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Abstract: A mathematical model of turbulent fluid flow over a porous aerofoil wing design within a magnetic field is
considered. The fluid flow was modelled using Navier stokes equations of conservation of momentum, energy and mass
in cylindrical coordinates. The governing equations were then non-dimentionalized and gave rise to the non-dimensional
parameters. Computational fluid dynamics (CFD) techniques was used to simulate the flow of air over a porous wing
within a range of magnetic field strengths. Examinations of the effects of the magnetic field on key performance metrics
such as lift, drag, and efficiency, as well as the overall flow structure of the wing was performed and found valuable
insights into the use of porous aerofoil wings in the design of aircraft operating in high-magnetic field environments,
such as those found in space or near the Earth's poles. Additionally, the outcomes of the research had wider implications
for other domains investigating the impact of magnetic fields on fluid motion, such as in the design of magnetic resonance
imaging systems or in the study of planetary motions. Aerofoil wings are an essential component of aircraft design, as
they provide lift and enable flight. However, the flow of air over the wing is often turbulent, which can lead to decreased
efficiency and performance. Porous aerofoil wings was proposed as a means of reducing turbulence, and the effects of
such wings on fluid flow within a magnetic field have been thoroughly investigated. In this research, numerical
investigation of the effects of a magnetic field on turbulent fluid flow over a porous aerofoil wing design was done. It is
evident from the results that the primary velocities increase when the magnetic parameter was reduced. It was also found
that the lift force increases when the Grashof number and Prandtl number decreases.
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l. INTRODUCTION

The study of turbulent fluid flow over aerofoil wings is an important area of research in the field of aerospace engineering,
as it has the potential to improve the performance and efficiency of aircraft Klose, at el (2018). Turbulent is a type of
fluid flow characterized by chaotic, turbulent eddies and fluctuations in velocity and pressure, and it can lead to decreased
lift and increased drag, reducing the overall performance of the wing. In this study, we conducted a numerical exploration
of the influence of a magnetic field on turbulent fluid flow through a porous wing design. Pore size of less than 5mm in
diameter was uniformly spaced at 5mm on the wings. We used computational fluid dynamics (CFD) techniques to
simulate the flow of air over a porous wing within a range of magnetic field strengths, examined the effects on key
performance metrics such as lift, drag, and efficiency, as well as the overall flow structure of the wing. The use of CFD
in this study enabled us to effectively model and analyze the fluid flow over the wing in a computationally efficient
manner. We used a range of CFD models, including Reynolds-averaged Navier-Stokes (RANS) and large-eddy
simulation (LES), to capture the effects of turbulence on the flow. We also considered the use of different porous media
models to accurately represent the flow through the porous region of the wing. This study has provided valuable insights
into the use of porous aerofoil wings in the design of aircraft operating in high-magnetic field environments. Furthermore,
the results of this study could potentially be applied to other fields where the effects of a magnetic field on fluid flow are
of interest, such as in the design of magnetic resonance imaging systems or in the study of planetary atmospheres.
Magneto Hydrodynamics, explores the interaction of fluids and magnetic fields at low frequencies, assuming minimal
Maxwell bias and treating fluid as a continuum Cortés-Dominguez, (2018). Kim et al., (2021) A CFD study on flow
control of ammonia injection for denitrification processes of SCR systems in coal-fired power plants. This literature
review provides an overview of the experimental and numerical studies that have been conducted on the flow over porous
surfaces, including the different types of porous media models that have been used and the experimental techniques that
have been employed. Chen et al., (2016) used numerical analysis to examine the impact of a porous surface on the
performance of a transonic airfoil and to gain insights into the mechanism of passive shock/boundary layer interactions.
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1.1 Fundamental Fluid Dynamic Concepts
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Figure 1.2 Flow over a flat plate

