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Abstract: This paper studies the analysis of temperature profilesimamubrain and its overlying layers at various hypothermid an
hyperthermic conditions. The head is modelled as hemispbensisting of four layers viz. brain tissue, CSF (cerghiresd fluid),
skull and scalp. The variational finite element method isleggal on bioheat equation with appropriate boundary camt To obtain
the values of temperature profiles at different nodal pothisrole of various parameters like density, thermal cotidity, metabolic
heat generation, arterial blood flow and optical propettiesabsorption and scattering are taken into considerafibe temperature
distribution to the brain tissue with respect to the chamgé ambient temperature are calculated and interpretghigally.

Keywords: Pennes bioheat equation, variational finite element methethbolic heat generation, thermal conductivity.

1 Introduction conditions.
During hyperthermia and hypothermia, the temporal
and spatial temperature gradient in human brain depend

The animal mOd.els currently useo! in clinical studies h"J‘Veon heat convection due to blood flow, heat conduction
smaller brain like those of typical adults. Thus the

e ; . through the tissue and metabolic heat generation, Perl [
temperature distribution measured in animal models ma;g] The size of human brain play an important role in the
not apply directly to human brain. Consequently Itis not temperature gradient by effecting heat conduction. Dexter
clear that the results for temperature profiles achieved iNnd Hinderman q showed that conduction has a

Zrll['r:nal hmot?els tare apphcgbleb t%l humatn SUbJECtS. o derate effect on brain temperature of infants compared
ough attempts were made by ©isen € a]] bn to little effect on that of adults because of the size of
monkey’s brain af?d Clifton et "%'-21 on rat's brain but brain. Nelson and Nunneleyl] used selective brain
these models d'.d not cons@ered th?. temperatur%ooling (SBC) to give quantitative modelling results on
Qe_pgndentpropertles.ofthe domain. For C“n'?al PUrDOSESy ain temperature and limits on transcranial cooling in
it is important to monitor closely both the brain and body | |-« Khanday and Saxerid][used one dimensional
core _temri')elra;[ucrjg as \s/\tljggestteg byd STOSt (t)f | the‘Pennes bioheat equation for the estimation of heat
e:pe(/l\r/nen a st |ets \(;IZ.th ?the ] Bn bone.e ? regulation in human head. The present paper gives insight
[4]. ass suggested tha ere can be signi |cant[0 study transient temperature at extreme environmental
temperature variation within the regions of human heaCl'conditions using bioheat equation. Due to the fact that
In order to monitor these variations of temperature,pan head is almost of spherical shape it will be most
several clinical studies were conducted by Ruman et alappropriate to use the radial form of bioheat equation.

[5] ?hnd dSIton_e elt al.zlt])lbut p_II_aF]qement of |t3trobetd vglas .St'"f;] For surgical processes or during therapy for selective
methodological problem. 1hiS paper attempts to view ecooling and/or destroying of target tissue, it is useful to

numerical temperature profiles in the different regions of ote the behaviour of extreme temperatures falling with in

human head. A theoretical model, based on biohea he burning and freezing range. Therefore it becomes

equation 6] with appropriate boundary conditions, ha§ imperative to study the temperature distribution and its

been developed to examine the transient bra'.neffects in the neighbourhood of targeted tissue. Earlier

