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Abstract

We consider the effect of temperature dependent thermal
conductivity on temperature rise in biologic tissues during
microwave heating. The method of asymptotic expansion is used
for finding solution. An appropriate matching procedur e was used
in our method. Our result reveals the possibility of multiple
solutions and it gives insight to avoiding hot-spot in the tissues.
Clearly some tissues are heat sensitive while others are heat
resistant.

Keywords. Thermal conductivity, temperature rise, biologssties, microwave heating.

pp. 181 - 186
1.0 Introduction

The subject of heat deposition and consequent rise in temperatwiagrtissues
has been the studies in a number of literatures [2, 3, 7, 9, 12, andH&}e rEsearches
were prompted due to the therapeutic advantage the rise in temnpesdthin a given
range had on the cancerous tissues. Diseased cells areyeldsat the rise of
temperature within a given time. Increase in number of etiestroyed after a longer
time interval. At a given time and an increase in the rigenperature greater numbers
of cells are destroyed [1, 16]

Heating deposition is not uniform in tissues, destruction of surroundingahdissues,
possibility of hot spot, heat sensitivity or resistance of tssue some of the questions
that are raised in the literature [4, 5, 15, 16].

The physical properties of tissue can lead to formation or hinelainicot spot as
reported by Smyth [15]. Saxene and Arya [14] in their model of éemtypre distribution
in human skin assumed that the rates of blood mass flow, metaboligemeaation and
tissue thermal conductivity are different in the three-layer mpagposed. The rate of
blood flow and metabolic rate was considered a function of position and temperature.
Pal and Pal [13] studied the steady-state temperaturebdigin in human skin and
subcutaneous tissue (SST). Their model accounts for heat conductioniopediuthe
capillary beds and metabolic heat production of the dermis and subcutdissogs.
Using other simplifying assumptions they obtain their solution imgeof confluent
hyper geometric and Airy’s function. Very recently Jiang ¢8htiscussed the effects of
thermal properties and geometrical dimensions in the skin burn injiNgesind Chua
[12] proposed a comparison of one and two-dimensional programmes fastipigedine
state of skin burns. Lui and Marchant [11] considered the microwavadnextthree-
dimensional blocks with a transverse magnetic wave-guide moddoimgaectangular
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wave-guide. El-dabe et al [6] in their paper investigated ffieete of microwave heating
equations in the thermal state of biological tissues. They consgqueetlicted the
effects of the thermal physical properties on the transient temperatussugfsti

In the present work we are studying the effect of temperadependent thermal
conductivity on temperature rise of biologic tissue during microwesating. In the next
section we present the mathematical formulation of the problenhe whsection 3 we
outline the method of solution. In section 4 we discuss the result.

2.0 Mathematical formulation
Following the works of Kritkos, Foster and Schwaw [10] and Wulff [17]haee
our Energy equation as:

0 . .
E(C"‘ p.T)=Div (KpgradT)-Div (p, C, Tq )= p, C, @T +HM+Q(x,T,t) (2.1)

We consider the following reasonable simplifying assumptions
€)) We neglect the heat due to metabolic process.
(b) We assume:

0] Uniform blood flow
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(i) The thermal conductivity

K =(1+b8)’; nOR (2.2)
(i)  The heating source is taken as
Q, :ah(%(l—%jj e™u(t) (2.3)
Non-dimensionalising the equation as in Adebile [1] we have
06_ 0 98] _, 96 _
o " on {(1+C19) 6/7} a, o a,6+Q (2.4)
with initial and bounding condition
8(n0)=6,(n), 6(0,7)=x,6(L7)=A (2.5)

3.0 Method of solution
We solve for the steady state problem in this paper. Henatheion we shall
solve is

0 0% — %_ - dem —
5{(1%10) 6,7} %o a,6+a,{n(1-n)}'e™=0 (3.1)
6(0)=x,6(1)=2A (3.2)
using the series method 6(n)= ia,/yf,/ysy2 (3.3)
for solution near; =0, and ()= p,(1-7)", %<n<1 (3.4)

for solution near; =1, in equation (3.1) and (3.2) we have for a selatte@
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{aoao -a, —af{n b, +17(7-1)b’a, + M(”_l)(g_z)bl % }wzal}

/7(/7-1)(/7—2)bfa§}
6

a, {aoal—ahm—Zal {/7b1a2 LErE +2a°;2 )77 -1)b; )}

(3.5)

a, =

2{1+/7 ba, +n(n-1)bfa; +

o P2 (o, 2ata, oo +22,0.) (36)

