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Unique Technology m——

A unigque and new approach to physical water treatmant

The most Important featurs of the HydroFLOW technology that sets it apart from that of any competing technology, is
tha efficient manner by which the electric field i= directionally generated through the entire water system. This unigue
advantage, protected by international patents, singularly delivers consistently beneficial results in industrial,
commercial, end domastic applications.

Operation explained

Most plumbing systems must be regarded a= an Sine wave at 200 KHz
open circuit from the alectrical point of view, It

would be impractical and expensive to form a 4 3 I o ey

reliable circuit from a domestle or industrial B
plumbing system whereby an electrical current ‘: 1

flows through every section of the plumbing e T
system. i \\./[

To generate a reasonable flow of electrons in an Fig. 1
open circuit conductar, itis necessary lo provide a

source of high frequency to a conductor that is . ;
long enough to generate a standing wave voltage Pipe representing the water system
over its length.

Fig.1 shows a sign wave of 200 KHz. The wave ELECTRONS
length is 1500m, the 1/4 wave length is 375m. A v I rree s
domestic plumbing system including the feed Lt ddasiiey
pipa, cantral heating, cold water and hot water is
about 60 m,

If the source is 10V then the standing wave Fig. 2

voltage will be [sin({BO/375)"BO)*10 = 2.49v

batween one end of the plumbing system and the

other, This voliage difference between the 2 :

extremities of the plumbing system Is caused by a Pipe representing the water system ELECTRONS

substantial flow of electrons from one end to the i P S e

-

other of the system. T '
- = eI ["U eyt
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Fig.2 represents tha positisn 2t T1 on Fig.1

Flg. 3 represent the position at T2 on Fig. 1. Flg. 3

To achieve this flow of electrans in the plumbing system a voltage must be generated in the water In the direction of the
pips. This is achieved by utilising a high frequency transformer. This transformer consists of 3 ferrite ring around the
water pipe.

A primary coil is wound around the ferrite ring. Any conductor, the water and the plpe (if it is & conductive material) wil
form parsllel secondary windings of the transformer. The signal that is fed to the primary coll is a high frequency
diminishing wave with random wait periods. This wave Is designed to sllow the formation of seed crystals for a variety of
crysial forming salts that may be present in the water,

Fig.2 and Fig.3 illustrate the diminishing wave and the voltage V over the plumbing system at specific times marked T1
and T2 in Fig. 1, as well as the position of the electrons, and the positively charged atoms in the conducting water (and
pipe), at maximum valtage position. V is tha voltage generated by the farrite ring and, | is the accelerated chargs
generated dus to the standing wave.

It is this scceleration that forms the electromagnstic fisld. The electric component is raspansible for the generation of
nuclear clusters that act as seed crystals to prevent the formation of encrusting scale,



Operational comparison between different water
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HydroFLOW|

Beneficially treats stlll water

Traats running weter

24 hour gyetem freatmen|

Mo plumbing

MNa maintenance

No corrosion

Ne chemicals

Emvirunmentally friandly

Cansistant

Oparates at all temperaiures @

| Whole systam reatment @

® Al normaltemperstures 20°C - 88°C in a typical heatng systam

& Avaltage of notiess than 0,5velt can be messured throughout the BT

The effect of Hydroflow on Limescale -

Hard Water - tha Cause of the Problem

Rainwatar is slightly acidic, ie soft-. In heavily industrialissd regions, emissions make the rainwater more acidic. The
hardness in water comes from the calclum and magnesium salts, that are dissocived into the water, from soluble rocks
through which the rain water flows. Hard water contsins bath temporary and parmanent hardness,

Temporary Hardness in most cases is associatad with
calcium and magnesium carbonates and bicarbonates,
Thess crystal forming sslis are held In solution and will
remain &0, unless there iz a change In pressure or
lemparature, which will cause the water to become
supersaturated, resulling in the precipitation of
encrusting scala on hot or rough surfaces, such as pipes
and heat exchangers.

Sun Energy
Permanent Hardness is due mainly to calcium and
magnesium sulphate and is nat efiected by heat or

Ralnfall E—
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pressure change. However if the water Is evaporated it et ) f ,
will rmmain and will encrust, ke ! 1: l \

The water hardness problem is sometimes exacarbated
by belng stored in reservoirs constructed from different
materials and is also further exacerbated seasonally as
the water table rises and falls resulting in concentrations.

