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Numerical Simulation of Burn Using 3D Skin Model

Eisuke YAMADA™

*Japan Automobile Research Institute

Abstract
A three-dimensional numerical simulation using OpenFOAM is carried out to evaluate burn injuries
caused by flame. Reacting flow and thermal conduction in three layers of human skin are simulated. The
heat generated by flame gradually transfers to the inside of the skin. It is found that OpenFOAM has an
ability to simulate the progress of burn injury.
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1. LI

BBAMTIC LD & 2017 FFORRIKIEEIL, 39373 hThot-. F0 5 bLEmkSS (HEJHEEM, &
TEH N OB A S BT 2 6 OFEEW 2 e L7 k5 1, 3,863 M TAM KK DOWITL V. —HIFEY 10
Ll EoHE R A NTEAE L TS, KEHEG O BIIEIRIZR D DT, AMK~OBWRE LM+ 5 = &2
HETHD. F72, 20144 12 A L 0 BENBHMG SN mEKFE 2 HE LRk E e (FCV) Tk, Hik
SRR 2K BE R AR DR END Z &b, TOFERIHEIG LML LS BLELR->TWD.

— R EE N B AR B BB STAT T, HR K 2R L - RBRIC L D B ORF 2T T\ D, EEBRT
1%, ANE~OEELZBEHEBRT S Z LIZREETH 20T, RESCEGEHR SO FHRAIED & MBI EHE 5 &%
ERhDH., FIT, ZNOOFHAMENSEIES I 2 L—3 3 2 K> TEWIEE D ki % Jli+ 5 3 EE T
NORFEEIT-12[1]. ZOHREET VT, — R KEOERERE (1~ 3 ) OFHENAIHEL 725> T 5.
L LN D, ZOFEET L TIIREDOES HFIMO—RIT Tkt L T\ A 720, KR EEEDM%)S K
BEH DN E WS FEHMEN . KIERNAFFIC RS EFICELZ L b b AT, KIEOHFE %M1
HZLEHLEETHD.

T, RWFETIE, KEOFKBEFMMET 5720 ZRITTOEEET VOB Z1T o 72, Wi R AT
W2 X0 KRROBRNEFGNE ~MBD DRI E s U, KEORMZFHT 2 T E L TRIHATRENE D o
MNEITo.

2. HHEETIL

KRDPIERESNDTEIRZ TR, BADMR DD R A R & U CHR RN 21T o 7. BRABESOG % 5 T it (A 8 il fif
Hr23 A REZ2>/ /L 23— multiRegionReactingFoam[2]% OpenFOAM v1806 (250 FEfTL7=.

FEMT RIS DA Fig. 1 1”9, 220, KIEOHEPFHZFHE T2 FIEEL COF A FIREMEDORETE1TI729, K
RGN G AER T 2 HARE T V& 2. B O O O Wi AR SE s D8 5t i o 9B 7 m S i A S
RAEBREL, VRO EREICHT CTRREERSED. 70/500F 1.0m/s TRIGIZAT CEHL, S#EZRIE T
WAOEET 1 BRITE T2 TR K RETER L T2, K RITR S R m IS/ 2L, K RICED RSN
BN, B REDONERA~EDDZ 270D, 7 a0 OBRBERGE, Wen HOREE ST T V4w H 3 5([3]. E
RSB DB IE, SMADDR L, ER B I OB MRk —Mki7e 3 L, SCEk[4][5]14 2B I TR EDE
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SEWVEEZ -2 72 (Table 1). B2 OFALLMERF RS IZ L - TR SCHMMEIZR R 528, 2 2 CIHIERER 7
2 L CRHEd 2. A1 O F iR s 375 15°C0>§ DIRERL L, HEEKITREL 36CE L.
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Initial Temperature \ J
Fluid : 15°C
Skin : 36°C Skin
Fig.1 Simulation model
Epidermis Dermis Subcutaneous fat
Thickness [mm] 0.08 1.5 10
Density [kg/m3] 1190 1111 971
Specific heat [J/(kg K)] 3600 3300 2700
Conductivity [W/(m K)] 0.255 0.523 0.167

Table 1 Properties of skin

3. nl:l%

VAR OMEFR O Ml & & TeWr i OIRE /0 Af & Fig. 2 (29, FEOMEH Uiz 7 v /30 OMEFRE K28 D3 il
TR S, ESO R ERIICEZZ L TV DR RIN TN D, 1.0 BRZIZIE T e XU OffE RN 720,
R LT 5. Fig.2 & [RIRFZ 0 B RS o Wik OEE /345 % Fig. 3 (29 . TS B g m, A3 2 N T,
M RS HFM) Z 10 AR L TCERRLTWD, PN OIREN EF LIZ U, BELIZAR > T 5.
WHRM% S RENTH~OLRBNTET L TEBY, KMBIZEL Z ERHERINS.

