Juagal) dzala
ddigl) auls

by B BliAa Jaal) o pwdalial) Jlaal) il
slad 93 Chugad JAN daaliwe Ak g (555l phla (1 iS)iia
& jalia

O 03aa il s Glg)

o psts inla Dy
cilyhadly sl Aunsia /RSl Luarigh

e"~\‘\ A V¢



-

ADAl

S eublad) Jad) il Ajead Lose Buhy Cadl 1 b cunl
Gl wle 0 0Se daie slat (53 eVl S e i b Jabdal Jeal
oY) 5 el ohlaall ASy (gl Ll ey pdia salie Jasss (sle —ulad)
A0 50 gslall Jlaall 5 Aialug 4l s dapn 53 Jaal) Jlall 5 Wba (Vgiea
copall a3 A50 e jun ety 58k b s

5 obusall Jausgll 28U Jain g pal Jain 5 Ayl Y sl Caeadiud
L Aapall ) RS cValad) disaily Al cValaS gl ailal
(upwind scheme) ek cuaadin) M (gaaall Jall sarsall 354l Aoyl Cardiin
C ) a5 ) s gl el saasall 3oyl 5 dealdl aa il
A cVobee 5 A3 Jaaa cVales Jal Sl Jule (el diph cusaiid
ally c¥alae Jal (successive over relaxation) i jla caerdivl WS 5 Al
Jeall phall JU) & ) chuad) Eb auhs G 1 b oS Gl
0.03 50.01) &5l Glasall Bpaaall 4ol 5 (60 ) 0) plapla 23e :dalinl)
o 5(107,107%107) o aae 5(5, 1, 0.1) gswnliny 22 5(0.05 5
ve Jaiy e 5 (Re=100) e Ay sxe cisiy 5(0.7,0.5,0.3) daalnd) aadall
.(Pr=6.24)

Zaph ol 3hall 2ays sd Lashis Cld) Lagha AV il culia

Glos dae s B Aoby gy e o kb ¢ phall Gl a5ty plall bl
el 53E Lyl aaal o FE cuy LIS A paall cOlleall 5 Ll 2 aa
138 & Augad) dpaall en cilud saey Jiadl slall JEl 5 gl glsa e
O 1Y pwly 2 plealt 5 Aseleall Aadal elew saly b 1w Ja 5 Gl
0 60 0 e ol s un il Gl s mleasl
izl Ao (0.3,0.5,0.7) dslud) dadall dlews vie (79.88%,77.94%,72.15)
LS ¢ phall Jlm) 5 adlal) o Guped e daad Opmaylitiy 23e 3345 of s B ¢
Jua o Langl o hall JUE) e uead Ll Clasall Gaaaall dawill 50L5



O Bl plala aae 33l o) G (A Aelisall Adadall Sl J8 LIS alajy 3)Dad) Jlal
+ Asalisal) Zaudall cless 33 LS ala30 5yall Ul



Summary

This research studied numerically the effect of magnetic field
on the mixed convection in lid driven composite two dimensional
square cavity ,this cavity composed of two layers : a Cu -water
nanofluid layer superposed a porous media ,the porous media saturated
with the same nanofuid , the left and right walls are thermally
insulated , the bottom wall which is in contact with porous media is
isothermally hot while the top wall which is in contact with nanofluid
layer is isothermally cold and being lid driven in constant velocity to
right.

The governing equations in this study include Continuity
equations, momentum equation and energy equations for pours media
and nanofluid. Those governing equations were normalized and
solved numerically by finite difference method, the convection term of
the momentum and energy equations were treated by upwind scheme,
while the diffusion and source terms were treated by central
difference. Gauss-siedel iteration method were used for solution
vorticity and energy equations and Successive Over Relaxation
method were used for solution of stream function equation.

In this study the following parameters were considered:

Hartman number (Ha) from (0 to 60), nanoparticles volume fraction
(0.01, 0.03, 0.05), Richardson number (Ri) (0.1, 1, 5), Darcy number
(Da) (107, 10, 10°) and porous layer thickness (Wp) (0.3, 0.5, 0.7) at
constant Reynolds number (Re=100) and Prandtl number (Pr=6.24).

The results have been represented by stream lines and isotherms
to show the behavior of flow and temperature distribution in the
cavity, Also relations of Nusselt number versus the Hartman number
at different studied parameters.

Finally, the results shows that increasing Hartman number
causes a reduction in mixed convection heat transfer and this effect
reduced by increased the porous layer thickness and reduction of
Darcy number. In increased of Hartman number from 0 to 60 with Wp
(0.3, 0.5, 0.7) a reduction in convection heat transfer by (79.88%,
77.94%, 72.15%) respectively. The increase in Richardson number
(Ri) enhanced the convection heat transfer for all Hartman number, on
other hand the increase of nanoparticles volume fraction improve the
heat transfer. It is noticed that heat transfer increased as porous layer
thickness increased. On other hand it is noticed that by increasing
Hartman number, the heat transfer improved with increasing the
porous layer thickness.
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