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Abstract: To understand the physiology
of any human body study of temperature
regulation of human body has great
importance. We drive a Bio-Heat
Equation for solving the heat transfer
problem in blood vessel in the dermal
region  with environment. We have
assumed that heat transfer in body is
combined result of  the convection,
evaporation and radiation which are in
use as boundary conditions for solving
any Bio-Heat Equation. Finite difference
technique is used in order to find out the
temperature distribution of human body
due to arterial blood temperature.
Normal body temperature is always
consider to environment temperature
(Tb) at 370C. Any disorder in the
temperature parameter may cause lots of
abnormality in the body. In the present
paper ,we study an unsteady temperature
variations of dermal region of human
body by changing arterial blood
temperature for transient case. The nodal
temperatures are noted at different time
intervals.
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I. INTRODUCTION

In medical science and biological process
,mathematical technique play fabulous role
to understand  advancing physical
processes. Body temperature plays an
important role to regulate every biological
system.  Metabolism is main source to
generate heat continuously within the human
body. If this heat is not lost from the body,
then the temperature of body will keep on
rising continuously. Thus the body heat is
continuously lost to the surrounding. The
process which maintains thermal balance
between the body and surrounding is known
as thermal regulation system of the body.
There are many factors affecting body
temperature like atmospheric temperature,
the body mass and surface area of the body,
Human body is composed of three layers
namely  epi  dermis, dermis and
subcutaneous. Due to absence of blood
vessels in epidermis, the blood circulation in
epidermis is negligible. And dermis blood
flow is variable while uniform in
subcutaneous tissue. The rate of blood flow
in SST region is most variable in
comparison to other parts of the body.

Many investigations have been made to
study thermal responses in normal and
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abnormal conditions. Perl [7] combined
differential forms of Fick’s perfection
principle with heat conduction and matter
diffusion equations and metabolic term to
obtain equation. He used equation to solve
its simple cases by taking all parameters as
constant throughout the region. Perl and
Hirsch [8] used this equation to test the
transient response for measuring local tissue
blood flow on dog and rabbit kidney. Trezek
and Cooper [6] computed thermal
conductivity of tissue by taking all
parameters as constant.

Cooper and trezek [2][3] obtain
solution of equation in SST region by taking
all parameters as constant. Patterson [4][5]
made experimental attempts, to determine
temperature  profiles in  skin and
subcutaneous region. Saxena [9] solved
equation by similarity transformation in SST
region. Saxena and Arya [10] used variation
finite element methods to solve the problem
of steady state temperature distribution in
three layered skin and subcutaneous region.
Saxena, Arya and Bindra [11] obtained
unsteady state temperature distribution in
human skin and subcutaneous tissue region,
by using the variation finite method and
Laplace transform method. Saxena and
Gupta[12] discussed the effect of tumor on
temperature distribution in human skin.
Saxena and Yadav [13] and Shukla [14]
solved various types of temperature
distribution problem in skin and SST region
with thermal injury in steady state case.
Although in this field lot of work has been
done by many mathematician, scientists and
other researchers but it is not possible to
explain the work of everyone .Results
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obtained by all mentioned mathematicians,
scientists and researchers are much under
consideration, but their studies are confined
to take constant or average values of arterial
blood temperature and venous blood
temperature is equal to tissue temperature,
which are practically not possible in the skin
and SST region.

In the present paper we have taken arterial
blood temperature as position dependent and
venous blood temperature is also taken
variable.

Il. STATEMENT OF THE PROBLEM

A study of temperature distribution problem
in dermal region is the combined study of
following processes.
1. Transfer of heat by conduction
2. Transfer of heat by blood circulation.
3. Generation of heat due to metabolic
reactions.
4. Heat loss or gain at the skin surface
due to convection, radiation and
evaporation.

Let Q be the quantity in heat transfer in a
tissue element of at time t, then the rate
of change of heat transfer Q is denoted

Q
by Ot and written as follows:
@(@j (@j (@j
ot ot )4 ot J, ot ),

............ (1)
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(@j _
at Jq Rate of change of
heat transfer due to diffusion

(@j _
ot P Rate of change of

heat transfer due to perfusion

s
ot Rate of change of

heat transfer due to metabolic heat
generation.

