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ABSTRACT

Stagnation-point flow of an electrically conducting fluid over a continuously stretching
surface in presence of magnetic fields is significant in many industrial processes such
as the metallurgy, polymer processing, glass blowing, filaments drawn through quiescent
electrically conducting fluid subject to magnetic fields, cooling of metallic plate, hot
rolling, wire drawing, aerodynamic extrusion of plastic sheets, crystal growing. In these
applications of stagnation point flow, the desired output depends largely on the rate of
heating and the velocity of the fluid on the surface. The required rate will be achieved by
variation of various thermophysical parameters such as suction parameter, Grashoff
number, Hartmann number and buoyancy parameter. The resulting nonlinear partial
differential equations governing this flow were reduced to nonlinear ordinary differential
equations using similarity transformations and the resulting equations solved numerically
using the fourth order Runge-Kutta scheme with a shooting technique. Graphical results
were presented and discussed quantatively with respect to the effects of thermophysical
parameters on both velocity and temperature profiles of the fluid. From the study we note
that an increase in Grashoff number (Gr), Hartmann number (Ha) and suction parameter
resulted to a corresponding increase in fluid velocity. The fluid temperature also increased
with increase in Gr and Ha but decreased with increase in suction parameter and buoyancy
parameter.
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NOMENCLATURE

Velocity components
coordinates

Constant applied magnetic field

Specific heat at constant pressure

Local Nusselt number
Prandtl number

Eckert number

Local Biot Number
Hartmann Number
Grashof Number
Dimensional heat flux
Local Reynolds number
temperature

Free stream temperature
Dimensionless stream function
Free stream velocity
Stretching sheet velocity
Suction/injection parameter
Thermal conductivity

Heat transfer coefficient
Stagnation point flow rate

Initial stretching rate

Greek symbols

4

0

Stream function
Dimensionless temperature
Similarity variable

Thermal expansion coefficient
Thermal diffusivity

Density

Dynamic viscosity

Electrical conductivity

Velocity ratio parameter
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CHAPTER 1

1.0 INTRODUCTION

The chapter one of this project focuses on the terminologies used in this dissertation. Stagnation
point of a fluid is discussed, magneto hydrodynamics (MHD) and its applications i.e. Mhd
pumps, Mhd generators, metallurgy, Mhd propulsion and Mhd flow meters are also explored.
Stretching sheet flow and convective heat transfer is also discussed. The statement of the

problem, objectives governing the study and the importance of the study are also highlighted.

1.1 STAGNATION POINT

A stagnation point arises when a flowing fluid is brought to rest by an object and it’s found on
the surface of the object in the flow field. At this point, the local fluid velocity is zero.
According to Bernoulli equation, the static pressure is highest when the velocity is zero and
since at stagnation point fluid velocity is zero then static pressure is at its highest value. This

static pressure is known as stagnation pressure

1.2 MAGNETO HYDRODYNAMICS (MHD)

Magneto hydrodynamics (MHD) is an area concerned with motion of electrically conducting
fluids in presence magnetic fields. Such fluids include salt water, liquid metals e.g. mercury and
plasmas. The area of MHD was first introduced by Hannes Alfven (1908-1995) a Swedish
Physicist. This field covers those situations where in a fluid which is a good electrical conductor,
the velocity V and magnetic field B is coupled resulting to induction of an electric current of

density j. This induced current creates force j x B known as Lorentz force on the liquid.

This force tends to move it perpendicular to the electric field. In case where a conductor moves
through a magnetic field a current will be induced perpendicular to both magnetic field and
direction of movement of the conductor. These forces are considered in the equation of motion

I.e. navier stokes equation. This interaction between a conducting fluid in motion with electric


https://en.wikipedia.org/wiki/Bernoulli%27s_principle
https://en.wikipedia.org/wiki/Static_pressure
https://en.wikipedia.org/wiki/Stagnation_pressure
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and magnetic fields has great applications in areas involving electro-fluid-mechanical energy
conversion. Such applications include; MHD generators, pumps, cooling of nuclear reactors,
geothermal energy extractors, thermal insulators, nuclear waste disposal, heat exchangers,

petroleum and polymer technology, and heat transfers involving metallurgical processes

