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ABSTRACT

This research work studies the hydromagnetic boonéiyer flow of Nanofluid past a permeable strétch
surface with the introduction of both thermal ratitted and Newtonian heating. The Nanoparticles cdesd here are
Copper (Cu) and Alumina (4Ds) while water served as the base fluid. The derdietensionless governing equations for
this investigation are solved using a set of cantethe MAPLE software. The effects of significantgical parameters on
velocity, temperature, skin friction and Nusseltminer profiles within the boundary layer of the twater-based

Nanofluids are investigated with interpretationarfr the graphs.
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INTRODUCTION

Nanofluids are dilute liquid suspensions of Nanaplat with at least one of their principal dimemssmaller
than 100nm and have been found to possess enh#mamadophysical properties such as thermal condtgtithermal
diffusivity, viscosity, and convective heat transteefficients compared to those of base fluids diker water. Boundary
layer flow and heat transfer of a fluid over a t&tinéng surface have been a major focus for myrigfdeesearchers in
recent years. It is discovered to have a largeaarfgapplications in many manufacturing fields,sas manufacturing
process of artificial fibers, artificial films ardilute polymer solutions, modern metallurgy, andaheorking processes.
The analysis of heat transfer over a stretchingpsaris of great practical interest because oWitle applications which
include materials manufactured by extrusion (i.¢ymer extrusion), paper production, glass fiberduation, crystal
growing, cooling of metallic sheets or electrontips, drawing of liquid and plastic films in condaion processes,
copper wire drawing. In view of these applicatiotigoretical study of Boundary layer flow over #teetching surface
was pioneered by O. D Makinde [2]. Thereafter, masicategories of fluid flows and heat transfetbpgms for stretching
surfaces have been explored in series of invegiiga{see for instance [6, 7, 16, 13P).Postelnicu [3], W. A Khan [1,
4]. Makinde [5] investigated the inherent irreverstigilin hydromagnetic boundary layer flow of varialiscosity fluid

over a semi-infinite flat plate under the influerafeéhermal radiation and Newtonian heating.
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The effect of thermal radiation and viscous dissipaon boundary layer flow of Nanofluid over a peable
moving flat plate was analyzed by T. G. Motsumi &d Makinde [8]. Gharat. al [9] analyzed the effects of radiation
on MHD free convection flow past an impulsively nroy vertical plate with ramped wall temperature.ski&kar and
Amiri [10] examined MHD steady flow and heat traersbf an incompressible Nanofluid over a non-liteatretching and
permeable sheet. Kishan and Kavitha [48hlyzed the Non-Newtonian magneto-hydro dynamimbary layer flow of
an electrically conducting power-law fluid flowiryer a non-linear stretching surface in the preserfi¢chermal radiation,
considering the viscous dissipation effects. Haild Shankar [14] considered a steady boundary feoyerof water-based
Nanofluid over a moving Permeable surface and th& pvas taken to move in the same or oppositetireto the free
stream. Zafariyan and Fanaee [11] investigatecetfeets of thermal radiation on steady MHD mixechwection over a

vertical plate with a convective boundary conditembedded in a porous medium.

In this paper, our main objective is to analyzedbmbined effects of thermal radiation and Newtoriiaating on
hydromagnetic boundary layer flow of Nanofluid pagtermeable stretching surface with the introductif both thermal
radiation and Newtonian heating. The nanopartictessidered are Copper (Cu) and Alumina,(3) while water served
as the base fluid. The derived dimensionless gavgrguations are solved using MAPLE software. &tfiects of various
significant physical parameters on velocity, terapare, skin friction and Nusselt number profileghivi the boundary

layer of the two water-based Nanofluids are preskgtaphically.

NOMENCLATURE
(u,v) velocity components along x and y-direction
U, plate velocity
T temperature of the nanofluid
Ty temperature of the hot convectional fluid
Unf dynamic viscosity of the nanofluid
Pnf density of the nanofluid
Onf electrical conductivity of the nanofluid
s thermal diffusivity of the nanofluid
(nCy), ; heat capacitance of the nanofluid
Kns thermal conductivity of the nanofluid
Vs kinematic viscosity of the nanofluid
qr radiative heat flux

MATHEMATICAL FORMULATION

A steady unidirectional boundary layer flow of deatrically conducting Nanofluid past a permeahtetshing

surface in the presence of a uniform transversenstagfield whose strength,Bpplied parallel to the y-axis as shown in
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figure 2 was studied. We take the effects of tliaed magnetic field and the external electrigifeed inconsequential. At
the boundary, the permeable plate is moving at@citg U, with a hot convectional fluid of temperatureflowing below

it and a cold Nanofluid of temperatufe<T; flowing above the plate. Far away from the plate,0, T=T,. We takex-axis
along the direction of plate andaxis normal to it. The surface temperature is meslito be kept constant by convective
heat transfer at a constant temperaiyréJnder the boundary-layer approximation, the Nandfequations for continuity,

momentum and energy balance governing the probletaruwconsideration in one dimension are written as

ox

_yde_ _ 1 dp | knpd’u  ongBiu  Vnr
V= purdx g @2 pn PR @
ar _ _Kng d’T  _Bny (du\® | onsBRu dar
il s wprrl s et ) Bl o il e L ®)
With the boundary conditions
u(x,0) = Uy, —K; %(—x, 0) = he(T; — T(x,0)) )
u(x,0)=0,T(x,0) =T, (5)
wu=Uyv="V —KfZ—;=hf(Tf—T) (6)
Introducing the following dimensionless variablesl @uantities into the above equation
- V, hv k
./7:yU°,W=i,S:i,6?:T T, V= Lail ,Pr=—"_Bi=—" g, =4—
V, u, u, T, -T. 04 a, Uk, (eC,). -
o,BYV uU? u U
Ha:¥,Br: f=o U :—f'v :_’7“”0 :(]_—¢)p +¢ps, ®)
pU? k(T -T.) " (@-¢)*" " p, " f
=(1-¢)o, +¢0., (eC,), =@-9)eC,), +8leC,),. o, =[L-9)o, +¢0., ©)
Kot - (ks+2kf)_2¢(kf _ks) (10)
Kf ((ks+2kf)_¢(kf _ks )
__4o0T"
' 3k ody (11)
IV, Sfa-9)| (- 9)+ 9 2= |2 - 1- g) " Hal (- )+ 92 W - Lw =0
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{1 4 {(ks+2km)+<o(kf—&)dee+sp{(ks+zkm)+¢(k,— lg)] (1_¢)+¢(pcp)s 4o