Fig. 1 The water cycle



PHYSICAL CONDITIONING

Chemists are concemed with the chemical reaction of elamants and compounds that have formed as a result of the
reactions. To gain an understanding of Physical Conditioners, one has to take into account the physical sffects that
oceur befora the reactions take place, Hence Physical Conditioning

THE ELECTROCHEMISTRY

Stable chemical compounds are normally electrically neutral. When thay dissolve In water to farm solution, they may
separate into oppositely charged particles called lons. This process is known as dissociation and can be partial or
complete. Although ions are Independent particies, the connection to thair opposite is maintained and Is re-established
following crystal-lisation, This process of dissociztion in water is usad widely in industry to separate metals from their
compounds, for electroplating and the separating of the elements of water tself, Oxygen and Hydrogen gasses,

DISSOLVED SOLIDS

The mineral salts found in water can be determinad in type and quanlity by simple evaparation and weighing the
residua. In addition to herdness salts - and by other technigues - sedium chloride, sodium sulphate and silica can be
found. These substances do not exlist In solution ss definite compounds, but as "ions” - charged =oluble particles of
metal (known as cations) or a5 acid radicals (knew ss anions),

The moet commonly occuring catlons are:

Calcium Ga”
Mzgnesium Mg
Sodium Ma’

The most commonly cecurring anions are:

Chloride Cl
Sulphate So,
Blcarbonate HCO*

The negative and positive signs indicate polarity of electron charge. The negative sign indicates electron gain, positive
slgn electron loss. Contaminants can be grouped according lo polarity and magnitude of charge.

NEUTRALITY OF WATER PH VALUE
Pure water in its liquid state is alsa slightly dissociated into its constituent ions.

H, 0 =y H+ + OH- Il

Hydrogenion  Hydroxylion

This equation suggests that walsr contain hydrogen ions maving freely within the liquid however a hydrogsn atom with
one electron removed Is simply a proton. It Is now recognised that the protons attach themselves to water molecules to
form a hydronium lon H3O+. For simplicity, H+ ions will be referred to below, although the physical reality is, that such
specias do not have an independent existence inwatar,

Both hydrogen and hydroxyl ions are present in exactly the same quantity, so that pure water is "neutral™. In a unit
weight of purs water there will be 00000001 unit weights of Hydrogen ion and of Hydroxyl Iron, or 10-7 parts of each.

The pH value - the index of acidity, alkalinity or purity - uses the figure 7 as & nautral or purity point of the scale. Natural
pure waler is said to have a pH value of 7. pH= - leg 10 (H +). (where H+ is the hydrogen ion concentration). As
hydrogen ion concentration is increased the pH value decreases, As Hydraxyl concentration increasss the pH value
Increases,

Acidity is due to hydrogen lons =0 the more acid the water becomes the lower its pH value Alkalinity is due to hydroxyl
ions 80 the more alkaline the water becomes, the higher Its pH value, This iz because acids give hydrogen ions in
solution, while alkalines give hydrawxyl ions:

H,50, ~—2H + SO,° J

Sulphuric Acld

NaOH - Na’ + OH' 1

Caustic Sada

The pH scale covers the range of 0-14, from strongly acid to strongly alkaline,



CRYSTALLISATION

Crystallisation normally oceurs when a solution becomes supersaturated. A supersaturated solution is one that
contains a higher concentration of solute than its equilibrium concentration {saturation). However suparsaturation
alone Is not sufficient for a system to begin to crystalllse. It is generally accepted that two steps ars involved In the
formation of microscopic crystals from supersaturated solutions: First, nuclel, minute crystalline entities of definite size,
must be formed (nucleation); and sscond, these nuclei must grow (crystal growth). Thers are many other variables that
influence the nucleation and growth of crystals such as the presence of the impurilies; turbulence within the systam: the
nature and state of the surfaces in contact with the solution ste.

Thers are two basic nucleation mechanisms:
Homogeneous nucleation - where the nucleus is formed spontanecusly from the mother sofution; and

Heterogsneous nucleation - where a forelgn substance, such as & metal surface or another nucleus, acts asa
sead for precipitation.

Any charged species (ions) can be regarded as a dipole and will be attracted to each other's opposite pole. lons are
completely dissociated and distributed randamiy throughout & solution (see above). lons become assoclated due to
diffusion and electrostatic atiraction. This attraction Is Increased by orientation of the dipales in an alectrie flald.