1.2.1 MHD Pump

In MHD pump, the magnetic field and electric field are perpendicular to each other and to the
axis of the duct carrying the conductive liquid. The conductive liquid permits the flow of electric
current in the duct. The Lorentz force arising from the interaction of magnetic field and electric
field provides the pumping action. MHD pumps have no movable parts reducing chances of
mechanical failure. They are of importance in the following areas; MHD micropumps which are
required in chemical, medical, and biological applications such as microsyringes for diabetics
since they are able to handle small and precise volumes. MHD pumps are also used in fusion
research to create high impact velocities and in cooling of nuclear reactors by pumping sodium
coolant in the reactor core.

MHD pump is so far the most effective for producing a continuous, nonpulsating flow in
a complex microchannel design. MHD micropump has several advantages, such as simple

fabrication process, and bidirectional pumping ability.

1.2.2 MHD Generators

This type of generator creates electrical power by using an electrically conducting fluid
with a magnetic field. In effect, it changes thermal or Kinetic energy into electricity. There are
several ways to achieve electrical conductivity with an MHD generator. The conducting fluids
that are usually considered are all gases that are made from alkali metal vapors, noble
gases and combustion. When combustion gases are chosen as the conducting fluid, then
potassium carbonate is added to the flow in tiny amounts. It is thermally ionized and makes

up the electron density necessary for conductivity. Cesium is used in the case of monatomic
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gases, and the electron temperature is raised above the gas, which makes electrical conductivity
possible at a lower temperature than would be the case with thermal ionization. Finally, in the
case of liquid metal, electrical conductivity happens when the liquid metal is injected
directly into the vapor or gas stream. This makes a continuous liquid phase possible. MHD
power generation provides a way of generating electricity directly from a fast moving stream of
ionized gases without the need for any moving mechanical parts - no turbines and no
rotary generators. The flow of the conducting plasma through a magnetic field causes a
voltage to be generated (and an associated current to flow) across the plasma,
perpendicular to both the plasma flow and the magnetic field according to Fleming's Right Hand
Rule. The MHD generator needs a high temperature gas source, which could be the coolant from
a nuclear reactor or more likely high temperature combustion gases generated by burning fossil
fuels, including coal, in a combustion chamber. Gas-phase MHD is probably best known in
MHD power generation. Since 1959 major efforts have been carried out around the world to
develop this technology in order to improve electric conversion efficiency, increase

reliability by eliminating moving parts, and reduce emissions from coal and gas plants.

1.2.3 MHD Flow Meters

Another common MHD device is the EM flow meter, where the potential induced by
fluid motion is measured and used to infer the average flow rate of a conducting liquid. It is an
electromagnetic flow measurement method that is based on exposing a flow to a magnetic field
and measuring the force acting on the magnetic field generating system. Flow
measurement using magnetic fields has a long history. It started in 1832 when Michael
Faraday attempted to determine the velocity of the Thames river. Faraday's method which
consisted of exposing a flow to a magnetic field and measuring the induced voltage using two
electrodes has evolved into a successful commercial application known as the inductive

flowmeter. While inductive flowmeters are widely used for flow measurement in fluids at
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low temperatures such as beverages, chemicals and wastewater, they are not suited for
flow measurement in metallurgy. Since they require electrodes to be inserted into the fluid, their
use is limited to applications at temperatures far below the melting points of practically relevant
metals. Consequently there have been several attempts to develop flow measurement methods
which do not require any mechanical contact with the fluid. Among them is the eddy current
flowmeter which measures flow-induced changes in the electric impedance of coils interacting
with the flow. MHD can also be used to create a flowmeter for blood. The use of flow meters to
study blood flows was initiated by Kolin (1936). The basic idea is that a conducting fluid
flowing through a magnetic field produces an EMF. So by measuring an EMF, a flow rate can be
determined. Two electrodes are attached along the length of a vessel, and an electromagnetic
field is applied perpendicular to the flow. The Emf between the two electrodes can be measured
and gives a continuous result proportional to the flow velocity. The blood flowmeter is used
during vascular surgery to measure the quantity of blood passing through a vessel or graft,

before during or after surgery.