PR & A O RS O CEEN M Tz Z & Z#EE L CE Y, multiRegionReactingFoam (2 ZRTTR
Bras, KEOHIPHZ T4 2 FiE & U TR FIEE & % 2 511 5. multiRegionReactingFoam | ik‘?‘k}ﬁ}im%ﬁﬁﬁ
TED70, HEKRR EOBGEEET L2 LT, LBEMRKEOFENFEETH 5.
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Fig.2 Temperature in the fluid region
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Fig.3 Temperature in the skin

—J7, — 072 KIGOFEAMIL, R(1)D Arrhenius B OFEAGET L CHIBT S5 [4]. QB BIEOEIZETHY,
AITBEEIN T, AEITTEMHE b 2L F—, RIFKAWEER, TIHRETHD. QIIT > 273.15 + 44 KOKFOFE
TRHii 9% . Fig.3 TI&, 317.15K Z 8 X 72 BIg)S RS R LEF THER TE 2 DT, KEGICE o 7o alREVED &
V. SRR OFHMEET L &2 FHEISEA L TV, OpenFOAM (34— Y —ATHDHDT, ZODE
TVOENIFAEETH 5.

or ~ Aexp (‘ ﬁ) (1)

T, KED LD e AR EOBERICH LT, EREMICKEOBNREAET LI 7T vy a7 7 AT
D LD 7RIREZL DO LWBLZIE, Fourier DIERI TOFBLNEHE LB 2 5L TV 5 ([6][7]. Fourier D {EHI
TIHADGREEENTERKIZRD ZENFRREEZ LN TS, £2T, AOLBEEEZARET H720,
Fourier OERIZEIE L2 T /UALBITOI TS, RK(2)D X 5 ICERFIREH « 2 W TEAORIFHE 2 6F
RETHRMRESFBRROTT AR ENBREINTND. plIBE, clXbeB, TIXRE, I, iz
T, tICE > TADBENEMESND Z 27D, 728, = 00K Fourier OIERIZ@A L7-Xic725. 4
%, 20X ETNVROURERFTHEE, A—7 0 Y —RFFEFICHRTHS.

d°T T 5
pc| T+ =kV°T (2)

4. F£E®

multiRegionReactingFoam 2 XV, BREESG % 5 T0 —ROT ORI EH BT 21T > 72, KRS DOES,
3 EMEE DR FENE MBI DR STz, BBERUS AT C&E D728, Hilik K e EOBG A BT 5
Z&T, KVBFENRKEOFHIAFIRETH H.

£, =TV —ATHhHHED, KMEOFTHET N OEARLBREGFRADOKRRELARETHY, K
BOHMEEZFHMET 5 FEE LTHARHATELZ EZ2bN5.

(B, kEFEGT7 L DBI%, JARI Research Journal, 40, 6 (2018)

TonkomoLLC/multiRegionReactingFoam, https://github.com/TonkomoLLC/multiRegionReactingFoam, (ac

cessed 2018-11-07).

3] J. Wen, and C. Wang, UKELG 50% Anniversary Discussion Meeting (2013)

[4] ISO13506, Protective clothing against heat and flame

5] I. M. Carstea, and 1. Carstea, Computational aspects in numerical simulation of skin tissues, Proceedi
ngs of the 3rd WSEAS Int. Conference on FINITE DIFFERENCES - FINITE ELEMENTS - FINITE VOLU
MES - BOUNDARY ELEMENTS (2000)

[6] Ye, H, and De, S.: Thermal injury of skin and subcutaneous tissues: A review of experimental appro

aches and numerical models, Burns, 43, 909-932 (2017)
[7] Xu, F, Seffen, K.A,, and Lu, TJ.: Non-Fourier analysis of skin biothermomechanics, Int. ]. Heat and M
ass Transfer, 51, 2237-2259 (2008)

N

[1]
[2]


https://github.com/TonkomoLLC/multiRegionReactingFoam

