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Absiract. Modification of viscous drag and the pressure drag terms in Rubey’s theoretic
equation for settling velocity of sand grains with two empirically determined constants results

in the following formula
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which predicts accurately the setting veloeity of groups of sand grains measured with the
Woods Hole rapid sediment analyzer, The following equation is a solution of Rubey’s modified
general equation that can be used to caleulate the diameter of a particle or group of particles if

the settling velocity for the particle is known:
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NOTATIONS

V, fall velocity, em/sec;
p, mass density, g/cm?;
R, particle radius, em;
u, dynamie viscosity, poise, dyne-sec/cm?;
g, gravitational acceleration, 980 cm/sec?;
W, pressure drag coefficient, dimensionless =

. 5305;

Z, viscous drag coefficient, dimensionless =
622;

¢, ~—Logs, grain diameter, mm.

INTRODUCTION

In 1933 W. W. Rubey analytically derived an
equation to relate the settling velocity of sand
graing to fluid and particle properties. His
equation is analytically complete sinee it in-
cludes all of the forces acting on a falling
particle. Rubey’s theoretic equation generates a
curve of the same shape as empirically determ-
ined settling velocities; however, it predicts set-
tling times that are longer than the actual meas-
ured settling times for sand particles falling
through 100 em of water (Figure 1). This sug-
gests that modification of Rubey’s wholly theo-
retic equation hy empirically determined viscous
and pressure drag coefficients will result in a

useful equation to determine settling velocities
of sediment particles in any fluid. The purpose
of this paper is to compute these drag co-
efficients.

A modification of Rubey’s law for the fall
velocity of spheres with two empirically de-
termined constants aceurately predicts the set-
tling veloeities of sand measured by the rapid
sediment analyzer at Woods Hole. The modified
equation will enable an investigator to use the
rapid sediment analyzer for the determination
of settling velocities for sand in water of any
temperature, in fluids other than water, and for
sediment with a specific gravity other than that
of quartz. In addition this modified equation
may prove useful for the caleulation of the set-
tling velocity of groups of sand grains in natural
systems such as rivers,

MODIFIED RUBEY'S LAW

In its original form, Rubey’s law predicts fall
times that are longer than the fall times (for
fall through 100 em of water) measured with the
sediment analyzer (Figure 1). Rubey’s [1933]
original formula is shown below.
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Fig. 1. Grain diameter versus time to fall 100 cm in water at a temperature of 21-23°C."
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Note that the curve for Rubey’s law has exactly the same shape as that for the empiric data measured
at Woods Hole [Schlee, 1966], but Rubey’s law prediets fall times that are too long. The curve which
nearly fits the data points is the curve generated by Rubey’s law modified by empiric constants Z
and W. This modified form of Rubey’s law can be stated as follows:
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where Z = .622 and W = .5305. A plot of fall velocities measured at Woods Hole versus fall velocities .
calculated with the modified form of Rubey’s law shows an excellent correlation (Figure 2 and Table
1). The fall velocity for groups of sediment grains can now be computed for anv fluid and for any
temperature, provided that the particle density and radius and the fluid density and viscosity are
known.

The following equation, which is a solution of the modified Rubey’s law for particle radius, can be
used with fall velocity data obtained from the Woods Hole sediment analyzer to determine particle
size:
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DERIVATION OF MODIFIED RUBEY’S LAW

The two equations above can be derived by writing an equation to baiance the forces actigg'én
a spheric particle falling through a fluid at terminal velocity. At terminal velocity the forces are
in balance since the partm}e is not acceleratmg The.refore the force balance equation can be written
as follows:

particle' weight in'ﬁuid = ‘viscous dra.g fo’me —F pressure’ drag fbrce