1.2 Turbulent Fluid Flow

The Reynolds number is one of the metrics employed to distinguish laminar from turbulent fluid flow. A flow is
considered laminar if the Reynolds number is up to 2300, and the properties of the fluid at each point of the flow remain
constant--including velocity and pressure since viscous force is more prominent due to the slower flow rate. A flow is
considered turbulent if the Reynolds number is greater than 3500. A faster and irregular flow path maximizes the inertial
force in the system. Unlike laminar flow, the fluid layers in turbulent flow can cross paths due to the continuous change
in the magnitude and direction of the flow. Eddies or swirls can be observed in turbulent flow, and the apparent erratic
flow behavior makes the analysis of turbulent flow a challenge. However, despite the challenges, turbulent flow analysis
is important for industries, as most flows observed are turbulent. Due to the turbulence of the liquid, the momentum of
the liquid changes over time, which is equal to the force generated at a certain distance. The change in velocity, that is,
the properties of the fluid for a given point per unit of time in the system, causes periodic turbulence. Reynolds
number(Re) increases proportionally with increasing fluid turbulence. In aviation, aerofoils are used to alter airflow in
order to create lift. The aerofoil has a curved leading edge and a pointed trailing edge. Additionally, it has an upper and
bottom surface. Straight line drawn from the trailing edge to the leading edge is the chord line. Angle of Attack is the
angle between the chord line and the flow of relative wind. The angle of attack may be modified based on the situation.
The flow across the aerofoil wings of NACA 6412, 7412, and 8412 has been examined by (Manda et al.,2020). The
analysis concluded that the aerofoil wing of 8412 has shown a better flow separation. Alsahlan, (2017) conducted a study
on Aerofoil Design for Unmanned High-Altitude Aft-Swept Flying Wings. Keshri, (2018) looked into unsteady magneto-
convection in the presence of buoyant pressures. Also Amritet al, (2018) presented methodology for exploring trade-offs
in aerodynamic design using a trust-region-based, multi-fidelity optimization algorithm

1.3 Magnetic Field Effect on Fluid Flow

The problem of free convective Magnetohydrodynamic fluids is of great interest in such industries as MHD accelerators,
aeromagnetic hydrodynamics, and space technologies such as celestial bodies. The field of petroleum technologies for
cleaning and filtration processes in chemical engineering using the effect of oil flow through porous rocks, convection
flow without MHD through a porous medium, Chebos et al., (2016). The magnetic field is created automatically by the
moving charge, and the fluctuating magnetic field induces the Hall current. When researching the influence of magnetic
fields on the temperature distribution of electrically conducting liquids, the Hall Effect is of significant interest.
Magnetohydrodynamic(MHD) is the study of the flow of electrically conducting fluids in the presence of a magnetic
fieldBlakey-Milner, et al (2021). Joshi, et al, (2016) provides an overview of the existing knowledge and understanding
of the interactions between porous aerofoil wings, magnetic fields, and turbulent fluid flow. "Flow over porous bird wings
and non-flapping"” Aldheeb et al., (2016), including the different types of porous media models that have been developed,
the effects of various parameters on the flow, and the experimental techniques that have been used to study the flow.
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1.4 Numerical Solution of Turbulent Fluid Flow

Turbulent modeling and simulation is the key to solving fluid flow numerically because most practical fluid flows are
turbulent. CFD is the art of rewriting the governing partial differential equations of fluid flow with numbers and
advancing these numbers through space and time to produce a comprehensive numerical description of the flow field.
Computational issues require the manipulation and solution of numbers. It can be stated that the output of CFD is a
collection of numbers accompanied by extensive analysis and discussion. When the turbulent model is combined with
the control equation, terms like turbulent viscosity and turbulent thermal diffusivity are transformed into their laminar
equivalents. The dimensionless and non-linear control equations for the partial differential will be sampled along with
additional terms by the finite difference method and solved into a numerical solution with the help of mathematical
computer software. Flow visualization uncovered that the use of porous media on the suction side of the airfoil decreased
the flow velocity circulation, disrupted vortex formation, and weakened the vortex energy of various modes Ahmed,
(2013).

1. MATHEMATICAL MODEL

Turbulent unsteady MHD flow over a porous aerofoil wing within a magnetic field is consider. The flow is considered
in a2 -Dimensional cylindrical geometry. The porous wing is assumed to have non-end effects. The porous wing is taken
to be along the x- axis and the streamline body to be along the y-axis while the z-axis is taken normal to the porous
aerofoil wing. The fluid to be use is air. The fluid flow is along a horizontal infinitely long porous aerofoil wing lying in
the x-y plane. The porous aerofoil wing is immersed in the ionized air. The axis of the porous wing is in the positive z-
axis direction and the air flows through it in positive z-axis direction parallel to the axis of the wing. OpenFOAM was
used to simulate the flow of air over a porous aerofoil wing within a range of magnetic field strengths. The wing was
modeled as a two-dimensional section, with the flow of air occurring in the plane of the wing. The porous region of the
wing was modeled using a porous media model, with the properties of the porous region (such as porosity and
permeability) varied to represent different porous wing designs. This ionized air is assumed to be incompressible and
viscous in the magnetic field. A strong magnetic field of uniform strength is applied normal to the direction of flow of
the ionized air. The induced magnetic field is considered negligible and the plane is flying horizontal in air hence the
force acting on the wings due to gravity is assumed to be zero as in figure 4.2. Simulation of the flow of air over the wing
at a range of angles of attack was done, to examine the effects of the magnetic field on lift and drag. Also examination
of the overall flow structure over the wing, including velocity and pressure profiles and the presence of turbulent eddies
was done.

