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In this paper, a comparative study on MHD forced convective flow for heat transfer efficiency of different nanofluids with water (H,0)
as base fluid has been carried out. Here, in this study flow through vertical rectangular has been considered in presence of strong
magnetic field. In this laminar flow we consider duct walls as electrically non-conducting where the transverse magnetic field acting
normally on the duct walls. Joule heat and the viscous dissipation effects are included in the energy equation and furthermore the walls
of the duct are kept at constant temperature. An explicit finite difference method has been adopted with fine grid in the control volume
for solving the governing equations of this MHD nanofluid flow. Computational processes are carried out using MATLAB code. In
this present work we have plotted the flow fields velocity, induced magnetic field, and temperature for various values of MHD flow
parameters graphically by varing thermal Grashof number (G,.), Hartmann number (Ha), Reynold number (R,), Eckert number (Ec),
Prandtl number (B.), magnetic Reynold number (R,,), and nanoparticle volume fraction (¢) respectively.

Keywords: MHD forced convective flow; Nanofluids, Steady, Explicit finite difference method (EFDM); Vertical rectangular duct
PACS: 95.30.Qd, 94.30.cq, 94.30 Kq

1. INTRODUCTION

Inclusion of nanoparticles in the base fluid is an innovative way to enhance heat transfer. There are large variety of
nanoparticles used in water based nanofluids and each of them exhibit performance in heat transfer process and possess
different nanofluid flow characteristics. Nanofluids have better suspension stability, Newtonian behavior, healthier
thermal conductivity, and huge chaotic movements of nanoparticles are believed to be liable for the increased of heat
transfer characteristic. In natural convection, the base fluid has a low thermal conductivity, which limits the heat transfer
performance. Use of nanofluid is an innovative technique in which the colloidal suspension of nanometer sized particles
in a base fluid (nanofluid) was first introduced by Choi [1] at the Argonne National Laboratory, U.S.A.

Latter, Lee et al. [2] analyze the thermal conductivity of nonidentical metal oxides and in this way, they have got
the shape and size provide considerably to the more acceptable thermal conductivity of the nanofluid. Forced convection
is the most important aspect investigation for applications in a rectangular duct. The applications are thermal power plants,
solar collectors, chemical catalytic reactors and cooling systems. Thermal conductivity of TiO,/water nano-fluid up to
7.5% nanoparticle concentration experimentally found by Xuan et al. [3]. Heat transfer efficiency with nano-fluid was
examined by many researchers [4, 5].

In another study Ellahi ef al. [6] considered water base nanofluid with Al, 05 as nanoparticles to study aggregation
effect on such nanofluid having permeable wedge in the presence of mixed convection. An analytical solution of natural
convection flow problem nanofluid over a linearly stretching sheet under magnetic field was attempted by Hamad [7].
Kodi et al. [8] investigated influence of MHD mixed convection flow for Maxwell nanofluid through a vertical cone with
porous material in the existence of variable heat conductivity and diffusion. Ragulkumar et al. [9] studied dissipative
MHD free convective nanofluid flow past a vertical cone under radiative chemical reaction with mass flux.

