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Abstract

In this article, the existence of thermal radiation with Copper- water nanofluid,
the effect of heat transfer in unsteady magnetohydrodynamics (MHD) squeezing
and suction-injection on the flow between parallel plates( porous medium) are
studied. Rosseland approximation and the radiation of heat flux are used to depict
the energy equation. The set of ordinary differential equations with boundary
conditions are analytically resolved by applying a new approach method (NAM).
The influences of thermal field and physical parameters on dimensionless flow field
have been displayed in tabular and graphs form. The presented results show that the
heat transfer coefficient is reduced by the thermal radiation coefficient increases and
the absolute values of the skin friction coefficients are enhanced with the magnetic
amplification parameter. Regularly, the present outcomes discern that the parameters
of the injection-suction coefficient are both the temperature and velocity profiles
decline.

Keyword: Thermal radiation, Copper nanofluid, Magnetohydrodynamics, Parallel
plates, Porous medium.
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1.Introduction

During the past decade, in many branches of science and engineering, there are many
applications of analysis for heat and mass transfer such as from stains to the environment
water is evaporated, and within the liver and kidneys the blood is sterilized which are related
to mass transfer applications. For the heat transfer, it includes evaporators and the field of
condensers. The rate of mass and heat transfer has a legacy of much use, as lubrication
method, polymer dispensation, chemical dispensation equipment, fog formation and
dispersion, because of the frosty spoils on the crops, Azimin and Riazi [1] studied the impact
of the heat transfer for GO-water nanofluid between two analogous disks. They found that an
increase in the values of the Brownian number leads to increase volume concentration of
nanoparticle. During a vertical porous channel via convective heat source for nanofluid on
MHD flow, Das et al. [2] have examined the influence of entropy exploration. In the porous
medium, Aziz et al. [3] have analyzed the effect of free convection on nanofluid past plate
implanted a smooth plane and in the happening of gyrotactic microorganisms increasing the
value of bio-convection parameters rate of mass transfer, Nusselt number and motile density
parameter enhanced, while it decreases with growing the values of buoyancy parameter Nr.
Domairry and Hatami [4] have studied numerical investigation of squeezing flow through
similar plates with Copper—water nanofluid with a raising the values of volume fraction of
solid particle, there is no change in velocity boundary layer depth. Through a porous medium
inside a square cavity packed in nanofluids, Grosan et al. [5] exaimed the free convection
effect of heat transfer. Through a channel with porous walls, Fakour et al. [6] deliberated the
impact of a nanofluids flow of magnetohydrodynamic and heat conduction. Gupta and Ray
[7] have discussed a numerical analysis of the squeezing nanofluid flow among two similar
plates and they proved that as the temperature of the nanoparticle increases with increase in
Prandtl number and Eckert number. In this paper, we study the effects associated with MHD
flow of heat transfer. Before being solved, similarity solution is used to convert the
governing partial differential equations into ordinary differential equations using NAM. The
effects of different physical numbers on the flow and the thermal profiles are analyzed.
Therefore, the organizations of this paper are:
e In order to reveal the behaviour fluid flow and of heat transfer with thermal radiation for
Copper-water nanofluid.
e We simulate the behaviour of the pertinent parameters such as porous medium, thermal
raditian, injection-susjection, solid volume fraction, Eckert number, Prandtl number and the
length parameter on the curves of the fluid flow and temperature distributions. We alos
examine the graphical of the parameters on the velocity and the temperature distributions.
e We use NAM with similarity transformations to understand the behavior of the heat
transfer. An approximate analytical solution from the proposed method could be established
mathematical formulations to describe different microfluidic devices.
e The point of the current study is to find approximate analytical solutions and to analyze
the influence of suction- injection and thermal radiation on unsteady MHD squeezing
Copper-water nanofluids flow between similar plates in the presence of porous medium.
Obtained equations have been solved by new approach technique with assisent the initial
and boundary conditions and compared with DTM[4] and 4-5th Runge-Kutta-Fehlberg
technique [8]. Through the graphs, the effect is described various objective parameters on
speed and temperature fields.
2. Problem Statement
In the porous medium, nanofluid flow unsteady two-dimensional squeezing between two
similar plates in the presence of the thermal radiatio with suction - injection is considered.
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§ = (1 —ab)®5 = +h(f) is the space between two plates. There are two cases for
convergent both the plates in the following:

= Both plates are compact units to which they are connected for@ > 0 and ¢ =
= The two plates are separated for @ < 0.

