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A cooling tower is a unit that helps the process of heat dissipation. Thus, thermal effectiveness
is a vital variable for cooling tower performance. Scale precipitation can obstruct thermal
effectiveness of the heat exchange unit due to its natural high thermal resistance properties. The
ozonation process is expected to decrease the potential of scale precipitation thereby improving
cooling tower thermal performance. Cooling water is circulated from the tower before ozone and
UV rays are applied. This study aims to determine the characteristics of the effects of ozonation on
the overall thermal fouling resistance of forced draft type — counter flow - closed system cooling
towers and the quality of water circulation by using the Practical Ozone Scaling Index and
Langelier Saturation Index methods. Water quality from closed system cooling towers is
determined by conducting laboratory tests. The results obtained from this study indicate that when
ozone is present the overall thermal tower resistance of the closed system cooling towers is reduced
by 7 x10-6 m2K/W. Ozone can also improve the water quality of closed system cooling towers.
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Improvement.

1. Introduction

Evaporative cooling systems have been widely used in
the industrial sector to remove heat from various process
systems, as well as in the modern building sector for air
conditioning purposes. The coolant works by releasing
heat generated from the condensation process of a
system and in general water is used as a coolant, i.e. it is
a heat exchanger fluid to remove heat from various
systems®), In principle, hot fluid in the system is
channeled to the cooling tower and recirculated after
dissipating heat into the atmosphere®. Several
characteristics of cooling tower performances have been
reported’2%

Data in some industries show that ozone can act as a
descaling and anti-fouling agent?” to minimize the
formation of scale in the system. The premise is that
ozone oxidizes the microorganism layer which functions
as a binding agent for scalant mineral deposits on the
surface of the cooling tower system. By reducing the
buildup of scale on the tower cooling system a higher
heat transfer rate can be achieved and cooling tower
performance is optimal®. This in depth study analyzes
the level of ozone effectiveness in preventing the
formation of scalant deposits on closed system cooling

towers.

Pryor and Fisher (1993)® have proven that
conventional indices (for example, LSI) are used to
forecast calcium carbonate precipitation in the waters of
conventionally treated cooling towers, rather than as
precise indicators of potential scale in the ozonized
system. Using a practical approach, Practical Ozone
Scaling Index (POSI), the POSI equation predicts the
upper limit of conductivity operations in other ozonated
systems®). The use of conventional indices cannot
accurately predict how many cycles can be operated
before scale concentration begins to build up in the
ozonated cooling system.

Water quality analysis results can provide electrical
conductivity values for cooling towers and MU water.
However, the POSI equation calculates the maximum
possible number of cycles of concentration (based on
conductivity) that can be achieved without scaling.
Based on the obtained POSI value, the maximum value
of the cycle concentration of the cooling tower
circulation water can be predicted, which based on the
comparison of electrical conductivity.

Based on the afore mentioned research it can be
concluded that the process of ozonisation is expected to
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reduce the potential for scalant precipitation which will
subsequently improve the thermal performance of the
cooling tower. In order to achieve this expectation, the
characteristics of the effects of ozonation on the overall
thermal fouling resistance of forced draft type - counter
flow - closed system cooling towers and the quality of
water circulation through the Practical Ozone Scaling
Index and Langelier Saturation Index methods must be
known first. The Langelier Saturation Index (LSI), is a
parameter measure of the ability of a solution to dissolve
or precipitate calcium carbonate, often used as a water
corrosion indicator?#2, Langelier's index is not directly
related to corrosion, but is related to the deposition of
film or scale from calcium carbonate. Conversely, when
the solution does not form or deposit scale, water is
considered aggressive and corrosion can occur.

Furthermore, there has been no detailed study on how
the use of ozone and the effects of its scaling in a closed
system cooling tower can affect and improve operation
of the closed cooling tower system.

2. Experimental Methodology

2.1 Experimental Design Setup

In this study, the cooling tower located at Department
of Engineering University of Indonesia, which is a closed
system cooling tower with non-combined fluids -
crossed flow, that is used in parallel with chiller to
supply cool water to the adjacent MRC building’s air
conditioning system. The cooling tower is made in
Thailand by KUKEN Company. The specific model used
is KMB-68GR series RMR13-5161 which has 442.8 kW
cooling capacity, 68m%h flowrate, and 3PH 380 V power
supply.

