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(57) Abstract: The present invention provides a simple pre-cooling system and method for pre- cooling air. The pre-cooling sys-
tem comprising a first stage sensible cooling means for exchanging sensible heat indirectly between water and air to cool air and
raising the temperature of the water and a second stage adiabatic cooling means for cooling the air adiabatically by direct contact
of water with sub-cooled air from the first stage sensible cooling means. In the method for pre-cooling air, atmospheric air and
water indirectly contacted for exchanging sensible heat to cool air and heat water, and directly contacting water and cooled air for
adiabatic cooling of cooled air and water wherein air and water are cooled to wet bulb temperature lower than ambient wet bulb
by evaporation of less quantity of water.
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A PRE-COOLING SYSTEM AND METHOD FOR PRE-COOLING AIR.

FIELD OF THE INVENTION:

The present invention relates to a sub-cooling and/or pre-cooling system and method

for pre-cooling air.
BACKGROUND AND PRIOR ART:

The presently available pre-cooler genefally comprises evaporétor pads or spray
nozzles, a fan or blower for drawing air though the evaporator pads, and a water
~ distribution system having piping and pump connected td spray nozzles for spraying
water or a distribution means to distribute Water 6ver the evaporator pads and a water
reservoir or sump or tank. Pump supplies water from the tank into distribution means

located along the top edges of evaporator pads.

From distribution means, water drips through ‘the evaporator pads. 'Water level in tank
~is maintained by a water supply line and a float controlled valve. Theﬂfan draws outside
or ambient air through the air inlet side of precooler and delivers air through its outlet
side to condenser of an air conditioning system, refrigeration or heat pump or any
other system to be cooled. As the air passes through precooler, it exchanges heat with
the dripping water resulting in evaporation of water and delivers .a humid air
considerably cooler than outside air. This precooled air can be used for cooling the
condenser in refrigeratioh, air conditioning sysiem and heat pump systems and where

cooled air is required to reject the heat.

US Patent No. 7765827 discloses a multi stage cooling apparatus for bringing down
the temperature of air. The system incorporates a direct evaporative cooling sub-

system and an indirect evaporative cooling subsystem having one of a horizontal and
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a vertical set of heat exchanger channels. The system is devised with- the heat
exchanger channels extending from one stage into the other. The multi-stage hybrid
evaporative cooling system further includes a refrigeration system for lowering the
temperature of the indirect evaporative cooling subsystem air without affecting its

pressure flow.

US Patent No. 4380810 discloses a process and apparatus in which a supply of low
humidity air is introduced into an evaporative cooler where such air is indirectly cooled
without an increase in moisture content by a ﬁrst re-circulating water evaporative unit
in a first and second stage unit and then is further indirectly and directly cooled by a
second re-circulating water evaporative unit in a third and fourth stage unit. In the third
and fourth stages, the air which is copled indirectly is used to cool the ré-circulating

water in the direct cooling phase of the evéporative unit of such fourth stage.

However, traditional methods and devices are based on direct evaporative cooling

system limited to ambient wet bulb temperature and above said US Patents disclose
complex system. Further, these systems have drawbacks like high cost of
accomplishing the s_ub-cooiing and/or pre-cooling, and/or the ineffectiveness or
inadequate  effectiveness of the sub-cooling and/or pre-cooling besides

disproportionate use of electrical energy and water for pre cooling application.

SUMMARY OF THE INVENTION:

An object of the present invention is to provide a simple pre-cooling system and

—

method to obviate the shortcoming associated with existing systems.

A still further object of the invention is to pfovide such a means in a form which
facilitates its installation over an existing cooler or condenser and which requires a

minimum of additional mounting space and inexpensive changes.
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Accordingly, the present invention in one aspect provides a pre-cooling system
comprising a first stage sensible cooling means for exchanging sensible heat indirectly
between water and air to cool air and raising the temperature of the water and a
second stage adiabatic cooling meahs for cooling the air adiabatically by direct contact
of water with sub-cooled air from the first stage sensible cooling means. The air and

water are cooled to a wet bulb temperature lower than ambient wet bulb temperature.

In an optional embodiment of the system, the present invention provides a middle
cooling means to cool warmed water of first stage before passing to the second stage

adiabatic cooling means.