The physical model graph along with the coordinate system and flow pattern is defined in
Figure (1):
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D

Figure 1-Coordinate System and Flow Configuration.

The basic equations for the mass, momentum, and heat transfer of the nanofluid are expressed

ou | o
xts =0 (2.1a)
5 (2% 4 528 u 0%, VPnf -~ o~ , ~
Pnf( - ua—; +v a_;) - = + nf(axz ayu - Lii — GAyil, (2.1b)
5 (%% 4 ;9% 507 %D, VPnf . o~ o
Prs (a: ”_;Jr ﬁ) = __+ nf(axz # - ,}fv — GAo7, (2.1c)
T GOy BT on?
ot t i ox o v (» Cp)yy OX? + 8372) + (B Co)s (4 (af)
ou , o 1 aqr
(G55 o (210
for radiation, the heat flux by using Rosseland approximation [4] defined as:
~ 45 0T*
I =~ 3% 3y (2.1f)

Thus, we assume that the deviation of the temperature within the flow is to expedite
T* stretching in the Taylor series and growing T* about T, and the higher order of
deserting terms, yield:

+ aT knf 62_7" knf ( 16’57&,) 62_7"‘
0% (p Cp), ;0% (7 Cp), p 3kkyys ) 092
ﬁnf a_ﬁ)z CLINEL®
s (%) + G+ (2.1d)
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where ¥ and ¥ direction velocity components are (i, ¥) correspondingly, & is the Stefan
Boltzmann fixed, k is coefficient of mean absorption, fins IS dynamic viscosity, pnr is
density, Enf is thermal conductivity, and (p Ep)nf is heat capacity. The boundary condition
are defined as follows:

i=0 v=V,&%b T=T; at y=h(®), (2.2a)
ou S at oT _
Fri 0, 7= A 2a 05 W oy =0 aty=0. (2.2b)
Now, the parameter e,, appears in three cases as it is shown
o If e, >0, then e, is the suction parameter.
o If e, =0, then the fixd surface.
o If e, <0, then e, isthe injection parameter.
The effective of i, , Py, Enf, and (p ép)nf can be written respectively as:
P = (l_ﬂﬁ, (2.33)
Py = (1 — 0)py + 0P, ) (2.30)
(.5 Cp)nf = (1 - (1))(,5 Cp)f + (1)(,5 Cp)sr (2-3C)

Fng _ Rst2Ry—20(ky7ks) (2.3d)

ks ks+2kp+2w(ks—ks) '
where w is solid volume fraction, s is solid particle and f is the regular fluid. The thermo
physical properties of water and copper are offered in Table (1):

Table 1- Density properties of nanofluids and nanoparticles

Material Density (kg/m®)  Thermal conductivity (W/mk) Heat capacity(j/kgK)
Copper Cu 8933 0.613 4179
Fluid phase (water) 997.1 401 385

Equations (2.1a)-(2.1d) can be transfered into the ordinary differential equations by means of
the following similarity variables:
_ i S _ @ dag®) o~ _ i
¢ = 1(1-ab)1/z ’ u= 2(0-at) df ’ V=Toas at)g(f) 0= Ty (24)
The modified ordinary differential equations are:

_ 05 yd9d’g g\ _
w 5131(1 ) (5d53+3d52 e dfs) (y + )aez" (2.53)

Bz P‘r'EC d g 2 dg
A+ N)E2+2ps (g% — e 20) 4 _Dle [(E) + 457 (& f)] 0, (25b)
with the boundary condltlons become

d? de
g(0) =e,, di(zo) =0, d_(fO) =0, até=0, (2.6a)
g =1 ¥B-1 g)=1 até=1, (2.6b)

dg§
Now, we can define the physical parameter as:
=12
e  The squeeze parameter is S = #
f

e The Eckert parameter is E, =

2
(Nc) 2(1—2&5)) !

