clothing plays an
important role in thermal comfort. It regulates the skin temperature and exchanges the heat
between the skin surface and the environment. The clothing is the causative factor in achieving
thermal comfort (8, 9).

FINDINGS
The time of the experiment was obtained from the model by Huizenga, Zhang (4) and the
research model. The temperature started at an initial condition of 35.5°C and it gradually rose
with time. The research model result showed the temperature remained constant at t=13 s until
the simulation ended. However, in the experiment, the result showed that the skin temperature
fluctuated and was unstable. Huizenga, Zhang (4) stated that the human skin temperature will
fluctuate and remain unstable depending on physical activities and blood perfusion rate.
Furthermore, in this model, the inner layer of the skin temperature and other variables remained
constant throughout the simulation. This clearly explains why the skin temperature in the
research model remained constant and unchanged starting from t=13 s. The difference between
the experiment and the research model was significantly small, i.e. approximately 1.05%.
According to (10), this error value is acceptable, as long as it is less than 20%. Thus, the
research model is reliable to predict human skin temperature.

ACKNOWLEDGEMENT
The authors would like to thank Universiti Teknologi Malaysia (UTM) for sponsoring the
research (No. vot QJ1300000.2524.18H79) under the Research University Grant (GUP).

REFERENCES
1.
2.
3.

4.
5.

Fanger PO. Thermal comfort. Analysis and applications in environmental engineering. Thermal
comfort Analysis and applications in environmental engineering. 1970.
Stolwijk J. Mathematical model of thermoregulation. Physiological and behavioral temperature
regulation. 1970.
Höppe P. The physiological equivalent temperature–a universal index for the biometeorological
assessment of the thermal environment. International journal of Biometeorology. 1999;43(2):715.
Huizenga C, Zhang H, Arens E, Wang D. Skin and core temperature response to partial-and
whole-body heating and cooling. Journal of Thermal Biology. 2004;29(7-8):549-58.
Hirata K, Yutani M, Nagasaka T. Increased hand blood flow limits other skin vasodilation. Journal
of Thermal Biology. 1993;18(5-6):325-7.
Copyright © 2019 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

3

Science Proceedings Series 1(3) 1-4

Science Proceedings Series
(SPS)
www.readersinsight.net/SPS

6.
7.

8.
9.
10.

SPS

Wang Z, He Y, Hou J, Jiang L. Human skin temperature and thermal responses in asymmetrical
cold radiation environments. Building and environment. 2013;67:217-23.
Zainol ZN, Md Tap M, Mohamed Kamar H, editors. Application Bioheat Equation For Heat
Transfer Model of Firefighter's Burn Injury. 2nd Asia International Multidisciplinary Conference
AIMC 2018; 2018 12-13 May 2018; Johor Bahru
Zhong W, Xing MM, Pan N, Maibach HI. Textiles and human skin, microclimate, cutaneous
reactions: an overview. Cutaneous and ocular toxicology. 2006;25(1):23-39.
Havenith G, Holmér I, Parsons K. Personal factors in thermal comfort assessment: clothing
properties and metabolic heat production. Energy and buildings. 2002;34(6):581-91.
ASHRAE. Fundamentals. American Society of Heating, Refrigerating and Air Conditioning
Engineers, Atlanta. 2001;111.

Copyright © 2019 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

4

