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The Fundamentals of Human Body Temperature

� Humans are homeotherms. Normally, the human body 
maintains an average core temperature of 37� 0.5 degrees 
Celsius, or 98.2 � 1.3°F.

� The core temperature varies slightly due to environmental and 
metabolic factors. Exercise or fever may raise core 
temperature up to 3°C , while exposure to cold may lower by 
one degree. Beyond these boundaries, the human is 
susceptible to heat stroke or hypothermia, both of which are 
in a life threatening conditions.

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



The Fundamentals of Human Body Temperature

� The temperature of  the human body is regulated by neural 
feedback mechanisms which operate primarily through the 
“hypothalamus”, under control of the mechanisms, sweating 
begins almost precisely at a skin temperature of 37°C and 
increases rapidly as skin temperature rises above this value; 
oppositely, if the skin temperature drops below 37°C, a variety 
of responses are initiated to conserve the heat in the body and 
to increase heat production, these include vasoconstriction, 
cessation of sweating, muscular activities, shivering, secretion
of norepinephrine, etc

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



Calorie is a must for the human body, as 
it is the calorie that the human body 
burns in order to generate energy

The general recommendation as far as the calorie intake is concerned is that 
men need about 2700 Kilo-calories per day and women require about 
2000 Kilo-calories per day.

But these recommendations are suggested for average body structure adults, 
who perform their usual day-to-day activities and do not follow a 
vigorous workout. 

Even when inactive, an adult male must lose heat at a rate of about 85 ~90 
watts as a result of his basal metabolism.

Energy ( from food )in

Heat & Mechanical energy out 

The Energy Balance in Human Body

www.copperwiki.org/index.php/Calories



A. Conduction
Movement of heat from core to 

surface, conduction rate is greatly 
effected by the dilation and 
constriction of vessels)

B. Perspiration & Evaporation
When the ambient temperature is
above body temperature, sweating
rates can be modified to achieve 
desired cooling. the cooling effect 
of perspiration  make use of the 
very large heat of vaporization 
of water. 

C. Convection
Convection is heat transfer by        
mass motion of a fluid  such as air  
when  the heated fluid is caused to 
move away from the source of heat, 
carry energy with it.  

D. Radiation.
The heat was transferred by the   
emission of electromagnetic waves 
Which carry energy away from the  
body.

In normal condition, the percentage of heat loss will be :
Radiation 60% ; Conduction : 18% ; Evaporation : 22%

Our Body’s  Mode of Heat Transfer

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



Q/t = k A ( Thot- Tcold )/ d

Q�š�š�š�š Heat transferred in timet
k �š Thermal conductivity of the barrier.
A�š Area
T�š Temperature
d�š the thickness of the barrier

�{�{�{�{ �•�–�› �{�{�{�{ �Š�–�“�‹

The requirements an ideal fabrics 
needs to equip�š

k :  moderate
A : larger contacting area
T : larger variance between    

skin and fabric. 
d : the thinner the better       

Heat Conduction

Conduction is heat transfer by means of molecular agitation 
within a material without any motion of the material as a whole.
If one end of a metal rod is at a higher temperature, then energy 
will be transferred down the rod toward the colder end because 
the higher speed particles will collide with the slower ones with a 
net transfer of energy to the slower ones. For heat transfer 
between two plane surfaces, such as heat loss through the wall of 
a house, the rate of conduction heat transfer is:

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



Heat Convection

� Convection is heat transfer by mass motion of a fluid such as air or water 
when the heated fluid is caused to move away from the source of heat, 
carrying energy with it. Convection above a hot surface occurs because hot 
air expands, becomes less dense, and rises . Hot water is likewise less 
dense than cold water and rises, causing convection currents which 
transport energy.

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



Heat Radiation

Radiation is heat transfer by the emission of electromagnetic waves which 
carry energy away from the emitting object. For ordinary temperatures , 
the radiation is in the infrared region of the electromagnetic spectrum. 

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



When it reached saturation
between your skin and fabric,
There will cause you an
uncomfortably sultry, even
impede the sweating process
and then lead to a thermolysis
imbalance.  

Heat Transfer by Vaporization

If part of a liquid evaporates, it cools the liquid remaining behind 
because it must extract the necessary heat of vaporization from that 
liquid in order to make the phase change to the gaseous state. It is 
therefore an important means of heat transfer in certain circumstances, 
such as the cooling of the human body when it is subjected to ambient 
temperatures above the normal body temperature. 