. l‘f(P Cp)
e The Prandtl parameter is P. = ——~
Prkg
. . 165TS
e  The thermal radiation parameter is N, = ——,
3kknf
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212v(1-atb)
kﬁnf
212G A3(1-ai)
ﬁﬁnf

The porous medium is y =

The magnetic parameter is M =

The length parameter is § = i
2(1-ab)251, (%)
al

The suction - injection parameter is e,, = —

® Cp)s
@ Cp)r’

)
B, = ]}if _ TCS-l-ZTCf—Z(u(I}f—kS) are
37 kp T ket2kpt20(kp—ks)

Bl—(l—w)+w B, =(1—-w)+w

constants.
For the particle interest, the coefficient of skin friction C} and Nusselt number N, are
defined as:

12 _ 2.5 4°g(1)
Cf X (1-ab)RexCy =5:(1-w) T (2.73)
N=vi—atN,=-Bs(1+ N)ﬁ (2.7b)

C. = ﬁnff%);v;ﬁ(‘t‘), N, = _ 16Dy
Pnf Vw knfTH
3. The Basic Steps of the New Approach Method (NAM)

The important foundation for constructing the analytical approximate solution is assumed
the coefficient of power series for this solution. Thus, it can be calculated by differential
methods. Clarify the calculation of these coefficients and derivation of the NAM, we point to
the details of a NAM in four steps as follows:

The first step: Assume the ordinary differential equation in the following :

dg(s‘) a’g(&) d3g(®) d® Vg a™g(®)
( (E) ) Ez ) 53 ) ") df(n_l) ) df(n) ) (31)

Rewriting the Equation (3.1), then it becomes

a™g©® _ dg(f) a?g® a*g®  a"Vg®

de(n) - ( (5) 'Tqgz ) qes df(n_l) ), (32)

Where, G is a function of g(f) with its derivatives, g(§) is an unbeknown function, &
denotes the independent variable. So, the integrating of Equation (3.2) n—times with respect
to £ on [0, €], this yields

9©) = X1 509700 + LK (D], (3:3)
where,

dg§) d?g® a*g(®  d™ Vg - & ¢

Klg@©] =6 (9(), %2 L2, L2, . S8R ) 710 = [§ - [ ()@,
The second steps: Suppose that

where

Klg(O] = S, S i@ (3.4
rewriting the Equation (3.4) as follows

K[g()] = Klgo(©)] + k[go ()] + K"[go()] + K" '[go (O] + -, 3.5)
substituting Equation(3.5) in Equation(3.3), we get

9@ =90() + 91(8) + g2(8) + g3(5) + -~ (36)
90 = Tyt gI 00, g:(9) =17 KTgo(©)), 9206 = L KIgoE)),

935 = LT'K""[go(©)], 94()) = LTK""[go(§)] . 3.7)

The three steps: The derivative of k with respect to & which is the important part of the
NAM. Start calculating K[g(é€)], K[g(®)], K[g(é)], ...

dg(§) d*g@) d*g®  d™ Vg
Klg(©)] =G (9(5), 42 L0, =28, 8), (38)
K'[g(©)] = X8 -1 K -0 (9e)7Y, (3.9)
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y (s1—1)
K"[g(O)] = 3% 1 X2 1 K ytsi-v gts2-n (9g) (ge)
Y o1 K ysi-n (gee) 7Y, (3.10)

7 (s1-1) (s2-1) (s1-1)
K"[g(§)] = X§,=125,=1 K jis1-1 g(s2-1) (9¢)7" . (g¢e) .+Z?1=1Kg<s1—1>_(gfff) '
+X0=1 Xom1 D=1 K10 gz gsa-n (ge) 17D (927 . ()= (3.11)

Note that, the mixed of derivatives are identical due to the solution of g and the operator of
K are analytic functions. The derivative of g is unknown, so we propose the following
hypothesis
ge= g1= L'K[go(D], gez = 92 = L7'K'[go(D)],

geze = g3 = LTTK"[go(O)], Gegee = Ga = LTK""[go(O)],.... (3.12)
Therefore, Equations (3.8) - (3.11) are evaluated by

dgo(§) d2go(® d%go®  d"Vgo(®)
Klgo(©)] = G (go(§), 2, T8 008 0D, ()

