
  

  1395168 149 -158
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

F. Davoodi, H. Hasanzadeh, S. A. Zolfaghari, M. Marefat, Developing three-node model to estimate individual characteristics effects on thermal sensation and human body 
thermoregulation, Modares Mechanical Engineering, Vol. 16, No. 8, pp. 149-158, 2016 (in Persian) 

  

122*3  

1-   
2-   
3-   
* 97175/376zolfaghari@birjand.ac.ir   

      
  

 :18  1395
 :20  1395  

 :24 1395  

    
 .    

 .
 .

 :
  ... 

 .
 -

 .
 .1.2 

 0.4  

  

  

  

  

Developing three-node model to estimate individual characteristics effects on 
thermal sensation and human body thermoregulation  

Farzin Davoodi1, Hasan Hasanzadeh1, Seyed Alireza Zolfaghari1*, Mehdi Marefat2 

1- Department of Mechanical Engineering, University of Birjand, Birjand, Iran  
2- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran 
* P.O.B. 97175/376, Birjand, Iran, zolfaghari@birjand.ac.ir  

ARTICLE INFORMATION ABSTRACT
Original Research Paper
Received 07 June 2016
Accepted 10 July 2016
Available Online 14 August 2016 

Differences in the persons’ individual parameters such as age, gender, weight, height and basal 
metabolic rate have a significant effect on the human body thermoregulation. Therefore, using the 
human thermal models that were developed on the basis of large human population does not lead to 
accurate results for specific individuals. Because the individual parameters have not been considered in 
standard thermal comfort models and also available individual and local models are so complicated in 
applications, nowadays, the necessity of developing a simple and accurate individualized model is vital. 
In this study, some physiological parameters such as: body fat percentage, subcutaneous fat layer 
thickness, body heat capacity coefficient and tissue conductive resistances have been modeled from 
readily-available external measurement of individuals and these parameters are incorporated into three 
node-model algorithm structure to predict individual variations in thermal response between individuals. 
Three-node thermal comfort model is based on Gagge’s standard model that has accurately estimated 
thermal sensation of the bare and clothed parts of the body. The model has been verified against the 
analytical and experimental results where good agreement was found. In conclusion, the results indicate 
that the mean error in prediction of skin temperature is decreased from 1.2  for three-node model to 
0.4  for the new individual model. 
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Individual thermal sensation  

  

1 -   

  
  .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                             1 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.2.9
https://mme.modares.ac.ir/article-15-472-fa.html


    

      

  

150  1395168  

 
 .1970

]1[ ]2[ 
 

]3,4[ .
  -

 ]1[ 
 -

 . 
)  

 (
 .

]2[ 
 .

16 
]5[  .16  .

]6[ 

 

]7[
 

 .
 

 . 
 .
 

. ]7[

) 
 (

     . 
 

 .

]8[ .
  

 .1990]9[ 
 

 .

 .

 . 

]10[ 1998 

 .]11[ 2001

 . ]12[ 

 .

 .2001 

 2002]13[ 

 .

 2004

 ]14[  

20 
 -

 .]15[ 
2012  

 .
  

 .]16,17[ 2012

 -
 .

 . ]18[ 2013 

 .

]19[  .
 2 

 .2013]20[ 

 .

 . ]21[ 2013 

 .]22[ 

 .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                             2 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.2.9
https://mme.modares.ac.ir/article-15-472-fa.html


    

      

1395168  151  

 

 ...   

 .
 .

 
  

2 -   
]7[

 .

 .

 
 .1 

  . 

2-1 -   
  )  

 ( 
)1( = , (1 ) ,                                    
 

)2( , = , ( , + , + , ) 
)3( , = , ( , + , + , ) 

 br cl  
 .       

]3[.  
)4( = 0.202 . .  

)5( =  

µ  ) )  ( (
  

)6( =  

 µ 
]23[ .

  
 .  

)7( =
(1 ) , d

d  

)8( , = , d ,

d  

)9( , =
(1 ) ,

(1 )
d ,

d  

)  (  

)10( 
, + , = , + f ( ,

) 
  

)11( , = ,  

 .  
, = , + , = f [f ( ) 

)12(               + ( )] 
  

 
  

)13( WSIG = max 0, ,  
)14( CSIG = max 0, ,  
)15( WSIG , = max 0, , ,  
)16( CSIG , = max 0, , ,  
)17( WSIG , = max 0, , ,  
)18( CSIG , = max 0, , ,  
)19( WSIG , = max 0, , ,  
)20( CSIG , = max 0, , ,  

ov   .
   :  

)21( , = , + (1 ) ,  

 . 
  

  
  

Fig.  1 The schematic for 3-node model. (a) Body heat transfer 
mechanism (b) thermal resistance network [7]. 
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Fig. 2 The schematic for modeling individual characteristics 
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Fig. 3  Human body thermoregulation by active and passive systems 
[25] 
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Fig.  4  Schematic diagram for individual parameters and their 
affection, BF = Body fat percentage, TNZ = Thermal neutral zone, 
BMR  = Modified basal metabolic rate 
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Fig. 5  Lichtenbelt et al. experiment [30] schedule.   
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Fig. 9 Munir and Takada et al. experiment [34] schedule. (experiment 
1) 
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Fig. 10 Takada et al. experiment [33] schedule. (experiment 2) 
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Fig. 6 Comparison of measured temperature from one female subject 
[30] and simulated temperature by 3 node-model.   
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Fig.  7 Comparison of measured mean skin temperature from one 
female subject [30] and simulated mean skin temperature by Gagge 
model, 3node-model and current study. 
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Fig.  8 Comparison of measured skin temperature [34] and simulated 
skin temperature by Gagge model and 3node-model. 
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Table 4 Comparison of measured temperatures and current study.  
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Fig. 11 Comparison of measured mean skin temperature (case B) [33] 
and simulated mean skin temperature by 3node-model and current 
study. 
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Fig. 12 Comparison of measured mean skin temperature (case D) [33] 
and simulated mean skin temperature by 3node-model and current 
study. 
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