2.1 Geometry of the Problem
3-D geometry of porous wing of NACA aero plane were drawn with scaled in ANSYS Design Modular with aerofoil
NACA 2415. The chord length of aerofoil used 100mm for profile (root) and 18mm for wing-tip. Total span length was

177mm with dihedral angle 60°. 4
B

r
Figure 4.1 PorousWings with NACA 2415
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Given that the flow is over porous wing, cylindrical coordinate form of the governing equations discussed in chapter 3
are used. The flow is considered to be along the axial and angular components. There is no radial flow. Thus the two
dimensions of this flow are z and 0. From the geometry of the problem above, the porous airfoil wing is infinite such that
the derivatives along r and 0 are identically zero, more so there is no gravity force acting on the porous wing
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(@) Side view (b) front view
Figure 4.2 Grid generations of Porous Wings

The above flow is governed by the following cylindrical coordinate equations:

U, _ _19P 02U, | 19Uz\ _ [10ugU;

?_ p 0z (arz rt’)r) [r ]+pg+]><|z (1)

aug _ . (0%vg  10uy Uz |avfug 2U9Ur

at* - V <ar*2 + T* ar* r*z ar* +] X BlB (2)
oT*\ _ , (9%T* | 1 9T* a(ufr")

PLy (at*) =k (ar*z + Far*) —Ply ( or+ ®)

It was noted that there was no pressure gradient in & — direction and there is no gravitational force also. The boundary
and initial conditions are:

t*<0:U; =0,Up =0,T" = T, everywhere 4)
t*=>0:U;, =Uy Uy =0T =Ty, atr* = %( is the chord Length of the porous aerofoil wing) (5)
U, ->0,U;>0T ->Tg,asr* = o (6)

The pressure gradient in the z-axis direction results from the change in elevation up the porous wing. Thus:

oP
57 P=d
Hence equation (1) becomes:
U, 9%u, . 19U, 10ULU;}.
pat—(pm—p)g+u(ar2+;;)—p[r ]+]><B|z ()

The density difference p — p,, may be expressed in terms ofthe volume coefcient of expansion 8 defined by:

_ 10V _ 1 V-Ve _ Pe-p
B =5GP = o2 = =2 (Frost,2013)
Which simplifies to
a%u, 10U, 1oulu’] -
We = Bg(T ~T) +v (22 +;7)—[; i ]+]><B|Z @®)

Using (%) to indicate dimension, equation (4.9) becomes.
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We seek to establish the components of the electromagnetic force term in (4.10) and (4.2) that is the term: ] x B

The equation of conservation of charge V.J = 0, gives j, = k, a constant, where J= (jr» Jo.Jz) - The constant is zero
since, j,. = 0 at the aerofoil wing which is porous. Thus j,. = 0 everywhere in the flow. Neglecting the ion-slip and
thermoelectric eff ects, generalized Ohm’s law including the effects of Hall current gives:

7 WeTle

]+H—deﬁ)=a(ﬁ+uoqxﬁ+ivg) (10)

Given that H = (H,, 0,0) and taking J = (0, jg,j,), 4 = (0, Uy, U,) and B = u,Hsimplifying equation (4.12) and solving
gives:

jr=0 (11)
Ho(Uz+mU

g = glo 01(+:12m 9) (12)

. H, Uz-U

o = T (13)

Where m = w,t, is the Hall parameter.

Thus the electromagnetic force along 6 and z-axis are respectively:

_ ou§HE(mUz-Ug)

(I x B)y = Zeofoz—lo) (14)
_ —ou§HZ(Uz+mUg)

UXB)y=—"—""7—" (15)

Hence the governing equations (1) and (2) are respectively:

vy 82u; 19U% 1 auLu! ougHG (Uz+mUp)
=V( zz 4 L Z)__ zUr T+ — T2 — ZHoHoWz+mUp) 16
at* ar*2  r* ar* r* or* +Bg( o) 1+m?2 (16)
— 2TF pery P T o 2,20 TTE_TTE
UG _ y(27V6 4 19V _ Vg 0uLUy _ 205U | ouBHE(MUZ-Ug) a7
atx or* 2 r*or*  r*2 ar* r* 1+m?