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



When the ambient temperature is above body temperature, then 
radiation,conduction and convection all transfer heat into the body rather 
than out. Since there must be a net outward heat transfer, the only 
mechanisms left under those conditions are the evaporation of perspiration
from the skin and the evaporative cooling from exhaled moisture.

Even when one is unaware of perspiration, physiology texts quote an 
amount of about 600 grams per day of "insensate loss" of moisture from the 
skin. 

The cooling effect of perspiration evaporation makes use of the very large 
heat of vaporization of water. 
This heat of vaporization is 540 calories/gm at the boiling point, but is even 
larger, 580 cal/gm, at the normal skin temperature

Perspiration Cooling of Body

www. hyperphysics.phy-astr.gsu.edu/hbase/HFrame.html



Diagram of the thermolysis in the human body



Prerequisite of Fabric materials for wearing comfortably

Reduced the burden on 
body, ease upon human 

Energy output

D.Light and soft materials

It’s unlikely to take 
away too much heat and 
catch a cold.

C.Material without 
prolonged wet retention

Enable the fabrics 
remain in a relatively 
stable and low 
temperature

B.Material with high rate 
of specific heat

Taking heat away by 
means of the principles 
of latent heat

A.Material with good 
capability of sweat 
absorption

radiationevaporationconvectionconduction

RemarkThe efficiency of diffusing heatPrerequisite of Fabric 
Materials

Indirect influence factorIndirect influence factor



V.S

���������		 Regular 

According to the testing standard, the AATCC 135 or JIS L1907, the wicking height 
should exceed 7cm after testing 10 minutes. And dry rate in weave fabrics should 
Exceed  30% after testing 12

The merit of�������� �� come out an 12~15cm, 35% respectively

Reshaping the fabrics’ materials

1. Reshaping the cross-section of yarn  : 
from regular round shape “ ” to cross ones “�<�<�<�< ”

Advantage :According to the principles of  capillary attraction, the 
perspiration and moisture will be absorbed and immediately transferred 
outside due to the increase of superficial areas and its grooves of reshaped 
yarn



Modifying the characteristics of yarn

2.   Adopting the characters-modified yarn with more higher specific heat 
as fabric materials. The specific heat of water is 1.0Cal/gmK, a top 
ranking high value among the component of synthetic fiber, so the 
materials which contains more higher value of specific heat, it is more 
difficult to be heated, and then remains in a relative cool.   

Advantage�;
It has a better convection effect between skin of body and the fabrics, or 
between the fabrics and the ambiance as well.

�������� 		



( Blue color ) ( white color )

The temperature variation 
compare the�������� 		 fabrics with the regulars

After exposing to the halogen lamp exceed 30 minutes, 
the mean temperature variation could come to an 1.0~1.3 degree Celsius  



water sand

1. The specific heat of water is 1.0 Cal/gmK, and sand 0.19 Cal/gmK

2. To give a mount of heat which could raise the temperature of sand from
25°C to 37°C can only just raise water temperature from 25°C to 27°C

3. The sand is easy to be heated to a certain temperature due to its lower 
specific heat, likewise, it’s easy to lose heat to a cold level. 

V.S

What’s the tangible meaning for you about the specific 
heat   ?



Nagpur, India. Hong Kong

A landlocked city surrounding by sand
latitude :northern latitudes 21.1
Mean altitude : 310 m
Annual mean temperature: (1951-1980 )
High33.5  Low20.2  variation 13.3°C

(April : 42.2-23.9 variation 16.3°C)

A port city surrounding by sea water
latitude :northern latitudes 22.2
Mean altitude : 350 m
Annual mean temperature: (1971-2000 )
High: 25.6 ; Low :21.1 Variation4.5°C

(July: 31.3-26.7  variation 4.6°C)

Humans are homeotherms, it’d better to wear clothes with a higher specific heat
so that it could keep the clothes in a relatively low variation of temperature      

What’s the tangible meaning for you about the specific 
heat   ?



According to the testing report in the lab, under  the same light of halogen  lamp, the fabrics with  
LIBOLON cooling yarn (CoolBest II) will be lower than the regulars by 0.5�:�:�:�: C>C>C>C>1.5�:�:�:�: .