temperature at various hyperthermic and hypothermic
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Ong et al. L2] proposed a self-tuning adaptive thermal blood mass flow ratep and p, are tissue and blood
controller, based on Hebbian feedback covariancelensities respectively.
learning where the system is to be regulated continually At r = I4, the mixed boundary condition based on
to best suit its environment. The implication of this model Newton’s law of cooling, is given by
was that optimal physiological behaviors arising from self
tuning adaptive regulation in the thermal controller may _kd_T =h(T—Ta)+LE 2)
be responsible for the departure from homeostasis in or |y,
abnormal states. Ng et all3] evaluated the individual
effect of critical parameters on RFA (radiofrequency
ablation) using Taguchi experimental design. The study o
cumulative effect of parameters on RFA for different ®V
tissue types was carried out and the implications
regarding control system design of RFA for various
tissues were discussed. In 2010, to simulate the stead)/©!SOn and Nunneleyl[], Khanday et al. 11,21], Zhu
state temperature distribution during contact with hot2nd Diao 2] therefore, the boundary condition taken at
solid, Ng et al. 14] developed an axisymmetric model of e core of human brain is assumed to be;
the human skin and the simulation was carried out using T = To = constan{37°C) 3)
the boundary element method (BEM). The comparison of
the results obtained by BEM was carried with the results  To estimate the temperature profiles at the nodal
obtained by finite element method (FEM). Ng and points or the interfaces of the above four regions we solve
Sudharsan][5] established computer simulation model in the Egs. {) to (3) by variational finite element method.
conjunction with medical thermography as an adjunct
tool for early breast cancer. Ng and Chua6,[l7]
investigated through numerical modelling the prediction
of skin burn injury (part-1 and part-2). In 2009, N4 3 Solution of the model
gave a review of thermography as promising non-invasive
detection modality for breast tumour and demonstratedrhe parameters used in Pennes’ bioheat equation are
that the breast thermography has achieved an averageosition dependent and have fixed value in every
sensitivity and specificity of 90%. It was also discussedspherical region. So it will be most appropriate to use
that the performance and environmental requirements ifinite element method (FEM). As compared to other
the characterizing thermography as being used for théwumerical methods this method gives better
breast tumor screening under strict indoor controlledapproximation of solving partial differential equationan
environmental conditions. continuous domains as assumed by Khanday e1 al2B,

24] and Aijaz et al. R1]. Since we intend to make use of

the variational finite element method, therefore in order to
2 Mathematical formulation solve the model we invoke the following procedure.

The variational integral,

where h is the heat transfer coefficient ang is the
@mbient temperaturd. is the latent heat an& is the
aporation rate.

Since the human head is known for its ability to
maintain core temperature constant as discussed by

The domain that is human head has been modelled as ,

hemisphere with four layers as Braif@ < r < lg), CSF: I = /F(T,T ,r)dr (4)
(lo<r <lyg), Skull:(l1 < r <ly), Scalp: (I < r < I3) . ) ) ) )
these layers are treated as sub-domains(or elements) wifR optimum form is equivalent to the following
four interfaces as; Brain-CSF, CSF-Skull, Skull-Scalp andEuler-Lagrange differential equatiob)(as discussed by
Scalp-Atmosphere. The discretization of human head idVlyers [29].

based on the dimensions, physical properties and 5_':_1(5_':):0 (5)
physiological characteristics as well as arterial blood OT dr \ 8T’ ’

temperature of different elements as discussed by Keener BT

et al. [19], Guyton [20]. whereT = —.

~ The temperature distribution in biological system is Comparing 5|r£q. 1) with Eq. (), after solving and
given by the bio-heat equation: rearranging we can find the variational integral for

10 oT oT differential Eqg. (1) together with boundary condition
-2 Z _ — pcl L given by Eq. (2) as;

Car (kr ar ) + PPpCF (Ta—T)+S=pc ot (1)

wherer is the radial distance from the centre of the brain 1 s aT )\ 2 ) JT2
towards the surface tissuéjs the variable temperature, ' = 5/ k<ﬁ> —PPoCoF (Ta—T)" — 28T+ pe- - | rdr
k is the thermal conductivity of the mediuni, is the lo

arterial temperatureS is the rate of metabolic heat

1 2
generationg, is the specific heat of the bloo#, is the +5%0(T —Ta)"+2LE
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~T)2 . .
wherede = 0 forr <l andde = 1 forl <r <3, Now 5 —tela-Tofl2 pzc,z{L2(|3T2—|2T3)(|3T2—|2T3)
using the variation on the above defined sub-domains we aL; 2,
come across the following variational integrals for each +N2T3—T2 X (Ta—To)+ gMz{Lz(TzTg,-i—Tng)
sub-domain 2 3