According to the Fick’s law of diffusion

)
ot /g can be written as:

(@j :pcea-tr ¢ = div(KgradT)

ot
2
Where
P = Density of tissue
C= Specific heat of the tissue
K = Thermal Conductivity of the
tissue

T = Temperature of the tissue

&

Now o Prate of change of heat transfer
due to perfusion is defined with help of
Fick’s law of perfusion and it can be written
as:

aQ
&

oT

E p = PCo@ala — PG Ty,

(3)

J =
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Q) _ T _ )
[atjp_pcat /" PCodaTa~ 4T

(4)
Where
P = Density of blood

Cs = Specific heat of blood

A = Arterial blood perfusion rate

Ty = Temperature of arterial blood

A = Venous blood perfusion rate

Ty = Temperature of venous blood

(@
ot

jm Metabolic heat generation is denoted
by S and it can be written as:

QY _ T/
(Ejm‘pcat”” >

Q)

Now replacing the terms on both side of
equation (1) with the help of equation (2),
(3) and (4), we get following partial
differential equation :

pC% = Div(KgradT )+ 0,C, (4, T, -4, T, )+ S
(6)

In dermal region the difference between 2

and ¢V is very-very small, so On =t .

pC@ = Div(KgradT)+m,C, (T, T, )+S

ot
(7)
And we have taken
T, =qT

(8)
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At the skin surface heat loss or gain due to
convection, radiation and evaporation can be
written as,

kR h(T -T,)+LE
on

9)
Where

T = Normal to skin surface

h = Heat transfer coefficient

Ta = Atmospheric temperature

L = Latent heat of evaporation

E = Rate of sweat evaporation
Here first term on the right hand side of
equation (8) shows heat loss and heat gain
due to convection and radiation and second
term LE determines heat loss due seat
evaporation from the skin surface.
It has been discussed earlier that a human
body maintains uniform body core
temperature which is equal to 370c
approximately.
Therefore inner boundary condition can be
written as:

T=Ta=T,
(10)

Where T, denoted the body core
temperature.

IH.MATHEMATICAL ORMULATION

The partial differential equation (6) coupled
with equation (8) and equation (7) , written
in one dimensional unsteady state and
compared with “Euler-Lagrange’s equation
is transformed into the following equivalent
form :
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a
3] 2 2
o
I:EJ. K(i) +mc, (T, —TV)Z—ZSTerCﬂ dx+1h(Ta ~T)? +LET
20 ot 2

(11)

T T Ty o T

X=a, x=a,

We assumed the values

at the points X=0,
and X = % respectively. Here a is the
thickness of epidermis and dermis together

and 3 is the total thickness of dermal

r
region. Let (%) (r =1, 2, 3) represents
the linear values of T(x) in three sub regions
respectively.

SOLUTION

If 1,1, and |3are the values of | in three

sub-regions then =
For solving equation (3.1) we used same
conditions which are given in Table 1. The
following additional conditions initial and
boundary are also used :

T(x,0) =22.87 + px p>0

0<x<a,

T (as 1 t) = Tb
T(a;,0)=T,
Where p is unknown constant.

We get,
I

1 =

1

|2 = (Tz _T1)2 A1 +(T2a1 _TlaZ )2 Az +(T2a1 _TlaZ )(Tz _Tl)As +(Tza'1 _TlaZ)AA

K h 1 0
;1”1 _To)2 +§(|'0 _Ta)z +LET, "'gpcal a(Toz +T12 +TOT1)
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1 B B, = —q2
— - — (T2 2 2
(Tz Tl)A‘S + Ae + 6 pC(a2 al)at (Tl +T2 +T1T2) 2(3.3 — a_2 ) ,
(N = B, - —quM(zaz2 +3al +2a,a, - 3a,a, —3ala2)_ S(a; +a,)

(T3 _Tz)2 Bl + (aaTz - asz )2 Bz + (T3 _Tz )Bs + (ast - a2T3 )B4 6(3.3 - al) 2

(ast —-a,T; )(Ta -T, )Bs +Bg +1pC(a3 - az)g(-rz2 +TS +T2T3) ’
6 ot

B — _quM (3-3 +a, — 231)

4=

Where, 3 (a; —a,)

2
_ K —ak, (K, —K,)(a, +a1)+ g°M(3aZ +2a,a, +a; BS — Mq (ag +a, )
2(a, —a,)’ 4(a, -a,) 24(a, -a,) 2(3-3 —a, )

-S

A

1
A =Mg?———
4(a, -a,) Bezm[

2
T, (as2 +a’ +a,a, —3a,a, —3a,a, + 3a’ Xaa -a,)
a; —a, 6

_ MaT, (az ! )(a'l +3a,)

