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Abstract

The flow of a Maxwell fluid between two side walls induced by a constant
accelerating plate is revisited. In the present investigation, we employed
asymptotic technique by assuming small and large relaxation times 4. We
proved the uniqueness of our solution based on some simplifying assumption;
the result shows that 4 has much influence on the velocity field. A comparison
of large and small relaxation times 4 shows that the velocity is higher when the
relaxation timeis small. Moreover the flow is reversed when the relaxation time
islarge, that is /2 issmall.
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Introduction

In this paper, we revisit the work in [1], in whithe Authers established exact solutions correspgrio the
unsteady flow of a Maxwell fluid induced by a cantty accelerating plate between two side wallpgeedicular to
the plate. In their work, solutions were obtaingdnteans of the Fourier transforms. However, ingresent study

we are interested in the asymptotic behaviour efréaxation time 4 ) that is whenA is small and the behaviour

when A

is large under same condition of Maxwell fluid weén two side walls induced by a constantly

accelerating plates. Literature is rich for visestic fluid flow [3, 4] where the simplest subdad the rate type
fluids take into consideration the stress relaxatffects and the flow between two walls of a pthg is suddenly

moved.

The paper is organized as follows: in section drtbe@ paper we give a brief introduction and intsectwo the
model is formulated while section three is concdmith the detailed method of solution, in sectioar, results are
presented and discussed while section five conslthizpaper.

2.0

Governing Equations

Following [1], we examine the flow between two vgadit z=0and z=d

V =V(y,z,t) = (u(y, 21),00) 2.1)
Assume that the stress S is a function of y, ztatigen (2.1) can be written as
S=8(y,zt) 2.2)
(L+A49,)r, = pou
@+A0)r, = po,u (2.3)

Hence,

For shear stress; -S,y and 1, = S,
In the absence of body forces, the balance of limeamentum reduces to

0,7, +0,r,-0,P=pou,
o,P=0,P=0 (2.4)
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Eliminatingt; andt, from equations (2.3) and (2.4), then we have:

r, = KO ,u and r, = _MOu (2.5)
(1L+A0,u) (1+ Ad,u)
and (2.5) becomes
2u 2
WM N, p=pou, (2.6)
@+A0,u) (@+A0.u) '
o,P=0,P=0

Simplifying this, we obtain
92U+ 102U = (L+ A9,u)d P = (1+19,) pd,u
(2.7
2 2 2
that is: a_“+,\"_g:., a_‘:+a_‘: _O_P(“/]@J (2.8)
ot ot oy° 0z OX ot

We assume that the flow along the z co-ordinategigible, and then equation (2.8) reduces to
ou, 0 _V(aqu

o a2 \ay?
(2.9)
with the initial and boundary conditions,
u(y,0)= g—? (y,0)= Oy > 0u(0,t)= At;t >0 andu(d,t)=0 (2.10)
Whena_P =0
0X

3.0 Method of Solution
For smallL: To obtain our result, we use asymptotic expaneidhe form:

U=u, +Au, +A%u, +A%u, +.... (3.1)

Substituting equation (3.1) in equation (2.9) agdating in favour of powers @f we obtain

au 0°u ou
A% a—t"=V[W2°j, uo(y,0)=a—t°(y,0)= Oy>0, u (Ot FAydtr (32
ou, 9%y a%u
At L+l =y L, ,0)=0u,(0t)=0t >0, u | (3-3)
Fral (ayzj u (y,0)=0u, (Ot )= Ot 4t F
the zeroth order solution of equation (3.2) gives
y

erf ( j
Uy (y,t) = At 1—;{? (3.4)

af | ——

(zﬁj

and equation (3.3) gives (for more, see[2])

— [ —VA, (t-7) nir - VALt nrir (3 5)
u(y,t) = E Iexp f,@dr SinFy+§ b, exp Sin?y .
0 n=1

n=1
This gives the solution of the problem.

Again for largel: We use the expansion of the form
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_ 1 1 1
U=y 4oty Uy 4 s (3.6)
inserting equation (3.6) into equation (2.9), wéaabthis

0. 0°u, _ _du, B 3.7
A% 270 W0=22 0,07 0y> 0 Uy (O F AL, U @t R 3.7)

%Jrazul _ 0%y,

at  ot? ay®
u(y,0)=0, u, @ t)=C (3.8)
u (0,t)=0t>0

du, d%u 0%u
1+ 2_V 1

AT

ot ot? ay?

u,(y,0)=0 (3.9)
u,(d,t)=0, u,(0t)=0t> C
ou, | 0°u, _ ’ 9°u,

ot ot? ay?
U (y,0)=0 (3.10)
U, (d,t)=0, uy(0t)=0t> C

A3

and so on.
Solving equations (3.7 — 3.10) one by one with our

A=Y
uw—{ldJ

we obtained,

2 At2 2 At3 2 At4 2
u, = At[l—()j/ZJ . :2(;/2_ J - :6[1_ZJ . :4!(;/2_@

and we inseru, ,U, ,U, ,U, ... into equation (3.6) to obtain,

2 2 2 3 2 4 2
u=At ]_—y_ +1A_t y_—]_ +iA_t ]_—y_ +_:I'A_t y_—]_ + .. (3.11)
d>| A 2 |d? A% 3! d?| A® 41 |d?
o n+l
which can be written in this form  (y t) = A1 y_2_1 z 1 ('_t] (3.12)
d? ol (n+1)IL A
and more conveniently in Taylor series expansiortfe exponential function which converges to torsn:
2 s
u(y,t):A/][;/—z—l] [eA —1] (3.13)

4.0 Discussion Of Results

Figure 4.1 shows the graph of u against y for taéxjgs, 10s and 15s respectively when relaxatioa Xiis small
which are okay as the boundary conditiop®@ut) = At and yd, t) = 0 are satisfied and it clearly shows tifat
flow is unsteady and that the velocity has a maxmnat y = 0 and increases as time also increases.

Figure 4.2 shows the graph of u against t fareljuals 0.1, 0.105, 0.11, and 0.12 respectivelyitasttbws that the
flow is reversed when the relaxation time is langéermed as back flow.

Figure 4.3 shows the graph ofgainst y for t equals 5s, 10s and 15s respectivabn relaxation time is large
which satisfies all the boundary conditions an@ alsows that the velocity has a maximum at y =dincreases as
time increases as well.
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5.0 Conclusion

We have studied the flow of Maxwell fluid betweavotwalls induced by a constantly accelerating péatd our
results generally showed that for both small amddaelaxation time& and 1k respectively, the flow increases

with time in the channel.

However, of interest is the back flow behaviourdar — symmetrical case when relaxation time igdathat is, W
which was not considered in the study in [1].

We used asymptotic technique to find the naturds@Maxwell flow. The solutions exist and they argque under
the two cases of relaxation timesThus, in a flow between parallel plates, the lo@up conditions are important.
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Figure 4.1 The graph of u against y for t equals 5s, 1@51k5s
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Figure 4.2 The graph of u against t for # equals 0.1, 0.105,

0.11and 0.12
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