K'[go(©)] = 251 1K 0(51—1),(91)(51_1), (3.14)
K"[go(®)] = X% -1 T8 1 Ky 1-0 g (52- (9) 17D, (g) 27 +
K NEESS (gz)(sl_l), (3.15)

K"[go(f)] = 3 Y- i Kg0(51—1)go(52—1).(91)(51_1)- (92)%2V, + X, Kg0(51—1),(93)(51_1)
+ Th=1 =1 2621 K s g cang 0 (91 (g2 (g) 7Y, (3.16)

The four steps: This step involves making up Equations (3.13)-(3.16) in Equation (3.6), by
substitution, we get the required analytical solution to the Equation (3.1).
4. The application of NAM for heat transfer in unsteady MHD on flow in the porous
medium

In the previous section that described NAM, this method is implemented for solving the
system of ordinary differential equations (2.5a) and (2.5b) due to finding the analytical
approximate solution g(¢é) and 6(¢), The required information is as follows:
From step(1), by integrating Equation (2.5a)4-times and Equation (2.5b)2-times with respect
to & on [0, &], we have

9@ = g(0) + g'OF + g" O+ gL + L[5B, (1 — )" (5%‘3 + 3327“3 +

L9t + o+ L (4.1a)
0) = 6(0) + 0" (006 + L [ 2 PeS (9 52 ~ £ 72)
B (1+N;) 33 T\TdE Cdg
- (1+1Nr) 33(113T—Eai)2-5 [(3%) + 467 (Z?) ]] (4.1b)
rewrite the Equations(4.1a) and (4 1b) as follows:
9@ =J1 +¢ +]3—+]43'+L11K1[g(€)] (4.23)
0(8) = Fi + Fy§ + L3 K, [0(D)], (4.2b)

which,

]1 = 9(0), ]2 = g’(O), ]3 = g”(O), ]4 = g”’(O),
F, =6(0), F, =6'(0),

d d? dg d? d3 d
Kilg) = SB(1- @)°% (£ 52 +350 + 2958 — g%8) 4+ (y + M) T2

_ L Bpo(o 0 d0y 1 BB [(d 2 (49
KZ[B(f)] _(1+NT)B3PTS(g d¢ d{) (1+Ny) B3(1-w)25 [(dfz) + 46 (df) ]’
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and L= O@, 1= EO@?,
from the boundary conditions ( 4.2a) and (4.2b), we get

9() = 1€+ 115+ LK [9 (D) (4.32)

0(§) = F, + L3 K, [0(9)], (4.3b)
from step(2), we have

Jo=ew+ 2§+ ]a %, 91 = LT'K1[90(©)], g2 = L1'K{[go(©)], ... (4.53)

Op=F, 06;= Lgle[Bo(f)]» 0, = L§1K2[90(€)], e (4.5b)
and the analytical solutions are

9g&)=go+g1+9g2+ (4.69)

() =06+ 6, +6, 4+, (4.6Db)

from step(3), it yields

_ dg d*g d3g
Ki[g] =SBl(1—w)°5(€d€3 +352+ dgd—gz—gdfg)ﬂyw) = @7
-1 By g .de\ 1 PyE. d*g 2 (dg
[9(5)] (1+N ) B3 PrS (g daé Edf) (1+N;) B3(1-w)25 [(dfz) + 46 ( E) ] (4'7b)
Kl[g(f)] Zsl 1K1g(51—1)_(gf)(51_1): (488.)
K3[0(9)] = X3 21 Ky gs1-0 ()™ + Kagr (6, (4.8b)
" 4 4 (s1-1) (s2-1)
Kl [g(f)] = Ls,=1 Zsl=1 Klg(s1—1)g(52—1).(gf) . (gf)
+Z§1 1Ky g0 (ge) Y, (4.9a)
” (s,-1) (sz-1)
K3'[0(9)] = Z Z Kygei-vye-n (9¢) - (9¢)
Sp= 151