Mixed convection of Casson nanofluid over a stretching sheet with convectively heated chemical reaction and heat
source/sink observed by Hayat ef al. [10]. The focus of this study is to learn about the effects of solid volume fraction on
heat transfer quantity and on differential pressure. It was about in the such that increasing concentration of nanoparticle
has no significant effect on heat transfer but pressure drop enhancement has affected on heat transfer process.
Ferdows et al. [11] considered nanofluid inclusion with diverse types of nanoparticles for the incompressible, laminar,
steady and convective viscous flow. They observed that heat transfer was constantly increased with increase value of
nanoparticle volume fraction parameter. Numerical investigation of solar radiation on the effects on heat-mass transfer
phenomena of nanofluids recently studied by [12, 13] Rao and Deka. In another study, very recently Das et al. [14]
investigated in a vertical square duct numerical analysis on magnetohydrodynamics (MHD) mixed convection flow of
Al,05/water nanofluids. Many authors who had investigated heat transfer nanofluids boundary layer problem given
in ref. [15, 16]. Paul et al. [17] studied Darchy-Forchheimer MHD radiative flow through a porous space incorporating
viscous dissipation, heat source, and chemical reaction effect across an exponentially stretched surface. Arruna et al. [18]
have been investigated effect of chemical reaction and radiation absorption on MHD Casson fluid over an exponentially
stretching sheet with slip conditions: ethanol as solvent. On a non-Newtonian nanofluid flow and heat mass transfer in a
two-dimensional steady laminar boundary layer caused by a horizontally stretching sheet investigated by
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Alrihieli ef al. [19]. The study includes heat generation/absorption near a stagnation point and on the radially stretching
plate. In a vertical stretching surface Jawad [20] studied on magnetohydrodynamics (MHD) stagnation point flow of
micropolar fluids with buoyancy and thermal radiation. Shoeibi et al. [21] have been observed about the utilize of hybrid
nanofluids in solar system. In a vertical duct containing metallic/carbon nanofluids Beg ef al. [22] have been studied with
Dufour and Soret double cross repetition counting of thermo-solutal convection. Bhatti et al. [23] have been studied
swimming of Gyrotactic microorganism in MHD Williamson nanofluid flow between rotating circular plates embedded
in porous medium. Hussain ef al. [24] have been investigated MHD instability of Hartmann flow of nanoparticles Fe, 05
in water. [25] Umavathi and Beg investigated double diffusive convection in a dissipative electrically conducting
nanofluid under orthogonal electrical and magnetic fields. [26] Bhatti and Abdelsalam observed Bio-inspired peristaltic
propulsion of hybrid nanofluid flow with Tantalum (Ta) and Gold (Au) nanoparticles under magnetic effects.

The aim of this present work is to numerically investigate the laminar steady forced convective flow of different
nanofluids with water (H,0) as base fluid in presence of strong magnetic field in a vertical rectangular duct. We have
presented result of our investigation for different type of nanofluid flow and we have drawn conclusion heat transfer
efficiency of different water based nanofluid.

Table (i). Numerical values of water (H,0) and nanoparticles titanium oxide (Ti0,), aluminium oxide (Al,03), ferric oxide (Fe,03),
and silicon oxide (Si0,)

Density (p) Specific ?Ce:; capacity Thermal E;;lduCtiVity Electrical(c;))nductivity
H,0 997.1 4179 0.613 5.5x10°
Tio, 4250 686.2 8.9528 2.58x107
Al, 04 3970 765 40 35x10°
Fe,04 5180 765 9.7 25x103
Sio, 2200 703 1.2 2.58x107

2. MATHEMATICAL FORMULATION

Figure 1. Physical configuration

In this paper, we have considered a laminar steady flow of incompressible fluid through a duct which is vertically
positioned, where cross section of the duct has length a and breadth b. Both the parallel walls of the duct are kept at x =
0 and x = a, and the other parallel walls are kept at y = 0 and at y = b. Here we consider that the duct has cross section
on the xy — plane where the fluid velocity, induced magnetic field and temperature are in the z-direction. In this case
applied uniform magnetic field B, of the fluid acts in a direction lying in the xy — plane but making an angle 8 with the
y-axis. The flow is handled in presence of a constant pressure gradient ‘;—Z and the MHD force. In this work, the physical
parameters except pressure are independent of variable z, the fluid properties in the buoyancy term are considered as
constant. Moreover, Joule heating and the effects of viscous dissipation are considered in the energy equation. Our fluid
is viscous and incompressible and flow is laminar and steady. We have also assumed that there is no net flow of current
in the z-direction. The velocity, induced magnetic field, and the temperature 17, B ,and T as:

V ={0,0,V,(x,y)},B = {Box Boy, B, (x,¥)},T = T(x,y) in where B,, = B,sin6, B,, = B,cos0

3. GOVERNING EQUATIONS
Equation of continuity is

V-V =0. 1
The MHD momentum equation is
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in where X = 9P (T —T,)
Maxwell’s equation is

V-B=0. 3)
Ampere’s law
VXB = (.ue)nf]- 4)
Definition of Ohm’s law:
J = an(E+V xB). Q)
Equation of magnetic induction is
3B =3 B
= =Vx(VxB) +A,/V*B. (6)

Now using equation (1) & equation (3) in equation (6) we get

a§ - - - - -
—+(V-V)B = (B-V)V + 1,,V°B. @)
The Energy equation is
aT | [ _ J?
C),.s [E +(V- V)T] = kg VT + i + (8)
Again, we get
Hn
Vi = ©)
and
Ay = ——— (10)
nf Onf(lednf

We know that the dynamic viscosity of nanofluid, effective density of nanofluid, magnetic permeability of nanofluid,
electrical conductivity of nanofluid, heat capacity of nanofluid, thermal expansion coefficient of nanofluid, and thermal
conductivity of nanofluid as:

Hnp = pp(1— )25, (11)
pur =1 =0+ 0 2] oy, (12)
_ _ (1e)s
(:ue)nf =11 (l) + ¢(ll ) ( e)f: (13)
_ 3(c-1)¢
Onf = [1+(a+2) (o- 1)¢] o (14)
(pCp),
(pCp)nf [ ¢ + (l) (pcp) ] (15)
0By = |16+ 9 22| (op), (16)
_ [rs+2kp—2¢(kf—ks)
fny = [ks+2kf+¢(kf—ks) a7
For the problem the corresponding the initial & boundary conditions are given by
V, =0, B,=0T=T,,whenx =0
V,=0,B,=0,T=T,,whenx =a,for0<y<b
V,=0,B,=0T=T,,wheny =0
V,=0,B,=0,T=T,,wheny =b,for 0 <x <b. (18)
The following dimensionless variables:
=Y p=8 F_TTN s_* 5_2Y
V_VO’B_BO’T ar X T Y T (19)

where:

b Opr O a? 9 V2
A=_:Bo=_a2(ﬂe)nf nf p,Vo=_ p,T—To= 0 ;
a pnfvnf aZ pnfvnf GZ (Cp)f

Now using above dimensionless parameters and after simplification we get,
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Therefore, the equations (20), (21), (22) in terms Ey, E;, E3, E,, Es, Eg, E; are

9%v 1 98%v  Ha? . E, 0B |, 1 Ha? Ey aB
0x2 = A2 0y? Rm E1E3E4 0x A Ry EEE46y

T+1—0

92 92 . a a
=+ Ai”—i + RySinOE;E, -+~ Rmc059E3E4£ =0.

82T 1 82T v 1 (V)2 Ha?PyEc  E,4 aB\2 | 1 (9B\?] _
ot ey T hEC [(5) +;(@)]+—Rg¢ 25T, (5) += (ay) =0.

Where:
Ha = B,a / :—f, is the Hartmann number,
f

T-Ty)a® .
G, = gpfﬁf;—zo)a, is the thermal Grashof number,
f

cp)s .
P = M, is the Prandtl number,

Yo s the Eckert number,
T (cp)par

R, = ‘;—, is the Reynolds number,
f
and

Ry, = V,a(u,) ror, is the magnetic Reynolds number
The corresponding boundary conditions (21) gives

V=0B=0T=0whenx=0
V=0B=0T=0whenx=1,for0<y<A
V=0B=0T=0,wheny =20
V=0B=0T=0,wheny=Afor0<x<1.