In addition, this cooling tower system is supported by;
a Firman stainless centrifugal pump that is used to
circulate water inside the cooling tower; an Aquasuper
Ozone Generator to create ozone to be injected into the
circulated water connected to the Mazzei Injector; and a
UV-C lamp used to emit UV-C light in the disinfection
process and to prolong the sustainability of ozone in
water. An electrical controlling instrument such as
Autonics DAQ has 8 channels for temperature
measurements connected to Type K thermocouple.

2.2 Experimental Process

Additional water ducts were made on the closed
system cooling towers to enable ozone to be injected into
the cooling tower water system, then, frames or stands
were made to protect research equipment from rain and
waterlogging. As the equipment is located outside the
closed system cooling towers, other components were
installed such as additional water lines, valves, bypasses,
flow meters, Mazzei injectors, UV lighting and an Ozone
Generator. Checks were also needed to ensure there were
no leaks from the pipe inside the additional water
channel of the closed system cooling tower.
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Fig. 1: Experimental design in Closed System Cooling
Tower

Fig. 2: Isometric Experimental Design

To begin the operation, water pump is turned on to
start circulation in the additional water lines of the closed
system cooling tower, the UV and Ozone Generator
lights are turned on and the Ozone Generator timer is set
at 120 minutes which will ensure that it will work for
120 minutes before switching off automatically. The
Ozone Generator cannot work continuously and requires
a break of about 1 hour to prevent the device from
overheating.

Data retrieval is carried out when ozone solubility and
flow from additional waterways on the closed system
cooling tower are stable. Temperature values are taken at
two measurement points using a type-k thermocouple
that is connected to DAQ Master software.

2.3 Experimental Testing
2.3.1 Ozone Production Test

Ozone levels were determined by applying the indigo
method of analyzing samples using the HACH
colorimeter. Samples reacting with indigo reagents turn
blue. The procedure for analyzing dissolved ozone
concentrations was made after erlenmeyer flasks
containing remazol blue samples and the ozone reagent
were prepared and Aquades were put into the ozone
reagent for comparison. The water from the degradation
sample is added to the ozone reagent. The dissolved
ozone concentration was measured using the DR-890
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colorimeter. The productivity value of the Ozone
Generator is 500 mg / | Ozone.
2.3.2 Water Quality Test

The water quality test is carried out to observe calcium
hardness, potassium hardness, silica, iron, sodium and
copper content in the cooling tower water. This test was
conducted in the Department of Chemistry, FMIPA and
the Department of Environmental Engineering, FTUI.

3. Results and Discussion

3.1 Characterization of Ozonation Effectiveness
3.1.1 Langelier Saturation Index

The Langelier Saturation Index calculation uses
several parameters including temperature, TDS (total
dissolved solid), calcium hardness, and total alkalinity in
water. These parameters are obtained from water quality
tests or measurements that have been taken manually
using a measuring instrument. Comparison of LSI values
before and after the ozonation process is illustrated by a
graph in Fig. 3.

It can be seen in the graph above that the value of LSI
in pre-ozonation water is 0.973. This value indicates that
water is highly saturated by CaCOs and scale formation
can occur. However, because of the high LSI value, the
water is considered to be non-corrosive. Meanwhile, in
post-ozonation water, the LSI value is 0.701. The
condition of the water with LSI value is almost the same
as the pre-ozonation water. However, the potential for
scale formation from post-ozonation water is less than
the pre-ozonation water which means that post-ozonation
water has the potential to become corrosive.

3.1.2 Practical Ozone Saturation Index

Calculation of the POSI value index is to determines
the maximum value of electrical conductivity in water
that can be safely circulated. Based on the POSI value,
the value of the cycle concentration, generally called the
Cycle of Concentration (CoC), which can be circulated
on the cooling tower can be estimated. This value is
determined based on several water quality parameters
including pH, electrical conductivity, calcium and
magnesium hardness, sodium and chloride levels,
temperature, and total alkalinity.
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Fig. 4: (a) Comparison of POSI Value, (b) Estimated
Cycle of Concentration according to POSI

Figure 4 (a) shows a comparison of the POSI values
obtained by pre-ozonation and post-ozonation. The POSI
value of pre-ozonation water shows a maximum
electrical conductivity value of 1922.51 micro-siemens.
These values indicate that water of the pre-ozonation
water quality can be circulated to a concentration close to
2.5 cycles.

