Secondary Treatment – Flow through Porous Media

Introduction

· Filtration of suspensions through porous media, usually sand, is an important stage of the treatment of potable water to achieve final clarification.

· Although about 90% of the turbidity and color are removed in coagulation and sedimentation a certain amount of floc is carried over from settling tanks and requires removal.

· Other uses of flow through porous media include ion-exchange beds and adsorption columns where the aim is not to remove suspended matter but to provide contact between two system

Hydraulics of Filtration

· The resistance to flow of fluids through a porous media is analogous to flow through small pipes and to the resistance offered by a fluid to settling particles.

· The basic formula for hydraulics of filtration assume a bed of uni-size medium (see Figure 1).

· The earliest formula due to Darcy is as follow.
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where, 
h = loss of head in bed of depth l with superficial velocity v,


k = coefficient of permeability
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· Rose used dimensional analysis to develop the equation:
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where



f = bed porosity = volume of void / total volume,



d = characteristic diameter of bed particle,



 particle shape factor,



CD = Newton’s drag coefficient
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· The Carman-Kozeny produces similar results:
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where, 
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· The particle shape factor is the ratio of the surface area of the equivalent volume sphere to the actual surface area of the particle, i.e.,
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where, Ao = surface area of sphere of volume V
· For spherical particle  is unity and the particle diameter, d = (6 V / A), and for other shapes d = (6 V /  A).

Table 1: Typical Values of Particle Shape Factor

	Material
	

	Mica flakes
	0.28

	Crushed Glass
	0.65

	Angular Sand
	0.73

	Worn Sand
	0.89

	Spherical Sand
	1.00


· Filters are normally used with graded sand, for example, 0.5-1.0 mm, so that it is necessary to obtain an average (A/V) value:
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where, p = proportion of particles of size d (from sieve analysis).

· Equation of Rose and Carman-Kozeny can be rewritten as follows.
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· In the case of rapid sand filter cleaning is by back-washing with filtrate from the  bottom  of  filter and thus producing a stratified bed packing. Thus Rose’s and Carman-Kozeny equation becomes:
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· Example: A rapid sand filter has a sand bed 0.610 m in depth. Specific gravity of sand = 2.65, shape factor 0.82, porosity = 0.45, filtration rate 1.70 l/s-m2, and operating temperature = 10 oC. The sieve analysis of the sand is shown in Table 2. Determine the head loss for a clean filter bed using Rose and Carmen-Kozeny equation for a stratified bed.
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Filter Clogging

· The equation from Rose and Carmen-Kozeny give the head loss with a clean bed, but when used for removal of suspended matter the porosity of the bed is continually changing due to the collection of particles in the voids.

· It is usually assumed that the rate of removal of particles is proportional to their concentration, i.e.,
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where,
c = concentration of suspended solids,



l = depth from inlet surface,
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 = constant characteristic of the bed.

· The equation is a partial differential because the solids concentration varies with time as well as position in the bed. Initially the above equation may be integrated to give:
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where, 
co = solids concentration at inlet (l = 0).

· Ives and Gregory have shown that if the bed retains solids the total head loss can be expressed as a linear function which for uni-size media is as follows:
H = h + 
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where, 
h = head loss from the Carman-Kozeny equation,



t = time of operation,



K = constant.

· Contrary to common belief the removal of suspended matter in a porous media bed is not simply a straining action.

· The removal of solids depends upon transport mechanisms such as gravity, interception, diffusion, sedimentation and hydrodynamic processes.

· A bed of porous media is thus able to remove particles considerably smaller than the voids in the bed

Filter Washing

· With a slow filter, penetration of solids is superficial and cleaning is achieved by removing the upper layer of the medium at interval of a few months, washing and replacing.

· The rapid filter clogs much more rapidly due to its higher hydraulic loading and the solids penetrate deep into the bed.

· Cleaning is achieved by back-washing at a rate of about ten times the normal filtration rate.

· The upward flow of water expands the bed producing a fluidized condition in which accumulated debris is scoured off the particles.

· Compressed air scouring prior to or at the same time as back-washing improves cleaning and reduces wash-water consumption.

· See Figure 2: as the backwash water is admitted to the bottom of the filter the bed begins to expand and there is an initial head loss.

· As the bed expands further the rate of increase of head loss decreases and when the whole bed is just suspended, the head loss becomes constant.

· Further increase in backwash flow increases the expansions but not the head loss. Excessive expansion is not desirable.
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· Referring to Figure 3 showing a bed under backwashing conditions, the expansion is (le-l)/l; this is usually (5-2)5%

· At the maximum frictional resistance by bed upward water force = expanded depth x net unit weight of medium x medium volume / total volume.
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· The particles are kept in suspension because of the drag force exerted on them by the rising water. Thus:
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·  (fe) is introduced because v is the face or superficial velocity of the backwash water whereas the drag force is governed by the particle settling velocity vs
[image: image28.wmf]Table 2: Head Loss through a Filter Bed
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· It has been found experimentally that:

[image: image20.wmf]9

2

1

)

(

÷

÷

ø

ö

ç

ç

è

æ

=

÷

ø

ö

ç

è

æ

=

e

s

e

f

v

v

f

y



[image: image21.wmf]022

÷

÷

ø

ö

ç

ç

è

æ

=

s

e

v

v

f



[image: image22.wmf]5

.

4

e

s

f

v

v

=


· Consider the static and fluidized conditions:
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· For graded media the smaller particles in the upper layers expand first. Once vb is sufficient to fluidize the largest particles, the entire bed will be expanded, and thus:
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· Example: A rapid sand filter having the sand analysis as presented in Table 3 is to be back-washed. Determine the backwash velocity required to expand the bed, the backwash flow required to expand the bed, the head loss at the beginning of the backwash, and the depth of the expanded sand bed (Table 3).
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