1.2.4 Metallurgy

MHD devices can be used for metallurgical processing and other applications. High-level
requirements to metal works production determine a transit to a tangibly advanced level of
melting, pouring and semi-finished products primary processing performance technology.
Therefore, the task of metal ingots and blanks quality should be solved on a comprehensive
basis, i.e. the alloy quality should be controlled at the stage of preparation, intermediate
processing and pouring. To realize these tasks within melting casting units incorporating
melting furnaces, mixers, ladders, refining installations and continuous pouring machines, an
efficient method is electric conductive metal melt electromagnetic stirring. Electromagnetic
stirring (EMS) improves quality and productivity in continuous casting. The rotating field

induces magnetodynamic forces in the liquid steel producing rotational flow, thereby
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providing better heat transfer and gas release, improved equiaxed zone, and minimizing
carbon segregation, inclusions, porosity, surface and internal cracks. In this connection,
magneto-dynamic (MHD) technologies and devices are wider applied in ferrous and non-ferrous

metal works.

1.2.5 MHD Propulsion

MHD propulsion is a method for propelling seagoing vessels using only electric and
magnetic fields with no moving part using MHD. An electric current is passed through the
seawater in the presence of an intense magnetic field, which interacts with the magnetic field of
the current through the water. The Lorentz force created in the sea water accelerates it away
from the ship hence the ship moves in the opposite direction. MHD is attractive because
it has no moving parts, which means that a good design might be silent, reliable, efficient, and
inexpensive. A number of experimental methods of spacecraft propulsion are based on
magnetohydrodynamic principles. In these, the working fluid is usually plasma or a thin cloud of
ions. Some of the techniques include various kinds of ion thruster, the magnetoplasma

dynamic thruster, and the variable specific impulse magnetoplasma rocket.

1.3STRETCHING SHEET FLOW

This is a flow produced as a result of an elastic flat sheet being stretched on which a fluid moves
along it with velocity changing from a fixed point as it flows along the sheet due to a stress
applied. This production of sheeting material is applied in numerous manufacturing processes in
industries. In the manufacturing of the polymer sheets, the material in a molten phase is passed
through an extrusion die where it cools and solidifies some distance away from the die before
getting to the cooling stage. On the other hand in manufacture of plastic and rubber sheets a
gaseous fluid is blown through the molten material before its solidified and stretching force

depends upon time. “In cooling of a large metallic plate in a bath, which may be an electrolyte
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the fluid flow is induced due to shrinking of the plate. Glass blowing, continuous casting and

spinning of fibers are other cases where stretching sheet flow is applied”.

1.4 CONVECTIVE HEAT TRANSFER
Heat transfer is the movement of heat energy from a body at a higher temperature to a body at a

lower temperature, this process takes place until a state of thermal equilibrium is achieved.

HEAT TRANSFER

HIEAT TRANSHEN

The process of heat transfer takes place in three forms: conduction, convection and radiation.

Conduction

Convection

~ Radiation

In convectional heat transfer , heat moves in fluids( gases and liquids) through convectional

currents. Convective heat transfer may take the form of either

o forced or assisted convection

e natural or free convection



1.4.1 Forced or Assisted Convection

Forced convection occurs when a fluid flow is induced by an external force, such as a pump, fan

or a mixer.

1.4.2 Natural or Free Convection

Natural convection is caused by buoyancy forces due to density differences caused by
temperature variations in the fluid. At heating the density change in the boundary layer will
cause the fluid to rise and be replaced by cooler fluid that also will heat and rise. This continuous
phenomenon is called free or natural convection. Boiling or condensing processes are also

referred as a convective heat transfer processes.

The heat transfer per unit surface through convection was first described by Newton and the

relation is known as the Newton's Law of Cooling.