Since, Ts is equal to body core temperature,

A =

12(a, —a
( : 1) so we minimize | for TO’Tl’TZ’TS.
’ Accordingly, we get following system of
A, =—-Mg Ty (az — al) . E algebraic equations :
Y/ _
3a; —a) 2 1 oT, ol
| > LTo+ LT+ pC_Zal El +a, ?2}
A5 = qu (al + 2a2) = WO ) (12)
6(a, —a,) , M1T0+M2T1+M3Tz+ép6_a1f;’+2azitn+(az—al)i;;}=wl
2 3 13
A, =M T @, ~a,) 1 = o, o,
a3 — a‘l 8 N,T, + N,T, +6pc|:(a2 - al)g_’_ 2(a3 -, )at:| =W,
: (14)
Where,
B _9°M (a§:a22+a3a2)_ K, L1:ﬁ+h
L= =
6 (as —a, ) 2(a3 —a, ) &
) Kl
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W, =hT, - LE
M, = -1
a‘l

K
M, =—L+2A +2a2A, —2a,A

1

W1 :As _azA4

Nl = —2Al - ZalaZA2 + (a1+a2)A5

N, =2A +2a’A, —2a,A +2B, +2a’B, — 2a,B,

Wz = [281 u zazasz _(az + as)Bs]ra - Az +a1A4+ B3 _3384

Equation (11), (12) and (13) are written
in the following matrix form :

CT =—KT +W
(15)
Where
2a, a, 0
C=—pc| & 2a, a, a,
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W,

This system of equation (14) is solved
by Crank-Nilcoson method, therefore we
get

(C + % KAthV” = (C —% IZAthV + WALt
(16)
Where Al s time interval and V=0, 1,

2, e n (number of interval with
respect to time).

VIl.  NUMERICAL RESULT AND

DISCUSSION

For numerical result we make use of
following values of physical quantities.

h = 0.15X10_3Ca|/cm2 50 C

L=579 cal/gm
_ -3

K, =0.5x10 cal/em5’ C
_ -3

K, =1.0x10 cal/em5’ C
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T, =33°C

T, =37°C

a, =0.10cm

a, =0.35cm

a, =0.50cm

M =0.52x10"° c41/em5"

S =0.3x10"cayecm3 s
E =0.008x10°gm/cm?S

p=1.059/cm’

C =0.83 cal / gm°c

Using, these numerical values, we get the
following values of nodal temperature at
different time.

Table 1: Temperature distribution of dermis
epi-dermis and subcutaneous with respect to
time

s

e

o

(23]

o l-.i
1 (8]

=

000 2287 | 2570 3.10 3208 [ 3511 | 3557
005 2375 | 2578 | 32BB | 315 3212 [ 3515 | 3538
0.1 2425 | 2601 | 3282 | 320 3216 [ 3518 | 3560
015 24465 | 2627 | 32(@ | 315 3220 [ 3521 | 3561
020 2521 | 2689 | 3313 | 330 3223 [ 353 | 3542
025 2548 | 2696 | 3319 | 335 3226 [ 3527 | 3563
030 2574 | 2721 | 332 | 340 3229 [ 3530 | 358
035 2600 | 2744 | 3334 | 345 3131 | 3333 | 3565
040 2625 | 2747 | 3342 | 350 3235 [ 3336 | 35568
045 2649 | 27B0 | 3350 | 335 3238 [ 3330 | 3547
050 2672 | 2B18 | 3338 | 3.460 3241 | 3541 | 3568
033 2692 | 2B3) | 3345 | 3.465 3144 | 3344 | 3580
060 2715 | 2B30 [ 3372 | 370 3247 | 3348 | 35T
{165 2735 2BED | 3 TR 375 3240 334R | 3371
070 2755 | 2BET | 33B5 | 380 3251 | 3550 | 3572
075 2704 | 1804 | 3383 | 385 3253 [ 3352 | 3573
080 2782 | 2821 | 320 | 380 3255 335 | 3574

085 2E09 ) 2857 | 3207 | 345 3257 | 3556 | 3575
020 2825 2853 | 3413 | 4400 3258 [ 3358 | 3374
025 2022 | 20685 | 3218 | 4405 3281 [ 3580 | 3577
104 2B5B | 2083 | 3225 | 410 3283 [ 3542 | 3578
105 2875 | 2047 | 3431 | 415 3285 [ 3564 | 350
1.10 2EBR | 3011 | 3438 | 420 3287 [ 3586 | 3580
115 2002 | 3024 | 3441 | 425 3289 [ 35488 | 3580
120 2215 | 3037 | 34 430 3271 [ 3370 | 35E1

