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HEAT EXCHANGER HAVING PLUME ABATEMENT ASSEMBLY BYPASS

CROSS-REFERENCE TO RELATED APPLICATION

(6081} This application claims benefit of United States Provisional Application Number
62/820,546 filed March 19, 2019, which 1s hereby incorporated herein by reference in its

entirety.
FIELD

[6062} This disclosure relates to evaporative heat exchangers and, more specifically,
relates to hybrid evaporative heat exchangers that operate with wet indirect heat exchangers

and dry indirect heat exchangers.

BACKGROUND
0003} Some hybrid evaporative heat exchangers operate by transmitting fluid that needs
to be indirectly cooled first through a dry, indirect heat exchanger and then through a wet,
indirect heat exchanger. As used herein, the term dry indirect heat exchanger refers to a heat
exchanger that does not utilize evaporative cooling to cool the fluid. On the other hand, the
term wet indirect heat exchanger refers to a heat exchanger that utilizes evaporative cooling to
cool the fluid.
[80304] Wet indirect heat exchangers use a “wet” process that dispense evaporative hquid,
such as water, over the evaporative mdirect heat exchanger cols which invokes the principals
of evaporation to further increase the rate of heat transfer from the fluid. For instance, an
evaporative indirect heat exchange process can operate about five times more efficiently than a
dry heat exchange process. In some prior hybrid evaporative heat exchangers that operate with
at feast one wet and one dry mdirect heat exchanger, the discharge air from the wet heat
exchanger section goes directly to the ambient air and has no plume abatement feature, such as
disclosed in U8, Patent No. 9,243,847 o Benz. Other hybrid evaporative heat exchangers,
such as disclosed in U.S. Patent No. 6,142,219 to Korenic, have hot, nearly saturated,
discharge air pass entirely through dry heat exchange coils. Dry indirect heat exchangers

typically have a fin and tube arrangement to increase the surface area of the heat exchanger.



Further, dry indirect heat exchangers typically increase the static pressure drop seen by air

passing through the hybrid evaporative heat exchanger.
SUMMARY OF INVENTION

[0004a] According to a first aspect of the present invention, there is provided a heat exchange
apparatus to receive a heated process fluid, cool the process fluid, and return the process fluid
at a process fluid setpoint, the heat exchange apparatus comprising:

an evaporative heat exchanger assembly including an evaporative heat exchanger and
an evaporative liquid distribution assembly configured to distribute evaporative liquid onto the
evaporative heat exchanger;

a sump configured to collect evaporative liquid from the evaporative heat exchanger;

at least one fan configured to generate airflow relative to the evaporative heat
exchanger;

a plume abatement assembly downstream of the evaporative heat exchanger, the plume
abatement assembly including at least one heating element configured to increase a
temperature of the airflow from the evaporative heat exchanger before the airflow leaves the
heat exchange apparatus;

the plume abatement assembly having an operative configuration wherein the airflow
travels through the at least one heating element to permit the at least one heating element to
raise the temperature of the airflow and a bypass configuration wherein less of the airflow
travels through the at least one heating element of the plume abatement assembly;

a control system operatively coupled to the evaporative heat exchanger assembly and
the plume abatement assembly;

wherein the control system is configured to cause the plume abatement assembly to be
in the operative configuration in response to plume abatement being required, a determination
that the heat exchange apparatus is able to meet the process fluid setpoint with a reduced
cooling capacity of the evaporative heat exchanger assembly, and a determination of plume
formation;

wherein the control system is configured to receive either a request to save energy or a

request to save water;



wherein, in response to plume abatement being required, a determination that the heat
exchange apparatus is able to meet the process fluid setpoint with a reduced cooling capacity
of the evaporative heat exchanger assembly, and an absence of the determination of plume
formation, the control system is configured to:
operate the evaporative heat exchanger and the plume abatement assembly to
limit energy consumption in response to receiving the request to save energy; and
operate the evaporative heat exchanger and the plume abatement assembly to
limit evaporative liquid usage in response to receiving the request to save water;
wherein, in response to plume abatement being required and a determination that the
heat exchange apparatus is unable to meet the process fluid setpoint with a reduced cooling
capacity of the evaporative heat exchanger assembly, the control system is configured to:
operate the evaporative heat exchanger and the plume abatement assembly to
limit energy consumption in response to receiving the request to save energy; and
operate the evaporative heat exchanger and the plume abatement assembly to

limit evaporative liquid usage in response to receiving the request to save water.

[0004b] According to a second aspect of the present invention, there is provided a hybrid
evaporative heat exchange system to receive a heated process fluid, cool the process fluid,
and return the process fluid at a process fluid setpoint, the hybrid evaporative heat exchange
system comprising:

a wet heat exchanger;

at least one fan configured to generate airflow relative to the wet heat exchanger;

a dry heat exchanger assembly downstream of the wet heat exchanger, the dry heat
exchanger assembly including a dry heat exchanger configured to raise a temperature of the
airflow from the wet heat exchanger;

the dry heat exchanger assembly having an operative configuration wherein the airflow
from the wet heat exchanger flows through the dry heat exchanger and a bypass configuration
wherein less of the airflow from the wet heat exchanger travels through the dry heat exchanger

