Motion Generated by an Oscillating Plate Contacting a Bingham Body

A problem of some interest is the prediction of the in-
fluence of fluid rheology upon the propagation of oscilla-
tions in a fluid. Such predictions have formed the basis
of useful turbulence models in Newtonian fluids (Gill
and Scher, 1961; Hanks, 1968; Van Driest, 1958). As
a beginning effort in this direction for non-Newtonian
fluids, the calculation of the motion generated by a flat
plate oscillating in its own plane will be considered for
the case where it contacts fluid whose rheology is de-
scribed by the Bingham plastic model:
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The equation of motion pertinent to this simple one-
dimensional problem is
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which may be expressed in terms of the dimensionless vari-
ables § = tve?/v, u = v:/vo, £ = yvo/v, as
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where vy = \/7o/p and v = 7/p. The pertinent boundary
conditions for this problem are u = exp [i(wf + €)] at
£ = 0, and du/d¢ = 0 for ¢ = 8 = hvy/v, where o is the
oscillatory frequency of the plate.

A solution which satisfies Equation (3) is

u(8, £) = i@t (¢) (4)
where ¢ (£) satisfies the equation
%— —dwp =0 (5)

together with the boundary conditions $(0) = 1, ¢’(8) =
0. The solution of Equation (5) which satisfies these two
boundary conditions is
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where
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The shear stress exerted on the fluid by the plate is
given by the expression
acoswf[1 — H(B)]
T@) =1+ (10
1+ H(B) :
where T(0) = 7,(8) /7 and 7,(8) is the instantaneous
shear stress. The mean square value 12 taken over a time
large compared with o~1 is
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Consideration of Equations (8) and (9) reveals the
effect of the fluid rheology on this system. As 8 becomes
large, Equation (8) goes over to the Newtonian solution
given by Lamb (1945) in which the exponential damping
causes the disturbance due to the oscillating plate to die
out rapidly as one moves away from the plate. However,
for moderate 8 Equation (8) more nearly resembles the
case where a fixed plate near the oscillating one greatly
increases the influence of the rheology on the wave (due
to the retention of the positive exponential term). A
significant difference exists, however, in the fact that the
fluid rheology requires the boundary condition to be
#(B) = O rather than ¢(8) = 0 as in the fixed
boundary problem of Lamb (1945) Equation (9) sug-
gests that the unsheared bulk of the fluid would experi-
ence a solid body oscillation of frequency w.

From these results it is to be expected that the rheology
of this type of fluid will have a more pronounced influ-
ence on the behavior of oscillating flows than does
the simple Newtonian fluid. This appears to be the case
for turbulent pipe flows of non-Newtonian slurries (Hanks
and Dadia, 1971).

T2 = 1/9 (11)
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