_4a2{,7b1a1 +,7(,7_1)b12a0a1 +’7(/7_1)(,76_2)b1 aoa1}+20,2a2:|

n(n-1)bia; +/7(/7—1)(/7—2)bf<'=1§}
2

6

. -1)(n7-2)b?p?
{aopo—ahk -pf{nbﬁn(n—l)bfpﬁw” )(g ) p}-azpl

_ _ 3.3
2{1+f7b1p0+f7(/7—1)bfp§+'7('7 1)(2 2)b p°}

n(n-1)(n-2)b’p’p,
(n-1)( - )bip p}_z%pz}

6{1+/7 ba, +

P, =

_4p2{nb1p1 +n(n_1)b12 p, P, +
(3.7)

_ _ 3.3
6{1+f7b1p0 +n(n-1bip: + 1 1)(2 2)b, p°}

ps{aopl-ahme-m-zpl[r,blpz+(pf+2p°pz)”‘”‘1’bf)}+
2 (3.8)
n(n-1)(n-2)
e
Using the relevant boundary condition we have 8(0)=x=a, (3.9)
a1)=A=p, (3.9a)
We now match the inner solutioqg') and outer solution(°) using the matching

condition

}{pi P, + P2, + P,( 2P, P, - P2}

6'(n)=6°(1-n)

atn =% (3.10)
0'0_06° .
W— a7 (1-n7)
After much algebra we obtain
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o s@rae)| [ (b+bic,))
2a’B, ' 2b°B,

= - = =1 (3.11)
a’B, b’B,
(al L 11 2;c1 )) [pl L 1Zb2§c2 ))
ab, 2 _
and ™ + ~ =1 (3.12)
2aB, 2bB,
A a+a’c, 2_ b+b?c, ’
where g=-{(a,-p,)+(a’A -b AZ)}+[ 25, j [ B, j (3.13)
1+2ac, | (1+2bc,)
N_( 4aB, j [ 4aB, j (ah =bA,) (3.14)
=b=y
a=b=7 (3.15)

a,=A +Ba’+ca,,p,=A +B,p] +c,p,
The solution to the problem becomes
6'(n)=a,+an+an’+A hot,0<n<y
0°(17)=p, + p(1-77)+p,(1-7)" +A hot, y,<n<1
Solving the equations in (3.11) and (3.14), we obtaiaral p for specific variables.
Other results such am and p, follows. For the purpose of our graph, we denote
a,=a,,aq, =a, ,a,=a, ,8=Thetha (where S1 means solution 1 and S2 solution 2), all

other variables were used as they appear in the text on the graph.

(3.16)

4.0 Result and discussion

Our result revealed the existence of more than one solutiory @fiveen location
within the tissue volume. This observation is clear from Figures 1-8. We caly stath
that solution to the temperature rise is unstable when the thewnmauctivity is
dependent on temperature. Great care must be exercised so thdttissuea are not
destroyed since the part of solution at any given stage cannot be predicted.

In Figure 1 it is clear that boundary condition affects the pasgiiske in
temperature at a given tissue location. Adjusting the boundary coneltibisurely
adjust the location of a desired maximum temperature rise.

Figure 2 reflects that the highest temperature rise edodated at about the mid-
point of the tissue. This knowledge can be used effectively for centrally locatedrsim

In Figure 3 and 4, the rise in temperature exhibited diffgrenfiles for different
thermal conductivities. We can see that hot spot formation can beddndiéh the aid
of the thermal conductivity. Higher rise in temperature is possdsldower thermal
conductivity. Similarly the behaviour of thermal conductivity can ptarcold spot as
seen in Figure 4. This will be useful in Hyperthemia.

In Figure 5, comparism is made of the rise in temperatute difterent thermal
conductivity. This figure actually supports the discussion in Figure 2-4.
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On the other hand, figure 6 reveals the possible rise due teralgpating device.
This will guide the medical expert regulate the parameisesl in design of the heating
devices to achieve the maximum/desired temperature rise. iZéhefsengine can also
lead to a greater or smaller rise in temperature.

Figure 8 gives a clear picture of the effect of diffetermal conductivity. Our
result is a significant one for use by medical expert to prorafieetive microwave
hyperthermia. Our result agrees with experimental findingsstébility of temperature
rise due to non-uniform deposition of heat in tissue. The effect ah#reophysical
property will throw more light on the need to know precisely tissopgsties before
hyperthermia commences. These result no doubt improve medical tphaold gives
guides to engineer in the design of machine.
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Fig. 4
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