than when the dry heat exchanger assembly is in the operative configuration;
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a control system operatively coupled to the wet heat exchanger, the at least one fan,
and the dry heat exchanger assembly;
wherein the control system is configured to cause the dry heat exchanger assembly to
be in the operative configuration to permit the dry heat exchanger to raise the temperature of
the airflow in response to plume abatement being required, a determination that the hybrid
evaporative heat exchange system is able to meet the process fluid setpoint with a reduced
cooling capacity of the wet heat exchanger, and a determination of plume formation;
wherein the control system is configured to receive either a request to save energy or a
request to save water,
wherein, in response to plume abatement being required, a determination that the
hybrid evaporative heat exchange system is able to meet the process fluid setpoint with a
reduced cooling capacity of the wet heat exchanger, and an absence of the determination of
plume formation, the control system is configured to:
operate the wet heat exchanger and the dry heat exchanger assembly to limit
energy consumption in response to receiving the request to save energy; and
operate the wet heat exchanger and the dry heat exchanger assembly to limit
evaporative liquid usage in response to receiving the request to save water;
wherein, in response to plume abatement being required and a determination that the
hybrid evaporative heat exchange system is unable to meet the process fluid setpoint with a
reduced cooling capacity of the wet heat exchanger, the control system is configured to:
operate the wet heat exchanger and the dry heat exchanger assembly to limit
energy consumption in response to receiving the request to save energy; and
operate the wet heat exchanger and the dry heat exchanger assembly to limit
evaporative liquid usage in response to receiving the request to save water.
[0004c] According to a third aspect of the present invention, there is provided a method of
operating a hybrid evaporative heat exchanger that receives a heated process fluid, cools the

process fluid, and returns the process fluid at a process fluid setpoint, the hybrid evaporative
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heat exchanger having a wet heat exchanger and a plume abatement assembly downstream of
the wet heat exchanger, the plume abatement assembly including a dry heat exchanger
configured to raise a temperature of airflow from the wet heat exchanger, the plume abatement
assembly having an operative configuration wherein the airflow from the wet heat exchanger
flows through the dry heat exchanger and a bypass configuration wherein less of the airflow
from the wet heat exchanger travels through the dry heat exchanger than when the plume
abatement assembly is in the operative configuration, the method comprising:
receiving either a request to save energy or a request to save water;
operating the wet heat exchanger;
determining whether plume abatement is required;
determining whether the hybrid evaporative heat exchanger is able to meet the process
fluid setpoint with a reduced cooling capacity of the wet heat exchanger;
determining whether there is plume formation;
upon plume abatement being required, the hybrid evaporative heat exchanger is able to
meet the process fluid setpoint with a reduced cooling capacity of the wet heat exchanger, and
plume formation:
causing the plume abatement assembly to be in the operative configuration; and
raising the temperature of the airflow via the dry heat exchanger of the plume
abatement assembly before the airflow leaves the hybrid evaporative heat exchanger to abate
plume formation;
upon plume abatement being required, the hybrid evaporative heat exchanger is able to
meet the process fluid setpoint with a reduced cooling capacity of the wet heat exchanger, and
an absence of plume formation:
operating the wet heat exchanger and the plume abatement assembly to limit
energy consumption in response to receiving the request to save energy; and
operating the wet heat exchanger and the plume abatement assembly to limit
evaporative liquid usage in response to receiving the request to save water;
upon plume abatement being required and the hybrid evaporative heat exchanger is
unable to meet the process fluid setpoint with reduced cooling capacity of the wet heat

exchanger:
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operating the wet heat exchanger and the plume abatement assembly to limit
energy consumption in response to receiving the request to save energy; and

operating the wet heat exchanger and the plume abatement assembly to limit
evaporative liquid usage in response to receiving the request to save water.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows an embodiment of a hybrid evaporative heat exchanger having at
least one wet indirect heat exchanger, at least one dry indirect heat exchanger, and a dry
indirect heat exchanger bypass damper.

[0006] FIG. 2A shows the dry indirect heat exchanger bypass damper of FIG. 1 in a
fully open position.

[0007] FIG. 2B shows the dry indirect heat exchanger bypass damper of FIG. 1 in a
modulated partially open position.

[0008] FIG. 2C shows the dry indirect heat exchanger bypass damper of FIG. 1 in a
fully closed position.

[0009] FIG. 3 shows another hybrid evaporative heat exchanger that incorporates dry
heat exchanger bypass dampers installed in a side discharge plenum of the unit.

[0010] FIG. 4 shows a damper assembly of the hybrid evaporative heat exchanger of
FIG. 3.

[0011] FIG. 5 shows a hybrid evaporative heat exchanger including at least one wet
indirect heat exchanger, at least one dry indirect heat exchanger, and a dry indirect heat
exchanger bypass damper with independent fans for each side of the hybrid evaporative
heat exchanger.

[0012] FIG. 6 is a schematic view of a hybrid evaporative heat exchanger and a control
system thereof.

[0013] FIG. 7 shows a hybrid evaporative heat exchanger including a wet indirect heat
exchanger, a dry indirect heat exchanger, and a dry indirect heat exchanger bypass damper.
[0014] FIG. 8 shows a hybrid evaporative heat exchanger including a wet indirect heat
exchanger, a dry indirect heat exchanger, and a bypass damper.

[0015] FIG. 9 shows a hybrid evaporative heat exchanger including a wet indirect heat

exchanger, a dry indirect heat exchanger, and a dry indirect heat exchanger bypass damper
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with the dry indirect heat exchanger and the bypass damper located below the discharge
fan.