3050

()

1
(38

130 2042 | 3042 | 3455 | 440 3275 [ 3574 | 3583
135 2955 | 3074 | 34461 | 445 3277 | 3575 | 35E3
140 2947 | 3085 | 34586 | 4350 3271 | 3377 | 35H
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145 2070 | 309§ | 3470 | 433 3281 | 3378 | 35@4
150 2000 [ 3107 | 3474 | 4460 32B2 | 3380 | 35M4
155 3001 3117 | 3478 | 4463 32B4 | 3381 | 3585
1.60 3012 3127 | 34E2 | 470 3285 | 3382 | 3584
1465 3022 | 3136 | 3484 | 473 3286 | 3383 | 3584
1.70 3031 3143 | 3400 | 480 3187 | 3384 | 35B6
1.75 3041 [ 313 | 3404 | 483 3288 | 3385 ) 3587
1.50 3050 | 3183 | 3227 | 480 3289 | 3388 | 3587
185 3058 3171 | 3500 | 485 3290 | 3387 | 3587
127 3088 [ 3170 3503 ) 500 3281 | 3338 | 3588
125 3076 | 3187 | 3506 | 503 3202 3382 ) 35E8
200 J0B4 | 3182 | 3500 | 510 3203 [ 3390 | 3588
205 3094 | 3201 | 3512 | 513 3104 [ 3301 ) 35m@
210 3090 3208 | 3515 | 520 3105 3342 ) 35m
2.15 3106 | 3215 | 3518 | 523 3296 | 3383 | 358

220 3115 | 3222 | 3521 | 530 3297 | 3384 | 3590
225 312 | 3228 | 354 | 533 3298 | 3385 | 3590
230 3127 | 3238 | 35 | 540 3290 | 3385 | 3591
235 3133 | 3240 | 3528 | 545 3300 | 3387 ) 3591
240 3139 | 3246 | 35330 | 5350 3301 | 3388 | 3591
245 3145 | 3232 | 3532 | 533 3302 [ 3302) 3500
250 3151 | 3257 | 3535 | 5.460 3303 | 3400 | 3592
255 3157 | 3282 | 3537 | 545 3304 | 3400 ) 3532
247 31482 | 3287 | 3533 570 3305 | 3401 | 3532
2485 3147 | 3272 | 3541 | 5.73 3306 | 3402 ) 3583
2.70 3107 | 3277 | 3543 | 580 3307 | 3405 | 35493
2.75 3182 | 3282 | 3545 | 583 3308 | 3405 | 3593
2.50 3182 | 3285 | 35347 | 5890 3308 | 3404 | 3593
285 3181 | 3280 | 3549 | 585 3309 | 3404 | 359
297 312§ | 3295 | 3551 | 600 3308 | 3405 | 359H
2485 3200 | 3299 | 3553 | 603 3310 | 3405 ) 35
300 324 | 3308 | 353 | 6.10 3310 | 3408 ) 35
305 3208 | 3307 | 35355 ] 4.13 3311 | 3406 | 35

In present paper mathematical model has
been developed to analyze the temperature
variation in dermal region. The total
thickness is taken 0.95cm.The thickness of
subcutaneous; dermis and epidermis are
0.50cm, 0.35cm and 0.10cm respectively.
Graphs are plotted between temperature T
and distance x for different values of g and
different atmospheric temperature.
Numerical solutions are obtained for sub -
dermis, dermis and epidermis region.
Initially it is assumed that SST region is
fully insulated. So temperature of each layer
at time t=0 is equal to the 37°C.
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In the entire graph, heat loss from epidermis
layer is more than that of the dermis and
SST region due to evaporation. Temperature
variation is seen by changing the value of g.
It is observed that the fall in tissue
temperature is more at same rate of
evaporation and  lower  atmospheric
temperature. Also the tissue temperature
decreases with the rise in venous blood
temperature.

40
35
s 25 /
ER a4 = Series
T 20
gy .
o 15 Series
EX
9 10 2
5
0 T T T 1
0 2 4 6 8
Time {
min)=

Fig. 1 Temperature distribution in dermal region with respect to Time
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