Ina fqrther optional embodiment, the present invention provides the middle cooling
means integrally adapted between the first stage i.e. sensible cooling means and
second stage i.e. adiabatic cooling means along with a diversion means to divert a part
of cooled air leaving the first stage sensible cooling means cross to the flow of warmed

water.

In another aspect, the present invention provides a method for pre-cooling air
comprising steps of indirectly contacting atmospheric air and water to exchange-
sensible heat to coo! air and heat water, and directly contacting for adiabatic cooling of
cooled air and water wherein air and water are cooled to wet bulb femperature lower

than ambient wet bulb by evaporatibn of less quantity of water. '

In an optional embodiment of the method for pre-cooling air, the present invention
provides a step of cooling warmed water by indirectly or directly before directly

contacting with the cooled air.

DESCRIPTION OF THE DRAWINGS

The features, aspects and other advantages of the present invention will become

better understood when the following detailed description is read with reference to the

3



WO 2011/074005 PCT/IN2010/000812

accompanying drawings in like characters represent like parts throughout the

drawings, wherein:

Figure 1 shows one embodiment of a Pre-cooler system according to the present
invention;
Figure 2 shows another embodiment of a Pre-cooler system according to the present

invention;

Figure 3 shows a pre-cooler system showing preferred arrangem'ent of a middle

cooling means;

Figure 4 shows a psychometric chart illustrating the various stage of air in an

illustrative example using a pre-cooling system of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

In general, the present invention provides a pre-cooling system. The first stage is a
sensible cooling means for cooling'air indirectly by exchanging sensible heat.with
water to cool the air and raise the temperature of water and second stage is ah '
adiabatic cooling means for direct contact of warmed water with cooled air of the first
stage. Optionally, a middle cooling means can be adapted to cool warmed water of
first stage before passing to the second stage adiabatic cooling meahs. According to
the present invention, the middle cooling means can be a heat exchanger to cool the
warmed water indirectly or a cooling tower tb cool warmed water adiabatically.
Moreover, the middle cooling means can be integrally adapted between the first stage
sensible cooling means and second stage adiabatic cooling means along with‘a
diversion means to divert a parf of cooled air leaving the first stage sensible cooling

means cross to the fiow of warmed water.
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According to the present invention, the sensible cooling means includes a heat
exchanger configured for sensibly sub—codling the air by providing indirect contact with

water.

According to the present invention, the adiabatic direct cooling means comprises a
surface evaporation media for direct contact between sub-cool air and warmed water
for adiabatic cooling of air, a distributing means for distributing water over the surface
evaporation media; and a water reservoir below the surface evaporation media for
collecting cooled water. Cooled water from the water reservoir is pumped through the
heat exchanger by a pump. A make-up water tank is adapted for providing water to

water reservoir at predetermined level.

According to the present invention, the system may comprise a means for drawing or
passing air from the heat exchanger and the surface evaporation. media. Alternatively,
the means for passing/drawing air can be a means of system to which the precooler
system is adapted and can be a fan or blower. The system to which precooler system
is adapted, can be an air handling unit, Air-conditioning or refrigeration condensier or
any other sensible heat rejection equipment such as dry cooling tower, Gas Turbine
Inlet Air Cooling (GTIAC) system, Compressor Air Pre Cooler (CAPC) system, Treated
Fresh Air Unit (TFA), Dedicated Outdoor Air system (DOAS), Air Side Economizer

(ASE) system, Computer Room Air conditioner (CRAC) system or any other system

I
requiring heat rejection.

According to the present invention, the system may comprise a controller configured

_ for controlling pre-cooling operations.

The present invention also provides a method for pre-cooling air which comprises two

steps. Initially, indirectly contacting the air flow and water flow to exchange sensible
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heat to cool air and heat water, and then directly contacting said flows for adiabatic

cooling of cooled air and hot water.

Hereinafter, the preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Reference now should be made
to the drawings, in which the same reference numerals are used throughout the
different drawings to designate the same or similar components. As it is well
understood by those skilled in the art, the components as_sociated with the system can
take any design form with acéeptable change in dimensions that fall with in the scope
of the present invention for incorporating similar features as associated and illustrated

by referencing to the present invention.

Figurés 1, 2 and 3 show exemplary preferred embodiments of the pre-cooling system

according to the present invention.