[6016] FIG. 10 shows a hybrid evaporative heat exchanger having a wet indirect heat
exchanger, a dry indirect heat exchanger, and a dry indirect heat exchanger bypass damper.
[0017] FIG. 11 shows a psychrometric chart showing an example of plume abatement.
[0018] FIGS. 124, 12B, 12C show control logic that may be used with the heat
exchangers of FIGS. 1,3, 5,6, 9, 10.

(6619} FIGS. 134, 13B, 13C show control logic that may be used with the heat
exchangers of FIGS. 7 and 8.

(0020} FIG. 14 shows control logic that may be used with the heat exchangers of
FIGS. 7 and 8.

[00621] FIGS. 15A and 158 show a hybrid evaporative heat exchanger having a wet
mdirect heat exchanger and a dry indirect heat exchanger having portions that may be
shifted apart to permit air to bypass the dry indirect heat exchangers.

(0022} FIGS. 16A and 16B show a hybrid evaporative heat exchanger having a wet
indirect heat exchanger and a dry indirect heat exchanger having portions may be pivoted

apart to permit air to bypass the dry indirect heat exchangers.

DETAILED DESCRIPTION
(0023} in one aspect of the present disclosure, a heat exchange apparatus is provided that
includes an evaporative heat exchanger assembly and a plume abatement assembly
downstream of the evaporative heat exchanger assembly. The evaporative heat exchanger
assembly may include, for example, serpentine coils and/or fill and an evaporative liquid
distribution system. The plume abatement assembly includes as at least one heating element
configured to increase the temperature of the auflow. As an example, the at least one heating
element may include a dry heat exchanger configured to receive process fluid or another heat
source such as steam or waste heat The plume abatement assembly may also include a bypass
such as an opening modulated in size by one or more closure members such as a damper or

louvers.
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16624} The plume abatement assembly has an operative configuration wherein the airflow
travels through the at least one heating element to permit the at least one heating element to
raise the temperature of the airflow. The plume abatement assembly has a bypass configuration
wherein less of the airflow travels through the at least one heating element of the plume
abatement assembly. In one embodiment, the plume abatement assembly has an opening that s
fully closed with the plume abatement assembly in the operative configuration and open with
the plume abatement assembly in the bypass configuration. Tn other embodiments, the plume
abatement assembly has an opening that is partially open with the plume abatement assembly
in the operative configuration and more open with the plume abatement assembly 1 the
bypass configuration. A closure member such as a damper may be used to modulate the size of
an opening of the plume abatement assembly. As another example, dry heat exchangers of the
plume abatement assembly may be moved relative to one another to modulate the size of an
opening of the plume abatement assembly. In some embodiments, the number of openings
may be adjusted to modulate the size of the opening. For example, the plume abatement
assembly may have one opening that 18 open with the plume abatement assembly in the
operative configuration and five openings that are open with the plume abatement assembly in
the bypass configuration. The number and size of the openings of the plume abatement
assembly may be configured for a particular application.

[6025] in one embodiment, the plume abatement assembly ncludes a dry heat exchanger
assembly. The heat exchange apparatus may include a housing configured so that substantially
all of the air that leaves the evaporative heat exchanger assembly travels through the dry heat
exchanger assembly before leaving the hybrid evaporative heat exchanger.

(0026} {n another aspect of the present disclosure, a hybrid evaporative heat exchanger is
provided that may include a control system that operates a bypass damper to, for example,
maximize the efficiency of the heat exchange system while reducing or eliminating plume
when required. The control logic system may prioritize plume abatement and may save energy
or water as a second consideration. If there ts no need for plume abatement, or during times
when the evaporative discharge air will not create a plume, then the conirol system may
prioritize saving water and energy depending on the customer preference. In addition to

abating plume from the wet indirect heat exchange section, the hybrid evaporative heat
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exchanger may operate in a dry mode wherein only the dry indirect heat exchanger is utilized
which reduces water consumption. The hybrid evaporative heat exchanger may have a control
system with a dry mode wherein the control system operates the dry indirect heat exchanger
and linits operation of the wet indirect heat exchanger; a wet mode wherein the control system
operates the wet indirect heat exchanger; and a hybrid mode wherein the control system
operates both the wet and dry indirect heat exchangers for example operating the dry indirect
heat exchanger to abate plume. The hybrid evaporative heat exchangers disclosed herein may
also include direct heat exchangers, such as fill packs, to cool water that 1s spraved onto the
wet mndirect heat exchanger.

0027} This application provides examples of hybrid evaporative heat exchangers
including incorporating at least one wet evaporative indirect heat exchange section and at
least one dry indirect heat exchange section. The dry indirect heat exchange section may be
used to abate plume from the wet section, be used to enhance the capacity of the dry
performance of the unit, save water, conserve energy, or a combination thereof. The hybrid
evaporative heat exchangers may include one or more dry heat exchange coil bypass

dampers and an automated control system to maximize the efficiency of the heat exchange
system while reducing or eliminating plume when required. The control system may
prioritize plume abatement and may save energy or water as a second consideration. If there
is no need for plume abatement, or during times when the discharge air will not create a
plume, then the control system can prioritize saving water and energy depending on the
customer preference.

