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RECENTLY some papers! have come out using the concept of boundary layer
in the non-Newtonian flows without actually justifying the boundary layer
approximations. In the present note we consider the boundary layer
approximations in the two-dimensional flows of the incompressible non-New-
tonian fluids with constant coefficient of viscosity p and constant coefficient
of cross-viscosity ue. We find that the boundary layer equation reduces to
the one of the Newtonian fluid if we suitably replace the pressure p by the
modified pressure P defined in the text. With this alterations, the results on
two-dimensional boundary layer in Newtonian fluids can be carried over to
the non-Newtonian fluids.

2. The equations determining the two-dimensional flow of an in-
compressible non-Newtonian fluid with constant . and p¢ are?:

Equation of Continuity :
Z 4+ = =0. )

Momentum Equations :
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We shall now measure x along the length of a flat plate which is also the
direction of the flow at infinity, and y along the normal to the plate.
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As wsual we assume
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of the stamdard order and v of the vrder 8. Then rom the equation of con
tinuity, we find
voOw (4

Also, if the viseosty and cross-viseosity have to play o vole m shapmg the
flow, we find Trom (23 that

v 00" and v 0(3% (5]
and then the equation (2) may be written s
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A similar consideration of order in equation () gives us
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Thus we find that to our approximation, P (and not p as wswal in New:
tonian fluids) does not vary with p across the boundary layer,

Further, since at the edge of the boundary Layer o oy 0,
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where py is the corresponding pressure in the potential flow.  Henee we ma
write the equaticm (6) in houndary layer approximation s
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and then the pressure in the boundary layer is given by

2
P=P0+%Pvc(§;) . (12)

From (12) we conclude that the pressure in the non-Newtonian boundary
layer has to be more than in the corresponding boundary layer of the New-
tonian fluid with the same coefficient of viscosity by the amount £ e (Qu/dy)?
which decreases from 3 pe/p? 7% on the wall to 0 at the edge of the boun-
dary layer. The value of p, as usual is determined by the equation

U U 1 dp,
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In the case of the steady flow, the boundary layer equations are:
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where the pressure in the boundary layer is given by
1 1 du\*
P = Poco +§P(Um2“U2)+§IJ«c (5'};) . (15)

3. From the above discussion, we conclude that the velocity distribution
in the case of the present class of non-Newtonian fluids is the same as in the
Newtonian fluids with the same coeflicient of viscosity u. However, the cross-
viscosity exhibits itself through the increase in pressure at each point of the
boundary layer.
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