The equation for convection can be expressed as:

qg=h.AdT

w here

g = heat transferred per unit time (W, Btu/hr)

A = heat transfer area of the surface (m?, ft?)

he = convective heat transfer coefficient of the process (W/(m?K) or W/(m*C), Btu/(ft* h °F))

dT = temperature difference between the surface and the bulk fluid (K or °C, F)



1.5 STATEMENT OF PROBLEM
Most engineering processes such as metallurgy, polymer processing, glass blowing and plastic
sheet production involves the molten material being run over a surface with necessary conditions

for the cooling process.

This study investigates the effects of various thermophysical parameters (as suction parameter,
Grashoff number, Hartmann number and buoyancy parameter) on the temperature and velocity

profile of a fluid at a stagnation point on a stretching sheet.

Upon cooling the desired final product is extracted. For production of very fine products the rate
of heat transfer between the liquid and the surface must be controlled. The fluid surface velocity

should also be regulated. This rate was controlled by variation of the thermophysical parameters.

1.6 GENERAL OBJECTIVES
To analyze a magnetohydrodynamic stagnation point fluid flow over a convectively heated

permeable stretching sheet.

1.7 SPECIFIC OBJECTIVES
i.  To formulate the mathematical equations governing the fluid flow.
ii.  Toinvestigate effects of magnetic fields and the stretching sheet on the fluid velocity.
iii.  To investigate effects of magnetic field and stretching sheet on the fluid temperature

profiles.



1.8 SIGNIFICANCE OF THE STUDY

Stagnation-point flow of a fluid over a continuously stretching surface in presence of
electromagnetic fields is of significance in many industrial processes such as the metallurgy,
polymer processing, glass blowing, filaments drawn through quiescent electrically conducting
fluid subject to magnetic fields, cooling of metallic plate, hot rolling, wire drawing,
aerodynamic extrusion of plastic sheets, crystal growing. The quality of the final products

depend to a great extent on the rate of cooling at the stretching surface.

To improve the quality of the final products, the rate heat transfer should be controlled. This
rate of heat transfer is controlled by variation of the fluid velocity and surface temperature of the

fluid in presence of a magnetic field.
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CHAPTER 2

2.0 LITERATURE REVIEW

The study of a two dimensional stagnation point flow towards a stationary semi-infinite wall was
first studied by Hiemenz (1911). In his study he dealt with reduction of the Navier-Stokes
equations governing the flow into nonlinear ordinary differential equations with the help of

similarity transformations.

Crane (1970) studied boundary layer flow over a stretching sheet with convective heating. His
study was further developed by Gupta & Gupta (1977) where they looked at heat and mass
transfer on a stretching sheet with suction or blowing considering an isothermal moving plate

and obtained the temperature and concentration distributions.

A study by Chiam (1994) on the stagnation point flow towards a stretching sheet putting into
consideration that stretching rate of the plate is equal to the strain rate of the stagnation point
flow demonstrated that there was no existence of a boundary layer close to the stretching
surface. In their study on non-orthogonal stagnation point flow towards a stretching sheet, Lok,
Amin and Pop discovered that the obliqueness of a free stream line which causes the shifting of

the stagnation point towards the incoming flow (Lok et al. 2006).

Ishak et al. (2009) studied MHD stagnation point flow towards a stretching sheet with varying
surface temperature. They found out that heat transfer rate on the surface increases with increase

in magnetic parameter when free stream velocity is more than stretching velocity.

A study carried out on stagnation point flow and heat transfer due to nanofluids towards
stretching sheet and it was discovered that heat transfer rate at the surface increases with
magnetic parameter when free stream velocity exceeds stretching velocity and skin friction
coefficient and local nusselt number increases with an increase in velocity ratio (Ibrahim et al,

2013)
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In their study “stagnation point flow over a stretching sheet with convectively heated boundary
conditions”, Mohamed, Salleh, Nazar and Ishak found out that an increase in prandtl number Pr
and stretching parameter ¢ results to decrease in temperature. Heat diffuses away from the heated
surface at a higher rate for smaller prandtl numbers (Mohamed et al. 2013). A further study was
carried out on “stagnation point flow and heat transfer past permeable stretching sheet with joule
heating” and it was found out that skin friction and local nusselt number increases with increase

in magnetic field parameter (Yasin et al. 2015).