[8028] A control system 1s disclosed that may have control logic used to operate the
hybrid evaporative heat exchanger to indirectly cool or condense process fluid while reducing
or elimimating visible plume while also saving energy and saving water depending on the
customer’s requirements. The control logic operates one or more dry heat exchanger bypass
dampers of the hybrid evaporative heat exchanger so that the dry heat exchanger bypass
dampers remain fully closed in the dry operation mode or when plume cannot be tolerated,
partially closed to abate plume and balance the load between the wet indirect and dry indirect
heat exchange sections when required, and open or partially open during the wet evaporative

mode. This control logic may increase the airflow through the wet evaporative heat exchanger
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during wet operation thereby increasing the capacity of the heat exchange system during the
wet operation, while having the ability to reduce or eliminate visible plume. The control logic
may also save water by closing or partially closing the drv heat exchanger bypass dampers
which promotes more heat transfer in the dry coil and the control logic may also tum off a
spray pump to essentiaily cut the water evaporation in half. The control logic may also save
energy by opening or partially opening the dry heat exchanger bypass dampers when desired to
cause more of the heat load to be cooled in the evaporative indirect heat exchange sections.
The control logic prioritizes plurne abatement and may save water or energy as secondary
considerations per the customer requirements. During the peak time of day, when energy costs
escalate, the customer requirernents may change from saving water to saving energy and these
variables are fed into the control logic to make the proper decisions per the customer’s request.
In an embodiment with a direct evaporative heat exchange section and a dry plume abatement
coil, the dry coil bypass damper opens to allow full wet operation and can be closed to abate

plume.

[6029] Regarding FIG. 1, a hybrid evaporative heat exchanger 1s provided such as
hybrid heat exchanger 60. The hybrid heat exchanger 60 has at least one indirect heat
exchanger, such as two wet indirect heat exchangers, 12A and 12B. The hybrid heat
exchanger 60 includes a plume abatement assembly 11A including two dry indirect heat
exchangers 12A and 12B and a dry mdirect heater bypass damper 44, The dry mdirect heat
exchangers 12A, 12B may include at least one of a serpentine tube, plate, and tube-and-fin
style heat exchangers. The plume abatement assembly 11 A has an operative configuration
with the damper 44 closed (see FIG. 2) and a bypass configuration with the damper 44
partially open (FIG. 2B) or fully open (FIG. 2A}. Hybrid heat exchanger 60 is used to
indirectly cool or condense process thiuid which enters at connections 14A and 14B, 15
cooled in dry heat exchangers 12A and 12B, then exits connections 16A and 16B. The fluid
may be piped directly back to the process or may be piped directly to indirect heat
exchangers connectors 20A and 208,

(0030} If the application 1s for a condenser, exit connections 16A and 16B are piped to

connectors 18A and 18B. The process fluid is then indirectly cooled in wet indirect heat

exchangers 2A and 2B then exits connections 20A and 20B and s then returned back to the
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process.
10031} Spray pumps 204 and 26B are turned on when it 15 desired to pump sump water
from sump 28 to sprays 42A and 42B. The spray water flows over wet indirect heat
exchangers 2A and 2B and onto a direct heat exchanger for cooling the spray water, such as
fili sections 22A, 22B. Spray pumps 26A and 26B can be selectively be both running to
maximize energy savings, or only one pump may run to increase the dry performance and
save water, or both pumps may be off for 100% dry operation. Fan 34 includes a motor 36
and is typically varied in speed to match the unit heat rejection to the customer desired
process thed setpoint. Fresh ambient air enters wet indirect heat exchangers 2A and 2B
from air infet plenum 38A and 38B. Fresh ambient air also enters direct sections 22ZA and
228 and discharges into the common discharge plenum under fan 34, Discharge air from
fan 34 enters plenum 40 where it then flows through dry indirect heat exchangers 12A and
12B. Air also flows generally downward and across wet indirect heat exchangers ZA and
28, through mist ehiminators 30A and 308, up through fan 34 to plenum 40, and then
through dry heat exchangers 12A and 12B.

[6832] Regarding FIG. 1, the dry indirect heater bypass damper 44 bypasses a portion
of wet moist air trom plenum 40 around indirect dry heat exchangers 12A and 12B. The dry
indirect heater bypass damper 44 may be sized to allow some discharge air from plenum 40
to exit through mdirect dry heat exchangers 12A and 12B.

(6633} When open, dry indirect heat exchanger bypass damper 44 reduces the static
pressure fan 34 sees which ultimately increases airflow through wet indirect heat
exchangers 2A and 2B and also increases the aurflow through fill 22A, 228 Increasing the
airflow through these evaporative heat exchangers increase the wet performance of the
hybrid unit ultimately saving energy. In addition, the dry indirect heat exchanger bypass
damper 44 may be fully opened to maximize wet performance, be fully closed to maximize
dry performance, or closed to eliminate any visible plume and save water. The dry indirect
heat exchanger bypass damper 44 may modulate to control plume and the heat load seen by
the wet and dry indirect heat exchangers, which may balance the degree of energy savings,

water savings, and plume abatement.

[0034] Now referring 1o FIG. 2A, dry indirect heat exchanger bypass damper 44 s
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shown in the fully open position, while in FIG. 3B the dry indirect heat exchanger bypass
damper 44 is shown in a modulated, partially open position. The modulated posttion of the
damper 44 may be any position between fully open (FIG. 2A) and fully closed (FIG. 2C).
[8035] Now referring to FIG. 3, a hybrid heat exchanger 80 1s provided that is similar
i many respects to the hybrid heat exchanger 60 discussed above with similar reference
numerals identifying similar components. The hybrid heat exchanger 80 includes a plume
abatement assembly including indirect dry heat exchangers 12A, 12B and a closure
member, such as dry indirect heat exchanges bypass dampers 84, that are opened and closed
by connecting hinkages 86 and driven open or closed by a damper motor 88, Dry heat
indirect heat exchanger bypass dampers 84 are located 1n the side walls of plenum 40.
[0036] Now referring to FIG. 4, in one embodiment the dry indirect heat exchanger
bypass dampers 84 may include a bypass damper assembly 300 having damper blades 318
conuected to linkage assembly 338, Linkage assembly 338 is normally connected to a
damper motor.