] ~2(1 T~ I3TsTo)} | (12)
17 oTi?
li== [ |kir { == ) — PjpuCoFj(Ta —T4)?r —2STr
J 2 |: ] ( or ) pprCb J( AJ ) + 3 7|(3(T4_7T3)2L3_%{L (|4TA3—|3TA3—|4T3+|3T4)2+
li-1 ST 213 2L
o(Th)? 1o —Ty)2 4Ta, —13Ta, —laTa+ | -
i dr+ =&h(TI —T)2 - 2LE 6 (Ta—T3)~ 1 (IaTa, —I3Ta, — 4T3 +13T4) (T4 — Ta)
PiCj ot =+ 256 ( a) =+ ( ) N3 iy M3 8 Ay }
wherej = 0,1, 2,3 corresponding to brain, CSF, skull and —S3{L3 (|4T3;|3T4) + M3T4;T3}
scalp.

. . . C . . Ta—Ta - .
Assembling these integrals the resultantintegralcanbe  + @ { La(I4T3 —13T4)(I4Tz —13T4) + N3 4 7 3 (T4 —T3)

written as g

2 . . . .
+ SMa{La(TaTa+ TaTs) — 2013 TaTa — LaTaTa)} |

3
=51, @)
2l (T

+hls +LETy (12)

To solve Eg. 6), the metabolic heat generation and
perfusion terms are taken as zero both in CSF and skull On the basis of these variational integral, the
and for the estimation of temperature profil€¢r) at  agsembled integral given in Eq7)(can be optimized by
nodal points of sub-domains of the head, it is important t0yifferentiating it with respect to the nodal temperatures

m'ake assumptiqn qf sqlution in terms of shape functi.onsq-l’-r27-|-3’ andT,. Hence equating the resulting equations
Since the domain size is small, therefore the use of highefy 7ero we have

order shape function does not make significant changes in . .
the output as described by Khanday et 4dl1,P6,27]. AT +A T+ AT+ AT = Q1
Therefore we assume the solution by means of linear g 1, 4 B,T, + B3T3+ B4T1 + BsTo + BgTs = Qy

shape function as; . . )
CiTh4+CT3+CTy+CyTo+CsT3+ Cs Ty = Q3

T(r)=A;+Bjr D1Ts+ DyTy+ DaTs+ DaTy = Q4
so that the layer wise shape functions for the above definewhere dots{ denote the derivative of with respect ta
sub-domains are: and the value of the coefficients are given in the Appendix.
In matrix representation we have
Tj(r)z Tj+l_Tjr lj+aT) =1 Tja (8) daT
|j+1—|j |j+1—|j AT-I—BE:C

wherej = 0,1,2,3 corresponding to brain, CSF, skull and \\here
scalp. The solved variational integrals for these layees ar

given as: AtAz 00 i
, A_ |BiB2Bs O T
1 o Op(lf 2 2, 2 T10C GG T | T3
Jo = ko(T1—To)" — E{E(TAO—TO) —3!1(Ta = To)"x 0 0 D; D, T
12 To, Ti—T
(T1—T0)+21(T1—T0)2}—S<)|f{fo+ l3 0} gjggBoe 8 82
oo 5 12 o B=loccc| =l
+ T{TOT0|1+ E(Tl—TO)(Tl_TO) 0 0 D3Dy4 Qs
+ glf(TOTl +ToTy— 2ToTo)} (9)  Taking Laplace transform on both sides we get

AL(T)+Bsl(T) = % +BT?

