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Note

On the stability of MHD flow of a viscoelastic fluid past
a stretching sheet

B. S. Dandapat, Calcutta, India, and I.. E. Holmedal and H. 1. Andersson, Trondheim, Norway
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Summary. The effects of a magnetic field on the stability characteristics of a viscoelastic fluid flow due to the
stretching sheet are investigated. A three-dimensional linear stability analysis is performed by means of the
Method of Weighted Residuals for disturbances of the Taylor-Gortler type. It is found that the magnetic field
exerts a stabilizing influence on the flow.

1 Introduction

The flow past a stretching sheet has several important engineering applications, viz. in the
polymer processing unit of a chemical engineering plant, and for the metal working process in
metallurgy. Crane [1] first initiated the study of a steady two-dimensional boundary-layer flow
caused by the stretching of the sheet which moves in its own plane with a velocity that varies
linearly with the distance from a fixed point on the sheet. This flow problem was extended to
non-Newtonian fluids without or with heat and mass transfer by several authors [2]—[7].
Extensions to magnetohydrodynamic (MHD) flow for both Newtonian and non-Newtonian
fluids without or with heat transfer were also done by [8] —[13]. In other words, this particular
problem of a stretching sheet has been extensively studied by several authors considering
different aspects of the problem. It is therefore interesting to note that the corresponding stability
analysis does not seem to have received any adequate attention so far.

To the best of our knowledge only Bhattacharyya and Gupta [14] and Takhar, Ali and Gupta
[15] have investigated the viscous flow of a Newtonian fluid over a stretching sheet (without and
with magnetic field) with respect to three-dimensional disturbances of the Taylor-Gértler type.
Recently, Dandapat, Holmedal and Andersson [16] studied the stability of a viscoelastic
non-Newtonian fluid flow caused by the stretching of a sheet. The aim of this paper is to study the
effect of a magnetic field on the stability characteristics of the viscoelastic flow arising due to the
stretching sheet. In particular we focus on the stability of the MHD flow considered recently by
Andersson [11].

2 Mathematical formulation

We consider the flow of an incompressible electrically conducting viscoelastic fluid which arises
due to the stretching of an impermeable flat sheet. Further we assume that the sheet is in the
xz-plane and is stretched along the x-axis. A uniform transverse magnetic field B, acts parallel to
the y-axis, and the conducting viscoelstic fluid occupies the half space y > 0.
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The basic velocity field [ug(x, y), vo(x, ¥), 0] developed due to the stretching of the sheet will
satisfy the boundary-layer equations
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and the boundary conditions

Ho=cx, v,=0 at y=0 (2.3)
up—0 as y-ow (2.4)

where ¢ is a constant and v, %%, ¢, and ¢ denote kinematic viscosity, viscoelastic parameter,
electrical conductivity, and density of the fluid, respectively.
Following Andersson [11] an exact similarity solution of the above system can be obtained as
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where O = <1—+*—> , N = 6Bo%joc, y = xo*c/v, and the similarity variable is 5 = (¢/v)*/y.

We are now considering the stability of the above solutions (2.5), (2.6). Following the
procedure of Dandapat et al. [16] we obtain the following perturbed equations after eliminating
all variables except u and v:
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where @2 = a?v/c and f = p/c. It is to be noted that in deriving Eqgs. (2.7) and (2.8) we have
assumed that all the perturbed quantities have periodicity in the direction normal to the basic
flow with usual exponential time-dependence. Here « and § denote the wave number and the
phase speed, tespectively, and u;, v, are the corresponding normal mode components for u and
v (cf. Dandapat et al. {16] for details). The corresponding boundary conditions are

uy=v,=v,/,=0 at #»=0 and #y-o0. 2.9
Following Dandapat et al. [16] we have transformed the y variable into T according to
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and then used the Method of Weighted Residuals in the transformed equations by expanding
u, and v, as

Uy = iAiu,-(T), vy = iBivi(T). (2.11)
i=1

i=1
u{T) and v(T) are chosen by satisfying the transformed boundary conditions
uy=v3y=Lvy=0 at T=0 and T=1,

as

u=T{(1 —-T) and v;=T(~T7>. (2.12)

The growth rate fis calculated as the eigenvalue of the matrix which is formed by using (2.11) in
the transformed equations and restricting to the orthogonality condition as demanded by the
Method of Weighted Residuals (Finlayson [17]). In this calculation we have restricted ourselves
to 10-term trial functions, although one may obtain good results with even a 2-term approxi-
mation.

3 Results and discussions

The mathematical formulation in the preceding Section enables the exploration of the combined
effects of fluid viscoelasticity and an external magnetic field on the stability of the boundary layer
flow along a stretching sheet. It should be recalled, however, that for an inelastic fluid (y = 0) the
problem reduces to the Newtonian flow problem considered by Takhar et al. [15], whereas the
non-magnetic case investigated by Dandapat et al. [16] is recovered for N = 0.

Figure 1 shows the variation of the decay rate of the disturbances — § with the wave number
& for different values of the viscoelastic parameter y and the magnetic parameter N. It is clear
from the figure that — f increases with the increase of & Here —f is positive since the growth
parameter § < 0. This shows that the flow is stable for disturbances of the Taylor-Géortler type. It
is evident from the graph that the magnetic field stabilizes the flow for both Newtonian (y = 0)
and non-Newtonian (y # 0) fluids. Further one can observe that high wave-number disturbances
are more effectively damped than low wave-number modes. It is also clear that the disturbances
of low wave-number modes are practically unaffected by the viscoelasticity, whereas the

1207
B

90+

Fig. 1. Predicted variation of decay rate —f
versus wave number & for different values of the
viscoelastic parameter y and the magnetic para-
meter N. Inelastic fluid y=0: ——~ N =0;
X — X — N =35 Viscoelastic fluid y = 0.01:
N=0 ———~— N=35
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influence of the magnetic field is prominent. As was pointed out by Dandapat et al. [16] the
viscoelastic fluid will produce stabilization for those disturbance wavelengths which are shorter
than the viscoelastic length scale. The stabilizing effect of the magnetic field can be explained as
the disturbance kinetic energy gets exhausted in order to overcome the resistive force due to the
tension along the magnetic lines of force.
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