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Abstract. An optimisation study was carried out to compare and model the fluidisation of a bed filter by 

using a novel low density synthetic particle material, filtralite, and conventional filter sand. This paper 

reports experiments that were carried out to compare fluidisation characteristics of the two media and to 

compare and validate the data theoretically. The study showed good agreement with theory under a range of 

operating temperatures. However, the study also showed that the novel filter can be fluidized with low 

velocities due to its low density and voidage the filtralite bed filter expands more than sand bed due to larger 

diameter of novel filtralite particles. The significance of these data are discussed in the context of the 

potential economic cleaning of the filter bed and the use filtration media. 
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1. Introduction 

Filtration is a key operation in water treatment that uses substantial amount of energy in the cleaning and 

bed regeneration processes [1]. The bed filtration process used for removal and separation of solid particles 

from water so as to reduce the mass discharged of solids suspended in liquid by passing the liquid. In 

practical situation this involves a series of linked operations that allow water filtration as well as regeneration 

of the bed. As the filtration capacity of the bed is limited periodic washing is required to clean and regenerate 

the filter bed. The most common method of regeneration is backwashing which causes bed fluidization [1]. 

The process of fluidisation expands the bed and allows trapped particulate matter to be removed or abraded 

from the filtration media. The objective of our work is to study of fluidization process through practical 

observations so as to provide a process model on which optimisation of the process can be made. This work 

uses two different filters, a novel low density synthetic material, filtralite, and a natural sand to provide 

comparison study. This paper reports the characterisation of fluidisation process with these two media and to 

determine minimum velocity of fluidization of the media under different operation conditions of flow and 

temperature. The potential benefits of using low density media are then discussed. 

2. Experimental Equipment and Procedure 

The two different filtration media were compared the first was natural filtration sand obtained from a 

local water treatment works and novel low density media “filtralite NC (1.5-2.5)” obtained as sample from a 

local water treatment company. This apparatus filter contains two 250 L tanks of water, one a reservoir and 

the other a receiver and associated pipework, a centrifugal pump, a flow meter, a 1m glass tube 50 mm 

diameter containing the filter bed materials. There were tapings above and below the bed to allow the 

measurement of hydrostatic pressure drop across the bed during filtration and fluidisation a diaphragm 

control valve and a series of ball valves system valves which can be used for switching between filtration or 

fluidization mode. Temperature control was by a thermostatically controlled heater in the reservoir tank. In 

the fluidisation mode, water was recirculated via the pumps from the reservoir through the filter bed moves 
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and return back to the same tank. The system was run under range of water flows and temperatures and the 

expansion of the bed and the associated pressure drops across the bed were measured.  See Fig.1 (a, b)  

Fig. 1a: Apparatus  Fig. 1b: Apparatus Flowchart 

Experiments were carried out at 15, 25, 30, 35 
O
C over range of flows while monitoring drop pressure 

across the bed    , the mean velocity of the fluid ( ) and fluidization bed expansion form which the voidage 

of the bed ( ) of packed media filter could be calculated. Experiments were repeated and the data averaged 

prior to graphical plotting. 

3. Experimental Results 

3.1 Fluidization Data 

The characteristics of two filter media is illustrated in table 1 shows the differences with respect to 

diameter and density.  

Table 1: Filter Characteristics 

Media Mean Diameter (m) Density (kg/m
3
) 

Filtralite NC (1.5-2.5) 0.00170* 1085.39 

Natural Filtration Sand 0.00071** 2682.53 
*(Natural quartz Sand B(1.18mm-600µm)) [2]    ** (Thesis by Mr Sampan Seth) [3] 

The data was illustrated in Fig. 2 shows the fluidization characteristics of sand and filtralite with respect 

to temperature in the form of Richardson Zaki plot [4]. 

3.2 Theoretical Analysis 

The data above was used to validate and comparing experiment with theoretical prediction and for that a 

dimensionless group the Galileo number, [4], [5] can be used for comparison. 

   
          

         together with a correlation to Re  

the Reynolds number    
          

 
      [4-6] was also used to define fluidized minimum velocity: 

                                                                                                                                                          

                                                        {(√             )   }                                                                

where    is minimum fluidized and   is terminal falling velocity, these equations were used to predict the 

voidage of the bed   as well as Richardson and Zaki [4] equation for sedimentation and fluidisation: 

37



                                                                             
  

  
                                                                                                           

where,    is the empty tube fluidisation velocity;    is the corresponding velocity at infinite dilution and n is 

an index. Finally, index n can be found by the following equation (Kahn and Richardson) [4]: 

                                                                   
     

     
                                                                                                       

Fig. 2: Fluidization Data Collect for Sand and Filtralite 

The logarithmic coordinates shown in the experimental data collected are illustrated in Fig. 2 and that 

both filter media behaved in similar manner when initial fluidization takes place by bed expansion and 

porosity increases and the curve of drop pressure falls gradually. The investigation shows a significant 

difference as filtralite media can be fluidized with much low velocities due to its low density while natural 

filtration sand can only be run with high velocity. 

To determine the validity of the experimental data collected some tests were made using the equations 

above, to match the practical data with theoretical calculation. Equations 1, 2 and 4 were then used to find 

the characteristics of the two filter beds when fluidisation velocity changes with respect to particle diameter 

(Fig. 3). The figure shows that fluidisation velocity is directly proportional to diameter size as velocity 

increases with larger size of filter particles and low density and hence filtralite can be fluidized at low 

velocity compared to the sand The   . Values for filtralite and sand at T = 25
o
C were 4.61E+7 and 2.72E+3 

respectively. 

Using equations 1, 2, and 4 to predicted relationship of fluidized velocity of the filter media with respect 

to viscosity as a parameter is illustrated in Fig. 4. The figure shows a potential decrease of velocity as 

viscosity increase which supports the data collected experimentally in Fig. 2 show when temperature 

increased for both filters minimum velocity of fluidization decreases  

Sand 

Filtralite 
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Fig. 3: Minimum fluidized velocity of flow rate with 

respect to diameter as a parameter 

Fig. 4: Minimum fluidized velocity of flow rate with 

respect to changing of Viscosity as a parameter 

Similarly equations 1, 2 and 4 can be used to assess the effect of changing viscosity which is presented in 

Fig. 5 and supports the observation made and presented in Fig. 2. The effect of filter particle density shows 

that filtralite can run at liquid low velocities compared with sand. If both filters materials had the same 

density the fluidisation velocity of the larger particles would be greater. Used by equation (1-6) it is possible 

to predict the bed voidage e. Thus a plot of voidage against viscosity taking is presented in figure 6. The 

figure showed that with high viscosity there is a potential decreased in voidage e as viscosity is inversely 

proportional to fluidization velocity which illustrated in figure 4. Moreover, figure 6 presented a significant 

relationship between viscosity and minimum fluidization velocity as velocity decreased with high viscosity 

which support the data collected experimentally. 

 

Fig. 5: Minimum fluidisation velocity with respect to 

filter particle density as a parameter 

 

Fig. 6: Voidage e of filters with respect to viscosity as a 

parameter 

4. Conclusion 

The experimental investigation for both sand and filter media satisfies the theoretical predictions. The 

behaviour of both the filter bed could be related to important process parameter such a bed fluidisation 

velocity and the density and viscosity filtration media.  There are obvious advantages to using low density 

media as this required less fluid power and hence less power to fluidise the filtration media we saving cost. 

These data will now be used to construct a numerical model of the cleaning/fluidisation process in more 

detail so that optimisation may be investigated related to filtration media properties allowing the more 

detailed comparison of filtration same and novel media such as filtralite  
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