ki(T—T)%Ly | prca ~ ~
="+ = L1(lpTy = 1 T2)(I2Ty — 1 T
' g 2L'l{ 12T =22~ ) =(A+B9L(T) = %+BT° (13)
T-T . = 2 R
N === (T2 =Ty + s M {la (T2 + T2Th) Where T° = [T(lp,0), T(l3,0), T(I2,0), T(I3,0)]". From
B c T Eq. (13), value of T(r,t) can be obtained by taking
21Tz = l2T2T)} } 10 nverse Laplace transform dr(T).
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Table 1: Size of Sub-domains Table 2: Physiological and Numerical value of parameters
S.No Region Thickness of layer(in cms) | Parameter Region Value |
1 Brain 8.4 Thermal Brairfkg)  5.03x 10 °W cnr10C1
2 CSF 0.2 conductivity CSFk)  5.82x1073W cnmr10Cc-1
3 Skull 0.4 Skull(kp)  1.16x 1072W cnmr10c1
4  Scalp 0.5 Scalgks) 3.40x 1073w cm10c-1
Mass density:
Blood(p,) 1.05gcni3
Brain(pp) 1.05gcnT3
4 Numerical Computation CSHp1) 1.00gcnr3
Skull(p,)  1.50gcmi3
In this paper various parameters have been used tp Scalfps) 1.03gcnr3
formulate the model. The numerical and physiological| Specific heat:
values of these parameters are given in Talilesd 2. Blood(c,) 3.8Jg10c1
These values have been taken from various researgh Brain(cy) 3.7Jg 101
papers: Khanday et alll,21,24,26,27], Zhu and Diao CSHc;) 23Jg10ct
[22], Dexter and Hinderman9], Nelson and Nunneley Skull(c;) 23J3g1l0c-1
[10], Diller and Hayes 28] and Zhou et al.29]. The role Scalgcs) 4Jgl0ct
of metabolic heat generation and perfusion terms in CSFK Flow rate:
and skull is less significant Khanday and Saxetid, [and Brain(Fg) 2.67x10°3 mlglsec?
Mir Aijaz and Khanday 21]. Therefore these two terms ScaldFs) 7.5x 104 mlglsec?
were neglected in Pennes bioheat equation for CSF andMetabolic heat
Skull. Further the temperature dependence of optical generation:
properties in the domain were incorporated due to there Brain(S) 1.10x 102 W cm3
role in temperature distribution and development of ScalfS)  172x 104 W cnt®
thermal injury as discussed by Mir Aijaz and Khanday.| Mass tran. coefth) ~ Scalp-Env. 400x 104 W cnr20C1
For scalp the optical properties like absorption and| Latentheafl) - 242397t
scattering coefficients were taken positive for the| Ambient Temp(Ta,) 37°C
temperature ranging in 2045°C and their behaviour was | Evap. rate:
seen to show negative behaviour at other temperatures.E1 - 0 ml cn?sect
The temperature distribution and temperature gradient E2 - 6.94 mi cnm?sec
have been calculated in the four regions of human head atEs - 1.389 ml cnt ?sec’?

extreme temperatures viz. %0 45°C, 25°C,5°C, —5°C
and the results obtained were interpreted by grapBs
The two graphs were drawn at various evaporation rates
and results were calculated fioe= 15 min 30 min45 min - more suitable for the domain having spherical shape like
and 60 min. The numerical computation was carried outhuman head. To find the temperature distribution in
by MATLAB software, however the model was solved human head at both hot as well as cold temperatures, the
manually. results are shown graphically in the Fids. 2. The study
reveals that there is a small variation in the brain
temperature with respect to the large variation in outer
5 Discussion and Conclusion temperature. The brain is spherical organ with high
metabolic rate. The over lying layers insulate it against
The temperature distribution in human head is determinedhe direct effects of the extreme environmental
by the intricate biological and physical processes.temperatures. It is blessing that the brain is insulted from
Therefore for the prediction of temperature profiles in theenvironment by the CSF, skull, scalp and hair which
overlying layers of human brain it becomes optimistic to prevents direct link of temperature between outer surface
make some appropriate assumptions to the variousf head and brain temperature. Moreover the spherical
parameters viz. thermal conductivitk), tissue density shape of the human head makes low surface to volume
(p), metabolic heat generatidhand perfusion etc. The ratio which minimizes the superficial heat exchange. Due
recent study on the temperature distribution in humanto change in external temperature, the fall or rise of brain
head at cold temperature distribution in human head atemperature is minimized by the individual by engaging
cold temperature was carried out by Khanday and Saxenhimself in exercises during cold and sweating during hot
[11]. They studied the unsteady state of Pennes’ bioheagnvironment. The extreme temperatures influence the
equation on human brain and overlying layers to functioning of cells and hence the whole system of body.
approximate the variation of temperature at cold Therefore, changes in temperature can have significant
environmental conditions. In the present study, the radiaktonsequences for the behaviour of individual cells and the
form of Pennes’ bioheat equation has been used which i®ody as a whole. In this paper the authors tried to develop
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carry out this work.
Appendix

