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Effect of using phase change materials in firefighters’ protective clothing on the
thermal tolerating time
Alireza Zolfaghari’, Mohammad Fathian, Mohsen Talebi

Department of Mechanical Engineering, University of Birjand, Birjand, Iran
*P.0.B. 97175/376, Birjand, Iran, zolfaghari@birjand.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper Under the critical thermal conditions, the human body cannot adapt itself to the environment using
Received 31 July 2015 physiological thermoregulatory mechanisms. Under these conditions, using protective clothing is one of
Accepted 18 October 2015 the effective ways to protect the human body against the thermal injuries. Therefore, in the present
Available Online 08 November 2015 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
gfg’;’ggtrisziclothmg contribution of this study is the simultaneous modeling o_f PCM based pr_otective clothi_ng with physi(_:al
phase change materials and physiological mechamsn_ws of the hu_man body. For this purpose, multl—l_ayer protective clothing V\_/lth
scorching conditions a PCM layer has been considered and its thermal performance has been investigated under scorching
thermal tolerating time 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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Fig. 1 Three different arrangements for placement of PCM
layer in the protective clothing
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Input data and Initial conditions

v

—> t=t+At

v

Solving the clothing equation (Eq.1) with
its related boundary conditions (Egs. 3 & 4)

v
Calculating Q. « from Eq. (7)

v

Evaluating the body control signals from
Egs. (10)to (11)

v

Calculating the thermoregulatory
parameters from Eqgs. (14) to (17)

v

Solving the body equations(Egs. 21 and 22)
and evaluating 7, and T,

v

Calculating thermal sensation (TSENS)
from Eq. (24)

Yes

No

Output the desired parameters

—
Fig. 2 Flowchart of the present study calculations
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