(20)

€2y

(22)

(23)

(24)

(25)

(26)
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4. NUMERICAL TECHNIQUE AND GRID INDEPENDENCE STUDY
With the boundary conditions given in equation (26), the dimensionless governing equations (23), equation (24) and

. . . . e Ny 92
equation (25) were discretized using explicit finite difference method. We know that the finite difference second order 6_x‘2/

v . . PV _ Vigyj=2VitVi_gj 2 W _ VipyjViogj 2 .
and the first order o Were discretized as Py v + O(Ax*) and P e + O(Ax~?), respectively.
Therefore, after simplification the equations (23), (24), and (25) we get
Vij = Ao(Vigoi+ Vi) + Ao (Virj Vi ) + Au (Biyy = Bi_l,,-)
+4;, (Bi,jﬂ— Birj_l) + A13(Tyj ) + Asa, 27

Buy = As(Buyt Bizyy) + Ao (Buj, i By )+ s (Vi = Vi) + A6 (Vs = Vo, ). @9)

2 2
Tl:tj = AQ(TI:+1’]'+ Ti—l’j) + AlO (Tl:’j+1+ Ti’j_l ) + A17(I/i+1,j_ ‘/,:_1,]') + AIS (Vi'j+1_ ‘/i’j—l) +
2 2
Aso(Byyj— Bi_y) + Azo (Buj,,— Buj_, ) - 29)
1 (Ha)® . Ey 1 (Ha)? Ey (Gy) k2 A1h?
Wher€A1=—,A2= in@ 9,143:_ yAy = ——,A5 = ;A6: ) A7 =
A? (Rm) E1E3Ey A (Rm) E1E3E, (Re) 2(A1h2+k2) 2(A1h2+k2)
Ayhk? Ash?k Agh?K? h2k? ,
: y Ag = : ) g = : y A10 = ) All = RmSln9E3E4 ,
2(A1h%+k2) 2(A1h%+k2) A1h2+k?2 A1h2+k2
1 Aq1hk? A12h%k E (Ha)?(Ec)(Py) E, Aqsk?
Ay, = =R, cO0SOEE, , Az = —2— =12 A .=-LPFEc A= L = —-
12 atm 3L4, 113 2(A h2+k2)’ 14 2(A1h2+k2)' 15 Ee¢ r=t, 4116 (Rm)? Engz%EG' 17 4(A1h2+k2)
A1415h* __ Aggk? _ _A4s6h?

Arg = 0 Ao = oy A = T
18 ™ 4ah2+k2) 719 T 4(a;n2+k2) 20 T 44 h2+K2)

are constants and in where Ax = h = 0.001 and Ay = k = 0.001.
Discretized boundary conditions are given by
Vin=0, B;,;=0,T;,; = 0,whenj =1

V; =0, B; =0, T; =0,whenj=n+1,

Mm41 bngq myq
fori1<i<m+1
V1,j=0,B,;=0,T;,; =0,wheni=1
Ving1j = 0,Bmia,j = 0, Tipyq,j = O,wheni=m+1

forl1<j<n+1, (30)

5. RESULTS AND DISCUSSION

The outcome of parameters like, thermal Grashof number (G,.), Hartmann number (Ha), Reynold number (R,), Prandtl
number (B,), Eckert number (Ec), magnetic Reynold number (R,,,), and the nanoparticle volume fraction (¢) on the velocity,
induced magnetic field, and temperature distributions are exhibits in graphical presentation. We have taken Ha =

