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Thermal Packaging for Firefighters’ Personal Protective Elctronic Equipments

Woo-Tae Park', Jiwon Jeon', Han Tak Choi’, Hee Kwon Woo’, Deokha Woo®, and Sangyoup Lee*"

Abstract

While the conventional personal protective equipments (PPEs) covers a variety of devices and garments such as res-

pirators, turnout gear, gloves, blankets and gas masks, several electronic devices such as personal alert safety system (PASS)

and heads-up displays in the facepiece have become a part of firefighters personal protective equipments through past several

years. Furthermore, more advanced electronic sensors including location traking sensor, thermal imaging caerma, toxic gas

detectors, and even physiological monitoring sensors are being integrated into ensemble elements for better protection of
firefighters from fire sites. Despite any electronic equipment placed on the firefighter must withstand environmental
extremes and continue to properly function under any thermal conditions that firefighters routinely face, there are no specific
criteria for these electronics to define functionability of these devices under given thermal conditions. Although man-
ufacturers provide the specifications and performance guidelines for their products, their operation guidelines hardly match

the real thermal conditions. Present study overviews firefighter’s fatalities and thermal conditions that firefighters and their

equipments face. Lastly, thermal packaging methods that we have developed and tested are introduced.
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Structural collapse (3%)

|

Lost inside (5%) V

Rapid fire
progress/explosion (8%)

Exposed to electricity (2%)

Struck (6%)

Crashes (14%)

Overexertion/stress/
medical (58%)

Fell (5%)

Asphyxiation/smoke
inhalation (14%)

Burns (3%) \

Internal trauma (22%)

Sudden cardiac death
(56%)

Other (5%)

Fig. 1. US Firefighter deaths by cause of injury (a) by nature of
injury (b)[1]
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Table 1. Recommendations for the thermal class[3]

Thermal Max. Time Max. Temp. Max. Heat Flux
Class (min.) (°C) (kW/m®)
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Temperature (°C)
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Radiant Heat Flux (kW/m?)

20 300 %0 1000

Fig. 2. Thermal Exposure Limits in the Firefighting Environment[11]
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Response of Dry Garment
to 2.5 KkWn? & 60 kWny? With Flames

60 kW/m?

——Garment Shell Exterior ——Inside Garment Beside Trim

——Inside Garment Behind Trim

Fig. 3. Thermal protection provided by current firefighter’s thermal
protective clothing ensembles[3].
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THERMAL RESISTIVE
SILICONE P PS F

CORK AIR

Fig. 4. Layer structure of the package. Thermal resistive silicone/

PPSF housing/Cork inner-liner is the three layer structure.

Table 2. Material properties used for the simulation

Silicone PPSF Housing Cork
Density(kg/m’) 1.16E3 1.28E3 400
Thermal Conductivity
(Wi(m-K)) 0.35 0.35 0.065
Heat capacity(J/(kg-K)) 1000 351 1500
160 -
140
O 120
Q. —A—t=1mm  w/o cork
® 1004 |[—e*—t=1.5mm w/o cork
5 ~s—t=tmm w/ cork
© 80 |—v—t=1.5mm w/ cork
8_ 1
£ 60+
)
T
20+
0 T T T T T
0 5 10 15 20
Time [s]

Fig. 5. Thermal simulation of the core tempature of the package. ‘t’
is the silicone thickness.
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button type temperature logger (right).

Table 3. Radiation heat flux experiment

.. Radiation =~ Exposure =~ Maximum Surface
Condition - .
heat flux time internal temp ~ temp
Case+Cover 10kW/m> 3 min 30s 51°C 270°C
Case+Cover 20 kW/m® 4 min 64°C 270°C
Cover only 10 kW/m’ 4 min 93°C 270°C
Cover only 10 kW/m’ 5 min 109°C 270°C

Fig. 7. Radiation heat flux instrument. Higher heat flux is given by
reducing the distance between the heat source and subject.
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Table 4. Various oven heat flux experiment

Experiment Temp Exposure Maximum
type condition time internal temp
Oven 260°C 5 min 43°C

Convection 260°C 5 min 63°C

Fig. 8. Oven for heat flux measurement.
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