2.2 Non-Dimensionalization
We seek to non-dimensionalize equations (3), (16) and (17). The following scaling variables are applied in the non-
dimensionalization process:

*172 * I
t*U3 rUOUi=ﬂ.6_T T (18)

ToT-TS

*
)
v v Uy

The (%) superscript denotes the dimensional variables, U, is the reference velocity, L is the chord length of the porous
aerofoil wing, T,, — T4 is the temperature difference between the surface and the free stream temperature.

Using the scaling variables above yields the following equations:

au* _ aU*9U ot _ UZ U (19)
at* ~ U ot at* v ot

av* _av*ov at _ vgav (20)

Bt* ~ av atatr v ot
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aU* _ dU* QU 9z _ UZ U
dz*  oU 9z dz* v oz

(21)

av* _av*ov 9z _ UZ oV
dz* 8V 8z dz* v oz

(22)

aT* aT* 00 ot
-2 77 — T* _ T*
at* 20 ot at* (Tw w)

U 96
v ot

(23)

a%u* _ 9 (ug U, 9z _ U3 d%U
8z*2 9z ‘v 0z’ dz*  v2 9z?

(24)

av* _i(u_ga_v oz _ U§d*v
8z*2 8z ‘v 8z’ 9z* w2 9z?

(25)

air _ @ (UO(TV*V-T:o)ae) 9z _ U(Tyw—Te) 826 (26)
az*2 ~ o9z v az’ az* v2 9z2

Substituting equations (19), (21) and (25) into (16) yields:

aw 212 _
- 3,2 5, gﬂ(TvT, - 02) + ThoHo (MY —U) (27)

1+m?
On rearranging equation (4.20.9) becomes:

U _ 9*U  duw  vgB(Tyy—Ts) , ougHEV(MV-U)
at ~ 9z2 oz ud UZ(1+m2)

(28)

On employing non-dimensional parameters equation (28) gives:

2 —— 2 _
ou — 0°U  ouw M*(mvV-U) (29)

T —Tx 22
where Gr = 2E0wTe0) ang py2 — oMY
Ug Ug

Substituting equations (20), (22) and (25) into (17) yields:

ugov _ U§oiv  ouw  gufHEUG(mU+V) (30)
v ot v? 8z2 0z 1+m?
This on re-arranging gives:

v _10%v _ duw _ ou§HZv(mU+V) 31)
at  wvaz2 oz U2(1+m?2)

On introducing the non-dimensional parameters to equation (31) gives:

v _9%v _ 9w _ MP(mU+V) (32)

at d0z2 dz 1+m?2

Substituting equations (23) and (26) into (3) yields:

(T‘; _ T;) U_g% — %—(TJ,—TO"O)BZ_G — ﬁ (33)

v at  pCp, w2  0z2 9z
This on re-arranging gives:

80 _ k 10%0 owT
at pCp v 322 oz

(34)
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and on introducing non-dimensional parameters equation (34) becomes:

OwT.

Pr=20 prT) (35)

We need to solve equations (28), (32) and (34). However, the solution of these equations is not currently possible due to
the Reynolds stress terms in (28) and (32). We thus now resolve these terms first, for us to be able to work out the solution
of these equations. The Reynolds stresses in (28) and (32) are respectively (uw) and (vw). We need to write this terms
as functions of x,y,U,V, i.e we need a function F such that (uw) = F(x,y,U,V) .We will adopt the Boussinessque
approximation t, = —puv = A; Z—;’ , A is not a property of the fluid like u but depends on the mean velocity U. We will
not use the k — & model as this model assumes that a flow is isotropic hence its use is limited to such flows. We thus turn
to semi empirical methods that then lead us to the study and use of the Prandtl mixing length hypothesis that for a long
time has been an important tool in the analysis of turbulent boundary layers. The Reynolds shear stress puv represents a
flux of x-momentum in the y-direction. Prandtl assumed that this momentum was transported by eddies which moved in

they-direction over a distance [ without interaction (i.e. momentum is assumed to be conserved over distance 1) and then
mixed with existing fluid at the new location. From his experiments Prandtl deduced that:

— _ 2 a_U
puv = —pl (6y) (36)
At this stage further assumption is taken:
a) for y+> 5 we neglect the viscous term in the shear stress,

b) I = ky where k is the von Karman constant, sometimes referred to as the Karman
constant, we thus finally have:

puv = —pk?y 2(—)2 (37)

