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Abstract:

This study was conducted to investigate unsteatlyaaconvection flow of heat generating fluid iparous

vertical channel with velocity slip and temperatjimmp in the presence of thermal radiation. Theegoing
equations of fluid flow and heat transfer were sefgl into steady and periodic parts. Exact salstiwere
obtained for velocity, temperature, skin frictiondarate of heat transfer. The effects of radiatiod other
fluid parameters involved in the fluid flow weregghlighted and discussed.
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Introduction

The study of unsteady natural convective flow afceus
incompressible fluid in a channel has gained carsiole
attention of researchers in the last few decad@he
interest of the study stems from the applications i
designing cooling of electrical and electronic cament,
automatic control system. The theoretical and praict
significance of designing of cooling system wergcdssed
by Wang (1988). In view of this, Jha and Ajibad@12)
studied the effects of viscous dissipation on ratur
convection flow between vertical parallel plateshmiime-
periodic boundary conditions. The authors pointetitbat
positive value of viscous dissipation parametempsegsed

transfer in the micro-devices includes velocityp stind
temperature jump was investigated by Tunc and
Bayazitoglu (2002). Adesanya (2015) studied free
convection flow of heat generating fluid througlp@ous
vertical channel with velocity slip and temperatjuenp
and pointed out that an increase in slip paranieteeased
the flow velocity and decreased the shear strestheat
suction wall.

In all the above aforementioned studies, the effeaft

radiative heat transfer on the temperature fieldrewe
neglected. However, Viskana (2014) reported tha& th
radiative heat transfer on the porous channel odllsm

the Strouhal number number. Also, Jha and Ajibadehickness can be treated as an effective diffupimtess.

(2009) considered free convective flow of
generating/absorbing fluid between vertical porplates

heat Mahmoundi (2011) reported that ignoring the effeats

thermal radiation on the porous wall channel lead t

with periodic heat input. The authors reported thatsubstantial error in the prediction of micro-flovewices.

introduction of suction/injection suppressed infloe of
heat sink. All the investigations were conducted t
improve the cooling of system designs.

In all the above mentioned studies, the effectsebdcity
slip and temperature jump were neglected. Howewith,

Therefore, it is necessary to consider the effetthermal
radiation in micro devices. The present study death
the effects of thermal radiation on convection flofsheat
generating fluid in a porous channel with velodltiyp and
temperature jump. The diffusion of radiation heahsfer
was used and considered the Roseland approximation

influx of micro devices in the last few decades for efficient of optically thickness.

household and industrial usages, exclusion of vigiatip
and temperature jump in the studies may not beieffi
and effective remove heat generated withinmicre+flo
devices (Adesanya, 2015). The most efficient wakigh
heat flux removal from small area ismicro channeése

M athematical for mulation

Unsteady laminar free convective flow of viscous
incompressible heat generating fluid in a poroudiced
channel with velocity slip and temperature in thesgnce

investigated by Hung and Ru (2006) and Dharaiya anaf thermal radiation is considered. The micro- c¢i&n

Kandlikar (2012). The micro channels are referrechs
micro-flow devices such as turbines, pumps, hepegi
and mixers. The devices are very important in capbf

electrical andelectronic components design, chdmicathe channel with constant velocit,

analysis, biotechnology, medical diagnosis and esyrg
(Vafai and Zhu, 1999; Vafai and Khaled, 2005)

The flow regimes in micro-devices can be classifisthg

walls aretaken vertically and parallel to x-axihat+h.
It is assumed that on wgly =h) the fluid is injectedbint

and suckedabff

the wall h=-h at the same constant velocity. It is also
assumed that gas molecules are interacting witlacsiiof
the walls through force of attraction. Consequenthe
molecules of gas are absorbed on the surface @edteel

Knudsen number.Knudsen number is a measure of thgfter some time lag. The time lag held to macroscop

validity of the continuum model. The Navier-Stokes

equations assumed that the continuum flow with rtbe
slip conditions aKn<0.001 . The continuum valid for the
slip boundary conditions &01< Kn< 0.1
of flow within 001<Kn< 0.1 is called slip flow regime.
The higher values of Knudsen number, the Naviek&to
assumption is not valid (Dehghan and Basirat, 20IH$.
study of fluid flow in micro-devices is regarded as
continuum flow in a channel. Modeling of flow andat

. The regimes

velocity slip and temperature jump. The flow isucdd by
periodic heating at both walls. The equations gowey
the fluid flow and heat transfer are as follows;

du du _ d%u
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For rarefied flow with velocity slip and temperatyump,  following steady and periodic equations are obuthife

the relevant boundary conditions are; velocity and temperature;
G(t,}):z“( ou, Uy +Su, +G6, =0 ... (10)
{ 0y 4 " !