2,A=25,P.=693,Ry, =1,Ec=0.001,h =k =0.001,m =n = 200,¢ = 0.02,kf = 0.613,k; = 429,60 = m/2.
The graphs are plotted by utilizing numerical out come through an explicit finite difference method in MATLAB
operating system. The velocity distribution of titanium oxide/water nanofluid for various values of Hartmann number
(Ha) is depicted in Figure 2. We have observed from Figure. 2 that the fluid velocity distribution decreases due to
increase in value of Hartmann number (Ha). We know that in the middle of the rectangular duct, the fluid has
maximum value of velocity, so in this step the electromagnetic force resists the fluid’s motion and this electromagnetic
force slow down conviction a flatten velocity distribution. Similar nature of induced magnetic field is observed and
seen in Figure 3. Further, in Figure 4. It is observed that temperature (T) is increased with increased value of Hartmann
number (Ha) in boundary layer region. The magnetic field introduced to the electrically conducting nanofluid and
acting normal to boundary is responsibility for resistive pressure force in the duct which is part of Lorentz force. In
the cooling sector magnetic field’s effect on nanofluid has many industrial accomplishments too. The velocity
distribution of titanium oxide/water nanofluid for various values of thermal Grashof number (G, ) is depicted in Fig.
We have seen in Figure 5 that the velocity distribution enhanced owing to enhancement of parametric values of the
thermal Grashof number (G,). An enlarge in the value of thermal Grashof number has the tendency to induce much
flow in the boundary layer due to the effect of thermal buoyancy. Similar nature we have observed in induced magnetic
field in Figure 6. But it is observed in Figure 7, that the temperature profile decreases owing to increase in parametric
value of thermal Grashof number (G,.). This means that buoyancy force decreases the temperature field. The velocity
distribution of titanium oxide/water nanofluid for different values of Reynold number (R,) is depicted in Figure 8
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It is observed from Figure 8, that the velocity profile enhanced owing to enhancement of parametric values of Reynold
number (R,). Due to enhancement in values of (R,), in the thermal boundary layer, frictional heating increases.
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This in results reflect in enhancement of kinetic energy of the fluid particles in the middle layers as a consequence
we have the flow rate accelerates and, in this way, increases the velocity. Similar effect we have observed in induced
magnetic field in Figure 9. The temperature distribution of titanium oxide/water nanofluid for different values of
Reynold number (R,) is depicted in Figure 10. But we have seen in Figure 10, that the temperature profile decreases
due to increase in value of Reynold number (R, ). The increase in values of Reynold number (R, ) enhanced the strength
of the discharge velocity on the plate which minimizes the growth of thermal boundary layer. This diminishes the
temperature near to the plate surface. The velocity distribution of titanium oxide/water nanofluid for distinct values
of Prandtl number (B,) is represented in graph given in Figure 11. We have seen in Figure 11, that the velocity profile
is enhanced owing to enhancement in the value of Prandtl number (PB.). Due to impact of additional nanoparticles
periodic motion of nanoparticle is observed an increase of Prandtl number (B,.). So, the kinetic energy is transform
into heat energy, and so the velocity increases.
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Similar effect we have observed in induced magnetic field in Figure 12. The temperature distribution of
titanium oxide/water nanofluid for those distinct values of Prandtl number (P,) is depicted in Figure 13. But it is
observed from Figure 13, that the fluid temperature distribution decreases due to increase in value of Prandtl number
(P,). With the large value of (B.), the momentum diffuses additional rapidly than the heat, indicating that fluids with
a large Prandtl number have low thermal conductivity and an exquisite thermal boundary layer. The velocity
distribution of titanium oxide/water nanofluid for different values of Eckert number (Ec) is observed in Figure 14.
We have seen in Figure 14, that the fluid velocity distribution decreases due to increase in value of Eckert number
(Ec). Again, owing to increase in values of Eckert number (Ec), the plate decants velocity increases. This in turn again
decreases the flow rate within the boundary layer and thus diminishes the velocity. Similar pattern is observed in
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Figure 15. The temperature distribution of titanium oxide/water nanofluid for different values of Eckert number (Ec)
is depicted in Figure 16. We have seen in Figure 16, that the fluid temperature profile enhanced owing to enhancement
in parametric values of Eckert number (Ec). Owing to enhanced in values of (Ec), the fluid occurence frictional heating
in the middle layers, furthermore, there is the thickening of thermal boundary layer and consequently increases the
temperature within the boundary layer significantly.
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The velocity distribution of titanium oxide/water nanofluid for distinct values of magnetic Reynold number
(Ry,) is illustrate in Figure 17. We have seen in Figure 17, that the fluid velocity distribution increases due to increase
in parametric value of magnetic Reynold number (R,,). The magnetic Reynolds number is the magnetic correspondent
of the Reynold number, a fundamental dimensionless classification that take place in magnetohydrodynamics (MHD).
It gives an estimate of the respective effects of convective of a magnetic field by the movement of a conducting
medium, frequently a fluid, to magnetic diffusion. Similar nature we have observed in Figure 18. The temperature
distribution of titanium oxide/water nanofluid for different values of magnetic Reynolds number (R,;) is depicted in
Figure 19. But we have seen in Figure 19, that the temperature profile decreases owing to enhancement in parametric
values of magnetic Reynold number (R,,). The enhanced in values of (R,,) enhanced the strength of the decant velocity
on the plate and this decant velocity minimizes the growth of thermal boundary layer. Thus, as a consequence
diminishes the temperature near to the plate surface.
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The velocity distribution of titanium oxide/water nanofluid for different values of nanoparticle volume fraction
(¢) is illustrate graphically in Figure 20. We have seen in Figure 20, that the fluid velocity distribution decreases due
to increase in value of nanoparticle volume fraction (¢). Similar pattern is in Figure 21, where induced magnetic field
variation is shown against volume fraction. The temperature distribution of titanium oxide/water nanofluid for
different values of nanoparticle volume fraction (¢) is depicted in Figure 22. But it is observed from Figure 22, that
the temperature profile enhanced owing to enhancement in parametric value of nanoparticle volume fraction (¢).
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We have plotted (Figure 23) values of rate of rise leading velocity for different nanofluids against value of
corresponding Reynold number (Re) in the duct under same configuration. We have plotted the graphs for the following
nanofluid: titanium oxide (Ti0,), aluminium oxide (Al,03), ferric oxide (Fe,03) and silicon oxide (Si0,). These
plottings provides us a comparative mass transfer advantages of different nano fluids at a certain temperature. From the
plottings of (Figure 23), we have seen that with increasing Reynold number (Re) difference of flow rate for different
nano fluids is reducing. For low value of Reynold number (Re), ferric oxide (Fe,03) gives high flow rate and silicon
oxide (Si0,) gives low flow rate. For high Reynold number Re all the nanofluid consider shows no significance different
in volumetric flow rate. )
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Figure 23. Rate of increase of Reynolds number for (Ti0,), (Al,03), (Fe,03) and (Si0,) nanoparticles

