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Abstract: The effect of slip condition at arterial wall for a viscous flow in circular tube
under the influence of magnetic field filled with porous medium has been discussed, the
subject of interest due to its wide applications during recent years. In this research paper
we use the Adomian Fractional Modified Laplace decomposition method. We included the
initial term uo in the solution so that the initial boundary condition met accurately and the
solution tends to great accuracy.
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Introduction: The steady and unsteady flow have various applications in the field of
chemical engineering, biotechnology, biomechanics, nano sciences, mechanical
engineering and all most in all physical sciences. The pulsatile flow through a circular tube
filled with porous medium have a wide applications in dialysis of blood in artificial kidney,
in the recognition of cardiovascular diseas and to diagnose these problems. Also, today
MHD (Magnetohydrodynamics) theory is used to control the blood flow through artery.
Many mathematician and scientist have used this concept for pumping of blood through an
artery both theortically and experimentally.

Methodology: To consider the body acceleration in the fluid flow found many applications
in doing the sports activities and to described the position while suffering in trains and
other vehicles. The fluid is taken as unsteady influenced by transverse magnetic field with
constant strength By. Brinknan — model is applied to stimulate the problem. We consider
the Newtonian character of blood. We use the Adomian Fractional modified Laplace
decomposition method to find the solution.

Here, we consider a steady and unsteady (both type), viscous, axially symmetric
incompressible fluid in a circular tube of radius R. A static transverse magnetic field of

moderate strength By is taken by considering the cylindrical polar co-ordinate (r,8,z), z-
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axis being coinciding with the axis of tube. Then the equation of motion under body

acceleration is given by

2
d“u 1 du y7] 2 ou (1)
=+ =— |- u+ A jcos(mt + @) —oB_ “u=p—
'“eff[drz rdr] K U o coslant+ ) —oBgTu = o5

The periodic body acceleration G(t) in axial direction is given by
G(t) = A, cos(w,t + @)
And pressure gradient is given by

0
_8_5 = P, + P, cos(w,t)
where P, = amplitude of steady flow due to pressure gradient

P, = amplitude of oscillatory flow due to pressure gradient

A, = amplitude of body acceleration
w, =27, inwhich f  is frequency of heart pulse

o, =2, inwhich f, is frequency of body acceleration

Using these values in equation , the governing equation reduces to

2
P, + P, cos(w,t) + Hett (Zr; +igl:}—::u + A, cos(w,t + ¢) —aBozu = pgt—u --(2)
Under the boundary condition
r=R u=0 no slip boundary condition
du .
=0, E =0 symmetry condition ...(3)
Now letting non - dimensional parameters
. *_ «_r
u :Az, t —C()pt, r =—, Azﬂ,
P,R R Po
B— o ="
P, w,
Using these in equation (2), we have
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dg(u*POsz d[u*POsz
. u 1 yz

P, + P, cos(@, ;—) + Mg
p

u'P,R?
1 U P,R? t’ 2 U P,R? 8( y7 J
-0 + A COS(@, — +¢) — 0B, —=p -
K u o, H (tj

o —

a)p

2 * 2 * 2
POR2 d“u N Ii’OR2 du* 4 PBRR U+ A cos(at” +¢)
HR® g2 ruR* dr

:P0+P1cos(t)+,ueﬁ( K i

2p p2 «
OBO RR™ PP,R* au
u = W, —
U U ot

*

dr*2 r*dr

*

2, * 2
P,R?*[d“u” 1 du PR . . .
= Hogt ,uRZ{ +— ] " u +P,+Pcost +A)cos(at +¢)

2p p2 .
GBO RR™ PP,R* éu
u = W, =
U U ot

Dividing through out by Py

U 20 1 du’ ) R? P oB.2R?
eff | a7 _*du* ——u*+1+—1003t*+icos(a)t*+¢)—o—u*
B g roar K P, P, U

B po,R* ou”