An analysis on MHD stagnation point flow of nanofluids towards convectively heated permeable
stretching sheet Mutuku & Makinde (2017)found out that fluid velocity and its hydrodynamic
boundary layer thickness decreases with an increase in Hartman number Ha, Eckert number Ec,
Biot number Bi, and buoyancy parameter 1 but increases with increase in injection parameter

fw<0 and the converse happens to the fluid temperature and its thermal boundary layer thickness.

loan Pop et al.(2018) studied the effect of MHD suction, second order slip and melting on the
stagnation point and heat transfer of a nano fluid past a stretching/shrinking sheet and found that
there exists dual solutions for certain values of the governing parameters i.e. upper branch and
lower branch. On further analysis the upper branch was found to be stable while lower branch

was unstable.

This present study intends to further the works of Mohamed et al. (2013) to improve the quality
of the final product by using an electrically conducting fluid in the presence of a magnetic field
and convectively heating the stretching surface using a hot fluid and studying its effect on the
rate of heat transfer. It also investigates how variation of various thermophysical parameters can

be used in control of the rate of heat transfer of the fluid.
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CHAPTER 3
EQUATIONS GOVERNING FLUID FLOW

3.0 INTRODUCTION
The general equations that govern the fluid flow include:

i. The Equation of continuity, which is derived from conservation of mass for a system (i.e. mass

can neither be created nor destroyed).
ii. Navier-Stokes (Momentum) Equation, which is derived from Newton’s second law of motion

iii. The energy equation, which is derived from the first law of thermodynamics (i.e. the amount
of heat added to the system is equal to change in internal energy plus the amount of energy lost

due to work done on the system.

3.1 CONTINUITY EQUATION

This equation is based on the law of conservation of mass, which states that “mass cannot be
created or destroyed”. This implies that the rate of change of particle mass is zero. The equation

of continuity is therefore given by:

op
—+V =0
® pU

Where v is the fluid velocity and p is the fluid density.

For incompressible fluid flow density is invariant with time i.e. p= constant,
hence % =0
ot

Continuity equation for an incompressible flow becomes

Veu=0
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Where V=i2+jg+k2
X "oy oz

The continuity equation becomes

ou du au
N
ox oy o

Where Veu is divergence of velocity, which physically is the rate of change of volume of a
moving fluid element per unit volume.

3.2 NAVIER-STOKES (MOMENTUM) EQUATION
du

The equation of momentum is based on Newton’s second law of motion Y F = ma = ma

This equation is also known as the Navier — Stokes equation.

The equation governing the flow of a fluid is given by

%+(V-V)\/ :%[—Vp+yV2V]+F

Where F represents other forces. Taking into account force due to gravity (g), thermal expansion

pand the force per unit volume when an electric current density j flows through the fluid

(Lorentz force jxB ), since the fluid flow is in a magnetic field. Then, the Navier-Stokes

equation becomes,
oV 1 1,.
E+(V VNV =;(—Vp+,¢N2V)+(p,b’)gAT +;(j 1) IR

Where V is velocity, p is pressure, p is density of the fluid, p is the dynamic viscosity of the

fluid, g is force due to gravity and B is the thermal expansion coefficient of the fluid.
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3.3 ENERGY EQUATION
This equation is derived from the first law of thermodynamics which states that the amount of

heat added to a system dQ equals to the change in internal energy dE plus the work done dW
that is dQ= dW + dE. In other words if a net energy transfer to a system occurs, the energy
contained/stored in the system must increase by an amount equal to the energy transferred. The

First Law of Thermodynamics requires that,

(pcp{%TJr(v -A)I'}:kVZT G ettt ettt ettt e e e (3.3)

Where pC, is heat capacity of the fluid, T is local Temperature of the fluid, p is density of the

fluid, k is thermal conductivity of the fluid, V is velocity, q" is heat flux.
Equation 3.3 gives
{6_T+(V A)I'} = K vy +q"
ot P e (3.4)
For a two dimensional flow
VT = (ui + _)(61‘_'_6]) _ (’)T_I_ aT
VW =Wi+v)(g:+5,)T =vam Vs
o _ 9T | 0T
veT = + Gy (3.5)
Substituting into equation 3.4 we get
oT oT oT k (9%T . 0°T
E+u$+va—pcp(ax2+ayz)+q ................. (3.6)
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CHAPTER 4
In this chapter, we formulate a mathematical model for a two dimensional stagnation point fluid
flow on a convectively heated stretching sheet in presence of a magnetic field. The equations
representing the flow and the associated boundary conditions are derived and solved

numerically.