We have plotted in Figure 24 mesh (x,y,V) for (Ha = 0), in Figure 25 contour (x,y,V) for (Ha = 10), in
Figure 26 mesh (x,y, B) for (Ha = 0), in Figure 27 contour (x,y, B) for (Ha = 10), in Figure 28 mesh (x,y, T) for
(Ha = 0), in Figure 29 contour (x,y, T) for (Ha = 10) i.e. in the absence of magnetic field for velocity and nanoparticle
volume fraction (¢p = 0.02). i.e when (Ha = 0), the velocity of the TiO, — water nanofluid decreases with increase in
nanoparticles volume fraction ¢. In this case 100 X 100 grid has been used at x(1) = —1 and y(1) = —1. And another
study, in Figure 30 mesh (x,y,V) for (Ha = 10), in Figure 31 contour (x,y,V) for (Ha = 10), in Figure 32 mesh
(x,y,B) for (Ha = 10), in Figure 33 contour (x,y, B) for (Ha = 10), in Figure 34 mesh (x,y,T) for (Ha = 10), in
Figure 35 contour (x,y,T) for (Ha = 10) i.e. in the presence of large magnetic field and nanoparticle volume fraction
(¢ = 0.02) for titanium oxide nanoparticle. i.e when (Ha = 10) the reverse effect of the nanoparticle volume fraction ¢.
Similarly, we can show for other nanoparticles.