Figures 1, 2 and 3 show the precooling system (100, 200, 300) comprises two stages
namely a means for sensibly sub-cooling air as a first stage and an adiabatic cooling

means (20) as second stage.

According to the present invention the means for sensibly sub-cooling air includes a

heat exchanger referred as 10 in the Figure 1, 2 and 3.

As shown in Figure 1, the adiabatic cooling means (20) includes a surface evaporation
media/evapora'tive pads (22) for cooling the air adiabatically by directly contacting air
and water, a water reservoir (30) adapted below the surface evaporation media (22)
and a watér pump (40) connected to the water reservoir (30) for pumping water and a -
distributing means (50) adapted above the su’rface evaporation media (22) and
'connected to the outlet of the heat exchangér (10) for distributing water over the

surface evaporation media (22).
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According to the present invention, the evaporation media (22) can be evaporator
pads, single phase atomizing nozzles, Two phase atomizing nozAzIesvor ultrasonic
atomizing devices and ih combination thereof. The evaporation media are preferably
evaporative pads made of cellulose/polymer having very high surface to volume area

ratio.

According to the present invention, the heat exchanger (10) is preferably tube type
heat éxchanger. The tube may have multiple partitions (not shown) to create multiple
independent passages along with or without (not shown) fins to increase the heat
transfer area. The tubes are connectéd to supply and discharge header. According to
the present invention, the tubes are made of polymer or metal and are flat or round.
Further, these tubes are coated with proprietary nano-coating (not shown) to improve

thermal conductivity and for breaking the boundary layer on the air side.

According to the bresent invention, the surface evaporation media/evaporative pads
(22) can be made of cellulose pads having very higrh surface to volume area ratio.

According to further embodiment of the present invention, a controller (not showh) is
provided to the pre-cooliing system for controlling predetermined set points such as
controlling the pumping based on ambient temperature, protecting the pump from
overload, controlling level of water in the water reservoir etc. Further, the controller can
be configured with the system to which pre-cooling system of the present invention is
adapted such as configuring the controller with the. refrigeration system for cooling
refrigerant wherein the controller can be configured to the refrigeration compressor by
controlling the pump during low temperature periods i.e. winter season by sensing the
refrigerant return temperature. Further, the controller can be configured for regulating

the fan speed of condenser fan or supply air fan to save energy.
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Figure 2 shows the precooling system (200) comprises three stages namely a means
for sensibly sub-coolihg air as a first stage, an adiabatic cooling means (20) as second
stage and a middle cooling means to cool warmed watér of firét stage before sending
to the second stage. The middle cooling means can be a heat exchanger to cool the

warmed water indirectly or a cooling tower to cool warmed water adiabatically.

To cool air in the first stage according to the method of the present invention the pre-
cooling ' system operates when the ambient temperature is higher than the set
température. As shown in Figures 1 and 2 the outside/atmospheric air to be cooled is
passed/ drawn through the heat exchanger (10) and the water is pumped by a water
pump (40) from the reservoir tank (30) flows through tubes of the heat exchanger (10)
where sensible heat tranéfer takes place between air and water. The heat transfer
reduces témperature of air and simultaneously raises the temperature of water flowing

in the tubes.

In second stage, as shown in Figure 1 the warmed water leaving the heat exchanger'
(10) is then sprayed from top of the surface evaporation media (22) by a distributor
means (50) and the subcooled air is drawn or passed through surface evaporation
media (22). The surface evaporation media (22) by contacting the warmed water with
air thereby adiébaticaily cool both air and water. As the air coming from the heat
exchanger pads is sensibly pre-cooled hence the wet bulb of the air is lower than the
 ambient wet bulb temperature. This ensures that the water and air can be cooled to
this new wet bulb temperature, which is always lower than ambient wet bulb therefore
less water evaporates in the adiabatic cooling ensuring cooling of the air. The water
dripping through the surface evaporation media (22) is collected in the water
tank/sump _(30) for re-circulating. The cooled air coming through the surface

evaporative media is allowed to pass through a heat rejection heat exchanger of the
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system to which the precooler adapted. Air leaving the system (100) is cooled to wet

bulb temperéture lower than ambient wet bulb by evaporation of less quantity of water.

As shown in Figure 2, the warmed water from the heat exchanger (10) is cooled by a

‘ . middle cooling means (60) before spraying over the evaporation media (22).

