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ABSTRACT

Many fire-fighters suffer from the burn injuries, and the severe burns are the most catastrophic injury a person can sur-

vive, resulting in pain, emotional stress, and tremendous economic costs. It is important to understand the physiology of
burns for prevention from skin burns and a successful treatment of a burn patient. But a few researches have been pre-
sented because the complex physical phenomena of our inside body like non-linearity characteristics of human skin make
them difficult. Thus in this study, thermal analyses of biological tissues exposed to a flash fire causing severe tissue dam-
age were studied by using a finite difference method based on the Pennes bio-heat equation. The several previous models
for skin thermo-physical properties were summarized, and the calculated values with those models of tissue injury were
compared with the results obtained by the previous experiment for low heat flux conditions. The skin models with good
agreement could be found. Also, the skin burn injury prediction results with the best model for high heat flux conditions

by flash flame were suggested.

Keywords: Skin burn injury, Flash flame, Bio-heat equation

91919] 6% 7t BP0 LEhkon ol sl
918 Tt A7} WY Folth®,

A AGN e A3 s =L 9] SElvete] sPdsial TS ARAZ R o
ZXE 2AE BEsy] Y5t HEES g3l 9o FAHTE ARE FAHORE AWEW 20054 5-E 2009
U e sy shialae wid AEHo s wAEal 9l Wd7kR oF 306 % S8k Ao yeRgen, ¢ 10
th. 2008 A FAMY D1wA AksolA skR uhyko 2= 084y Wehs Ao A ATHY, 2011
o 95t 497t 55%S AL Ao}, ArERES} W s s AR5 osi sAjAlaE SElyEt
SAPIIIAIA AL s AAolls olr Hol IAE  w=E Qlytie] oF el o] Wol whAEhH | w|=e AL
Aoz AEntV wjZe] A$ 20090d% 2FTEA AL Y Aol A 1047 oF 50% 7Ad uhd vt

' Corresponding Author, E-Mail: jklee99@kyungnam.ac.kr
TEL: +82-55-249-2613, FAX: +82-505-999-2160

13

ISSN: 1738-7167
DOI: http://dx.doi.org/10.7731/KIFSE.2012.26.5.013



14 o)F7 -
1000
Emergency

3

e

.E Ordinary

% 100 -

o 3

£

L]

- J

&= Routjne

<

1 10 100 1000

Heat Flux (KW/m?)
Figure 1. Classification of fire fighting conditions®.
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Figure 2. Normal cross-sectional anatomy of the skin®.
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Figure 3. Criteria for the onset of 2nd degree skin burn
injury®.
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Table 1. Thermophysical Properties of Blood™”

= ogig 2 9 Parameters Vaues
Blood density (kg/m®) 1060.0
o= !; pexp(_é_i) ot ©) Blood specific heat (JkgK) 3770.0
Arterial blood temperature (°C) 37
T e 798 zAGA L57) 44°C o)Ato] W Core temperature (°C) 37
Table 2. Thermophysical Properties of Human Tissue
Physical Properties ‘ ASTM 1930™ ‘ Torvi and Dale™® ‘ Xu et a.*” Daeet a.*®
Thickness of layer (m)
Epidermis (x10°°) 5 8 10 8
Dermis (x10°) 15 15
Subcutaneous Tissue (x102) 1 1 0.44 1
Therma Conductivity, k (W/m K)
Epidermis 0.255 0.24 0.235 0.255
Dermis 0.523 0.45 0.445 0.523
Subcutaneous Tissue 0.167 0.18 0.185 0.167
Specific Heet, C, (Jkg K)
Epidermis 3600 3600 3600 3598
Dermis 3225 3300 3300 3222
Subcutaneous Tissue 2760 2500 2700 2760
Density, p (kg/m’)
Epidermis 1200 1200 1190 1200
Dermis 1200 1200 1116 1200
Subcutaneous Tissue 1000 1000 971 1000
Blood Perfusion Rate, » (m*/[s m’])
Epidermis - 0 - 0
Dermis (x10°%) - 1.25 - 1.25
Subcutaneous Tissue (x102) - 125 - 1.25
Metabolic heat generation, g, (W/m?)
Epidermis - - 368.1 -
Dermis - - 368.1 -
Subcutaneous Tissue - - 368.3 -
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