{6037} Referring to FIG. 5, a hybrid heat exchanger 90 is provided that i1s similar in
many respects to the hybrid heat exchanger 60 with similar reference numerals identifying
simtlar componenis. The hybrid heat exchanger 90 includes fans 92A and 92B that allow a
further step 1n control of wet versus dry hybrid unit capacity. For example, if spray pump
26A and fan 92A are on while spray pump 26B and fan 92B are off, the amount of water
evaporation will be cut in half which reduces water consumption. Divider wall 94 aliows
each fan 92A and 92B to operate independently until the air 1s mixed in discharge plenum
40. When the wet moist discharge air from fan 92A ) again with spray pump 26A on, mixes
in discharge plenum 40 with dry heated air from fan 92B, again with spray pump 26B off,
the mixing will reduce or eliminate plume as well.

[6038] Regarding FIG. 6, further details are provided regarding the hybrid heat
exchanger 60 of FIG. 1. The hybrid heat exchanger 60 includes a central system 61 such as
a central processing unit 118 {CPU) and an mput such as a processor bus 122 that receives
one or more parameters relating to operation of the hybrid heat exchanger 60. The
processor bus 122 may receive a signal representative of a dry indirect heat exchanger

bypass damper position 100, typically from a potentiometer mounted on the damper motor,



WO 2020/191198 PCT/US2020/023640

which indicates the position of the damper(s) between 0 to 100%. FIG. 6 shows one
embodiment of inferconnecting piping connecting the outlet of the dry coil ouilet 16A to the
wet evaporative cotl inlet 20A. The hybrid heat exchanger 60 includes temperature sensors
for measuring inlet process fluid temperature 102 along with dry heat transfer coil outlet
temperature 108 and process fluid outlet temperature 106. These three temperatures are
used to calculate the wet versus dry load that is being rejected by hvbrid heat exchanger 60.
Differential pressure sensor 104 is connected to the overall process fluid connections 14A
and 18A which measures the overall pressure drop of both the wet and dry indirect heat

exchangers 2A and 12A.

0039} With a look up table, the CPU 118 converts this differential pressure measured
104 to a process fluid flow rate. Alternatively, a direct measurement of the flow rate may be
measured with a magnetic flow meter and fed to CPU 118 or this flow rate may be
measured by the customer and fed to the CPU 118 via the processor bus 122 through
customer port 120, Customer port 120 may be used to provide the operating mode, outside
ambient conditions, process fluid and many other variables passed between the customer
and the control process 118. The speed of the fan motor 36 1s provided to CPU 118 via
VFD signal 110. Finally, dry bulb ambient temperature and % relative humidity are
measured via sensors 112 and 114 respectively and provided to the CPU 118 so that the
psvchrometric properties of the ambient air may be readily calculated and used for the logic
of plume abatement as discussed below. In another embodiment, the dry bulb ambient
temperature and % relative humidity may be received through the customer port 120 such
as from a remote server computer over the internet. One or more other sensors may be used,
such as a temperature sensor at the outlet of dry indirect heat exchangers 12A, 12B and/or a

plume detector sensor.

0040} Now referring to FIG. 7, embodiment 115 1s a direct evaporative heat
exchanger or cooling tower equipped with dry indirect heat exchangers 12A and 12B. Dry
indirect heat exchangers 12A and 12B may be used to abate plume and also be used to
provide a hybrid mode of dry operation. Process fluid or a fhuid source other than process
fluid needing to be cooled may be pipad in and out of dry coils 12A and 12B through

connections 14A and 14B. This may be a waste heat source or any fluid warmer than the
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ambient temperature. In many cases, the process fluid is piped first to the dry coils 12A and
12B and the outlet connection is then piped to the spray piping 1 15B where the process
fluid can be evaporatively cooled though a direct heat exchanger such as counterflow fill
media 115A. The control of dry coil bypass damper 44 may be used to abate plume, operate
in a dry hybrid mode or be used to save water and energy. The embodiment 115 may
mchude a fan 115D and one or more louvers 113C upstream of the fill media 115A.

(6041} Now referring to FIG. 8, embodiment 123 s an indirect evaporative heat
exchanger such as an evaporative fluid cooler or evaporative condenser. Embodiment 123
includes dry indirect heat exchanger 12A and 12B that may be used to abate plume and also
be used to provide a hybrid mode of dry operation. Process fhud or a fluid source other than
process fhind needing to be cooled may be piped in and out of dry coils 12A and 12B
through connections 14A and 14B. This can be a waste heat source or any fluid warmer
than the ambient temperature.

[06042] Alternatively, during hybrid operation, process fluid is piped first to the dry
coils 12A and 12B and the outlet connection 1s then piped to the indirect coil connect 15
where the process fluid may be evaporatively cooled through wet indirect coil heat
exchanger 14. The control of dry coil bypass damper 44 may be used to abate plume,
operate in a dry hybrid mode, or be used to save water and energy.