=N (k. +2k, ) - 20k, - k) | | d7? (k+2k)- 2( k- k) (0 c), dn

.{((kk:: 5 f))jzz((kkff_—i))J o) *{((f o f))f;((ff - fs))}{(l—qo) +pZ waru <o

with the boundary conditions:

W :1,d—6': Bi(@-1) atp =0
dn

W =0,60 =0 as/n — infinity
For skin Friction and Nusselt Number

k
also becomedNu = —— Rex%

K (T, -T.) k. dg

RESULTS AND DISCUSSIONS

The derived dimensionless governing equations ahkeed using MAPLE software. The effects of sigrafit
physical parameters on velocity, temperature, fkition and Nusselt number profiles within the bdary layer of the
two water-based Nanofluids are investigated witkrpretations from the graphs. The thermophysicap@rties of water
and Nanopatrticles are presented in the table below.

Table 1: Thermo Physical Properties of Water and Naopatrticles

RESULTS

Impact Factor (JCC): 4.1675

Materials p(kg/m?) | C,(J/kgK) | k(W/mK) | a(S/m)
Pure water 997.1 4179 0.613 5.5 X1
Copper (Cu) 8933 385 400 58x1(
Alumina (AlLO5) 3970 765 40 35xf0

NAAS Rating 3.45



Thermal Radiation and Convective Heating on Hydromagnetic Boundary Layer
Flow of Nanofluid Past a Permeable Stretching Surface

N i

10—10
10—11
10—12
10—13

10—11
10—12
10—13

Figure 2: Temperature Profile with Decreasing Hartmann Number
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Figure 4: Velocity Profile with Increasing SuctionParameter
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Figure 5: Velocity Profile for Different Nanofluid
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Figure 8: Velocity Profile with Increasing Solid Vdume Fraction Parameter
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Figure 9: Temperature Profile with Increasing Brinkmann Number
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Figure 11: Temperature Profile with Increasing Perneability Parameter
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Figure 12: Velocity Profile with Increasing Permealiity Parameter
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Figure 13: Temperature Profile with Increasing Radation Parameter
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Figure 14: Skin Friction Coefficient Profile with Cu-Water Nanofluid for Decreasing Values Of Ha
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Figure 16: Skin Friction Coefficient Profile for Different Nanofluid
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Figure 17: Nusselt Number Profile for Different Narofluid
DISCUSSION OF RESULTS

Figure. (1) shows the effect of Hartmann numberttan velocity profile and we observe that the deseeia
Hartmann number decreases the velocity profile. Zpshows that a decrease in Hartmann numbecttedfeorresponding
decrease in the temperature profile. Fig. (3) shthas the increase in the Suction Parameter leadsdecrease in the
temperature profile. Fig. (4) shows that an incegasthe suction parameter leads to a decrease imedocity profile. Fig.
(5) shows that Alumina water is higher than the @pwvater in the velocity profile. Fig. (6) shovwst Copper water is
lower than Alumina water in the temperature profifay. (7) shows that the increase in solid voliypaeameter leads to an
increase in the temperature profile. Fig. (8) shthvas an increase in solid volume parameter leadsdecrease in velocity
profile. Fig. (9) shows that an increase in Brinkmawumber effects increase in the temperaturelprdfig. (10) shows
that an increase in Biot number leads to an initexdrease in temperature profile but switches ¢cemse. Fig. (11) shows
that an increase in permeability parameter leadsdecrease in the temperature profile. Fig. (bB\s that the increase
in permeability parameter leads to an increaséénvielocity profile. Fig. (13) shows that the irese in the radiation
parameter leads to a decrease in the temperatofite pFig. (14) shows that as Ha decreases the fskition coefficient
profile increases but switches to decrease arouhd=ly. (15) shows that as the Ha decreases, tissedt number Profile
increases a little and then decreases. Fig. (@yslkthat Alumina water is initially smaller butatout 0.4 became higher
on Skin Friction coefficient profile. Fig. (17) she that Alumina water is higher than copper wateth® Nusselt Number

Profile.
CONCLUSIONS

The combined effects of thermal radiation and Neweto heating on hydromagnetic boundary layer fldw o
nanofluids past a permeable moving surface werestigated and the following conclusions were madeHartman
number (Ha), Solid volume paramete) @nd Suction parameter (S) increase, the momebtumdary layer thickness
decreases but increases as the Permeability pamafmeincreases. As Hartmann number (Ha) and solidnaelparameter

(p) increase, the thermal boundary layer thicknesseases while it decreases as the Suction parar(®jeand
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Permeability parameter) increase. As the Biotnumber (Bi) and Brinkmanmmber (Br) increase, we observe a

corresponding increase in the thermal boundaryr [&yith an increase in the thermal radiation Paran(if, the thermal

boundary layer starts increasing but switches tyedese after a certain point Cu-water showed alenrabmentum and

thermal boundary layer thickness compared to Al203.
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