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Calculation of thermal effect n skih-tissueZnduced by laser
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(1L Deparment of Optics & Electon Engineering, Ordnance Engineering” Callege, Shijiazhuang 050003, China; 2 State Key
Laboratory of Precision Measurement Technology and Instruments, Departnent of Precision Instruments and Mechanology,
Tsinghua University, Beijing 100084, China)

Abstract: In order © study near-infrared laser safety problem, the thermal model of biological tissue induced by continuous
laserswas set up and the precise exp ression of transient tanperature distribution induced by laser both in irradiation and diffusion
processwas obtained through discrete variable method Taking skin tissue irradiated by chemical oxygen-iodine laser as an
examp le, the skin temperature distribution was calculated and analyzed The calculation showed that temperature increased with
the power density and irradiation time, temperature’ of biological tissue subjected t the surface decreased slowly when the
irradiation ended, but the temperature in the deep biological tissue increased at first and then decreased slowly The analyzing
result is in accordance with the relative eXperimental result,which proves the laser irradiation model correct The result is helpful
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© the research of themal damagesinduced by continuous laser in material
Key words: laser physics;.temperature distribution; resolution calculation; skin-tissue

EEEN

e RERO G I — BRI 2 oL 4225 1 YT
FR TSRS A R X H R SR TR
PR T o WO A IR S AR A A
K& M o R A MO 37 AT LLSE LR DR
S BANF LR B H L2 80448
WHiH 24 R B INRTE o B REROL IR RGN
T B RAaR I R ER RGO HR o A i et 2
TR RE AT A BT SO BORA R R A A
TERBAEEERT L . HETENIMTRE T R HDE

HEUH A EELERE SR BIIE (20060400418)
VEE®A F J7 (1983-) % AL 5Tk | FEEW R TT
] OGS A A M HAE T o
* HHEER AN . E-mail: niuyanxiong@263 net
Wk H 1 : 2007-06-06; WL EIME Hcfis H 1 : 2007-07-25

8 R A R R AT RN SS9 A 0 (B
SR TROCESAIRTY SRR R AL G #5475 F
FEARWARGE -

VR RO 8 R R 2 2 RN T i sk
AL ITRE SRAT T HOL AR IR G BO A 5 B
FEG AT BORS RAARAT AR AEDLEEGE B DL 1 315um HY4A
RO R B GUA B 21T T BB T -

1010

BUEEEA , —EEROLIE A WHSEHA
GBI AHLAWWOHO TR RE R S RS RIRS)
I SEREFA LRI IARE 200 BRI 2R B
T U T A A LS I R BN H A P
W ST ERSERZL S A PR R E
FESGCHITT A ST OG-S A P 2H UM B A AR 4 1]
AR o



¥ 325 4 s BOOY BOGHE I B IR SR I ST T A 543
laser dzzzz +BZ -Z(z2) =0
d7
(9)
dz(z2) _
=0
dz
tissue _ ~ _K 2 -1
T (29 _B;ﬁx{' il J- MOREAGES
\E Sz T @) (10)
Fig 1 Physical model of biological tissue irradiated by laser *ETE@%/T\ 14: :
11000 m Z(B,2) =coP -z
B AR R ORI R R SR S R 12 (11)
N N@B)
aT, I, A
pC =K 2 +Qr (1)
at o7 T(zt)zlbexpﬁ‘uz’tn-lexpuz'}i'}'
ST, (2 O REGUR AT EERRS, GER e 28 o " ec
R E | L RE  « HSIREAE,Q, N AR
WO B - exp (- w, )= erf 45 2 oc +
dl oC
Qr =- q = bhexp(- w2 (2)
z Z + Ua 4 K
A, R BRGSO O ORI R B, o gt SRR fr, 2 pC] *Th (12)
Tz = 04 ROET R o e
ﬁﬁiﬁq%ﬂﬁlﬁ%ﬁ:yj ZD:H:”:‘D
T, (2, t)lto =Ty (3)
AT, MR B L R R B R E R e 2 1ED0R0Donobo )
3R BN 37 Co FRAE LA 2 %o S8 R i T Bk A S0k A T T
B (1) ~ ()i s o ﬁﬂjﬁéﬂf/\m#“%%;@ P EKE w2 RAEWNT
(' a ) 2
T(zt) =T +'°Jeow#[ eXl{fcua} - ] (4) p=(1L3-03w) x10°
L 200000 ¢ = (1 55 +2800w /p) X10° (13)
o = (0. 06 + 570w /p)
PIEFTTRER *
- AN\ A =1315m i WA TR IES R 1P
pc_atz = na—zj (B) TR

H T PSSR AR /I R B EASE 19 #i F m]
LAZZR: TSR IG 2 A0

0T -0
9z (6)

T, (2, t)|t . =T1(z £)
b 4 MO EE IR A o it B AR gk B (5)
2~ (6) A TR A7 -
T(zt) =2(2 T (1) (7)
SEE AFEIREL T (ORI

T (1) :ex;{-—K‘Bz } (8)
pcC

A, BB R 2 AR R AL Z (8, o)Wl N
S

Xt Ak

Table 1  The physical parameters of skin tissue

water contentw 05

density p 1150kg/m®

themal conductivity & 0. 31W /(m - K)

gpecific heat ¢ 27673/ (kg - K)

absomtion coefficient y, [*1 1 19em?
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Fig 2 Temperature distribution on the condition of different depth
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Fig 3 Temperature distribution on the condition of different power density
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Fig 4 Temperature distribution on the condition of different depth in heat
diffusion process
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