{0043} Now referring to FIG. ¢, embodiment 121 is an indirect evaporative heat
exchanger such an evaporative fluid cooler or evaporative condenser. Embodiment 121
mecludes an axial fan 121 A with @ motor 1218 within the unit and s equipped with a dry
indirect heat exchanger 33. The dry indirect heat exchanger 33 may be used to abate plume
and also be used to provide a hybrid mode of dry operation. A fluid source other than
process thuid needing to be cooled can be piped in and out of dry indirect heat exchanger
33, The fluid source may be a waste heat source or any fluid warmer than the ambient
temperature.

[6044] Alternatively, during hybrid operation, process fhud is piped first to the dry
indirect heat exchanger 33 and the ocutlet connection is then piped to the indirect coil
connection 121C where the process fluid can be evaporatively cooled through wet indirect

heat exchanger 121D, The conirol of dry mndirect heat exchanger bypass dampers 44 may
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be used to abate plume, operate in a dry hybrid mode, or be used to save water and energy.
[0045] Now referring to FIG. 10, embodiment 300 includes refrigerant vapor 302 or
alternatively process fluid, which passes first through the dry coil 304 and then enters the
prime surface cotl 306, which is wetted by a spray system 308. Operation of dry coil bypass
dampers 310 may be used to abate plume, save water and/or save energy (explained below).
Axial fan 312 draws air over the prime surface coil 300 in parallel with the water spray
flow. The evaporation process condenses the vapor inte iquid 314, The spray water falls
onto a fill pack 316 where it is cooled before falling into the sump such as sloping water
basin 318. Ambient air is drawn across the fill pack 316 and warm saturated air 320 from
the fill pack 316 travels through drift eliminators 322, through the axial fan 312, then up
through the dry finned coif 304 where it picks up additional heat. The spray pump 324
recirculates the cooled water 1o the spray system.

[0046] Regarding FIG. 10, when the drv col bypass damper 310 is fully closed, the
plume 1s totally eliminated and dry capacity 15 maximized to save water. When the dry coil
bypass damper 316 1s fully open, the unit airflow and wet performance is maximized to
save energy. When the dry coil bypass damper 310 1s in a modulated position, e, partially
opened, the plume may be abated and energy and water are conserved by transferring the
heat rejection load between the wet and dry coils.

0047} Now referring to FIG. 11, the following lines are explained:

[0048] I ~ Saturation curve

[0049] 2 - Superheated air zone

6050} 3 - Saturated air Zone

18851} 4 - Ambient air state point

(6652} 5 - Representative hine joining multiple discharge air state points
(6053} 6 - Mixing line of ambient air and discharge air occurring below saturation

curve (no plume line}
[60354] 7 - Mixing line of ambient air and discharge air coinciding with saturation
curve {plume onset line};

[0055] 8 - Mixing line of ambient air and discharge air above saturation curve (visible
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plume onset line);
(8056} 9 - Mixing line of ambient air and discharge air coinciding with saturation

curve {typical visible plume line};

0057} 9A - Leaving air state point without plume abatement; and
[0058] 10 - Degree of reduction of discharge drv bulb temperature to elinunate visible

plume in the case of the typical visible plume line shown (plume visibility factor).

0059} At the air discharge of evaporative cooling equipment, water droplets can be
formed by condensation of water vapor in warm humid discharge air by contact with the
colder ambient air, at certain ambient temperature conditions. This phenomenon is referred
to as plume and occurs when the mixing line joining the ambient and discharge air state
points intersects with the saturation curve on the psychrometric chart. The discharge air
state point is calculated by adding the air enthalpy pickup as the air traverses through the

evaporative cooling equipment o the ambient air enthalpy.

[6060] InFig 11, four air mixing lines are shown at the same ambient air state and the
same discharge hunudity ratio. Mixing line 6 is the no plume line since it 1s below the
saturation curve. Mixing line 7 corresponds 1o the onset of plume and coincides with the
saturation Hine. Any decrease in the discharge air dry bulb temperature for mixing line 7
wiil resuit in plume. Mixing line 8 corresponds to the onset of visible plume and overlaps to
a small degree the saturation zone 3. Any decrease in the discharge air dry bulb temperature
for mixing line 8 will result in visible plume. Mixing hine 9 is a typical hine at which visible
plume occurs. The magnitude by which the discharge air dry bulb temperature should
mcreased to ehminate visible plume s defined as the plume vistbility factor 10. The visible
plume of a hybrid heat exchanger may be eliminated by subjecting discharge air {0 8 heated
dry indirect heat exchanger, e.g., a dry coil, at a constant humidity ratio so that the air 15
heated to a value equal to or in excess of the plume visibility factor.

{0061} One approach for determining whether the discharge air from the evaporative
cooling equipment will form a visible plume during a wet mode of operation of the
equiproent involves calculating the enthalpy of the air entering the evaporative cooling

equipment, 1.¢., the ambient air. The enthalpy of the air entering the evaporative cooling
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equipment is calculated using the psvchrometric function of dry bulb inlet air temperature
{Tws), wet bulb inlet air temperature (Tiwr), and barometric pressure (P):

{0062} hy=f (Ti,DB’ Tiwa P )

[0063] The enthalpy of the air entering the evaporative cooling equipment corresponds
to ambient air state point 4 in FIG 11

[6064] Next, the enthalpy of the air leaving the evaporative cooling equipment 13
calculated. The enthalpy of the air leaving the evaporative cooling equipment is the sum of
the entering air enthalpy and the enthalpy picked up by the air in the evaporative cooling
equipment:

[0065] he = hy + AR

0066} The enthalpy picked up by the air in the evaporative cooling equipment, t.e, the
delta h value in the equation above, is the cooling capacity of the evaporative cooling
equipment.

