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Abstract:
The effectiveness of backwashing of granular media filters is directly related to the ability of the
backwash system to provide abrasion and/or collisions between individual media grains. During these
interactions the grain surfaces may slip and slide at their contact points actively removing attached
particles. Two-phase, water fluidized, backwash systems provide only hydrodynamic shear
mechanisms for particle removal. Alternately, three-phase systems utilizing simultaneous air scour and
subfluidization water backwash provide the abrasion mechanism for aggressive particle detachment.
Cleaning is significantly improved over particulate fluidization.

A condition can be induced in a fixed bed subjected to specific backwash flow combinations of
simultaneous air and water in which the bed behavior is characterized by the formation and collapse of
air cavities throughout its depth. This phenomenon, termed Collapse-Pulsing, maximizes the
probability of abrasion/collisions between the grains implying optimum particle detachment. An
original equation has been developed to predict Collapse-Pulsing behavior by equating the air pressure
inside the cavity with the soil stresses in an active Rankine state plus the pore water pressure. Hence,
the objectives of this research were: (1) to determine the combination(s) of air and simultaneous sub
fluidization water flows which optimize particle detachment in a granular media filter, (2) to
experimentally validate or nullify the implication that Collapse-Pulsing behavior is accompanied by
optimized particle detachment, and (3) to establish design guidelines for filter backwashing which can
be applied to improve filter performance.

Fifty pilot-scale studies were conducted on a small-scale filtration plant. Alum sol suspensions
composed of uniformly distributed 1.0-µm particles were prepared by hydrothermal aging. A
predetermined quantity of particles in one liter of influent were attached to glass beads of d90 size
equal to 0.78-mm during gravity filtration. Subsequently, the filter was backwashed utilizing water
flows from 20 to 225 percent of minimum fluidization with simultaneous air flows ranging from 3.44
to 7.39 scfm/ft^2. The three-phase backwash was followed by fluidization at 30-percent expansion with
water alone. The backwash water was collected and analyzed to determine particle removal. Particles
were sized and counted using a Bausch and Lomb Omnimet Image Analyzer and a Each Turbidimeter.

The results of the experimental investigation indicate: (1) Flow combinations promoting
Collapse-Pulsing behavior in a granular media filter provide the optimum condition for particle
detachment by abrasion. (2) The fundamental theoretical equation developed to predict
Collapse-Pulsing is also valid in predicting optimum particle detachment, i.e., optimum cleaning in a
granular media filter. It can, therefore, be applied during design to improve filter performance. (3) The
theory is applicable for air flowrates greater than approximately 4.0 scfm/ft2 and seems to have a lower
boundary of application. 
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