_ C(o_ - 1+— 16, +sPrg, —af, =0 ---ernee (11)

Tty =T, -T, "'TzeIm 2-0y 29 i al at y=h, ( BNJ ° ° °
g, @+1Pr)ody '

>0 oo @3) U (D =po Q=0 | (12)
- = - , - Kn '
ut,y)=0, Tty =T,-T,+T€e“ a y=ht>1 g (-1 =1+Fn‘9° -1,6,(-1) =1
............ @ . T
Where: tis the time, U is the velocityV, is constant U +su —iSu, +GG =0 e (13)
horizontal velocityl/ is the kinematic viscositg  tie [14. ;\ng" + sPn91' -iPr&-a6,=0 - (14)
acceleration due to gravitﬁ is the volumetric exgian, ,
T is the fluid temperature-l_0 T1 an-ﬁz are referencedul D=m, OQu@®=0 | (15)

_1. Kn _
fluid temperature  respectivelll, is the thermal 91(_1)_1+ﬁ‘91 D.a¢n=1

conductivity, 0 is the fluid densityCp s the specifieat ) )
Equations (13) and (14) are genersalised forms of

at constant pressure() is the heat generation Whe@quations (10) and (11) respectively. Thereforesmvever
Q >0and the heat absorption whé <0,Qis the S =0, equations (10) and (11) are obtained from
radiative heat fluxfis the tangent momentum equation (13) and (14) respectively. Hence, thatsoi of

accommodatiordis the molecular mean free pathjs the  the equations (13) and (14) wheéd Z O are sufficient
specific heat ratio anddy is thermal accommodation i, described the periodic fluid flow behavior.
coefficient

Method of solution is presented in this sectione Bxact
solutions are obtained by using conditions (15)hwit
equations (13) and (14) as follows;

Using Rosseland approximation, the radiative heat fl
(Brewster, 1992) can be modeled as;

40°9T* ) A 1
= - o eresararaaes e Be
Roy Hl(y)=?+ o (16)
Where: O is the Stefan-Boltzmann constarl} s the Fe” Fe® GBe ™
mean absorption coefficient. If the temperaturéedéinces u(y) = + - a7

HC HC Cc

within the flow are sufficiently small such tht * agn
be expressed as a linear function of the temperathe  The rate of heat transfer (Nusselt number) is ghagn

Taylor seriesT*  for aboull,, after neglecting higher _ 06 _ ABeY N ABe ™

Nu=—=—  +—— (18)
order terms, is given as; oy C C
4~ 43 4
" =4T.T =31, ... ®) _du_ DFe® EFe™ GBe™
S=—= + —_ s (19
. . . . oy HC HC C
Using equations (6) and (5) in equation (2), equa(®?)
becomes; T3\ T 7 Results and Discussion
al_voal:[LJrleo ]L_ 9, Q@ _71) @) A series of computations were carried out for tfiects of
ot "y \me 3RoG Joy* 0y [ variation of the following parameters; Knudsen nemb
, , , , (Kn), Navier slip parametdy) ,  heat
Introducing the following perturbation techniques; b ofer) Grashof b
- - i eneration/absorption parameléf , Grashof number
U(t, ) = (T, = To)uo(¥) + Tou, (y)e @  orolonehsolpion P non
— P (G) ,radiation parameter (N) , suction/injection
Tt y) =T, + (T, ~To)6(y) + T,0,(y)e

paramete(S) , Strouhal numbefSt)  and Prandtl

With the following dimensionless parameters; numberPr .
y h2w HCo hv Oh? The following default values of the parameters;
y:—vS: .PrZ—,s:J,gzi _ _ _ _
h v K B ” Kn= 0002, y=01,a=01 N=01,
N = k? kn=A(2-00) 20 ,y:(z—g))l ______ s=01, =01, G=1 and Pr=0.1 were used
40 TO3 ki o Jet+l éh for the analysis of the fluid flow and heat tri@msn the
9) distribution profiles. All graphs and tables ushd tlefault

values expect otherwise stated.

