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Fia. 7. Normalized arterial and venous blood temperature profiles along the length of a
limb or rete with a symmetrical vascular arrangement of type 1 that implies N, = N,
as modeled by Mitchell and Myers. The parameters N, and N, correspond to N, md N,
respectively. (Reproduced from [45), the Biophysical Journal 8, 897-911. by copyright
permission of the Biophysical Society.)
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across the vertical dashed lines. (Reproduced from [36], with permission.)

Xﬁﬂ:iﬂﬂ]ﬁ%ﬁ (maCbT)ax = maCbTa(x+dx) + (UA)a (Ta _Tt) + Cba)praA<dX (7'12)

o~ HAK R AR P IERET: % ml/ml/min



12 KA TE

d(mgcT, | (UA),
&( P: j:( AK) (T, -T,)—c,ap,T, (7.13)
WX T AT
d(mgcT, ) (UA),
—&( Ai’ j:(Ax) (T,-T,)+C,ap,T, (7.14)

TR, AT S ORI B T

mazmao—ja)pbA(dx (7.15)
0

mv:mvo_jwpbedX (716)
0

mao, mvo JEf x=0 W MBIEIKILTE, AEEREIIA, FHEGE mao=mvo, XK, H 15 M

16 X152

dm,
dx

7130 1

dm, ¢,T, , mC, dT, _ (UA)
dx A, A, dx A

X X

¥ 17 N 18 K, X T
FEARRR Iy, SO L, B shi ik iR AR A <5, 1N

dm,
dx

(7.1D

=—ap, A =

&M, -T,)—cyamp, T, (7.18)

(UA), =(UA), = (UA)

W 18 AN
dT,
dx
HRFE 5, 14 AT A4y

mc, =(UA)T, -T,) (7.19)

dT,

= (UA)T, - T,) +Cap, A (T, = T,) (7.20)

FE T AT A 7B AL 4 4 i 5 P AL ST, 4
To=T, Ty HIBAL 3 HE AR s
R 20 ST T 280 T



dT,
dx

—me, —~ = (UA)T, - T,) +C,ap, A (T, - T,) (7.21)

Wz, XTAEER dx KIAGHTT, ERREE 1M N

kA G| ORI, T+ 0Tl 0, T, “TIA D QA

dT (7.22)
= (_ktAx d_Xt) X+dx
P Qm: FRALARBUBRAC I 1 = A
i /8 AN O e Sy
d’T :
Ki " UA)I(T, - T,) + (T, =T,)]+ ap,C, (T, —T,)dx+Q,, =0 (7.23)
X

I (UA) =0 23 ALK Pennes Jif%
I (UA) =0 VBN ) T —Jai #B50 fhk if

WRAAE

Ex=04, T, (0)=T,(0)=T,

B, BRI DAL LTI AR XI5k
Ex=s b, T.(0)=T,0)=T,

I, K L 3P 5 L R B P i

Tv, Ts— %EM

%19, 21, 23 HH4TsRAE.

% 18 B M S TP
(UA) =01, BIZBSSIRK-2HSL, EHbk-21402 1) AN T, X,
T.(X)=T, (7.24)

X, A REE-F4 )7 FE 7] 3K fid—Pennes equation
XX — B TR R, 435

Qu

T, =C, coshAx+C, sinh x +
APy, Cy,

+T, (7.25)



/1 — a)pbcb
|k

BHHPESRE  (effective thermal conductivity)
X T R A SIHTAR , TR L A

_ keff (Tb _Ts)
S 5
AR 4 o8 L i )
dT
qs = _ks_t
ax |, _s

M4 27 F1 28 =X, Ay

Ky -5 dT,
k

. (T,-T,) dx

X=0

T()-T
B A e 0 = 1L = To)
T. T,

M2 7.25 AR H

sinh Ax

0 =glcoshAx =1l +[1+ gl =cosh20) 2=

_ Qn
$= ap,C, (T, =T,)

IXHE 29 HT 5 0

Kt A6 N Q,6° tanh(15/2)
k., tanhio (T,-T,) kAo

keff

K1 . M AO ZIHFIR AR

t

A6 - HERAL IR NI AL R R B

(7.26)

(7.27)

(7.28)

(7.29)

(7.30)

(7.3D)

M A6 <1.0, HFRARE =R 52 R K (metabolic heat generation)

k
was T, =

t

T, AS >1.0, BEACE IR



]
/
7
/
/
/
/
/
i
/
/
/
n

. A
0
Omd cul
SF TpT, em.s-"C
(1y o
al (2) 1x10°4
(3) 1x10 3
|
<
=: =
%‘) -
4
-
2k
p
L’
(3) ——\ -
_____ _‘_" 7
/
/
7/ \
2 /) \
4
- >"—/
————— RS
lr_,/
A1 4 | '
ol 02 050403 10

P 1

T
20 304030

Ad

L
0

lissue effective thermal conductivity relative to the solid tissue conductivity as a

funchion of the dimensionless product 24, under conditions of zero blood-tissue convection

ransfer (UA
iion term Q,,8°/(T,
(Reproduced from [36), with permission,)

(3) Wulff fin

0). Each curve is based on a different value for the metabolic heat
7.). Based on the bioheat transfer model of Keller and Seiler.
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