7
d2u" 1 du 1 . . . , « o, 0U
M +—— |- —=U +1+Acost +Bcos(at +¢)-HU =a” —
gr2 rodr Da ot
where
He . -
T =M =relative permeability
y7i
K
Da’ = o Darcy number
oB.R?
H?=—2 = Hartmann number
U
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2
. _ R0,
a” = = Womersely number
y7i

with boundary condition :-

r=1 u=0 no slip condition
r=0, —=0 symmetry condition

1-r?
2M

Particular Case: when K = constant

u(r,0) = initial condition

Dividing throughout by M

dv" 1d" 1 . 1 A . B . H2 . ofau”

+ 55— —U +—+—C0st +—cos(at +¢)-—U =——
dr*z r dr’ Da’M M M M M M ot
d2u” 1du” 1 a’ ou”

*

+ *——( 12+szu*+i+ﬁcost*+icos(a)t*+¢):—
g2 rd’ M{Da M M M M

d?0" 1du" N2. 1 A .. B ) ok ou’
+———-—U +—+—cost +—cos(wt +¢)=—
dr*z rdr- M M M M M

*

1 2 2
where +H"=N
Da?

M|{d% 1du" N?’ . 1 A . B .
= +——5—-——U +—+—cost +—cos(at +¢)
o a2 rd’ M M M M

M|{d“u"™ 1du"| N> . 1 A . B .
=— +——|-—5U +—+—cost +—-cos(at +¢)
a’| g2 rodr a

a (04 o

..(4)
For the solution of above equation, we adopt fractional modified Laplace decomposition
method. It is the combination of Adomain decomposition method and Laplace
decomposition method.
Basic definitions and concepts related to this method are discussed in the last chapter. Now

equation(4) in the symbolic form can be written as :-
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&t o’ g2 rdr ?

ou M{d% 1du| N* 1 A B
—=—|—5+-— |-—5U+— +— Cost +—cos(at +¢)
a a a a

(by removing astrick for simplicity)

2
L, (u) = M {er(u)+lL (u)}—N—u +i+icost+icos(a)t+¢)
a’ a a’ o a’

and

& otu(r,0) t* 1 e
u(r,t)_i2 {Z PY E}MJ['—"(UH;H(U)} 3(N2u)+ J(Acost)+ I 1)

k=0

+ J(Bcos(at + ¢))

or

a1 9 u(r,0) t*
u(r,t):iz {z ok E}MJ{L (u)+ L (u)} 2J(u)+ AJ(cost)+J (1)
o

k=0

+ BJ(cos(at + ¢))

and the solution of flow field is the summation of this series.

Now, U (r,t) = {iaku(r 0) 1} + AJ(cost)+ J (1) + BJ (cos(a)t+¢))}

0

2 t t
= %{(1 j +t+ Aj cos zdz + BI cos(wz + ¢)dz}
2M ) 5

e
ST els ]

= Ay lL—r? )+ At + Ay sint + Ay, sin(at + g)

Q‘,_\

+t+A(smt)+BM}
@

? in(at + @)
@

R

.. (5)

where

Por = 2M e ?
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1
Aoz =5
a
A
A03 -~ 3
a
B
A04 = 2
a‘w
Also un+1(r’t) :M2J|:er(un)+1Lr(un)}_N_zJ(un)
o r a ...(6)
Lettingn=0
Ul(r,t) :M2‘]|:er(u0)+ll—r (uo):l N2 ‘](uo)
a r o’
M J a—22[A01(1—r2)+ A02t+A035int+A04sin(wt+¢)]+
« DAL a= 1)+ At+ A sint + A, sin(at + )]

rar
_N—ZZJ[A01(1—r2)+ At + Ay sint + A04sin(a)t+¢)]
(94
Mot N7 [ A=) A+ Agsint
_a2J|:A)1( 2)+ rpb( 2I’):| 0(2 |:_|_ ,Ab4sin(a)t+¢)