3D graph for TiO,— water nanofluid
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with Ha = 0,¢ = 0.02, Ha =10,¢ = 0.02



258

EEJP. 1 (2024)

Bishnu Ram Das, et al.

Induced rmagnetic field (B)

y-axis - 2

x-axis

Figure 26. Velocity mesh in (x, y, B)
with Ha = 0,¢ = 0.02

=
g o0&
o
09998 ;
-0.9998 S -0.9998
09900 -0.8998
03209 Do
y-axis s-ais
Figure 28. Velocity mesh in (x,y,T)
with Ha = 0,¢ = 0.02
7
10
B
<)
4.
£
£3
22l
1
-
09985 |
-0.9985
i -0.995
-0.9995 09995
YRRl ¥-axis
Figure 30. Velocity mesh in (x,y, V)
with Ha = 10,¢ = 0.02
-17
=10
158~
g o1-
2 o5
£ ase
L

y-axis

H-axis

Figure 32. Velocity mesh in (x, y, B)
with Ha = 10,¢ = 0.02
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Figure 27. Velocity contour in (x, y, B)
Ha =10,¢ = 0.02
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Figure 29. Velocity contour in (x,y, T)
Ha =10,¢ = 0.02
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Figure 33. Velocity contour in (x, y, B)
Ha =10,¢ = 0.02
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Figure 34. Velocity mesh in (x,y,T)
with Ha = 10,¢ = 0.02

Figure 35. Velocity contour in (x,y, T)
Ha =10,¢ = 0.02

6. CONCLUSIONS
In this paper, a comparative study on MHD forced convective flow for heat transfer efficiency of different nanofluids

with water (H,0) as base fluid has been carried out. Here, in this study flow through vertical rectangular has been considered
in presence of strong magnetic field. An explicit finite difference method has been adopted with fine grid in the control
volume for solving the governing equation of this MHD nanofluid flow. Computational process is carried out using
MATLAB code. In this paper we have plotted the flow fields velocity, induced magnetic field and temperature for various
values of MHD flow parameters graphically. The remarkable results of the examination are as follows:

From the plottings of (Fig. 23), we have seen that with increasing Reynold number (Re) difference of flow rate for
different nano fluids is reducing. For low value of Reynold number (Re) ferric oxide (Fe,03) gives high flow rate
and silicon oxide (Si0,) gives low flow rate. For high Reynold number (Re) all the nanofluid consider shows no
The fluid velocity decreases due to increase in Hartmann number (Ha), Eckert number (Ec) and nanoparticle
The fluid velocity increases due to increase in Reynold number (R,), thermal Grashof number (G,.), Prandtl number
The induced magnetic field decreases due to increase in Hartmann number (Ha), nanoparticle volume fraction (¢),

The induced magnetic field increases due to increase in Reynold number (R, ), thermal Grashof number (G,.), Prandtl

The fluid temperature of decreases due to increase in Reynold number (R,), thermal Grashof number (G, ), Prandtl

1.
significance different in volumetric flow rate.
> volume fraction (¢).
> (P.) and magnetic Reynolds number (R,,).
* and Eckert number (Ec).
> number (B.) and magnetic Reynold number (R,,).
; number (PB.) and magnetic Reynold number (R,,).
7.

An increase in values of Hartmann number (Ha), Eckert number (Ec), and nanoparticle volume fraction (¢)

increases the fluid temperature.

