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SUMMARY

The main aim of the thesis is study numerically the
velocity, heat transfer characteristics and the temperature
profiles of the flow of a steady, incompressible and magneto
fluid past a continuously moving plate in a porous medium in
the presence of radiation. That is studied under the effect of
variable thermal conductivity by using finite difference
method. The thesis is consists three chapters.

The first chapter is a general introduction about fluids and
their classification, magneto-hydrodynamic theory, heat
transfer, modes of heat transfer and the boundary layer
theory.
Also this chapter contains a summery of equations of motion
and some of constitutive equations for different fluids.
A brief summery of magneto-hydrodynamic flow and heat
transfer are found in this chapter .
The second chapter contains a study about magneto-hydro
dynamic flow on a continuously moving porous plate in a
porous medium in the presence of radiation .
By solving the set of the ordinary differential equations with
boundary conditions using finite difference method with the
help of a computational program. The effects of various
parameters on the velocity and temperature have been
studied. It has been found that;

1. The temperature increases with increasing magnetic

parameter, relative temperature parameter.
2. The temperature decreases with increasing Reynolds
number, Permeability parameter, Prandtle number

and radiation parameter .

3. The velocity increases with increasing Reynolds
number and Permeability parameter.

4. The velocity decreases with increasing Magnetic
parameter.



The third chapter studies the Thermal-diffusion and
diffusion-thermo effects in the presence of radiation and
magnetic field on a mass transfer boundary layer flow
through a porous medium with variable thermal conductivity.
By solving the set of the ordinary differential equations with
boundary conditions using finite difference method with the
help of a computational program. We have studied the effects
of various parameters on the velocity, temperature and
concentration. It has been found that:

1.

The velocity increases with the increase of the
Permeability parameter, the mass buoyancy
parameter, the Reynolds number and the temperature
buoyancy parameter.

The velocity decreases with the increase of magnetic
parameter, the radiation parameter and the thermal
conductivity parameter.

The temperature increases with the increase of the
magnetic parameter, the radiation parameter, the
thermal conductivity parameter and the Dufour
number.

The temperature decreases with the increase of the
Permeability parameter, the temperature buoyancy
parameter, the mass  buoyancy parameter, the
Reynolds number and the Prandtle number.

The concentration increases with the increase of the
magnetic parameter, the thermal conductivity
parameter and the Soret number.

The concentration decreases with the increase of
radiation parameter, the Permeability parameter and
the Schmidt number.
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APPENDIX 1

Finite difference method [61]

The idea of the finite difference representation of a
derivative can be introduced by recalling the
definition of derivative of the function
F(XY) atX=Xo,Y=VYo
oF . F(Xo +AX, ¥Yo) —F(X,, Yo)

—=Ilim ,

OX AX
A formal basis for developing finite difference
approximation to derivatives is through the use of
taylor series expansion. Consider taylor series
expansion of a function F(x) about a point x, in the
forward (positive x) and backward (negative X)
directions given, respectively, by

(Forward)

df
F AX)=F —
(X, +AX) = F(x,) + ™

d*f) (w° d°f] @',
ol 2 |, 3

0 0

AX +

0

(Backward)

df d2f| ()7 d*f| (ax)°
F(X, —AX) = F(X,) - — -
(¥ =A%) = F (%) dx a2 dd|, 3

These two expressions form the basis for
developing finite difference approximations  for
first derivative df/dx about X,. Rearranging the
forward and backward equations we get the

following expressions.

AX +

0

(Forward)

dF _ F(x, + AX) - F(X,) +O(AY)
x|,

(Backward)

dF) _FO0)=FO0 =80 0y
dx|, AX
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Where the order of notation " O(Ax) "characterizes

the truncation error associated with the finite
difference approximation. It represents the
difference between the derivative and its finite
difference representation
(Ax)?

O(Ax )=7F (%) + F'(Xg) +oeeeeeees ’

By subtracting the backward equation from the
forward equation the central difference
approximation is determined. The central difference
approximation is a second order in (Ax), hence is a

more accurate approximation than the forward and
backward differences.
_(a? (Ax)°

O = 120

F™(%) +

In the text below there are short notes about finite
difference approximations for the first and second
derivatives with two, three, and four point formulae.

Finite difference approximation of first derivative
Let n be the grid point at x,. then the notation n+l

and n-1 refer respectively, to the grid points at
(X, +Ax)and (x, —Ax). Similarly the notation n+2

and n-2 refer, respectively, to the grid points at
(X, +2Ax) and (x,-2Ax), and so on. We present

below two, three, and four points formulae for the
first derivative.
(Forward)

F, Z_th— P o) |

n
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(Backward)
=P _hF“ +0(h)

n

(Central)

F.,—F

F': n+l n—1+o h2 ,
T (h%)

Where h=Ax.

