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Principles of operation
Water used in heating, cooling, and other processes may contain dissolved chemical species (minerals)
that become less soluble due to environmental changes caused by the equipment used in such systems.
This can lead to precipitation of solids from solution that deposit on the wetted surfaces of the
equipment. It is the deposition of material and not the general act of precipitation that causes reduced
heat transfer and flow efficiency.
Solid mineral scale forms from solution when physical conditions in the fluid change. When the change
in condition is such that the dissolved ions within the solution become present at a concentration above
that which the water phase can support, the fluid has become supersaturated. When supersaturation
occurs, it is energetically favorable for the excess material present to precipitate out as a new, solid
phase returning the fluid to a stable, saturated condition. This precipitate is the mineral scale.
The thermodynamics of solubility state that (i) when a new phase forms it begins from a supersaturated
condition and (ii) when the new phase is forming, energy is released from the system. However, the
creation of a new phase from solution (solid or gas) requires formation of a boundary surface – which
requires energy. Creating fewer surfaces is energetically more efficient. Precipitation onto a pre‐
existing solid surface, or in a crevice, reduces the surface area the new phase must create and is thus
more efficient. As a simple analogy, the bubbles in a carbonated drink are initially seen present at the
glass wall until they grow large enough to float into bulk solution. A gas sphere forming at the glass wall
requires 50% of the surface of a bubble forming spontaneously in solution. Thus, if that new phase
begins to grow at an existing surface less energy is required for the new phase to form. The new phase
then forms on the existing surface as fast as material can be transported to that site. In the case of the
bubble in the drink, it grows until it detaches from the wall – the rate of growth is limited by the
diffusion of gas to the bubble. In the case of solid precipitation, this also implies that the new phase will
strongly adhere to the site from which it grows because direct contact minimizes the amount of new
surface to be created thus creating a persistent, growing mineral deposit.
The deposits, or solid phase, which form on equipment surfaces from the ions originally dissolved in
water require nucleation which requires energy. The formation of the new phase occurs most rapidly at
existing surfaces, as this is energetically more efficient and is the predominant thermodynamic path of
normal supersaturated chemical species. Control can be exerted by use of chemicals to kinetically
interfere with the nucleation process. An alternate control strategy would be to induce homogenous
crystallization at multiple nucleation sites suspended in bulk solution so that solid phase growth would
occur in suspension and not on equipment surfaces. Induction of a material phase change in bulk fluid
generates a suspension as opposed to a precipitate. The problems associated with adherent deposits no
longer occur, and as described above, deposition is energetically disfavored.
The Flow‐Tech signal overcomes the propensity to form heterogeneous crystallization on surfaces by
generating a pulsed electromagnetic field to provide the energy required to produce the surfaces
needed for homogenous crystal formation in bulk solution. The electronic device makes energy
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available to the charged ions, that are crystallite precursors, through subjecting them to a fast moving
and varying electromagnetic field. This induces homogeneous nucleation in the bulk liquid phase. As
multiple nucleation sites are produced, the crystals do not grow to a large size as the ionic species that
cause scaling are, in general, sparingly soluble. Diffusion limitation implies that there is insufficient
dissolved material available to allow the crystals to grow to problematic dimensions whilst in the bulk
phase as they rapidly pass through the system. The particles formed are in the 5‐8µ diameter range and
remain suspended in the fluids. Applications that allow concentration of
these ionic species through evaporation of water with dissolved ions will
allow the crystals to grow in excess of 40µ with an average composite
specific gravity around 2.5 – allowing removal through traditional filtration
methods including centrifugal separation.
In the system described, the energy required for homogenous nucleation is
provided by an alternating current electromagnetic pulse. The pulse is
generated on the exterior of the hydronic system and transmitted both up
and downstream. Impedance matching, of the signal generator and the
system to be treated, maximizes signal propagation in the system with the
water column acting as an antenna. As per figure 1, the signal induces a
fluctuating field perpendicular to its plane of propagation. Any charged
particle moving through this electromagnetic field generates energy. The
charged, dissolved ions that are the crystallite precursors gain energy. The
base frequency of the decaying signal transmitted is in the range of 100‐300
kHz and is pulsed at a rate of 5‐40 kHz.
The energy provided by the interaction of scaling ions and the pulsed field is
sufficient to induce homogenous nucleation in the bulk phase of the fluid
where the produced fluid is in a metastable state, i.e. the scaling ions are
present above saturation concentration but there is insufficient energy to
initiate the production of new surfaces to initiate nucleation without
interaction with a surface. In this case the energy is provided by an electrical
signal. A number of industrial processes use ultra‐sound for the same purpose.

Figure 1
Induced Field
In Pipe

With the signal generator unit correctly connected, the hydronic system acts as
an antenna and signal propagation distance is equivalent to the transition from “Near Field to Far Field”
Transmission. The use of an electromagnetic signal allows propagation of the signal throughout the
hydronic system. Efficient signal propagation is verified by use of simple Smith impedance as illustrated
in Figure 2.
Scale prevention and equipment protection
The formation of these crystals protects equipment sensitive to scale accumulation. Chillers use
approximately 1% more energy for every thousandth of an inch of calcium scale, flow restrictions cause
performance issues, increased energy consumption, and premature failure in pumps and other
equipment, and additional labor is required to remove scale even in primarily cosmetic conditions such
as pools and water features.
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Softening or removal of existing scale
As calcium carbonate precipitates out of the water, the carbonic acid molecule that held it in solution is
dissociated and releases carbon dioxide. As the
carbon dioxide interacts with the water, the carbonic
acid molecule reforms and can soften and dissolve
existing scale over time which reduces the labor
required to clean the system.
Bacteria reduction
Bacteria populations are reduced by two different
processes. In evaporative cooling applications, the
precipitate encapsulates bacteria rendering them
unable to reproduce or even sustain life and aids in
removal through blowdown or filtration. Additionally,
the propagating Flow‐Tech signal comes in nearly
constant direct contact with bacteria throughout the
hydronic system and causes sufficient physical
damage to limit bacteria populations in a wide range
of applications – even in non‐evaporative applications
where there is no precipitation. Either process is
sufficient to maintain very low bacteria counts even if
the system is not operated for a few days.

Figure 2
Smith Impedance Chart From Pipe With
Optimized Flow‐Tech Signal

Biofilm reduction
Due to random pulsing of the Flow‐Tech signal up to 40,000 times per second, nearly all equipment and
piping surfaces are contacted by a signal that causes existing biofilms to detach and prevents bacteria
from forming new biofilm – even where chemicals are unable to penetrate and disperse the biofilm.
Systems without biofilm are at a much lower risk of high bacteria counts and legionella outbreaks.
Corrosion reduction
By setting evaporative cooling applications to operate above the saturation point for calcium carbonate,
the precipitate acts as an effective natural cathodic corrosion inhibitor. Single‐pass, closed‐loop, and
other applications that do not allow for supersaturation of calcium carbonate will not benefit from
increased corrosion protection.
Water savings
Due to the increased acceptable cycles of concentration in evaporative cooling applications and the
ability to reduce bacteria counts, prevent scale, and precipitate impurities, water can often be used for
much longer before needing to be bled or replaced with fresh water.
Enhanced flocculation and filtration
In addition to calcium carbonate, many other minerals and impurities will also precipitate in the bulk
water. In evaporative applications the precipitate will increase in size after supersaturation. The
resulting increase in size and weight aid in the filtration processes. In other processes where flocculants
and coagulants are added to the water, this process can improve their performance while reducing the
quantity required.
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