An slectric field is the force field that exists between any concentration of charges. HydroFLOW can creste such
concentration of charges throughout the system by creating the electric field, as will be dascribed below.

HydroFLOW produces an electric fisld which Is switched on and
off. The length of the off sequence is randomly controlled. By
switching the electric field off, adjacent species move tngsther to
form clusters (see above).

Thase clusters, themsslves representing larger dipoles, are
affected by the electric fisld during the on sequence, and are
joined together to form localised areas of high concentration. The
internal forces genarated by these larger clustsrs result in a
contraction end concaentration of the attraction forces, this causes

Flg. 2
the collapse of the clusters into nuclei, which are the seed crystal.

The presence of the HydroFLOW electric field throughout the solute will snhance the formation of these large clusters
by orlentating them, in both the saturated and unsaturated solutions. This process aftracts more charged species and
stable nuclei are formed (ses Fig. 6).

The attraction forces of such nuclel become much greater and as ions
diffuse to the nuclei surface, a diffusion layer is farmed and the ions
become Incorporated into the crystal lattice. Crystals are formed and
grow, again helped by the effect of orientation of the ions by the applied
fisld, and aggregate to form larger crystals. (When HydroFLOW is used,
the diffusion is enhanced because the ions are orientated by the elactric
field being spplisd.)

For this process to occur throughout the system, the fisld has to be
prasent throughout the salution, especially closer to the area where the
solution will experience changss In temperature or prassure which are
responsible for the pracipitation of the saltz from eolution. When
HydraFLOW is present, crystals are formed and grow helped by the
orisntation of the ions in the applled field. Small crystals aggregate to
form larger crystals that grow at the expense of smallar crystals.

The energy and time necessary to orient and move the charged species
togsther will vary for diffarent species. Any crystallising system is
characterised by the generation of a spectrum of differantly sized
particles. The electric field applied by HydroFLOW allows for these Fig. 4 Crystal Nuclel (Seed)
differences.

SCALE PREVENTION

If hard scaie deposits are to be avoided, heterogenecus nucleation has i be minimised and homogeneous nucleation
under supsersaturation conditions has to be prevented. This can be achieved by the installation of HydroFLOW that will
startthe generation of large numbers of nuclear clusters.

These clusters will grow and then collapse into nuclei that will act as seed crystals. In the presence of a large quantity of
seeds, homegensous crystallisation can oceur In the solution. This will cause the farmation of 1a rge crystals as soon as
the solution approaches super-ssturation. Large crystals then grow at the expense of smaller crystals. The bulk of
crystallisation will eccur in suspension, and heterogeneous crystallisation on the surfaces is there by minimised,



Any heterogeneous crystallisation that does form on the surfaces, will be such a thin layer that it will ba raturned to
solution, &s soon as the salution becomes unsaturated.

To be effective, a physical conditioner has to cause total precipitation of scale for the temperature at which the water is
being heated in a heat exchanger. This will prevent the formation of supersaturated water.

If supersaturated water is allowed to form snd then flaws to other parts of the plumbing system, scaling will occur on
surfaces that will be in contact with the su persaturated water. This will continue until normal saturation is achiaved.

To prevent supersaturation conditions, a physical conditioner has to produce sufficient seed crystals In the heat
exchanger, to ensure that all the crystal forming salts that can precipitate will do so, and form stable crystals in
suspension. As the clusters that form the seed crystals are unstable and continually return 1o solution, the conditioning
field has to be present close to and inside the hesl exchanger to ensure the formation of the clusters.

The HydroFLOW technology achleves this by efficiently generating large numbers of sead crystals in the saturated and
unssturated water. This process continues all over the plumbing system all the time, and Is due entirely to the
omnipresant propagating fisld replacing any seeds that are continuously dissolving back into solution.