V velocity vector
f current density

B, magnetic field

Cp specific  heat at
Ukg™K™]

E electric field

Ha Hartmann number

constant pressure,

G, thermal Grashof number
R, Reynold number

P, Prandtl number
Ec Eckert number
R,, magnetic Reynolds number

k thermal conductivity of nanofluid,
[Wm™tK™1]

Nomenclature

p fluid pressure, [Pa]
0 oblique angle

T temperature of the fluid, [K]
Pny nanofluid density

0y nanofluid electrical conductivity
Uns nanofluid dynamic viscosity
ks nanofluid thermal conductivity

(Ue)ns nanofluid magnetic

permeability

Vs nanofluid kinematic viscosity
Greek Letters

p density, [kgm™3]
v kinematic viscosity, [m?s™1]

ORCID

o electrical conductivity, [Sm™1]

pC, effective heat capacity of the
nanoparticle, [Jm 3K 1]

¢ volume fraction, [—]

A magnetic diffusivity

u dynamic viscosity
Subscripts

nf nanofluids

f base fluid

s solid particles of nanofluid
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MOPIBHSIUVIBHE JOCJIIKEHHS MI'] TIPUMYIIEHOI'O KOHBEKTHUBHOI'O IIOTOKY PI3BHUX HAHOPI/IUH 3
BOJIOIO (H20) IK OCHOBHOIO PIIMHOIO Y BEPTUKAJIBHOMY IIPSIMOKYTHOMY KAHAJII
Bimny Pam [lac, [1.H. lexa
Daxynemem mamemamuxu, Yuisepcumem [Jiopyeapx, Hdiopyeapx-786004, Accam, Inoia
VY wmi#t crarti Oyno mpoBeaeHO MOpiBHsUIBHE AocimkerHss MI'Jl BUMyIIeHOT KOHBEKTHBHOI Tedil Ui eheKTUBHOCTI Teruionepenadi
pisanx Hanodmoinis 3 Boxoro (H20) stk 6a30B0I0 pinuHOI0. Y BOMY AOCHIIKEHHI MOTIK Yepe3 BePTUKAIBHUI NPIMOKYTHHI KaHAI
po3risaBcs B IPHCYTHOCTI CHIBHOIO MAarHiTHOTO HoJis. Y IIbOMY JIAaMiHApHOMY HOTOLI MM PO3TIIIIA€MO CTiHKH KaHANLy SIK
€JIEKTPUYHO HEIPOBi/IHI, Jie oIepevHe MarHiTHE MoJIe i€ HOPMaJIbHO Ha CTIHKH KaHaiy. /KoyseBa Teruora Ta epeKTH po3CiloBaHHS
B’SI3KOT PiIMHH BPAaXxOBYIOTHCS B CHEPreTHYHOMY PIBHSHHI, 1, KpIM TOTO, CTIHKM KaHaly 30epiraloThcsl NpH IOCTiiHII Temmepatypi.
Byno npuiiHsITO SIBHHH KiHIIEBO-PI3HHUIEBHII METON i3 APIOHOIO CITKOIO B KOHTPOJIBHOMY 00’€Mi IJIsl pO3B’si3aHHS KEPIBHUX PiBHIHBb
uporo MI'J[-moroky HaHopizuuu. OOUHCITIOBaNIbHI MpOLECH 3HIHCHIOIOTHCS 3a nonomoroio kogy MATLAB. V wiit po6oti mMu
rpagiuHo moOyxyBaiy rpad)iki MBUIKOCTI MMOJIiB MOTOKY, IHAYKOBAaHOTO MAarHITHOTO MOJISL Ta TEMIEPATypH AU pi3HUX 3HaueHb MI'J]
rapaMeTpiB MOTOKY ILIIXOM 3MiHHM TerroBoro gucia I'pacroda (Gr), uncma 'aprmana (H.), uncna Peitnonsaca (R.), uncna Exepra
(Ec), aucno Ipannras (Pr), maruitHe uncio Peiinonbaca (Rm) 1 00’ €MHy 9acTKy HAHOYaCTHHOK (@) BiIIOBIHO.
KnrouoBi cmoBa: sumywena xonsexmusna MIJ] meuis;, nanognioiou; cmitikuil;, senuti memoo Kinyesux pisnuys (EFDM);
8ePMUKATILHUL NPAMOKYIMHUL KAHAT





