Differentiation between different kinds of mixing in
water purification – Back to basics
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Abstract
The term mixing is confusing because it is used to describe transport mechanisms for both flash mixing (reagent dispersion
and homogenisation with water mixing) and agitation (flocculation mixing) because each of these mechanisms requires different flow characteristics in order to take place with maximum efficiency. Flash mixing should take place under conditions
of mixing on macro-scale with macro-turbulent eddies being formed and agitation under conditions of mixing under microscale with micro-turbulent eddies being formed. Agitation takes place under high- or low-intensity agitation. Only the conditions of agitation can be characterised by velocity gradient. Differentiation between flash mixing and agitation is discussed.
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Introduction
Mixing is an important operation in any water purification
process. It facilitates dispersion and homogenisation of added
reagents with water and contacts between the particles leading
to their combining into readily separable flocs. The efficiency
of the water purification process is, therefore, dependent on the
mixing conditions under which the formation of flocculent suspension takes place.
When designing a flocculation system, the mixing conditions, which include uniform distribution of a velocity field in
the agitated volume of water, are not optimised in respect of the
most effective utilisation of the added destabilisation reagent
and the formation of flocs, the properties of which should be
most suitable for the method that is selected for their separation.
The reasons are that the importance of the mixing intensity, its
duration and flow characteristics on the properties of formed
flocs such as their shape, size and compactness (density), are not
yet fully appreciated and/or understood in engineering practice.
In waterworks design practice, which prevails to date
(Schutte, 2006), the processes of the reagent dispersion and
homogenisation with water and the floc formation take place in
two separate chambers under the conditions of rapid and slow
mixing:
• Rapid mixing is intended for dispersion and homogenisation
of added reagent with water and, therefore, is considered a
suspension not forming mixing. It takes place with a meanroot-square velocity gradient G = 80 to 100 s-1 over a period
of T = 10 to 60 s (Amirtharajah and Trusler, 1986; Claus,
1967; Fair and Geyer, 1958; Hudson, 1965).
• Slow mixing is intended for the formation of flocculent suspension. It takes place with a velocity gradient G = 20 to 60
s-1 for a period of T = 15 to 30 min and even longer (Fair and
Geyer, 1958; Hudson, 1965). Generally, the resultant flocs
formed are of a wide range of sizes, densities and settling
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velocities. These slow mixing conditions are referred to in
this paper as the customary flocculation conditions.
It follows from the above that the difference between these two
mixing conditions is only in the mixing intensity, characterised
by velocity gradient G .
The rapid and slow mixing conditions as described above are
suitable for jar tests, i.e. a batch process, but not for the waterworks through-flow process. In a through-flow system the character of mixing applied to the dispersion and homogenisation of
added reagent with water is different to that of the floc formation,
should these two processes take place most efficiently. Theory
assumes that the final products of homogenisation of hydrolysing destabilisation reagent with water, which takes place in a
rapid mixing chamber, are destabilised particles of impurities,
and that these destabilised particles are transformed in the
subsequent floc-formation process, which takes place in slow
mixing flocculation chamber, into readily separable flocs. However, these theoretical assumptions are seldom obtained under
current design practice and operational conditions. The likely
causes for deviations from theory have their origin in defects
of a hydrodynamic nature. These include inability to complete
dispersion and homogenisation of the added reagent with water
in the rapid mixing chamber and formation of suspension within
the flocculation chamber. This results in a functional shifting of
the individual processes into subsequent unit operations, where
the optimum conditions for such processes no longer exist. For
instance, the dispersion of reagent and its homogenisation with
water continue in the flocculation chamber and the floc formation process in the sedimentation tanks/clarifiers and filters and
sometimes even into the reticulation system. Obviously, this
adversely affects the performance efficiency of the works in its
entirety as well as the quality of the purified water. Therefore, in
through-flow system, the rapid and slow mixing cannot be differentiated by mixing intensity only but by different transport
mechanisms applicable for each of these processes. Regrettably,
this is not always respected in waterworks design.
The lack of differentiation between different characteristics
of flow required for rapid and slow mixing often results in both

249

