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A Numerical Study on Prediction of Skin Burn Injury
due to Flash Flame Exposure
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Dept. of Mechanical Engineering, Dept. of Fire and Disaster Prevention
Engineering, Kyungnam University

ol (
ol
o o %
i ;z
I o 2 o
Sk 2
z R
ol
ol
B dn
o o=
- OH
o RIOo
Iy
2
1]
o2

o
4w
Ni
:(I)g

X

2

yu)

z
e

o
g

2

Atk o) PO & EHFFE olEhe] 2% S WA

3 A[Stoll and Chianta®]$} ¥ d}e] 2 o= A=

ot
ro
F
S
ke
12 o

»
o

2

o=

Mo 47 N o & rlr o
o ok
2
B
O} j=9)
—_ -
2 o
o oX,
) 1>
B i
~N
TR
lo F
_OL
S g
o
A
Ho
ot
>
M
T
&)
2.
g
S
—
&
0]
j}
(@)
(¢}
=
=
o
&
tlo
i)
o
o
o,
2
«

4

%0
32
o

T
oT}opﬂ
30 2

8 3}
34 F 1= 3PS %9 (Epidermis, Figure 1 %) oA vk A3}
29 9 M9 (Dermis) Yol FAs, o] AA w$ 15 2Hoh 35 IS
WA e &4 2% x3sla, ool e 98t % 2] (Subcutaneous tissue)oll 7FA| IR
Aol Hv, wle R A sfo] wAsl:, FRe] WMo Wity

Stoll and Chianta”& 474 1d#F5% 3 b3t shdItel BAE AP A
g usdch. Az s AR dis] dfHo] wobde mEl =FAIE g5H
(logarithmically) &7}34& ¥ 13tgit). Figure 201 94 d#< 8t9 w=EA7+3 2% 3}
24 A BA] gk Stoll and Chianta®e] 23 A#E 7hegk 2 o2 veEbgiglch.

o

B ke
&

a

E:/:
o F
;

! _11.-}
N,

=2
1o,

i
e
>

N



B AP A= Stoll and Chianta”®] 2% sdo] td ZRAAE A4 Fayow
AZek2Ak @A) Pennes®7h AtE AALAL WAL ol gate] AmAPAE fEd
A, AbE ge %“@ﬂh7ﬁw4@%aﬂ“%%%@aaﬂ(ﬂ

1000
Hair
The Skin
Sensory Nerve Ending D
? ; L N
£
E
o
2
o
g 104
w
Subcutaneous Tissue -
Sweat Gland Fat, Collagen, Fibroblasts 1
1 10 100
q", Heat Flux (KW/m?)
Figure 1. Normal cross—sectional Figure 2. Criteria for the onset of 2nd
anatomy of the skin” degree skin burn injuryz’

agol, m9), 29, 9)8%4
Fee e ol geol wRx
243 2xd wE G wad

ol

[}
8 Pennes’: thei 2o 4

pC—=k~N*T+wp,C(T.— T,)+q’,, (1
@ (the volumetric rate of blood perfusion to the tissue per
unit volume), 7.5 #9 FALE T\ I% gdewrt 9o ¢, AAUAE E35
e SRzd O @uaEelth 4 (D de theel AAzA 2 27202
At

27123 0 T(z,t=0)=T,(x) 2)
BAZA  T(we=Lt)=T,(t>0) , k(i—f)w” (t)=0 (z=0,t) 3)
9]9] 49 #83te] Henriques and Mortiz"7} #l9Fe &418H4(damage function)& ©]
43 S S 2 AFolA 8= gk
t AFE
2= OPGXD _ﬁ) dt (4)

7)1 A, 2% FAe]l A9 P A 49kAbe] 2 A (pre-exponentia) & 3.1X10% s o]al, A

168  (AN)UIA| LRI



Ex 49 YA (activation energy)e]™, 627,900 J/mol ©]th. RS w7 A Aol wat
A AE/R = 75,000K°] t}.

del Fao A4S ARAA ALY, 1E Br nAFE 200N 287} 4w}

& WA =EADAAE 9] G Al A B TR W e Do F
Slo, 1, 2% el A% ANE Adow ws B orwel d £48ee @ol 4t
053, L0l H® WASE A0 A4S, 3% sge] AS Aol By U &4
el o] 10%] Hw WAlGE Ao v Hud Aphol e

12491 3229 (finite difference method)S ©]-83F¢] Pennes”’e] AAGAD A ujup
A4S E0h v7Y F3ZF mesh(Non-uniform space meshes)9t % Al ZFx}(uniform
time steps) %L, mesh Alo]Zo] Egzow 2LRIZ AY £ QLR 13
2o FF 2 AAE ARE AT

it
et
®
E
k=

HodFo] A= Table 19 EAAE o] §38te] A4S 88911, Stoll and Chianta”
o Ag Avel vt (Flgur 4) gFE dE4A A d& AdFel e
Z 23S & 5 Uk 53 ndHE 2AAME TorviYe 4$7E 2 o] F o] ALHE
zA9E Xu et al”9] GEAA e oF A7t Mg He eAE YERRITH

AibA o2 ndfd A9 AE wF ANE A7) oy x, ol W Aol
T 2% S Hs =E:Ate] FAGE F vk F, =F:A7te] AojAH HwE &Y
Az AR o gk Bl F EEAAde] Tkl Wil o5l g FAEYET A
Atk 2 AFA] YEINE AERE 2dolA mEA L] AARAGFE, dFAtY ¥
AEste]l AFE AT 5 AN, 27 ¢ A dFE A FF A= Holut
AZI oAb o gk B el tigk FgS AHE= o] Hasir

Epidermis  Dermis 100

—— Stoll and Chianta

a A ASTM
m Torvi

< Xuetal.

O Daleetal.

v=

t, Exposure Time (s)

v
Subcutaneous Inner tissue

q", Heat Flux (kW/m®)
Figure 4. Comparisons between different
models®™® and experimental results?

Figure 3. Schematic diagram of the
multi-layer tissue

201195 ZWLE2WEY =25 169



Table 1. Thermophysical Properties of human tissue

Physical Properties ASTM” Torvi® Xu et al.” Dale et al”
Thickness of layer (m)
Epidermis (x10°°) 5 8 10 8
Dermis (<107 %) 15 2 15 2
Subcutaneous Tissue (x10 %) 1 1 0.44 1
Thermal Conductivity, kK (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 Heat, Cp (J/kg 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, w (m’/[s m’])
Epidermis - 0 0
Dermis (<107 %) - 1.25 1.25
Subcutaneous Tissue (x10" %) - 1.25 1.25
Metabolic heat generation, ¢”, (W/m’)
Epidermis - 368.1 -
Dermis - 368.1 -
Subcutaneous Tissue - 368.3 -
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