SCALE REMOVAL
In & scaling system thare are three processes that are st work: Heterogeneous crystallisation, homogeneous
crystallisation, and the return to return to solution of the scala when the solute has become unsaturatad,

Heterogeneous crystallisation occurs pri marily, on surfaces that are subject to increasing temperatures, Ag not all the
solute Is in contact with the heating surface, convection and ci roulating currents will carry supersaturatsd liquid away to
other surfaces. Scaling on other surfaces will continue until saturation point is achisved,

Homogeneous crystalllsation occurs in large vessels containing high volumaes of golute, with & relatively small surface
area. As the solute Is being heatad, the solution becomas supersaturated. The surface area is not sufficlent to provide
all the nucleation necessary. The sclute reaches a critical condition. At this point any source of anergy, such as
turbulence in the solute, will cause homogeneous nucleation. All the material that can precipitate does so at once. A
large number of small crystals are formed. These crystals have high surface chargss that cause them to adhere o all
the surfaces, including cold surfaces. The fine crystais that have adhered to the surfaces will then become the nuclei for
heterogensous crystallisationin subsegusnt heating cycles,

The third pracess Is the return to salution of the scale deposits. After the solute has become unsaturated due to cooling
or pressure change, a quantity of tha deposits will be returned to solution.

The surface scala that had been formed Is not as stabls as the
crystals that have been formed in suspenEion, due to tha uneven
way that nucleation has occurrad on the surfaces {sesfig. 5)

Descaling can only occur if the water in contact with the scaled
surface is unsaturated, and is able to dissolve the carbonates o
form bicarbonates. The presence of CO2 is nacessary for tha
formation of bicarbonatas, The CO2 which is prasent in solution in
the water, comes from two sources, one from the air in contact with
the water and the other, from the decomposition of bicarbonatas
due to the heating process.

Fig. 5 Hetarogeneous Nuclestion

MO + co, |

unsaturated water

i CaCo, +H,CO, -+ Ca(HCO,), —|

Descaling of the heat exchanger using HydroFLOW relies tolally on turbulence. This is because the tempearature of the
water |s increasing and would normally only deposit scale, If turbulence is present, the water experiences pressure
changes that cause the water ta change rapldly from supersaturated to an unsaturated condition. While unsaturated
the water will dissolve the scale on the surfaces, and In the supersaturated condition the deposits will grow in
suspension due to the presenca of the clusters generatad by the HydraFLOW applied field.

In every system containing solute, there is a balance of scale-formation and scale-solution, In a system whare the
balance is In favour of scale-formation, the system will sxperience scaling. In a system whers the balance Is in favour of
scale-solution, the system will remain free of scale.



! Ca (HCQ,), + heat +HydroFLOW — CaCO, + H,0 + Co, CaC0, turhulence + HydroFLOW + H,0+C0, — Ca (HCO,), Jl

calclum bicarbonate calcium carbonate Calcium carbanate calclum bicerbonate
In golution In suspansicn antha surfaces

HydroFLOW simply tips the balance in favour of tha scale-solution, by providing a large qua ntity of unsaturated salution
that dissolves the exisling surface scale. This process Is repeated, dissoiving surface scale and forming suspended
stable crystals.

The heterogensous crystallisation is replaced by homogeneous crystallisation. However in this case homogeneous
crystallisation occurs as soon as the solute becomes supersaturated, due to the presence of a large qu antity of clusters
generated by HydroFLOW,

As a result the old scale will ultimately completely return to solution and is converted to stable individual crystals, These

stable amorphaus crystals can be removed by filtration in Girculating systems. In open systems thay will pass
harmlessly out with the flow,

Location Criteria e ——————————

PROTECTING HEAT EXCHANGERS

HydroFLOW is best fitted to the cold water su pply or make up water to & heat sxchanger.
Fit HydroFLOW to the circulating water retum to Lhe heat exchan ger:

Ifthe flow of make up waler is low:
Ifthe make-up water pipe is short;
to avoid an electrical loop. (See loops below)

Do: use the Unigue protection zone to protect appliances supplied with water thatis not narmally flowlng.

Do: conslder signal propagation barriers whan dete rmining the size of the seed genaration zone. Such barriers include
non-conducting valves, sand filters, pumps and large tanks, In additlon the pratection zone is decressed by
complexities in the plumbing system. When protecting mixer valves, ehowers, etc., that are supplled with hot water from
areclrculating systam, install HydreFLOW on the recirculating water. |f there is s large hot water tank, chosa the flow
aut of that tank.

Do: ensure that HydroFLOW is protected from surfaces that may excasd 55°C., Use insulating material and choose a
lerger model f necessary.

Do: remember that HydroFLOW descales and that after inataliation greater than usual quantities of precipitate may be
released.

PROTECTING REMOTE VALVES AND APPLIANCES

Ifthese devices are supplied with hot water from a recirculating system, HydroFLOW is best fitted to the hot water flow
from the heat exchangsr or calorifier. If the remote devices are not su pplied from a hot water recirculating system, they
are besttreated using HydroFLOW fitted on the cold water supply,

Do Not: install HydroF LOW inside an elsctrical loop.