(s1-1) ,
Zs1=1Kzg(Sl-1>.(9<’f) T 4K (06) “+Kaer- (8

+Kogr01-(05) - (92) + Kagrrer-(82)'-(ge) (4.9b)
" (s1—-1) (52— 1)
Ki'[g(©)] =3.25,-1 25 =1 K (s1—1)g(52-1)'(g5) (gff)
2?1—11( (51—1)_(9555)(51 D+
Zsz 121511=1 Kg(sl_l)g(sz_l)g(sl—l) (gg)(l_l). (gg)(]_l) . (gf)(k_l) ) (4103.)
(s1-1) (52-1)
[9(5)] = 3. 252 1251 1K2g(51_1)g(52_1).('gf) . (gff)
+ 251=1 KZg(Sl‘l) (gfff)(51_1) +
?3=1 Z?Zzl Z?1=1 Kzg(sl_l)g(SZ_l)g(53—1) (gf)(51_1)' (gf)(sz_l) . (gf)(S?;_l) +

3. Kygg0" (0)'-(95)* + 6. K501 (85)" (9¢)"- (ge) + 4- K976 (82)"- (92)""- (ge) +

3.Kyg070- (65)"%.(9¢), (4.10b)
Therefore, we propose the hypothesis as follows

ge = 91 = L7'Ki[go(©)], ges = 92 = L7'K{[go(©)], (4.11q)

0= 6, = LK1 [60(9)], Oge = 0, = L_lK{[go(E)]' (4.11b)

Now, we have to extract the first derivatives of K in the following

kig, = SB;(1 —w)?5g{", kig,go = klgog(’) =0, klg gy = = SB;(1 — w)?>,
K1909090 = K1gog0gh = Kigoghas = Krgoghah = Krgogliat! = F1gogyay” = 0,

klg(') =SB,(1 - )25(3 + g”’) klg gh = klg’g”’ =0, klg gy = =SB,;(1— )2'5,
Kigog09b = K1gogbab = Kighahas = Krghat'ah = Kaghatl gy = Kaghay' gy = 0
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— 2.5 " _ _ 25
kygy = SB1(1— 0)*°B+g¢") + (M +y), kygprgnr = 0,ky gy 0 = SB1 (1 — w)?°,
kg g0gh = K1gy abat = ¥agiabat = Krgliai" ot = Krgtialiay = Krgliay gt = 0
— 2.5 — — 2.5
klg(l)ll = 531(1 - (U) (E - go),klg{)ug{)/ =0, klg{,”go = SBl(l — w)?25,
k1gy" g0ah = Krgy' gbah = Krgy' gbah = Krgy' g gy = Kagy' gy gt = Frgy' g gy’ = 0, (4.122)
— —PrSB; 4 _ _ _ _ —P,SB,
Kz‘go - 33(1—(1))2'5(1+Nr) 80’ kZQog(’) - kz.gog(’)’ - kz.gogo - O’ K2g09(’, - B3(1-&))2'5(1+NT)'
k2g0g090 = K2goghg0 = K2gegbas = ¥2g49" ab = K200t/ 9 = 2909t = O
—86*RE, —8P.62E,
Kagt = 23590 Kagogh = Kaghgs = 0, Kag g1 = 25
0 B3(1_w). 090 090 090 B3(1_w)-
k2gt9090 = K2g0950h = Kaghatah = Kagioser = Kagperes = Kaghay gy’ =0
—2P.E, ., —2P.E,
Kagy = By(1— w)25 9o kagl gy = Fagy gy = 0 Kogpr gy = Bi(1— w)2¥
%2069006 = K2008/05 = Kagil oy oy = ¥ag0i0; = Kagyojes = Kagy gy gy’ = O
k2g69096 = k29(’,sg(’)’g{, = kzeég{)'g{) = k29696g6 = kzg(')g(')g(') = kzg(f)fg(r)fg(r)n =0
— —PrSB; ’ _ _ —P,SB,
K205 = Bamars ey 9o —$) 90 Kagiay = 0. Kaglg, = 500 s rmy (4.120)

from step(4), substituting Equations in Equations (4.7)-(4.10) in Equation (4.11), we obtain
g1 =18+ %]252»