Now (4.20.11) under (4.20.21) becomes:

U OZU MZ(mU+V)

R A L B e (38)
Likewise, (4.20.14) under (4.20.22) yields:
v _ i 2,2 M2 (mv-U)
at o2 T [k ( ) -5 (39)
Equations (38), (39) and (35) in cylindrical coordinates respectively simplifies to:
Uz _ 92U, |, 19Uz\ _ [10uzu; 2 (Uz+mUg)
at_V(6r2+r6r) [ ]+G@ M (1+m?) (40)
oug _ (2%Ug , 10Ug U\ _ [oufu, 2upuf 2 (MUz—Ug)
ot _(6r2 +'r ar ‘r2) [ ar r* ] (1+m?) (41)
20 _ 1 (9%0 | 100\ 9(U,0)
ar _ pr (6r2 r 6r) or (42)
Where:

T, — Ta

Gr =
r =vgp 0
HCp
Pr =—=
Tk
2 _ oudHZy
Ug
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With the Reynolds stresses resolved we now seek a numerical solution of equations
(40), (41) and (42) subject to the boundary and initial conditions below:

2.3 Boundary and Initial Conditions
From equation (18) the non-dimensional form of (4) becomes:

t<0:U,=0,Uy =0,0 =0 everywhere (43)
t20:UZ=1,U9=0,9=1atr=§ (44)
U,—0,Uyg—>0,6—>0ar—- o0 (45)

We need to solve equations (40), (41) and (42), subject to equations (43), (44) and (45). However, the solution of these
equations is not currently possible due to the Reynolds stress terms. We thus resolve these terms first, for us to be able
to work out the approximate solution of these equations by a direct numerical method. The momentum equations are
resolved using Prandtl mixing length hypothesis. The Reynolds stresses in the energy conservation equation are computed
in terms of Turbulent Prandtl number and Prandtl mixing length hypothesis. Thus equations (40) — (42) become:

e (5120 4100 (32 (2 0 e =

at arz | r or ar (1+m?)

o (Gt ) e (2 (52) et %
TG (3 () (48)
t<0:U,=0,Uy=0,0 =0, everywhere (49)
t20:U2=1,Ug=0,9=1,atr=§ (50)
U,-0,Uy—>0,0—-0,asr > o0 (51)

1. FINITE DIFFERENCE SCHEME

Considering that the systems of partial differential equations (46) — (48) are highly non-linear their solutions are
approximated by finite difference method. In the following finite difference scheme the primary velocity U, is denoted
by U and the secondary velocity Uy is denoted by V to reduce the subscripts as i and j are used as subscripts, i
corresponding to r asj corresponds to t. The equivalent finite difference scheme for equations are respectively:

Where i and j refer to r and t respectively. r have been substituted with iAr

U 20U )+U U U

_ (1)) D (i) 1 (i) @D ; Y )Vap)®
U(i,j+1) = U(i,j) + At( @n? + T - + kzl(AT)(At)( i i‘r ij ) + At GT@(LJ') _
M2 (U(irj)"'mv(i.j))} (52)

1+m?

Vi)~ ZV(l])+V(L 1]) n LV(Hl])_V(i.D _ V(i.]))

Vijeny =Vap + At( (4r)? iar ar (iar)?

2k2(i Ar) ( At)( (i+15)” V(i'j) (V(i+1.j>—ZV(i.j>+V(i—1.j>) + AtM? (mU(i,j)—V(i,j)) (53)

Ar (ar)? 1+m?2
9. —20,. 0. 0. -0, . -Uy.
0o =0, o+ (1)) O (i=1,) 4+ (i+1) () 4 KEanan? U(er1) 7 (wp) ) (Clv1) " (1))
@@Lj+1) @H T py (4r)? iAr Ar Pre Ar ar
(54)
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The boundary and initial conditions take the form:

j < 0: U(i,j) =0, V(i,j) =0, H(i‘j) =0, everyWhere (55)

j 2 0: U(l,]) = 1,V(l,]) = 0, 9(1,1) = 1, atl = % (56)

Uij = 0,V — 0,0, 0,ai—> o (57)
) @nN ()]

Using the boundary and initial conditions we determine the values for consecutive grid points for primary velocity,
secondary velocities, and temperature that is U; j1y, Vi j+1y and 8 j+1y in component form.