Do Not: lccate HydroFLOW on the water sy pply into a cold watertank or sand filter. The signal will ba lost with little user
benefit.

Do Not: think of HydroFLOW as 5 water softener. HydroFLOW treats the temporary hardness salts and not the
permanent hardness salts. These can form scale when the water evaporates. Agoad quallty water softanar will remave
almostall salts but it needs maintenance, causes corrosion and produces non-polable water,

Do Not: fit HydroFLOW before a pump or a largs filter orlarge valumous tanks.

Do Not: expect miracles. HydroFLOW does not always remove old scale and, in particular, it is unlikely to descsle a
Pipe through which the water has almast stopped flowlng.



Operational Guidelines rm—————————

SCALEPREVENTION

HydroFLOW prevents the formation of hard scale due to increases of temperature and pressure changs, under all
normal operating conditions. Users are advised to contact Hydropath Technical Support If they suspect that conditions
arsunusual.

SCALE REMOVAL

Old scale is normally broken down. The time taken depends on the volume of water, the flow of water to remove the
sxcess scale crystals, the porosity of the old scale and variations In the temperature and the pressurs of the water. In
most cases the process Is fairly rapid, and up to 95% or more of old scale is broken down and treated within the first
three months,

Hard scale may be slow to break down where thers is low water volume and little variation of temperature, flaw,
hardness and pressure. In such cases HydroFLOW is best fitted from new ar after chemical cleaning,

If HydroFLOW Is applied to a heavily-scaled system, where scale may have formed on the inside of 2 narrow pipa or
plate heat exchanger there i=s 3 small risk of blockage due to dislodged pieces of scals. The user is advised to have g
system cleanse or to install sultable coarsa filters prier to fitting HydraFLOW.

The HydroFLOW signal is effective both up and down stream, and can cause a large quantity of scale to ba broken
down. In most cases the only effect may be that users ses tha crystals as they amsrge from open taps. This does not
always happen and stops within three months. There will be no adverse effect in a closed recirculsting system unless
there Is significant evaporation or there has previously bean some significant leakags,

CORROSION

The application of HydroFLOW cannot itself cause corrosion ar leaks. Secale is a direct cause of corrosion and its
removal may reveal leaks. Rust coatings in mild staal plpework are altared, resulting in a hard black surface deposit,
magnetits, rather than normal rust and further corrosion is prevented. This effect is due to an Interference with tha
eleclro-chemlcal reaction neaded for corrosion to take effect,

MAINTENANCE

HydroFLOWV uses solid state circuitry and does not require maintenance, Its signal cannot create films which would
raduce performance. There Is a red light which is powered directly by the generated signal and is a positive indication of
correct operation. If the operation of the device is eritical, users should manitor this light as parl of a plannad
malntehance procedure,

RESIDUAL EFFECT

Once water has lsft the plumbing system or left the protection zone, it can no longer be subjected to the HydroFLOW
conditloning field. 30 minutes may be taken as & conservative guide to the time that the water retains its full scals
prevention ability,

SYSTEMTURBULENCE
In systems with no turbulence the erystals can settle. This can occur in commercial kettles, coffes machine reservoirs,
large calorifiers and cooling tower poals. The resulting soft scale Is removed during malntenancs or uslng filters.

RECIRCULATING SYSTEMS WITH EVAPORATION

Whare a recirculating system involves evaporation, e.g. cooling towers or humidifiers, the suspanded crystals must he
removed using filtration (<50 microns) or blow down to avaid conceantration. On initlal application existing scale will be
broken down leading to an excess of precipitate which users must address. The easlast approach is ta increase blow
down. A sultable filter with automatic back wash will alse contral the problem and will reduce water costs. pH can be
controiled using sulphuric acld to reduce tha rate of precipitation.

PLATEHEAT EXCHANGERS

Whan using HydroFLOW to protect plate heat exchangers, existing scale in tha pipes upstream of the device will be
broken down. This will Isad to excess precipitate In the heat exchangers which can continue ta cause seale for the first
few weeks. [fthe plate heat exchanger is heated using steam, i Is advised that the hot steam su pply is connecled to the
same side as the water return. The heat exchanger will give increased performance th rough the avoidance of boiling.