(4.13a)
0o = Fy, (4.13b)
92 =~ 5B (1= w)Pey Jug* + 2 (5B (1 - )25 + L0+ M) 8 +
ﬁSBl(l — w)25]2¢7, (4.14a)
01 = — T (120/3828% + (2J36% + 20/,),6% + 5]1)E%), (4.14b)

N 60B3(1-w)25
Substituting Equations (4.13) and (4.14) in Equations(4.6a) and (4.6b), respectively. We get
the following approximate analytical solutions:

9@ = 1§ +2),8% = ——SBi(1 — )?Se,, Ju&* + g(gsm — )25+ —(y +
M))]4E5 + ﬁSBlu —w)*5J2E7 + -, (4.15a)
0(8) = Fi — o oo (120/36262 + (2367 + 20JJ48% + 5]1)€*) + -+~ (4.15b)
5.Results and Discussion
The solution of model heat transfer-Nanofluid flow for parallel plates( porous medium)
problem obtained in section (4) by using the new approach is effective. The interest of this
section is to explore the influences of numerous values of physical parameters with N,,e,,, v,
M, w, P, E, and § under non-dimension on the curves of the velocity g'(¢{) and
temperature 6(&) profiles. To exhibit the convergence of the solutions in the Equations
(4.15) obtained by the new approach from Tables (3) and (2) can be observed that the
value of g’'(0),g"'(0) and 6(0) are fixed at (2- 3) iterations for e,, > 0. While these values
are fixed at (2-4) iterations for e, <0. As well as, the convergence of the values
g'(0),g"(0) and 6(0) at 4 iterations for e,, = 0. Numerical values for Nusselt number g''(1)
are shown in Table (5). The observations explain that the magnitude of g'’(1) is increasing
profile for increasing of y, M and w. Besides, the magnitude of g'’(1) is observed as an
increasing field for decreasing values e,,. In Tables (6)-(8), there are compared between the
resulting solutions, DTM- Padé method and numerical solutions (RK4™ and RKF4-5" ). In
these tables, we note that the solutions agree well with each other. In particular, this section
focuses on the behaviour of solutions according with N, e,,y, M, w, P, E. and § on the
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curves of the flow field g'(¢) and thermal field (&) are plotted in Figures (2) - (9). The
scenarios of these curves under the proposed physical parameters can be seen, these
behaviours are in the following sentences:

= Figure (2): This figure depicts the influence of increasing y on the curves of the velocity
and temperature profile for fix M=N,=2, P.=6.2, w=0.02, S=1, §=E, =
0.01 and e,, = 0.5. The graph of the curves g'(§) is decreasing with the increase of y to
be with the neighbor point in contact for ¢ = 0.5, and then it becomes in reverse position of
increasing the values of the porous medium paramter. The configuration of curves position of
g' (&) has changed and becomes opposite curves to those in (0.5,1]. Furthermore, the
decreasing of temperature profile for increasing values of the porous medium parameter is
obvious. The thermal field reaches to low level for § =1 with a thinner boundary layer
while the opposite situation happens for ¢ = 0, that is thickness boundary layer. Arguably, the
velocity increases as a function near the lower plate and boosts near the top plate. It can be
also seen that for the constant values of the physical parameters, the flow field increases while
the thermal profile decreases.

= Figures (3) : The behaviors of the profiles of flow and thermal with increasing value M
for fixed B. =62, w= 002, S=1, 6§=0.01, y=2,E.,=0.01 and e, =0.5. are
discussed. The figure for this point shows that the flow field and thermal fields behave quite
similarly to the motion of the curves with increasing porosity medium parameter.

» Figure(4): Several values of the injection- surjection parameter and the values fixed
following M =2, . = 6.2, w =0.02, S=1,6 =0.01, y =N, =2, and E, = 0.01 lead
to a reduction the flow field and thermal field.

»= Figure(5): The graph cleares that the thermal field when PB.=6.2,w = 0.02,S =
1,6 =0.01,y =2, e, = 0.5, and E_ decreasing with increase in the thermal radiation
parameter.