The last form can be written as a general equation
E (1-¢e)F,,, +3s¢, -1+ e)F,

2h

Where ¢=-1 for forward, £ =0 for central, ¢ =1for
backward
O(h) = hF"+-----.

Finite difference approximation of second
derivative

The Taylor series expansions given by the forward,
and backward equations can be used to develop
finite difference approximations for the second
derivatives To obtain the central finite difference
approximation for the second derivative forward and
backward equations are added. The resulting
expression is given as follow. (Central)

F" — Fn—l _2Fn + I:n+1 +O(h2) ’

n h2
Where
h? _..
O(hz)zﬁFO doeeeeeeenn ,

To develop forward and backward finite difference

approximation for the second derivatives, the

functions F (x, +2Ax) and F(x, —2Ax) are expanded in

Taylor series. The function F’(x,)is eliminated

between the expansion of F(x,+2Ax)and the
93



expansion F(x, +Ax)and the resulting expression is

solved for d?F/dx? we get
(Forward)
F" — I:n — 2Fn+l + I:n+2 +O(h) ’

n h2

Similarly, the function F’(x, )is eliminated between
the expansion of F(x,-2Ax)and The expansion of
F (x, —Ax) and the resulting expression is solved for
(d?F/dx?)

(Backward)

e Fe=2FtF

n h2
Where
O(h):hFO'"+--------- ]
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APPENDIX 2

Computer program to obtain the approximated
solution for the equations of chapter Il

0
0, 010; n025; h [ — ;
n

|Re (11; M10.1; Kp(10.2; N[J1; Pr(10.72; £ [10.1; Fy [10.4;

Do L‘Fl L IDExpandAll L L I] WL I.L L, 0, n I.I..

|v LOo1 Dh2w i. Ov L0O1 L[D

po kr2 L [ mxpanants |

R T L,LLL Lonall

|D Lo1 Dzjji. Do i01 LlD

Do L‘F3 I. lDExpandAll li]\lN[

bl b e i |, |,

e L LPL B T L Lo by
£ b lDFw;vb lDl;vL [DO;Db lDl;DJ: lDO;

Timing §S 7 FindRoot |EF1 1 [0, FF1 & Lo, Fr1 & Lo, EF1 & [0
Fr1 § [ho, Fr1 6 o, FF1 £ o, Fr1 & D0, FF1 b Do,
FF1 1o [ o, FF1 11 Lio, FF1 12 o, FF1 13 l0 0, FF1 14 0o,
Fr1 15 [ o, FF1 16 1o, ¥F1 17 Lo, FF1 18 [0, FF1 19 L0,
FF1 20 L1 o, FF1 21 [ o, ¥F1 &2 Lo, FF1 %3 |00, FF1 b4 [0,
Fr1 &5 1o, Fr2 1 Lo, Fr2 & [0, Fr2 & 00, FR2 & L0 0,
Fr2 § [ho, Fr2 & o, Fr2 £ b0, Fr2 & |00, FFr2 b L0 0,
FF2 10 1o, Fr2 11 b o, FF2 12 o, FF2 13 |00, FF2 14 [0 0,
FF2 15 [ o, FF2 16 [ o, FF2 17 o, FF2 18 |00, FF2 19 [0 0,
FF2 20 [ o, FF2 %1 [ o, FF2 &2 [0, FF2 23 |00, FF2 %4 [0 0,
FF3 L Lo, Fr3 2 [ o, FF3 & 1o, FF3 b [0, FF3 § |0 0,
FF3 b o, Fr3 f Lo, rr3 & Lo, Fr3 & 0o, FF3 10 Lo,
FF3 11 Lo, FF3 12 [ o, FF3 13 1o, FF3 14 |00, FF3 15 [0,
FF3 16 1o, FF3 17 [0 o, ¥F3 18 L1 0, FF3 19 LU0, FF3 b0 Lo,
FF3 21 [0 o, FF3 $2 o, FF3 £3 |00, FF3 b4 0o |
El1lo.027018 | £blo.1035 | £ lo.21707 | £ 4 |o0.3509 |
Eblouass2| Ebloewsis | £t lo.72312 | £4& [o.80878 |

Eblosmn2es | £loo.o1788 | E 11 | 0.948461 |
£12 L o.96835 | £ 13 Lo.9sos | £ 1a |
0.98854 | £ 15 | 0.99314 | £ 16 | 0.99586 |

