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The Mechanical Property of the Slurry and the Resistance
Force of a Sphere Moving with Uniform

Velocity in the Slurry

Tsai Shu-tang

(Department of Modern Mechanics of University of Science and
Technology of China, Hefei)

Abstract

The shear stress of the slurry flowing in the tube or two-dimensional channel is ex-
pressed by the shear stress of Bingham fluid, usually ie

du a’UI
dr

T=TB+T]7y— or T=tg+n| a.n

Where 7g is the yield stress of Bingham fluid and 5 is the coefficient of rigidity. The
author disapproves this point of view The author thinks that the mechanical property of
the slurry may be more like that of highly viscous fluid than that of Bingham fluid.
Basing on this idea, we adopt another method to treat the mechanical problem ‘We assume
that, for the case of small Reynolds number, the velocity distribution of the slurry is
very close to that of Stokes solution, Thus, we may apply the method of effective
viscosity to calculate the resistance force of a sphere moving in the slurry with uniform
velocity,

As it is commonly used, we take the center of the sphere as the origin of the moving
coordinate system, Where a is the radius of the sphere. In this coordinate system, the
flow pattern of the slurry becomes in a steady state. We choose the spherical polar
coordinates; and the polar axis is along the fluid velocity far away from the sphere,.

Now, we shall find the effective viscosity coefficient We calculate the value of shear

stress at the equator ( 9=%> on the sphere According to the expression of the

velocity of Stokes solution, we obtain shear stress o,y

U

Uro=—% be —5— (2.1)

where U is the velocity far away from the sphere, u, is the effective viscosity
coefficient to be found, On the other hand, from the point of view of Bingham fluid,

#e have shear stress o,

U p
0r0=—79—%0*a— .10
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These two expressions describe the same physical phenomenon, Hence, they must be
equal identically with each other.

Thus, we have

”eE”+11LLf__ (2.2
2 a
Substituting this effective viscosity into Stokes formula of resistance, we obtain the
formula of resistance force of a sphere moving in the slurry with uniform velocity.
Resistance R
R=g¢nnUa+4ratry @.9
If we consider the sand particles as spheres, the limiting velocity U, may be obtained
from that the resistance force is equal to the resultant force of gravitational force and the
force of buoyancy, i.e.

Uem—t L ri=vo)d~s15] (2.4)

When U, is equal to zero, we get the diameter d, of the sand particle which will not
sink

___b7s
do‘_ ?s—?e (2.5)

Now, we Compare the equation (2.5) with the experimental data of Northwest Institute
of Hydrotechnical Research and Institute of Hydraulic Research, Yellow River Coaser-
vancy Commission. The result is plotted. in this figure, We see that the deviations of the

experimental data to the theoretical line are within experimental error,