4.1 MATHEMATICAL FORMULATION
A steady laminar incompressible two-dimensional MHD boundary layer flow of a viscous fluid

past a convectively heated permeable vertically stretching sheet was considered.

The x-axis was taken to be along the stretching sheet and y-axis normal to it. “The left side of
the sheet was assumed to be heated by convection from a hot fluid at temperature T;,
which provides a heat transfer coefficient hy, while the right surface is subjected to a
stream of a cold fluid of ambient temperature T, in the presence of a transverse magnetic

field of strength B, applied parallel to the y-axis”, as shown in Fig. 4.1 below.

b

S S A S A R A S |

u = Uy(X) < fluid
vV = Vy(X)
e | (f'
Fig 3.1 +——— By

The two-dimensional equations governing the flow, putting in consideration the geometry of the

problem are:



16

Equation of continuity:

ou oV

—+—=0

DK Y et e et e et e et e et e enta e et eaaaeeanee e 4.1)
Navier stokes equation:

2 201 _

u@+va—uzuw dau,, +ﬁalZJ+,[)’g('l'—TOO)—OBO(u U.)

x oy dx  poy P e, (4.2)
Energy equation:

oT oT  k o4 ﬂ[aujz oBZ(u-U,)?

U—+V—= >+ — | =

x oy 0y Oy T 4.3)
With boundary conditions

y=0:—k h (T, ~T(x0): u=U, :v=V.

oy
Y00 UmU (X T =T, et (4.4)

The stretching velocity, free stream velocity and the sheet surface suction/injection velocity are

assumed to be
U,(X)=bx, U, (X)=ax, V,(x)=—(v;a)"*f,,

where b > 0 and a >0 are the initial stretching rate and stagnation point flow rate respectively. f,
is a constant with f,, > 0 representing the transpiration (suction) rate at the sheet surface, f, <0

corresponds to injection and f,, = 0 for an impermeable sheet surface.

In order to simplify the mathematical analysis of the problem, we introduce the following

dimensionless variables:



17

n:(gfy v = (av)ixf(y) 9(77)=.|1.—f__TT°; ................................

Where 1 is the similarity variable, f(77) is the dimensionless stream function, &(r)is the

dimensionless temperature and l//(X, y) is the stream function defined as

_ov
U—ay o

Substituting the stream function in the continuity equation gives:

u v 9y Oy
0x ay_axay 6y6x_

Therefore the stream function identically satisfies the continuity equation.

Substituting (4.5) and (4.6) into (4.1)-(4.4) we have:

u=a_‘//=a_‘//.@=axf'(n) ; v=—%//:—(au); F(77) coveerereennreeeneeeeeeenn

&y on o

e



(T T, )= 00K, —T, )eereeerireeirireeieietee ettt (4.89)

Substituting (4.8a)-(4.89) into Equation (4.2) it becomes:

2 2
a?x(f'y —azxff”=a2x+g(%)f'”—%ax(f’—1)+,390(Tf -T.)

Simplifying gives:

2 —
£ ff7—(f'Y +1—ﬁ(f'—1)+M0:0
ap a“x

Which gives
F7 e fE7—(F'F +1-Ha(f —1)+ A0 =0eeererererereieieieeeieeeaes seeveneenen (4.9)

The equation (4.9) is the non dimensionalised navier stokes equation.