Meanwhile, the POSI value from post-ozonation
shows a decrease in the maximum electrical conductivity
value from water, when compared with POSI
pre-ozonation water. However, with a POSI value of
1161.7 post-ozonation water can be used or circulated on
the cooling tower to almost 3 cycles of concentration.
See graph in Fig. 4 (b). It can be concluded that the
ozonation process increases the number of water
concentration cycles that can be used safely, without
scalant precipitation caused by excessive ionic
concentration.

3.2 Water Quality Comparison

Comparison of pre-ozonation and post-ozonation
water quality shows that the ozonation process improves
the water quality of cooling tower circulation. Both water
values, TDS (total dissolved solids) and EC (electrical
conductivity), show a declining trend. Figure 5 shows the
comparison of pre- and post-ozonation water quality.
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The graph below shows that the relative TDS value
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Fig. 5: Water Quality Throughout Process (a) shows
TDS Value, (b) shows EC Value, and (c) shows
pH Water Value

continues to decline during the ozonation process. Where
indicates a drop in value of total solids dissolved in the
water. The same characteristics are also indicated by the

value of the electrical conductivity (EC) described by Fig.

5 (b).

The trend of decreasing electrical conductivity value
in the water indicates a decrease in the amount of
dissolved metal ions which are natural good conductors
of electricity. However, looking at the pH variable it can
be seen that ozone is considered to be less effective in
balancing the acidity of the water as shown in Fig. 5 (c).
The pH value as shown in the graph above shows
unstable data. Although ozone is less effective on water
pH treatment, the trend still shows that water pH will
decrease in the ozonation process which concurs with the

theory that ozone property is acidic and will reduce pH
levels. Those graph of water quality data above do show
some unstable and off the chart points. This is due to the
fact that the cooling towers are exposed to the outside
environment so they are easily affected by environmental
factors such as air, rain, etc.

3.3 Heat Transfer Effectiveness of Cooling Tower
3.3.1 Fouling Resistance Comparison

In this calculation several assumptions are used,
namely: hot fluid circulation is constant according to the
KUKEN cooling tower specifications of 68,000 LPH; the
area of heat exchange is considered constant. The last
assumption is that calculations of logarithmic
temperature changes assume that the DTM Ul closed
system cooling tower is a Crossed-Flow flow,
non-combined fluids type.

Fouling Resistance calculations use several variables
including changes in logarithmic temperature and total
heat load. Fig. 6 shows the comparison of the values of
Fouling Resistance from the cooling tower.
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Fig. 6: Fouling Resistance Value Comparison

Based on the data and graphs obtained, the overall
thermal resistance value of the cooling tower is relatively
decreased but only on small amount. However, the data
trend indicates that the scale which has accumulated on
the cooling tower is thinning, thus the overall thermal
resistance of the cooling tower is decreased. The
ozonation process produces a positive tendency to
improve the performance and effectiveness of thermal
cooling towers by eroding the layer of scale in the heat
transfer area.

4. Conclusion

The Langelier Saturation Index method shows that there
is an increase in water quality of cooling tower
circulation after the ozonation process has taken place.
Circulating  water  potentially  reduces  scalant
precipitation but excessive use of ozone can cause
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circulating water to become corrosive. The Practical
Ozone Scaling Index method shows that the ozonation
process will increase the number of cycles of
concentration of circulating water without scalant
precipitation due to excessive ionic water concentration.
The circulating water quality test shows the
characteristics of TDS, EC and water pH values are
relatively lower. This can indicate the reduced potential
for scale formation by circulating cooling tower water,
and the ozonation process increases the effectiveness of
heat exchange of the cooling tower due to the decrease in
the total thermal resistance value of the cooling tower.
These results could be an indication that the scale layer
accumulated in the cooling tower begin to decrease in
thickness.
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