Referring Figure 3 shows a preferred arrangement of the middle cbdling means (60) of
a pre-cooling system (300) according to the present invention. As shown in Figure 3, a
part of cooled air from the first stage sensible cooling meané (10) is diverted by a
diversion means (65) fdr cooling warmed water in the middle cooling means. The
diverted cooled-air flows upward cross to the warmed water and cooled air flows which
results in adiabatic cooling of warmed water. The system (300) comprises a separate
| water reservoir (30B) below the middle cooling means to collect cooled water which is
then sprayed in the adiabatic cooling means (20) of second stage. This cooled water
can be re-circulated to the First stage i.e. heat exchanger (10) The water -dripping
through the adiabatic cooling means (20) is chilled water and collected in a separate
water reservoir (30A) as shown in Figure 3. This chilled water can be used for chiller or
may pump through the heat exchanger (10) of first stage to cool the ambient air. The

air leaving the precooling.system (300) is closer to ambient dew point temperature.

According to the present invention, the pre-cooling system‘ of the present invention can
be configured with a system to which cooling is required such as an air handling unit,
Air-conditioning or refrigeration condenser or any other sensible heat rejection
equipment such as dry cooling tower, Gas Turbine Inlet Air Cooling (GTIAC) system,
Compressor Air Pre Cooler (CAPC) system, Treated Fresh Air Unit (TFA),Dedicated
Outdoor.Air system (DOAS), Air Side Economizer (ASE) system, Computer Room Air
conditioner(CRAC) system or any other system requiring heat rejection and the

controller of the pre-cooling system can be configured with the said system.
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According to the present invention, all the components of the present invention can be

manufactured from the polymer to avoid corrosion.

Referring to Figures 1 and 4, an illustrative treatment of air may be described as
follows. Supply air is available, .for.example, during the summer in one part of India
with a dry_bulb temperature of 34 DEG C. and wet bulb temperature of 22 DEG C. This
is illustrated at point 1 on chart Figure 4. In the first stage of cooling the supply air
passes through the sensible heat exchanger (10) where its dry bulb temperature is
reduced to 24.5 DEG C., and wet bulb to 16 DEG C., without any increase in its dew
point of 10 DEG C. Its relative humidity, however, increases from 23% at point 1 to

40% at point 2.

Then cooled air passed through the evaporation media 22 of the adiabatic cooling
means 20. The air leaving the adiabatic cooling means 20 has wet bulb of 16 DEG C.
and dry bulb temperature of 17 DEG C. and has a relative humidity at discharge of

90% (point 3 on the chart).

It will be seen, therefore; that the entering air having dry buib temperature of 34 DEG
C. is cooled to the relatively extremely low temperature of 17 DEG C. which is suitable

for both residential, industrial and commercial use.

' The system of the present invention is easy to install and requires about 50% or less
wafer compared to state of the art pre coolers. Further, when the system of the present
invention used in combination with air conditiqning system or refrigeration circuit, it
reduces power consumption and also provides integrated control to protect tbhe

refrigeration system.

While the present invention has been described with reference to one or more
exemplary embodiments, it will be understood by those skilled in the art that various

changes can be made in respect of pre-cooling such as a water reservoir is shown as

10
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integrated part of the second stage adiabatic cooling means which can be an
independent means, without departing from the scope of the present invention. In
addition, many‘ modifications can be made to adapt a particular geometry or dimension
to the teachings of the description without departing from the scope thereof. Therefore,
it is intended that the present invention not be limited to the particular embodiment(s)
disclosed as the best mode contemplated, but that the invention will include all

embodiments falling within the scope of the appended claims.

1
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CLAIMS
1. A pre-cooling system for air, comprising:

a first stage sensible cooling means for exchanging sensible heat indirectly
between water and-air to cool air and raising the temperature of the water;

~and

a second stage adiabatic cooling means for cooling the air adiabatically by
direct contact of water with sub-cooled air from the first stage sensible

cooling means.

wherein air is cooled to a wet bulb temperature lower than ambient wet bulb

temperature.

2. The pre-cooling system as claimed in claim 1 o‘ptionaHy comprises a middle
cooling means to cool warmed water of first stage before passing to the second stage

adiabatic cooling means.