Considering equation (4.3), from (4.5) we take

0(n) = 'I-'rf _—-I'-IE:O ; making T the subject

T =T, 07T, =T )eeeeeeeeeirererenieeeeertree ettt s s senne. (4.10a)
1

%T =0 % - (Ejz (T, =T () eererreerennireieeiesie s (4.10b)

VI (T, 2T, )F0 ettt (4.10c)

L (4.10d)
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3y2
(%”] - a;‘ (£ ettt s s s enaee eresesraees (4.10¢)
(U=U, P =@%X2(F =1 eeeeeerereeeeeeeeeeeeeeeeeeeee e e e e e s s esae e seenens (4.10f)

Substituting equations (4.10a)-(4.10f) into (4.3) it becomes:

3y2 2
KA 1 ) ralT, -, )i+ B (71 - BB a2y 1 — 0
pu(f pralr, -1.) (PP ety

Simplifying gives

fC,0 oB;vax’

’ IUaZXZ m\2 11\ _

Which becomes

0" +

0" +Prf@ +PrE(f") + HAECPH(f'—1F =0.revverrerrerrerrerrenreressenenns (4.11)

The equation (4.11) is the non dimensionalised energy equation.

In above equations, A is buoyancy parameter, Grashoff number Gr, local Reynolds number Re,

Hartmann number Ha, Prandtl number Pr, Eckert number Ec are defined as

2
2=S Ha=BT g UG,
Re; ap k k
-T)x° 2
GrX:gﬂ(Tf : DX Re, =YX oo Ui
v v c,(T, -T.

The boundary conditions are given by

f(0)=f,, '(0) =4, &(0)=Bi[6(0)-1],

/() =1, () =0,
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4.2 NUMERICAL PROCEDURE
Results were obtained by solving equations (4.9) and (4.11) numerically subject to boundary

conditions using linear shooting method and Runge- Kutta scheme after transformation into a set
of initial value problems.

This computation was done using MAPLE computer programme which uses symbolic and
computational language.

This method entails transforming equations (4.9) and (4.11) which are in third order in f and
second order in 6 into system of first order differential equations. This is obtained by letting
h=f =1 L=f"  fa=0 f5 =0 i, (4.12)
Where prime denotes derivative with respect to n

The nonlinear boundary value problems with their respective boundary conditions are reduced to

a set of first order differential equations with appropriate initial conditions as shown:

= oo (4.13a)

F = g, (4.13b)
fi=—fifs+ (52 =14+ Ha(fy = 1) = Afgeeeeeoeeeoieeeeeeeeeeeeeee . (4.13¢)

F = oo, (4.13d)
fi = =Prfify — PrEc(f3)* — HAaECPr(fy — 1)%.....ooiioiiieeoeee (4.13¢)

Subject to initial conditions:

f1(0) = £, f2(0) =2, f5(0) = Bi[f,(0) — 1], fo(0) =1, fo(0) =0 .............. (4.14)
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CHAPTER 5

5.0 RESULTS AND DISCUSSION
Numerical solutions for the model equations were computed for the various physical parameters

involved which includes magnetic field, Hartman number (Ha), Grashoff number (Gr),
Buoyancy parameter, suction parameter f,, and Biot number (Bi) were performed. The results
and numerical values were plotted in the figures below.

Detailed discussion on the effects of the physical parameters on the velocity profile and

temperature profile are critically done.

5.1 Effects of parameter variation on Dimensionless Velocity Profiles

We will discuss the effects of varying various thermal physical parameters on the fluids velocity
profile. From graphs below it’s noted that the velocity profile of the fluid increases from zero at
the plate to a maximum value at the free stream region away from the plate. This satisfies the

given boundary conditions.

In Fig 5.1.1, shows an increase in magnetic parameter Ha, results to a decrease in the velocity
profile of the fluid. This is because a magnetic field normal to the flow generates a Lorentz force
which is a retarding force to the transport phenomena, this force causes a drag to the flow

resulting to a decrease in the fluid velocity.

From Fig 5.1.2, the buoyancy effect on the flow system which is as a result of gravity and
temperature differences with the fluid is demonstrated by variation in parameter value of
Grashof number (Gr). Increase in the Grashof number results to decrease in the velocity profile

and the boundary layer thickness.

From Fig 5.1.3 increasing the suction number f,, results to a decrease in velocity profile.
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From Fig 5.1.4, increasing the buoyancy parameter A results to increase in the initial velocity at
the plate. For low values of A the velocity increases exponentially but for maximum values of A

the velocity profile decreases.

