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Abstract
Filter media sphericity is normally determined experimentally in a laboratory filtration column. The pressure drop is measured across a bed of known depth while the filtration rate is kept constant. The sphericity is then calculated from a theoretical headloss relationship using the Ergun equation. This paper proposes a method along similar lines, but suggests a much
simpler experimental procedure. Instead of having to maintain a constant flow rate and measuring both the flow rate and the
pressure, the column is filled and the water then allowed to drain through the bed. The only measurement to be taken is the
time it takes for the water level to drop through a known distance, which is called a falling-head procedure. The full theoretical development of the method is provided, as well as a detailed experimental procedure. The practicality of the method
is demonstrated with tests performed on a variety of filter media, and a fully-worked example is presented.
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Introduction
Rapid gravity filtration is the backbone of phase separation
at most water treatment plants in South Africa. The core of
filtration is a layer of granular filter media, mostly silica sand,
which offers resistance to the flow of water through the media
bed during filtration, and also expands during backwash. Filter
designers need to predict the head loss through the filter beds,
as well as predicting fluidisation and expansion of the media
bed during backwash. The design models for head loss, fluidisation and expansion all include the sphericity (or roundness)
of the media grains as an important variable controlling the
behaviour of the media.
Numerous definitions were proposed to express the degree
of roundness of a solid object. A review by Ceronio (1997)
concluded that the surface ratio sphericity is the definition
most suited and commonly accepted for filter media. This is
defined as a ratio:
surface ratio sphericity  

surface area of a sphere with equal volume
surface area of grain

It is quite easy to calculate the surface ratio sphericity (simply
referred to as ‘sphericity’ in the remainder of the paper) of a
single object with a defined shape. A perfect sphere, for example, will have a sphericity of 1.00, while a cube and a typical
sheet of paper will have sphericities of 0.81 and 0.015 respectively. The challenge to the filter designer, however, is to find
the average sphericity of a filter bed which typically contains
about 3000 million grains per cubic metre. Practically, sphericity can be tested in a number of ways:
• By comparing a number of grains through a stereoscope
and matching with a printed guideline (Fair et al., 1968).
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This method had been used on many different media
types at the Water Research Group of the University of
Johannesburg (UJWRG) and yielded results which were
consistently too high.
By measuring the rate at which a sand grain sinks in water,
and using this value to calibrate the shape factor in a
modified Stokes equation. This test has to be repeated for
many different grains to get a statistically robust estimate.
Moreover, there is no direct mathematical link between the
shape factor from this test and the surface ratio sphericity.
By measuring the expansion of a media sample in a test column at different flow rates, and then using this expansion to
determine the sphericity from one of the expansion models
(e.g., the model of Dharmarajah and Cleasby, 1986; or the
recently proposed model of Soyer and Akgiray, 2009).
By measuring the head loss through a media sample in a
test column, and then using this head loss to determine
the sphericity from one of the head loss models (e.g., the
model of Ergun, presented in AWWA, 1990; or the model
of Trussell and Chang, 1999).

The aim of this paper is to present a simple method, easily
performed with a minimum of equipment, to bring the measurement of media sphericity within easy reach of design
engineers and treatment plant managers. The point of departure for this paper will be the measurement of head loss, then
obtaining the sphericity from the Ergun equation. Instead of
conducting the test in a conventional manner at a constant
flow rate, which requires flow regulation and the measurement
of flow rate as well as headloss, a falling-head test will be
developed which only requires the measurement of the time
it takes for the water level to drop over a known distance. It
should be noted that the results should be identical, whether
the test is performed at a constant flow rate or with a falling head. The advantage of the proposed method is that it is
simpler and quicker to perform. The data analysis, however, is
more complicated, so the theory required will be fully developed with a worked example.
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