The approximate solution was computed using a computer program and the results are displayed in graphs as shown in
figures 4.3,4.4 4.5,4.6,4.7,4.8,4.9,4.10and 4.11

V. DISCUSSION OF RESULTS

The results of the simulation show the airflow velocity distribution in each airfoil that is affected by the angle of attack.
With the variation of the attack angle 0°, 2°, 4°, 6° and 8, it is concluded that, the larger the angle of attack, the maximum
air velocity distribution in each airfoil tends to increase
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Figure 4.3 Airflow around the NACA Airfoil 2412 at the (a). Angle of attack 00, (b). Angle of attack 20, (c). Angle of
attack 40, (d). Angle of attack 60 and (). Angle of attack 80.
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4.1 Primary Velocity Profiles
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Figure 4.4 Primary velocity profiles within a moving porous aerofoil wing

From figure 4.4 it is noted that:

(i) Primary velocity is not affected by magnetic parameter and Hall parameter.
(ii) There is an increase in primary velocity profiles when Grashof humber and time parameter are increased.
(iii) There is no change in primary velocity when Prandtl number is varied.

This suggests that the influence of magnetic fields on fluid dynamics in this scenario is minimal, possibly indicating that
inertial forces or buoyancy effects dominate over magnetic effects. The absence of changes in primary velocity with
varying Prandtl numbers suggests that the momentum diffusivity (viscosity) and thermal diffusivity (thermal
conductivity) are balanced in such a way that they do not significantly affect the flow characteristics. This may imply a
stable thermal regime where heat transfer does not influence momentum transfer in this particular context.

4.2 Secondary Velocity Profiles
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Figure4.5 Secondary velocity profiles with cooling of the wings

From figure 4.5 it is noted that:

(i) The secondary velocity profiles increase in magnitude with increase in time parameter and magnetic parameter.
(ii) Variation in Grashof number does not affect secondary velocity profiles

(iii) There is no variation in velocity profiles with variation in Prandtl.

(iv) There is decrease in the secondary velocity profiles with increase in Hall parameter.
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This could indicate that the magnetic forces are enhancing the flow patterns or contributing to secondary flow structures,
possibly by influencing the stability or structure of the boundary layers. Inertial or viscous forces, are more dominant in
governing the secondary motion. The decrease in secondary velocity profiles with an increase in the Hall parameter
suggests that the influence of the magnetic field's interaction with the charge carriers in the fluid is suppressing the
secondary flow. This could be due to the Lorentz force acting in a way that dampens the secondary flow structures,
indicating a complex interplay between electromagnetic forces and fluid motion.

4.3 Temperature Profiles
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Figure 4.6 Temperature profiles

From figure 4.6 it is noted that:

(i) There is no observable variation in temperature profiles with variation in magnetic parameter and Hall parameter.
(ii) There is increase in temperature profiles with increase in time parameter.

(iii) There is decrease in temperature profiles with increase in Grashof number.

(iv) Increase in Prandtl number leads to decrease in temperature profiles.

The decrease in temperature profiles with an increase in Prandtl number indicates that as the ratio of momentum
diffusivity to thermal diffusivity increases, the fluid may exhibit reduced heat transfer efficiency. This could suggest that
higher viscosity relative to thermal conductivity dampens thermal fluctuations, leading to lower temperature profiles.

1=

0.8+

Figure 4.7 Effect of Eckert number on temperature

Velocity of the fluid reduces for increasing values of Prandtl number and magnetic parameter. Temperature of the fluid
grows for rising values of Eckert number, but a reverse effect is noticed in the case of Prandtl number and radiation
absorption parameter. Skin friction decreases with an increase of Eckert number and Schmidt number but a reverse effect
is noticed in the case of radiation absorption parameter and magnetic parameter.
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V. CONCLUSION

The magnetohydrodynamic turbulent fluid flow over a porous aerofoil wing design within a magnetic field is numerically
investigated. The effects of various flow parameters on the mean velocities and mean temperature were obtained. It is
observed that increase in Grashof number led to increase in the primary velocity while there was no observable change
with variation of Hall parameter.

Variation of Prandtl number significantly varied the temperature profile while it had no observable effect on the velocity
profiles. Secondary velocity profiles decreased with increase in Hall parameter while there was no observable variation
in temperature profiles with variation in magnetic parameter and Hall parameter.

i) It is found that the primary velocity increases with increases with increase in Grashoff number.

ii) It is found that the secondary velocity increases with decreasing magnetic parameter (M), decreases with
increasing Hall parameter and the change in Grashoff number as no effect.

iii) It was also found that the temperature profile decreases with decreasing magnetic parameter (M), decreases with
increasing Hall parameter and increases with decrease in Prandtl number.
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