= Figures (6-9): From these figures, there are evidents that the temperature profiles are
gradually decreasing when w, &,B.and E. are increased for M = 1, B. = 6.2, w = 0.06,
$=1,6§=001, y =N, =2,and E, = 0.01 .

Table 2-The convergence of the values J,, J, and F; for N, =1,S=0.1,B. = 0.2,E, =
0.05,M =0,w =0.01,6 = 0.1,y = 0.1,

e, =04 e, =—04
Iz Ja F J2 Ja F
1 0.8942261 -1.7391098 1.0029690 2.0807125 -3.9438904 1.006123
2 0.8941698 -1.7386838 1.0030226 2.0801790 -3.9386535 1.006751
3 0.8941698 -1.7386839 1.0030227 2.0801742  -3.9386095 1.006753
4 0.8941698 -1.7386839 1.0030227 2.0801742  -3.9386095 1.006755
5 0.8941698 -1.7386839 1.0030227 2.0801742  -3.9386095 1.006755
6  0.8941698 -1.7386839 1.0030227 2.0801742  -3.9386095 1.006755
7 0.8941698 -1.7386839 1.0030227 2.0801742  -3.9386095 1.006755
8 0.8941698 -1.7386839 1.0030227 2.0801742  -3.9386095 1.006755
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Table 3-The convergence of the values J,,J, and F; for N, =1,§ =0.1,B. = 0.5, =
0.05,M =0,w =0.01,6 = 0.1,y = 0.1.

ey =0 e, =0.1
J2 Ja Fy J2 Ja Fy
1 1.4882740 -2.8572435 1.0101622 1.3399153 -2.5807108 1.00924336
2 1.4880543 -2.8552623 1.0107540 1.3397489 -2.5796447 1.00967723
3 1.4880533 -2.8552623 1.0107550 1.3397489 -2.5792598 1.00967781
4 14880533 -2.8552623 1.0107550 1.3397489 -2.5792598 1.00967781
5 1.4880533 -2.8552623 1.0107550 1.3397489 -2.5792598 1.00967784
6 14880533 -2.8552623 1.0107550 1.3397489 -2.5792598 1.00967784
7 14880533 -2.8552623 1.0107550 1.3397489 -2.5792598 1.00967784
8 14880533 -2.8552623 1.0107550 1.3397489 -2.5792598 1.00967784

Table 4-The convergence of the values J,, J, and F; for N, =2,5=0.1,B. = 0.5,E, =
0.05,M =1,w=0.01,6 =0.1,y = 0.1,

ey =0 ey = 0.1
J2 Ja F J2 Ja F
1 1.4675049 -2.608354  1.005782  1.321125 -2.355213 1.005348
2 1.4655396 -2.591264  1.006826  1.319438 -2.340666 1.006169
3 1.4654874 -2.590865 1.006841  1.319396 -2.340342 1.006181
4 1.4654868 -2.590861 1.006859  1.319396 -2.340341 1.006194
5 1.4654868 -2.590861 1.006859  1.319396 -2.340341 1.006194
6 1.4654868 -2.590861 1.006859  1.319396 -2.340341 1.006194
7 1.4654868 -2.590861 1.006859  1.319396 -2.340341 1.006194

Table 5-The values of - dzg D for

§ =0.01,P. = 6.2,E. =0.01, and S = 1.

52
N, y M ey w RKF4-5"[8] NAM
0 2 2 05 002 2.0920945932  2.2090892252
1 2 2 05 002 2.0920945932  2.2090892252
2 2 2 05 002 2.0920945932  2.2090892252
4 2 2 05 002 2.0920945932  2.2090892252
2 0 2 05 002 1.9438901694  1.9431971100
2 1 2 05 002 2.0190028272  2.0184921420
2 2 2 05 002 2.0920945932  2.0908922520
2 4 2 05 002 2.2306798552  2.2477072260
2 2 0 05 002 19440334782  1.9432212800
2 2 1 05 002 2.0194087546  2.0196540460
2 2 2 05 002 2.0920945932  2.0928359440
2 2 4 05 002 22303732505  2.2299315350
2 2 8 05 002 2.4836742559  2.4688370370
2 2 2 07 002 7.5702584636  7.4734905480
2 2 2 05 002 6.6133062839  6.5516150440
2 2 2 -02 002 52103729244  5.1837185500
2 2 2 05 001 2.0826698103  2.0814934940
2 2 2 05 004 2.1095910317  2.1613913670
2 2 2 05 006 2.1241401910  2.1241401910
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Table 6-Comparison of g(&) and 6(¢) for copper-water for S =1,B. =6.2,§ =0.1,w =
0.01,E, = 0.05, and N, =M =y =e,, = 0.