Li =l +lit1; Li=li i1 Qi = PiPpCoFi
pici. o _ kL.
2L’ Ri= 2L’
N =131 1 +1il12 1 +13; where i=0,1,2,3

degree celsius

= Mi:|i2+|i|i+l+|i2+1

Temperatur

ko @17 ’1I.2 2 Np 4oMy
P A= >4 +R1, Az =w{ +I5L1 4+ —= 5 + 3 }
Length from the ccreowrammmnhm:loers Time in minutes N2 2M L
Ay =B1 = —Ry; A4:B4:V1{—|1|2L1—?+ 31 L
Fig. 1: Temperaturedistribution in human brain and itsover _koTo ail? T all?Ty Sl
laying layers at ambient temperatures T, = 45°C and 50°C Q= 2 3 t(Ta = To)? - 4 3

0. : B> =R> +Rg3; B3=Ci=—-R3

gss‘ Nl 4|1|V|]_ N2 2M1|3
£ Bs =y {-IfLi+— }ye{lflo+ = }
2 2 73
gm‘ N> Mo |2+|3

2215 Bs :C4:W{—|2|3L2—7+%}; Q=0

03 | L3 N3 2|4M3

p C=Re+Rs— Ltz Ta 3 }
Ca=D1=Ra+ E |3|42L3 * % N ls% N u%}
Cy=yo{-lolsLo— N + Mal2
IFig_. 2: Temperatureo!istribution in human b_rajgoand iotsover Ny 22I2M22 Ng  dlaMy
_ag)rég layers at ambient temperatures T, = 25°C, 5°C and Cs =yo{l3La+ 2 > {2l 4+ — 5 3 }
Ce =D3 = y3{—l3lslz— ’\;3 + 4|33M3}

I4L M T 2M3
Q=3 (—423 - ?3) + —a32A3 (I Ls+=3 )
a model to display the temperature profiles in human head

and different medical diagnosis can be used to know the

harmful impacts of extreme temperatures. Dy —Ry— 2 (|§|4 Ns 4I3M3> +hig
Further it becomes imperative to discuss that we have 2L, 2 3

taken the Fourier model which is based on Classical o N3 4I3Ms

Fourier's Law. We have not explored the possibility of Da=ys ('3L3+7_ 3 )

non-Fourier effect on temperature distribution. Therefor asTa My
this paper has scope to be generalised by taking both the Q4 =S (_T + ?) + 2 (|3L - T)
parabolic nature (Fourier) and hyperbolic nature

(non-Fourier) and exploring the optimum results. This —hLsTa—LE

model will be more realistic as in every thermodynamical

transition, equilibrium state needs time to establish as

discussed by Herwig and Pete&?].

References

[1] R W. Olsen, L. J. Hayes, E. H. Wissler, H. Nikaidoh and
Acknowledgement R. C. Elberhart, Influence of hyperthermia and circulatory
arrest on cerebral temperature distributicASME J.
Biomech. Eng.107, 354-360 (1985).
[2] G. L. Clifton, J. Y. Jiang and B. G. Lyeth, Marked protexti
The first author (Senior Research Fellow) is highly grateful by moderate hyperthermia after experiment traumatic brain
to the CSIR, New Delhi, India for providing support to injury, J. Cereb. Blood flow Metapl1, 114-121 (1991).