E17 | 0.09586 | k18 | 0.99586 | £ 1o | 0.99586 |

Ebolo.ooss6 | £ b1 lo.027018 | £ b2 | 0.1035
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E b3 |o0.21707 | k£ ba o0.3509 | £ &5 [ 0.48822 |
tilol & lo.oosoes | &k Lo.o1sao10 | v k|
0.069545 | ¥ & [ 0.09530290 | ¥ & Lo0.25749 | v 1 |
0.16743 | ¥ & L o0.265263 | ¥ b L0.039915 | ¥ 1o |
0.0242737 | ¥ 11 | 0.0146551 | ¥ 12 | 0.0086868 |
¥ 13 [ 0.001068 | { 14 L 0.0002586 | {15 Lo.8 |
tislosr | Y17 lo.s6 | {18 lo.ss | v 1o |
0.89 , 2o Lo.soo | { b1 lo.oxa |l vhal
0.95965 |, ¥ £3 L 0.994019 | Y ba L1 |
bilal bhloosoes | Lk Lo.sasno |l Lk L
0.69545 | bk lo.53020 | bk lo.2s7a9 | DE L
0.16743 | L& L o0.065263 | Lb [o0.039015 | Lio |
0.0242737 | L 11 [ 0.0146551 | L 12 | 0.00s6868 |
b i3 Lo.ootoes | L 14 | 0.0002586 | Lis Lo.8 |
bis Lo.es | bl7 lo.a7 | Lis Lo.e9s | bio |
098 bhola1l bd1lo7a|l bd2lo.9505 |

Ld3 Lo.sao19 | L b4 L 0.0 | MaxTterations (1100 |}

tv [] Table I_LI ELOTl I..VL I_LSS I._ L, O, n I_L

List Plot[tv,PlotJoined -> True,PlotRange->{0,1},
PIotSter—>{RGBCoIor[0,0,l]},AxesLabeI—»{n,f'}h

t[Table |_LI I}OT:L DL |_|.SS l. L, O, n

ListPlot[t0,PlotJoined-> True,PlotStyle—{RGBColor
[1,0,0]},AxesLabeI—>{r_1,9{];

Do LutAppend L] I_DH—l "D:\mO. txt" |._ L, O, n |_
n

(0D:\m0. txt
Do butAppend Jz L I_LSS, "D:\mv. txt" I._ L, 0O, n |_
(0D: \mv. txt
Do butAppend [l] L LLSS, "D:\ml. txt" L L, 0O, n |_

(D:\ml. txt
| fliv LLssDi8viLLlssU v LLssgvELLssl

Evaluate [

6h
| briob Llss D801 LLss D 802 LLss D 208 LLssL
} 6h

Evaluate
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APPEDIX3

Computer program to obtain the approximated
solution for the equations of chapter 111

0
0, 010; n025; h [ — ;
n

ggs [10.1; gg. [10.1; RE[J1; MM []0.1; K[]0.2; Pr []10.72;
De[10.1; r(10.1;S,010.1;S.,10.1; ss [

0.5;
Do L‘Fl L |DExpandAll LL I] fLlbeim Ll.l. L,O,n |_|..

h
o L:Fz L lDExpandAll |_..|v i01 D2 & DOv £01 LlD

2

h:
0.5[F I. I.!Y torlvioal Ilggsﬂj L ngchHH L

b2 LT Lon L

po L Limxpancans [Loss o d L[ E2 B20 L DOADL L]

h2
ssE!_EL[l Do 401 LT_:Pr[I%EE 1. |_!_[ i.[12|_[ih[i.[1 LlE

o o1 B3t vmnon O e L (T Lo a L

h2 RE
Do LF4 L |JExpandAll |_!f-IH Lo UZH::ZL Loma Lo LlJ

Seg [ [prtorlmima ] o prrrbentbodon Ly, ],
2 2h h2

£ b lDO;Vb lDO;VJJ lDl;Db lDl;

b bo;mm b 01, mm b Do;

Timing | Findroot [E¥1 1 [0 0, FFL & Do, Fr1 & Lo, #r1 & [0,
FF1 § Do, Fr1 6 Do, Frr b Do, FrL & 0o, 7R b [0 0,
FF1 10 Do, FF1 11 o, Fr1 12 Lo, FFL 13 [0 0, FF1 14 Do,
FF1 15 Lo, FF1 16 Lo, FF1 17 o, FF1 18 |00, FF1 19 |00,
FF1 ko [ o, FF1 81 Lo, FF1 %2 1o, FF1 83 [0 0, FF1 4 |00,
FF1 25 1o, Fr2 L [Do, Fr2 2 Lo, Fr2 & [0, Fr2 & |00,
Fr2 § o, rr2 6 Do, Fr2 £ Lo, Fr2 & 00, FF2 b 00,
Fr2 10 Do, Fr2 11 o, Fr2 12 o, Fr2 13 |00, FF2 14 Do,
Fr2 15 1o, Fr2 L6 [0, Fr2 17 Lo, Fr2 18 [0 0, Fr2 Lo Do,
Fr2 2o [0 o, FF2 21 [0, FF2 b2 1o, FF2 23 |00, FF2 b4 [0 o,

FF3 L o, Fr3 2 1o, Fr3 & Lo, FF3 & 00, FF3 § L0 0,
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