Using the perturbation techniques (8) and (9) inagigns

(1) and (7) with boundary conditions (3) and (4t Fig. 1 presents the yariation of Knudsen paramwidj
the temperature profiles. It can be seen that erease in

..............................................................
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the Knudsen parameter decreases the temperatdilespro
It is due to fact that the molecular distance & fhuid
increases hence the heat flux decreases withimtbeo-
channel. Fig. 2 depicts the different values oftismc
paramete(s>0)  with temperature profiles. It

observed that the increasing in the suction paemadtout
enhancement in the temperature distribution pmfilEig.
3 shows the influence of variation of injection graeter
(s<0) on the temperature profiles. It can be seen teat t

temperature profile decreases with increasing éinvidlue
of injection parameter. Fig. 4 represents the tianaof
strouhal number with temperature profile. It is elved
that the fluid temperature is decreasing with iasheg
(&) . It is because the frequency of heating is inéngas

thereby reduce the intensity of heat on the chawadik.
Fig. 5 shows the variation of radiation parameterttoe
temperature profiles. It is observed that incregsin
radiation parameter thereby decreases the

is

generation and absorption parameters on the tetopera
profiles. It can be seen that fluid temperaturere&sing
with heat generation/absorption parameter. Thikies fact
that temperature gradient are higher near the veélthe
channel.

997 4

-1 -05 0

Fig. 2: Temperature profiles for diferent valueskfi
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fluic
temperature. Fig. 6 and 7 depict the effects oft hea

— = s=-05
s=-01
——s=-03

-1 05 0 0 1
Fig. 3: Temperature profiles for diferent valuésd
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Fig. 6: Temperature profiles for diferent valuesldf
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Fig. 8 illustrates the variation of Navier slip the velocity

profiles. It can be seen that increases in the @dasip  Fig. 11: Velocity profiles for diferent values &
enhance the flow at the wall of the channel. Assailt, the

molecules of gas interact with the suction wally.F and TN
10 present the influence of suction/injection patmnon ,-/’19-056“- \l\
the velocity profiles. It is observed that an irmge in 2y \\
suction/injection enhances the velocity of thedlaiotion /7’/ 0.005 1 \{-\
throughout the channel. Fig. 11 shows the diffevatues i \y
of Strouhal number with velocity profiles. It is s#yved / 0.004 4 \_
that an in increase Strouhal number cause a reduti —
the velocity profiles. Fig. 12 represents the ua@oia of ——N=02
radiation on the velocity profiles. It can be sekat the =
velocity profiles increases as the radiation patame
increases. This is because the intensity of headymed
through thermal radiation increases, by brake tbhadb
holding the component of the fluid particles.
,'/-ol.ozo-\'\_ g
3 N . . , .
J N Fig. 12: Velocity profiles for diferent value§ &
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Fig. 9: Velocity profiles for diferent values &< 0 “ooe b

Fig. 13: Nusselt profiles for diferent values bl
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N\ 0.006 { decreased the velocity profiles. Nusselt numberedeed
AN sooe) with increasing in the value of radiation parameter
e Knudsen number and skin friction decreased with an
N O\o0.002 ] increase in Navier slip parameter.
N\
-\
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Appendix |

A= VBN*/_SPHGHS{Pr,ml:\/ﬁx/—sPr+a+iStPr+Pr\/3N +4
V3N +4

m, =Prv3N+4 B= KnJ§eAn1eA -me*

m, =Ny/-sPr+a+iSPr, m, =K, +3Ny/-sPra+iSPrC=K /3e"m, +me"

D:—%s+%\/sz+4ist, D:—%s—%\/sz+4ist
1 2 +4i
m = lsz+4i3'me:eisvs 43, m,zeZAe‘A

F= (—A msmgm;YS — 214 m,mgySt -Imsmgm;y St —Imm Y SSt —2mgmgy + 21m, s
—21e™ mg St + 2mgeA my —2mgYmy + mgman, +m,myyYS + A m6yS2 + 2Imgm St
—21Imgm, St +2m;my S —2Amgm, S — 2mgm, + msmom,y + mgn,yS —Am6m7q(S2
+AmgmgyS+214 m6mgeAySt—Ie_Am5m6ySt—Ie_Am6ySSt—2A2m6m7 +2A2m‘
—2A2m9e_2AeA +2mm —2Am6eAS+2Ae_Am9S) G

67
—%S+%\/5‘2+415t %S+%\/Sz+4ISt —%S+%\/52+415z
m;,=e e \/S2+4ISt m;,=e
%S—%JSZHI&
m,,= e V& +41st
-3 s+ 2 +ars
m12=e
-% —%\/S2+4ISt %s—%x/s2+4151
m13 =¢ (S

H= (v myy +yatm, S +ydtm, —yatm, S — 418 m St—y A2 m, S
—21ym,,; SSt—yA%m;; 8 =21y A> m,, St —yA>m,, §* + 21y A m,, S St
+yA%m,, S —ymy, St —ym,, SSE —ym,,SE +ym, S +24"m,, —24"m,,
AL my St =247 m S = 2Ty Ay St 247 myy —2my, SE A+ 2m, St)
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