@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

38 NS 2 M. Aijaz, J. G. Dar: Mathematical analysis of bioheat ecprati.

[3] C. T. Wass, j. R. Waggoner, D. G. Cable, D. R. Schroeder[20] A. C. Guyton and Hall, Text book of medical physiology,
and W. L. Lanier, Selective connective brain cooling during B. Saundersl0th Ed., (2009).
normothermic cardiopulmonary bypass in dodslhorac. [21] Mir Aijaz, M. A. Khanday and Aasma Rafig, Variational

Cardiovasc. Surg.115, 1350-1357 (1998). finite element approach to study the thermal stress
[4]J. G. Stone, R. R. Goodman, K. Z. Baker, C. J. Baker and R. in multi-layered human headnternational Journal of

A. Solomon, Direct intraoperative measurement of human Biomathematics, World Scientififg(6), 1450073 (13 pages),

brain temperaturd\leurosurgery41, 344-351 (1997). (2014).

[5] C. S. Rumana, S. P. Gopinath, M. Uzura, A. B. Valadaka [22] L. Zhu and C. Diao, Theoretical simulation of temperatu
and C. S. Robertson, Brain temperature exceeds systemic  distribution in the brain during mild hypothermia treatrhen

temperature in head injured patien®ijt. Care. Med.,26, for brain injury, Medical and Biological Engineering &
562-567 (1998). Computing 39, 681-687 (2001).
[6]H. H. Pennes, Analysis of tissue and arterial blood [23] M. A. Khanday, Mir Aijaz, Khalid Nazir, Aasma Rafig,
temperatures in the resting human foreaim#ppl. Physiol. Fida Hussain and Aijaz Najar, Finite element approach to
1, 93-122 (1948). study the behavior of fluid distribution in the dermal region
[7]W. Perl, Heat and matter distribution in body tissues of human body due to thermal stressurnal of Egyptian
and determination of tissue blood flow by local clearance ~ Mathematical Sociefy23, 568-574 (2015).
methods,). Theo. Bia.2, 201-235 (1962). [24] Khanday M. A., Mir Aijaz and Aasma Rafiq, Numerical
[8] W. Perl, Heat and matter distribution equation to inelud estimation of the fluid distribution pattern in human dermal
clearance by capillary blood flowAnn. NY. Acad. Sc108, regions with heterogeneous metabolic fluid generation,
92-105. International Journal of Mechanics in Medicine and

[9] F. Dexter and B. J. Hinderman, Computer simulation of ___Biology, 15(1), 1550001(12 pages), (2015).
brain cooling during cardiopulmonary bypassn. Thorac. [25] G. E. Myers, Analytic methods in conduction heat transf
Surg, 57, 1171-1179 (1994). McGraw Hill Com, 320-428 (1971).

[10] D. A. Nelson and S. A. Nunneley, Brain temperature [26] M. A. Khanday, Aasma Rafiq and Mir Aijaz, Mathematical
and limits on transcranial cooling in humans: Quantitative ~ Study of transient heat distribution in human eye using

modeling resultsEur. J. Appl. Phys 78, 353-359 (1998). Laplace transform, International Journal of Modern

L I Mathematical Science9(2), 185-194 (2014).
[11] M. A. Khanday and V. P. Saxena, Finite element estinmatio ; U . .
of one dimensional unsteady state heat regulatuon in huma|[127] M A. Khanday, Aa_sma R_a_ﬁq, Mir Aijaz, Khalid Nazir _and
head exposed to cold environmedturnal of Biological Bilal Ahmad, Variational finite element approach to estienat
Systemsl7, 853-863 (2009) the heat distribution in multi-layered human eeiletin of
[12] M. L. Ongl and E. Y. Ng, A global bioheat model with Ca'C““f"‘ Mathematical Societ&Qﬁl(Z), 93-104 (2014).
self-tuning optimal regulation of body temperature using [28] K. R. Diller and L. J. Hayes, A finite element model of burn

