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Application of Physical Scale Prevention Technologies for Chiller Condenser

Introduction

A typical condensing water system for
water-cooled central air conditioning
system consists of pumps, condenser,
condensing water pipework and a heat
rejection unit such as cooling tower or heat
exchanger etc.

Some physical scale prevention
technologies such as automatic tube
cleansing system, magnetic and
electromagnetic devices have emerged on
the market in recent years. This pamphlet
aims to introduce these scale prevention
technologies for chiller condenser in
HVAC system as well as their application
limitations. For further information, please
contact the Energy Efficiency Office of
the Electrical and Mechanical Services
Department.

Scale - Where and Why?

In fresh water cooled air-conditioning
system, fresh water contains traces of
mineral ions, in which calcium carbonate
is a dominant component because natural
water is rich in Ca** and carbonic species
(CO,, HCOS, CO,;%). Calcium carbonate
(CaCOo,) is only slightly soluble in pure
water but more soluble when carbon
dioxide is present in water. This could be
represented by the following equilibrium
equation:

KR IR R = R AR LR K
RGBT EREAKR - REH
REKEBNHAKE (LA
B AR

TR — LE W3R B K 4R B D
HER ™S EHIR - WL EeR
EBERBRRG  WAOBAM
BH S EREERE - AT
EHENAELYIED BRI
Rz RS R R R H
FAMAERORS - BREE—%
BH > FHESIEEZTRRN
3 E BB A o

—BmE  EAKLRAETAR
GCAFMBANAKEEERERE
BT EFRBRBEIEEEBER
m EAERKAKEHEEEMNIS
(Ca™) Mix®E (CO, HCO;,
CO,”) ° WxE& 45 (CaCO;) R &k
WA NmEXK - BEKT S

Stk el A EER
m BN TIMEETREERR
*x

Ca(HCO,) ;g < CaCO,, + CO, , + H,0

1
-_umme,



When condensing water approaches
the heat exchanger (condenser), the
temperature rises and solubility of CO,
gas decreases. The solution will tend to
restore the equilibrium by shifting towards
CaCOs, precipitation and therefore the
formation of CaCOjy occurs (in the form
of calcite) on heat exchanger surface. This
is why hard scale is usually found on the
heat exchanger of condensers. As scale is
a good insulator of heat, the heat transfer
efficiency of the chiller condenser is
reduced affecting the energy performance
of the chiller.

Scale Prevention and Energy
Efficiency

The primary aim of scale prevention is to
upkeep the condition of inner surface of
condenser tube of chiller so that the heat
exchange at condenser tube of chiller
could be maintained in good condition. As
such, chiller could operate more efficiently.

It should however be noted that the
achievable energy saving is site specific
which depends on the mineral content of
condensing water, the conditions of the
plant equipment, the operation pattern
and the maintenance of the chiller plant,
etc.

BRBKEILRZEBE (RE
#) K —S(IREKPHR
MEERERE LAmMBE -
RTMELFROIEBEFTREZTF
& - R R G E R E e R
SR (CaCOyy) ° H Ut -
CaCOy (HMAMEIRE) e
ERTHRBREFKT @ B
METRTEBRENKEASR
REZHRBEARBHE - AR
KERRIFOMBBELRE - 2R
BAFERREAMBE  Z&
THERER -

BIKENEREMNRRET R
BLEREBAREOMMR -
NgRmRRGEBANARE
RRAIFRE - £2REEES
BHEYEK-

REBKEGRETERN - EEOR
RRBKANBEYSE - L RHE
ArmAoR - EERAMEER

EBREFES -

HBEENE L AREXEBEZRE25.5F

-#‘E@&ﬁﬂ;ﬁﬁ}é‘!ﬁﬁ}é‘!ggﬂggu

2



Application of Physical Scale Prevention Technologies for Chiller Condenser
=

Automatic Tube Cleansing REBEEADFARS
System (ATCS) BEREN (AEBTEEHE

This technology (ATCS) makes use of GES) TRE TS8R

specific cleansing balls to regularly wipe ERESEE —f2EHRT  ©
the inner surface of the chiller condenser & = B HDE 2 B B OE 8 O K

for maintaining its clean surface condition A Ao B
with a timer control. A simplified diagram R RE B RS R 2R

is shown in Figure 1. BAKH RIFEBARNEBR
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Figure 1 Simplified diagram of a typical configuration of Automatic Tube Cleansing System
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The choice of ball size is crucial to the
effectiveness of this technology in
maintaining the chiller condenser condition
and hence the energy performance of
the chiller. If the ball size is too large, it
may easily be blocked in the tubes of the
condenser. On the contrary, if it is too
small, it may not be able to scrub the tube
surface to inhibit formation of scale and
upkeep the clean condition of the tube
surface.