£
0

5.1.1 Velocity profiles for varying Hartmann Number

£

024 Pr=6.2 Ha= l,LEc=Bi=Ai=01.7 =02

0 1 2 3

5.1.2 Velocity profiles for varying Grashoff Number
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@
0

021 Pr=62,Ha=1, Ec=Bi=h=Gr=0.1

2-u
=
o =0
o +++ =1
_ °  poo A=2
1.5 o
(=]
o
o
=]
®a
DDDQ

Pr=62 Ha=1Ec=Bi=Gr=01f =02

0 1 2 3
n

5.1.4 Velocity profiles for varying buoyancy parameter
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5.2 Effects of parameters variation on Dimensionless Temperature Profiles

The figures below show the effects of varying various thermophysical parameters on the fluids

temperature profiles.

The temperature decreases from a maximum at the plate surface to zero far away from the plate.

This is because of the convectional heating on the plate surface.

Fig 5.2.1 shows that an increase in Hartman number Ha, results to an increase in both the plate
temperature and the thermal boundary thickness but does not affect the temperature far from the
plate. This is because introduction of magnetic field normal to the flow generates a resistive
Lorentz force in the fluid that opposes the flow resulting to increase in friction between fluid

layers thus an increase in fluid temperature and thermal boundary layer.

Fig 5.2.2 illustrates increasing the Grashof number Gr results to an increase in the plate

temperature.

Fig 5.2.3 illustrates that an increase in the Biot number Bi results to a decrease in the plate

temperature.

Similarly figs 5.2.4 and 5.2.5 illustrates that increasing the buoyancy parameter A and suction
parameter f,, results to a corresponding decrease on fluid plate temperature and the thermal

boundary layer.
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0.8

B(n) 0.6
Pr=62 Ec=Bi=Gr=1=01,
04 f,=02
02

Fig 5.2.1 Temperature profiles for varying Hartmann number.

Gr=0,1,12

B(n)

Pr=62 Ha=1 Ec=Bi=A=01,

Fig 5.2.2 Temperature profiles for varying Grashoff number.
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Bi=0,1.2

0.8-

Pr=62 Ha=1 Ec=Gr=i=01,
_};={}.2

= o -

Fig 5.2.3 Temperature profiles for varying Biot number.

A=0,01,02

Pr=62Ha=1 Ec=Gr=Bi=01,
0.8+
_}‘,_1,=0.2

B(n)
0.6

Fig 5.2.4 Temperature profiles for varying Buoyancy parameter.
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J,=-02,0 02

A=Ec=Gr=Bi=01,

0.57 =1.Pr=62

o(n)
0.5

0.4

=]
—
2
Lad

Fig 5.2.5 Temperature profiles for varying Suction parameter.
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CHAPTER 6

6.0 CONCLUSIONS AND RECOMMENDATIONS

This work has tried to show the effects of buoyancy forces, magnetic force and heat transfer on a
stagnation point towards a convectively heated stretching sheet. The governing partial
differential equations are reduced to non-similar equations using similarity transformation. The
dimensionless equations were solved numerically using the fourth order Runge-Kutta method

and the results of varying various parameters displayed graphically and discussed.

From the numerical results the following observations are made:

i.  Fluid velocity and boundary layer thickness decreases with an increase in Ha, Gr and f,.
Buoyancy parameter A varies the plate fluid velocity.
Ii.  Fluid plate temperature increases with an increase in Ha and Gr, but decreases with an
increase in Bi , A and suction( f,>0)
iii.  The rate of heat transfer on a boundary layer flow increases with increase in the amount

of heat on the surface and decreases with increase in the thickness of the boundary layer.

These results reveal that the heat transfer of a hydro magnetic fluid flow over a permeable
stretching sheet subject to convective heating and viscous dissipation can be controlled and a

final product with desired characteristics achieved.

Further research works can be conducted by investigating the effect of the pertinent parameters
Hartmann number Ha, Grashof number Gr, local Biot number Bi, suction parameter f, and

buoyancy parameter A on the local Nuselt number and local skin friction coefficient.
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