(8067} The air leaving an indirect heat exchanger having evaporative cooling hiquid
being sprayed thereon is typically saturated. Thus, without operation of a plume abatement
coil of the evaporative coohing equipment, the air leaving the evaporative cooling
equipment may be saturated and have a temperature provided by the psychrometric
function:

(89638} Tepp = Tows = [ (R P)

[0069] The discharge air state point 9A in FIG. 11 1s determined by locating the point
on the saturation curve 1 that corresponds to the dry bulb (Tepr) temperature at the outlet of
the evaporative cooling equipment.

[6070] A straight line may be plotted {e.g., line 9 in FIG. 11) on the psychrometric
chart to connect the ambient air state point 4 and the discharge air state point SA,

(6071} Next, the data for the line 9 and the saturation curve 1 are analyzed to determine
whether there 1s a plume onset area above the saturation curve 1 and below the line 9.
[6072] To determine whether plume formation is occurring, a plume visibility factor 15
calculated to represent the magnitude by which the discharge air dry bulb temperature
should be increased to eliminate visible plume. The plume visthility factor may be

determined, for example, by the control system of the evaporative cooling equipment {e.g.,
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control system 61), a building HVAC system controller, a remote computer {(e.g., a server
computer connected via the internet and customer port 120), and/or a user device such as a
cellphone or tablet computer.

[8673] The plume visibility factor may be, in effect, the discharge dry bulb temperature
offset needed to move the line 9 to the right of line 8 in the psychrometer chart of FIG. 11
The control system compares the plume visibility factor to a threshold such as an operating
himit, If the plume visibility factor exceeds the operating fumit, the control system causes the
bypass {e.g. damper 42) to be in the closed position and operates the dry indirect heat
exchanger to raise the temperature of the air leaving the evaporative cooling equipment.
The heating of the air by the dry indirect heat exchanger moves the discharge air state point
9A to the right in the graph of FIG. 11 such that the line connecting the points 9, 9A 13
below the visible plume line 8 to abate the plume.

(6074} In response to a plume formation deternination, the control system may cause
the bypass {e.g. damper 44} to close and may operate the dry indirect heat exchanger {e.g.,
12A n FIG. 1) to raise the temperature of the air leaving the evaporative cooling equupment
and shift the discharge air state point (e.g., 94 n FIG. 11) to the right in FIG. 11 so that the
line connecting the inlet and discharge state points remains under the visible plume line 8.
For example, the control system 61 in FIG. 6 may turn on a valve 13 that permits industrial
byproduct steam to enter the dry indirect heat exchangers 12A, 12B and raise the
temperature of the air leaving the hybrid heat exchanger 60 so that the discharge state point
is at point 5 rather than point 9A. The control system 61 may cause the damper 44 {o close
by checking the position of the damper 44. If the damper 44 15 already closed, the control
system 61 does not change the position of the damper 44. If the damper 44 is open, the
control system 61 closes the damper 44.

[6075] The dry indirect heat exchanger 1ZA, 12B may be configured to provide a fixed
or variable amount of heat to the air before the air leaves the hybrid heat exchanger 60. For
example, the valve 13 that controls the flow of steam inio the dry indirect heat exchanger
12A, 128 may have only a closed configuration with no steam flow and an open
configuration that provides a fixed flow rate of steam at a substantially fixed temperature

into the dry indirect heat exchanger 12A, 12B. When the control system 118A causes the
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valve 13 to open, the dry indirect heat exchanger 12A, 12B provides a step-function type
heating to the air before air leaves the hybrid heat exchanger 60. In another embodiment,
the valve 13 is replaced with a variable speed pump configured to pump hot waste air into
the indirect heat exchanger 12A, 12B. The control system 118A may operate the variable
speed pump to increase or decrease the flow rate of the hot waste air through the indirect
heat exchanger 12A, 12B and effect a corresponding increase or decrease in the amount of
heat the indirect heat exchanger 12A, 12B puts into the air before the air leaves the hybrid
heat exchanger 12A, 12B.

[6076] Now referring to FIGS. 124, 12B, and 12C, the control logic presented
addresses dry coil bypass on an evaporatively cooled indirect hybrid heat exchanger (HX)
with or without direct heat exchange (HX) where the fluid in the dry coil 1s either a primary
process fluid or an independent hot fluid stream. This logic may be implemented by a
control system (e.g. control system 61} to control the embodiments in FIGS. 1,3,6,8,9&

10.

[06677] The method or control logic 100 13 intiated at element 101 when the call for
cooling 1s conveyed to the control system. In the absence of this call, the dry coil bypass
dampers may optionally be closed for freeze protection as per 102, If the setpoint is being
mamtained the control logic does not progress further and 1s diverted back to the cooling
call. If the cooling load can be met by running the umit dry, then the spray pump s kept off
and the dry coil bypass dampers stay closed or are set to closed as per 106. The fan speed is
controlied to match the required load, and the control logic 15 diverted back to the cooling
call. If the cooling load cannot be met by running the unit dry, the control switches to
element 105 at which pont the spray pump 15 switched on.

[0078] if plume abatement s required, the plume abatement logic is initiated.
However, element 107 overrides the plume abatement logic and diverts to element 113 if
any reduction to the heat rejection capability at full fan speed precludes the heat transfer
equipment from meeting the setpoint. If the customer has indicated that plume abatement is
required, then the dry coil bypass dampers are modulated closed by a preset increment. As
explained earlier, this will alter the discharge air condition to reduce or eliminate plume.