. - . injury in blood-perfused skinJournal of Biomechanical
I::Sefglg;\ E;ggks))ack covariance learniMgd. Phys.32(12), Engineering 105, 300-307 (1983).
[13] E. Y. K. Ng and M. Jmail, Parametric sensitivity analysf [29] L. Zhou, V. Puri, M. Anantheswaran and G. Yeh, Finite

radiofrequency ablation with efficient experimental daesig element modeling of heat and mass transfer in food
International Journal of Thermal Science€0, 41-47 materials during microwave heating model development

(2014), and validation Journal of Food Engineering25, 509-525

. - (1995).
[14]E. Y. K. .Ng, H. M Tan nad E. H OO!‘ Ered|ct|on and [30] Mir Aijaz and M. A. Khanday, Temperature distributionda
parametric analysis of thermal profiles within heated human

skin using the boundary element methBdiilos Transact A thermal damage of peripheral tissue in human limbs during
. heat stress: A mathematical mod#urnal of Mechanics in
Math Phys Eng Sci368(1912), 655-78 (2010). STesS ! g Ics |

. . Medicine and Biologyl16(2), 1650064 (17 pages), (2016).

[15] E. Y. K. Ng and N. M. Sudharsan, Computer simulation in 1311 i Ajjaz and M. A. Khanday, Studying the effects of the
conjunction W'th medical thermography as an adjunct tool heat stress on the various layers of human skin using damage
for early detection of breast canc8MC Cancer4(17), function, International Journal of Computational Materials,

(2004). o ) o Science and Engineeringccepted, in Press.
[16] E. Y. K. Ng and L. T. Chua, Prediction of skin burn injury. 3] 4. Herwig and K. Berkert, Fourier verses non-Fourier

part 1: Numerical modellingProceedings of the Institution heat conduction in materials with non-homogeneous inner

of Mechanical Engineers H Journal of Engineering in structure Heat and Mass TransfeB6(5), 387-392 (2000).
Medicine 216, 157-170, (2002).

[L7] E. Y. K. Ng and L. T. Chua, Prediction of skin burn injury.
part 2: Parametric and sensitivity analysBroceedings
of the Institution of Mechanical Engineers H Journal of
Engineering in Medicin16, 171-183, (2002).

[18] E. Y. K. Ng, A review of thermography as promising non-
invasive detection modality for breast tumolnternational
Journal of Thermal Sciences, Elsevie48(5), 849-855
(2009).

[19] J. Keener and J. Sneyd, Mathematical physiology, syste
physiology,Springer 2nd Ed., (2009).

(@© 2017 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci. Lett5, No. 1, 33-39 (2017) www.naturalspublishing.com/Journals.asp

N <SS 2 39

Aijaz  Mir was
awarded the Ph. D. degree
in Mathematical Biology by
Department of Mathematics,
University of  Kashmir,
Srinagar, J & K, India. His
research interests are in the
areas of applied mathematics,
mathematical Modelling :
and numerical methods in

Javid Gani Dar
was awarded the Ph.
D. degree in Statistics
by Department of Statistics,
University of  Kashmir,
Srinagar, J & K, India. His
research interests are in the
areas of Entropy and lifetime
distributions, information
theory,  probability and

mathematical Biology. He has been awarded JRF andtatistics, applied statistics and mathematical Bioldts.
SRF by CSIR New Delhi. He published research articlespublished research articles in reputed international
in reputed international journals of mathematical andjournals of statistics and mathematics. He is referee of
engineering sciences. He is referee of some reputedome reputed statistical Journals.

mathematical Journals.

@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	Mathematical formulation
	Solution of the model
	Numerical Computation
	Discussion and Conclusion