DTM[4] RKF4-5™ [8] Present Results
£
9() 6($) 9() 6($) 9() 6($)
0.0 0.000000  1.229308  0.000000 1.229159  0.000000 1.220308
0.1 0.148563  1.229151  0.148569 1.229002 0.148563 1.229145
0.2 0.294239  1.228434  0.294251 0.294251 0.294239 1.228398
0.3 0.434131  1.226408  0.434147 1.226260 0.434131 1.226291
0.4 0565335  1.221822  0.565335 1.221674 0.565313 1.221521
0.5 0.684856  1.212902  0.684856 1.212757 0.684830 1.212245
0.6 0.789675 1197333  0.789705 1.197193 0.789675 1.196057
0.7 0.876784  1.172209  0.876817 1.720792 0.876784 1.722223
0.8 0.943027  1.133972  0.943063 1.133386 0.943027 1.130171
0.9 0.985197  1.078309  0.985234 1.078224 0.985197 1.072259
1.0 1.000000  1.000000  1.000038 0.999950  1.000000 1.000000

Table 7-Comparison between and Rk4™ for N, = 1, = 0.1, P. = 0.01,E. = 0.01,

M=0,0=0016=01y=01e, = 0.

& g RK4" Relative Error
0.0 0.0000000000  0.0000000000 0.00000000000000
0.1 0.1483293309  0.1483294549 8.359769143 x 1077
0.2 0.2937996825  0.2937999301 8.427503707 x 1077
0.3 0.4335372323  0.4335376045 8.585183757 x 1077
04 0.5646385829  0.5646390817 8.833961661 x 10~
0.5 0.6841562519  0.6841568802 9.183566199 x 10~
0.6 0.7890845015 0.7890852634 9.655483828 x 1077
0.7 0.8763456337  0.8763465326 1.025735787 x 10~°
0.8 0.9427768796  0.9427779169 1.100259119 x 10~
0.9 0.9851192034  0.9851180346 1.186455402 x 10~°

Table 8-Comparison between and Rk4™ for N, = 1,S = 0.1, P.

= 0.01,

E.=0.01,M=0,0=0.01,6§ =0.1,y = 0.1,¢,, = 0.

$ 6($) RK4™ Relative Error
0.0 0.0000000000  0.000000000 0.0000000000000
0.1 1.000065892 1.000065914 2.199854999 x 1078
0.2 1.000065773 1.000065861 8.799420461 x 1078
0.3 1.000065435 1.000065631 1.959871372 x 10~
0.4 1.000064671 1.000065011 3.399778977 x 1077
0.5 1.000063178 1.000063696 5.179670076 x 10~7
0.6 1.000060560 1.000061282 7.219557571 x 1077
0.7 1.000056312 1.000057259 9.469457788 x 10~°
0.8 1.000049814 1.000051002 1.187939413 x 10~°
0.9 1.000040317 1.000041760 1.442939743 x 107°
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Figure 2-The effect of several values of y on g'(¢) and 6(¢).
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Figure 3- The effect of several values of M on g'(¢) and 6(¢).
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Figure 9-The effect of several values of E. on 8(¢).

6. Conclusion

In this study, the occurrence of thermal radiation is taken Copper nanofluid particle and
water as regular fluid. The effect of various parameters, namely the porous medium
parameter, the thermal radiation parameter, the suction-injection parameter, the nanoparticle
volume fraction, and the magnetic parameter on MHD of heat transfer nanofluid flow in the
porous medium between plates is discussed. The behavior of the dimensionless velocity and
temperature curves can be summarized in the following Figure (10) and Figure (11):
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Figure 10-The behaviour of the velocity profile
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Figure 11- The behaviour of the tmperature profile
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