Assumption�ú
the skin  keeps closely with the fabric ( show as the left figure)�õ we regard the contact areas  where the 
fabric stick to the skin,  the thickness and the thermal conductivity of the fabric as the same.   

Thot = the temperature of the human body = 37 �š
Tcold_regular = the temperature of the regular fabrics = 32 �:
Tcold_cool  =the temperature of fabrics with CoolBest II = 31.5 �:
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The improvement of heat conduction in cooling fabrics is 
higher than the regulars by 10% each 0.5�š variation�‰

30 %1.5 �š

20 %1 �š

10 %0.5 �š

Q�…(improvement )�4 E

Heat Conduction

Q/t = k A ( Thot- Tcold )/ d
Q�š�š�š�š Heat transferred in timet
k �š Thermal conductivity of the barrier.
A�š Area
T�š Temperature
d�š the thickness of the barrier



Ideal gas laws for 
constant pressure 
PV= nRT

tcons
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�ˆ if the temperature of a given mass of air increases,

the volume must increase by the same factor.

�ˆ if the volume  of the fluids(V) increases.

then the density (�ù ) will become less   �ˆ buoy 

Form a heat convection effect.
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= the ambient temperature

=   the temperature in surface of fluids 

The more the temperature variation is larger,

The heat convection will be more quicker. 

The speed of  fluids 

Heat Convection



Assuming a human body is a heat radiation object,

The net heat radiation  shows as          
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The heat transferring from the human 
body by means of radiation will rise by 
7.5% per each variation of 0.5 �:�:�:�: .

= the temperature of skim

= the temperature of the fabrics

22.2 %1.5 �š

15.2 %1 �š

7.75 %0.5 �š

P�…�4 E

Heat Radiation 



The evaporation has the effect of cooling
our human body. The influence factors includes the 
temperature, surface area and its air flow conditions
above the object. According to the principles of  
heat convection, the more temperature variation 
between the objects and the ambiences is, the  
quicker convection speed will be, and following its 
surface air flow is speeding  up, the evaporation 
speed will be accelerated, as well.                

While taking an exercise,  the evaporation of perspiration  from the skin 
is the major way of heat transferring. The heat transferring from each 
one gram of water will give off  the energy around 580 cal. The
Temperature of the human body will rise about 1.5 °C within one hour 
if he could not make a heat transferring. 
If in a condition of excessive ambiance humidity, the steam saturation
will hamper the evaporation of perspiration.       

Heat Transfer by Vaporization



�������� composed 0.9% water of its yarn which 
is 0.5% higher than regular polyester yarns. 
Higher water composition means higher specific 
heat which enable the fabrics remain in a 
relatively low temperature

excellentHigh Specific 
Heat

B

������� made " Cross Section" yarns provide 
excellent " Capillary Attraction" which help to 
speed up the process of moisture absorption, 
diffusion and conduction to make human body 
perspiration easily and quickly transit to the 
surface of fabrics. As a result, it create a better  
chance to take sweat away from the surface of 
fabrics to keep human body and fabrics easy dry. 

excellentEasy DryA

Remark�����	
����
Essential 

Conditions

Conclusion



Conclusion

������� Cooling yarns with larger 
diffusion enable sweat  to vapor quickly to 
keep fabric dry.  And dry fabric would keep 
the human body warm. Cotton fiber has the 
same  character of quick absorbing sweat.  
However, its diffusion function is much 
worse than ������� cooling yarns.  In 
that case, the wet clothes may make people 
feel cold whenever enter into a relatively low 
temperature. 

excellentLess Wet 
Retention

C

������� cooling yarns specs are: 75/72, 
50/72, 150/144,70/48.  Those fine yarns 
create an excellent soft touch hand feel 
which is never ever achieved by cotton fiber.

excellentSoft and 
Light Weight

D

Remark�����	
����
Essential 

Conditions



Safety and Eco-friendly

� �������� 		 are both certified by OekoTex to ensure the 
product is harmless to the human body.

� Spec.: 50D/72f ,75D/72f,150D/144f DTY
in Cross Section Shape

� Character:long lasting quick dry function
� Application:Sport swears,Leisure wear, 

Underwear,Shirts,Trousers, Home textile

� Remark:Silicon chemical agent is not suggested as softener