:_J[ 4A, ]__J[A0 (1 r )+A02t+A03smt+A04sm(a)t+¢)]

—4M N 2 t2 N 2 N 2
= At - 2Ao(1r)t Pyt A0St~ ong

22 A, cos(a)t+¢) i A04 c0s g

{ﬂ%}{—“—f%]@—rzl{—N—ZAozjtz +(N—§A03]cost
a a 2a a
+[NTZ A04]cos(a>t +¢) +[—N—22A03 +N—22Ao4 C03¢j

a @ (94 o

u (r,t)=At+ Alz(l— r2)+ At? + A, cost+ A, cos(at +¢)+ A, )

where
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Ail__az A01
N2
Aiz__?Am
NZ
A13__2a2 Ao3
NZ
A14__2 3
N2
A15_ 2 A04
a o
N 2 N 2
A16:__2 3+_2A04C05¢
(04 (94
Lettingn=1
M 1 N2
u2(r7t):_QJ[er(ul)-i__Lr(ul)}__z‘](ul)
o r a

a_z A+ AiZ(l_ r?_) + A’ + A, cost + Agcos @t + ¢)
o’ |+ A,

=J[0+A,(-2)+0+0+0+0]

Now (L (u) = J{

=—2A, t2_| = _A12t2
JG L, (ul)j = J[%%{Allt + Alz(l— rz)t +ALt? + A, cost+ A, cos(at + @) + Ale}}
= JE{O+A12(—2r)t+O+O+O+O}}

~I(2AD) = 2R, = AL

ALt + A_Lz(l— rzl + At?+ A, cost+ A, cos(wt + ¢)}
+As

Also ()= J{
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= Aug + AT )t ¥ A3—+ Asint+ A DA TP S'”(“’t +9)
+AL

— All 2 A12 _r2)2 A13 3 :
=A+ 2t + > (1 r): +—3 t°+ A,sint
+ﬁsin(a)t+¢)

w

Using all these values in equation (B), we have

NE A16t+it + A“( —r2 )2 +%t3+Al4sint

U (r) = o [ At - At?]- A

_ [_ 2|\£| Alzjtz [
(04
N 2

N AL A5 ginat + ¢)
(04 @

N 2 2M N 2 2 N 2
:[__Ale]t"'[ 2 A12_ 202 Anjt _Za_zAlz(l

sm(a)t + @)

NA112_NA12 NA13
Ja N Ay

t3

3

N2
—— Aysi sin(at + @)
= A t+ A t? + A23(1— rZ)Z + A2 + A sint + A, sin(at + @) (8
where
N2
A21 = - 2 6
A, =—2Ma, DA,
le4 2
N2
A23 =_2a2 A13
N2
A24 __3a2 A13
N2
A25 = - o2 A14
N2
Aze = A15
a’w

Similarly we can calculate the values of us, ua,

sou(r,t)=uy(r,t) +u (r,t) +u, (r,t) +ug(r,t) +
=A,,A—r?)+ ALt + Asint+ Ay, sin(ot + @) + AL,L—r?)+ A t+ A t°

+ A, cost + A cos(awt + @) + A + Ayt + ALt? + Aza(l—l’z)tz + AL
+ Ayssint + Agsin(at + @) + —— — — —
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SU(r, ) = A + Q=) Ay + At + Agt? [+ (A, + A+ A b+ (A + A 2 + At
+(Ays + Ay )sint + (A, + Ay )sin(at + ¢) + A, cost + A, cos(at + @) +— — — ————

cu(rt) = A+ A—r2) [A, + A, t+ A t2]+ At+B t2 + Aut® + Csint+ Dsin (ot +¢)
+ A, ,cost+ A cos (wt+g)+——————————

...(9)
where
A=Ay + AL+ A,
B=As+ A
C = Ay + A
D= A, + A

which gives the expression of velocity flow field.
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