3. The pre-cooling system as claimed in claim 2, wherein the middle cooling
means can be a heat exchanger to cool warmed water indirectly or a cooling tower to'

cool the warmed water adiabatically.

4, The precooling system as claimed in claim 2 or 3 wherein a part cooled air
from the first stage sensible cooling means can be utilized for cooliﬁg warmed watef in

the middle cooling means.

5. The precooling system as cléimed in claim 4, wherein the middie cooling
means can be integrally adapted between the first sfage sensible cooling means and
second stage adiabatic cooling means along w‘ith a diversion means to divert a part of
cooled air leaving the first stage sensible cooling means cross to the flow of warmed

water to pre-cool the air closer to ambient dew point temperature.

12
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6. The pre-cooling system as claimed in claim 1, wherein the first stage sensible
indirect cooling means includes a heat exchanger configured for sensibly sub-cooling
the air.

7. The pre-cooling system as claimed in claim 1, wherein the second stage

adiabatic direct cooling means includes:

a surface evaporation media for direct contact between sub-cool air and

warmed water for adiabatic cooling of air;

a distributing means for distributing water over the surface evaporation
media; and

a water reservoir below the surface evaporation media for collecting cooled

water.

8. The pre-cooling system as claimed in one of the claims 1, wherein water from -

the water reservoir is pumped through the heat exchanger by a pump.

9. The pre-cooling system as claimed in one of the claims 1 to 8 optionally
comprises a means for drawing or passing air from the heat exchanger and the

surface evaporation media.

10. The pre-cooling system as claimed in one of the claims 1 to 8 further

comprisés a controller configured for controlling pre-cooling operations.

1. The pre-cooling system according to claim-1 further comprising a make-up
water tank adapted for providing water to the heat exchanger by action of the integral
pump.

12. The pre-cooling system according to claim 6, wherein the heat exchanger is

preferably a tube type heat exchanger.

13



WO 2011/074005 PCT/IN2010/000812

13. The pre-cooling system according to claim 10, wherein heat exchanger
comprises one or multiple partitions to create muitiple independent passages along

with or without fins for increasing heat transfer area.

14. The pre-cooling system according to claim 10, wherein the tubes are made of
polymer or metal and are flat or round and can have coated with proprietary nano-
coating to improve thermal conductivity and for bfeaking the boundary layer on the air
side

15. The pre-cooling system according to claim 7, whérein the surface
evaporation media can be evaporator pads, single phase atomizing nozzles, two

phase atomizing nozzles or uitrasonic atomizing devices and in combination thereof.

16. The pre-cooling system according to claim. 15, wherein the evaporation
media are preferably evaporative pads made of cellulose/polymer having very high

surface to volume area ratio.

17. The pre-cooling system according to claim 9, wherein the means for
passing/drawing air can be a means of system to which the precooler system is
N\

adapted and can be a fan or blower.

18. ~ The pre-cooling system aa claimed in claim 17 wherein the system to which
; precooler system is adapted can be an _air handling unit, Air-conditioning or
refrigeration condenser or any other sensible heat rejection equipment such as dry
cooling tower, Gas Turbine Inlet Air Cooling(GTIAC) system, Compressor Air Pre
Cooler (CAPC) system, Treated Fresh Air Unit (TFA),Dedicated Outdoor Air
system(DOAS), Air Side Economizer(ASE) system, Computer Room Air

conditioner(CRAC) system or any other system requiring heat rejection.

19. A method for pre-cooling air comprising steps of:

14
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indirectly contacting atmospheric air and water to exchange sensible heat to

cool air and heat water; and

directly contacting water and cooled air for adiabatic cooling of cooled air and

water.
wherein air and water are cooled to wet bulb temperature lower than ambient wet bulb.

20. The method for pre-cooling air as claimed in claim 19 further comprising
controlling the pre-cooling operation based on the predetermined set points including
starting of pump if the ambient temperature is above the set point; controlling water

level in the water reservoir, regulating fan speed etc.

21'. The method for pre-cooling air as claimed in claim 19 or 20, further
comprising a step of cooling warmed water by indirectly or directly before directly

contacting with the cooled air.

22. The method for pre-cooling air as claimed in claim 21, wherein step of cooling

warmed water comprises step of diverting a part of cooled air to cool warmed water.

23. A system and method for pre-cooling air as herein described with reference

to the foregoing description and the accompanying drawings.

15
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