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Under the critical thermal conditions, the human body cannot adapt itself to the environment using 
physiological thermoregulatory mechanisms. Under these conditions, using protective clothing is one of 
the effective ways to protect the human body against the thermal injuries. Therefore, in the present 
study, the effect of using Phase Change Materials (PCMs) on the performance of firefighters’ protective 
clothing has been numerically investigated under the critical scorching conditions. The main 
contribution of this study is the simultaneous modeling of PCM based protective clothing with physical 
and physiological mechanisms of the human body. For this purpose, multi-layer protective clothing with 
a PCM layer has been considered and its thermal performance has been investigated under scorching 
conditions for three different arrangements of the layers. The results show that the middle layer of 
protective clothing is the best position for implementing the PCM. Also, the best melting temperature 
for the mentioned PCM is about 40 C. Moreover, the results indicate that using the PCMs in protective 
clothing can increase the thermal tolerating time from 300 seconds (for non-PCM protective clothing) 
up to 900 seconds under the scorching conditions. 
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Table 1 Thermophysical properties of the protective
clothing’s layers [10]  
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Fig. 1 Three different arrangements for  placement of PCM 
layer in the protective clothing 
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Fig. 2 Flowchart of the present study calculations 
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Fig. 3 Comparison of the present study results with numerical 
and experimental results of Tian and Zhao[20]  
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Fig. 4 Comparison of the present study results with the results 
of Wang et al [16]  
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Fig. 5  Time variations of thermal sensation index under 
scorching conditions by using protective clothing with 
arrangement of Case 1  

 
  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

      

  

374  13941511  

) 
 ( )  (

7 8  .
7 

40 80 

   

  

  
  .C40

 .

  

 .
37 

 .

 .
8 
40  

  
5 8 

40 
PCM 200 

800  .

100 

 .
 40 

  .

  

Fig. 6  Time variations of melting front location of PCM in 
protective clothing with arrangement of Case 1  

 
  

  

Fig. 7   Time variations of skin wettedness due to regulatory 
sweating for a person with protective clothing with 
arrangement of Case 1  

 
  

  

Fig. 8   Time variations of skin mass fraction for different 
melting temperature of PCM used in Case 1 protective  clothing   
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Fig. 9  Time variations of thermal sensation index under 
scorching conditions by using protective clothing with 
arrangement of Case 2  

 
  

  

Fig. 10  Time variations of thermal sensation index under 
scorching conditions by using protective clothing with 
arrangement of Case 3  

 

  

Fig. 11  Comparison of thermal sensation index for using three 
different arrangements of protective clothing contains a PCM 
layer with 40 C melting point  
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