As the addition of the ATCS will involve
retrofit of the existing condensing water
pipes, the feasibility of such modification
on site should be considered. In considering
its implementation, the existing condition
of the chillers should be evaluated. It is
suggested to have a visual inspection on
the inner surface of condenser of chillers
to ascertain the existing condition of
the condenser tubes e.g. extent of scale
accumulation. If there is a thick layer of
scale, this may affect the choice of ball size
and some balls may block the condenser
tubes. To ensure the condition of each
tube of the condensers, it is also advisable
to have condenser cleansing before the use
of ATCS.
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Besides, the cost of regular maintenance
of the ATCS should be also considered as
balls may wear out and need replacement
once every few months, depending on
the condition of condenser inner surface,
mineral contents of condensing water
and operation profile. Moreover, the
choice of chemical used in condensing
water treatment is also important as some
chemical may affect the material property
of the balls (e.g. hardness). As a result, this
may increase the chance of the balls being
stuffed in the condenser tubes or else the
service life of the balls.

Magnetic or Electromagnetic
Devices

There are three typical devices that
apply an electric field or magnetic field
or electromagnetic field to condensing
water systems with a view to inhibiting
or preventing scale formation on chiller
condensers. They are: i) Single Coil
Electromagnetic Device, ii) Permanent
Magnet Device and iii) Electromagnetic
Induction Device.

i) Single Coil Electromagnetic Device

An alternating magnetic field is
generated around the coil wound on
the pipe near the chiller condenser
water intake, which is illustrated in
figure 2.
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Electromagnetic Device
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Fresh water contains traces of mineral
ions, in which Ca”* and carbonic
species (CO,, HCO,, CO; %) are
dominant components. When the
negative ions and positive ions flow
through the magnetic field, they
experience a force depending on the
water flow rate and the magnetic field
strength. The negative ions and positive
ions are moving in opposite direction.
They will collide with each other and
form aragonite crystal (a softer and less
adhesive form of calcium carbonate),
which will cause less calcium ions
available for formation of hard scale
(calcite, a harder form of calcium
carbonate). That is why this technology
requires a particular flow velocity in
order to have adequate force to cause
collision. For detail about the flow
velocity requirement, please consult
respective manufacturers.

Figure 2 - Simplified diagram of single coil electromagnetic device
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i)

A major advantage of this technology
for retrofit application is no
modification of pipe work is required
because the coil is externally mounted
to the pipe. However, the technology
is restricted to pipe made of non-
ferrous material like copper and plastic
because ferrous pipe, such as iron and
steel pipe, does not allow magnetic
field to penetrate and magnetic field
could not reach the water inside.

Permanent Magnet Device

This is similar to the single coil
electromagnetic device as discussed
above except that the magnetic field
is produced by permanent magnet,
which is incorporated in specially
designed pipe as illustrated in figure
3. The device is invasive and requires
some minor modification work to
existing condensing pipe to fit device
into the system. As such, shutdown of
the chiller is required for installation
and cause inconvenience to end-users.
Special caution should also be taken
if it is connected to ferrous pipe, in
which a magnetic insulation needs to
be installed to avoid magnetic field
disturbance. The addition of the device
may also increase the pump head to
overcome the water resistance of the
device.
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In addition, the change in magnet
field along the section of the pipe
depends on the change of magnetic
pole physically, which is less frequent
than the magnetic field generated by
electromagnetism. Hence, less collision
takes place, which eventually affects
the formation of aragonite and the
performance in scale prevention. For
optimization, this kind of device is
designed for a particular flow velocity
in the condenser pipe in order to have
adequate force to cause collision.
For detail about the flow velocity
requirement, please consult respective
manufacturers for recommendation.
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Figure 3 - Simplified diagram of device using permanent magnet method
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iii) Electromagnetic Induction Device

A typical electromagnetic induction
device for treatment of condensing
water flowing in a pipe comprises core
elements of magnetically conductive
material surrounding the pipe spaced
from one another lengthwise of the
pipe (as illustrated in figure 4). The
device establishes radio frequency
electric fields in the fluid in the pipe
originating at spaced positions along
the pipe.
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Figure 4 — An electromagnetic induction device externally mounted on a condensing water pipe.
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With the use of this technology,
mineral ions in water will experience a
force when they are under an electric
field generated by the device. Particles
will be positively and negatively
charged. They are forced to collide
and form aragonite crystal (softer
form of calcium carbonate), which
will cause less calcium ions available
for formation of hard scale (calcite, a
harder form of calcium carbonate).

The application of this technology to
existing condensing water circuit is
simple and has no particular water
flow velocity requirement. Besides,
the device is externally mounted to
an existing pipe work without any
invasive modification to the existing
installation and hence no shutdown
of chiller plant is needed. This causes
minimal disturbance to end-users. The
application of this technology is also
independent of the pipe material.
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