The fan speed is controlled to match the required setpoint, and the control logic is diverted
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back to the cooling call as per 109. If the operator does not indicate the need for plume
abatement, element 110 acquires data that allows it to determine the occurrence of plume.
The data collected pertains to the heat rejected by the equipment, which is translated to the
enthalpy pickup of the air to calculate the discharge air state. The discharge air state is
utilized to generate the air mixing hine and fo calculate the plume visibility factor. If the
plume visibility factor exceeds the preset value, plume abatement is required. The dry coil
bypass dampers are then modulated closed by a preset increment, the fan speed is
controlled to match the required setpoint, and the control logic is diverted back to the

coohing call as per 112,

0079} In some embodiments, the heat exchanger may include a plume detection
sensor configured to detect the presence of a plume. The plume abatement logic may
initiate plume abatement in response to the plume detection sensor detecting a plume from
the heat exchanger even if the plume visibility factor does not exceed the preset value. As
another example, the plume abatement logic may initiate plume abatement only if the
plume visibility factor exceeds the preset value and the plume detection sensor detects a

plume.

(6080} If plume abatement s not required or if the plume abatement logic has been
executed, the control at 113 diverts the logic to etther save water or save energy. To save
energy, the dry coil bypass dampers are then modulated open by a preset increment, the fan
speed s controtled to match the requured setpoint, and the control logic 1s diverted back to
the cooling call as per 114. Along the water savings logic path, if reduction of the cooling
capacity of the indirect heat exchanger (HX) at full fan speed precludes the equiprent to
meet the operator setpoint, then element 119 15 imtiated. If not, then element 116 comes
nto effect. At element 119, the dry coil bypass dampers are modulated open by a preset
merement, the fan speed is controlled to match the requured setpoint, and the control logic is
diverted back to the cooling call. At element 116, if reduction of the cooling capacity of the
indirect HX coil at full fan speed with one spray pump swiiched off precludes the
equipment {0 meet the operator setpoint, then element 117 13 inttiated. If not, then element
118 comes into effect. At element 117, the dry cotl bypass dampers are modulated closed

by a preset increment, the fan speed is controlled to match the required setpoint, and the
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control logic is diverted back to the element 103. At element 118, one spray pump is
switched off, and the conirol is set to element 117.

[6081] Now referring to FIGS. 13A, 13B, and 13C, a method as described by control
fogic 400 may be used to operate dry coil bypass on an evaporatively cooled direct heat
exchanger (“HX") where the fluid in the dry coil 1s the primary process fluid. This control
fogic may be utilized by a control system to operate the hybrid heat exchanger of FIG. 7.
[6082] The control logic 400 s initiated at element 401 when the call for cooling 15
conveyed to the control system. In the absence of this call, the dry coil bypass dampers can
optionally be closed for freeze protection as per 402. If the setpoint is being maintained, the
control logic does not progress further and is diverted back to the cooling call. If the
cooling load can be met by running the unit dry, then the process fluid flow from the plume
abatement coil (PAC) (such as dry indirect heat exchangers 12A, 12B) to the direct HX
{such as direct heat exchanger 115A) 1s blocked and the dry coil bypass dampers stay
closed or are set to closed as per 406. The fan speed 1s controlled to maich the required
foad, and the control logic is diverted back to the cooling call. If the cooling load cannot be
met by running the unit dry, the control switches to element 405 at which point the process

fluid flow 15 allowed to travel from the PAC to the direct HX.

6083} if plume abatement s required at element 407, the plume abatement logic is
imtiated. However, element 407 overrides the plume abatement logic and diverts it to
element 413 1if any reduction to the heat rejection capability at full fan speed precludes the
heat transfer equipment from meeting the setpoint. If the customer has indicated that plume
abatement 1s required, then the dry coil bypass dampers are modulated closed by a preset
increment. The fan speed is controlled to match the required setpoint, and the control logic
is diverted back to the cooling call as per 409. If the operator does not indicate the need for
plume abatement, element 410 acquires data that allows it to determine the occurrence of
plume. If the plume visibility factor exceeds the preset value, plume abatement is required.
The preset value may be, for example, in the range of one to ten degrees, such as three to
eight degrees, such as five degrees. The dry coil bypass dampers are then modulated closed
by a preset increment, the fan speed is controlled to match the required setpoint, and the

control logic 13 diverted back to the cooling call as per 412,
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6084} If plume abatement is not required or if the plume abatement logic has been
executed, the control at 413 diverts the logic to either save water or save energy. To save
energy, the dry coil bypass dampers are then modulated open by a preset increment, the fan
speed is controlled to match the required setpoint, and the control logic 1s diverted back to
the cooling call as per 414. Along the water savings logic path, if reduction of the cooling
capacity of the direct heat exchanger at full fan speed precludes the equipment {o meet the
operator setpoint, then element 419 1s irutiated. If not, then element 416 comes into effect.
At element 419, the dry coul bypass dampers are modulated open by a preset increment, the
fan speed 1s controlled to match the required setpoint, and the control logic is diverted back
to the cooling call. At element 416, if reduction of the cooling capacity of the direct HX
coil at fuil fan speed, with process flud diverted to only one direct HX precludes the
equipment to meet the operator setpoint, then element 417 1s inttiated. If not, then element
418 comes mto effect. At element 417, the dry coil bypass dampers are modulated closed
by a preset increment, the fan speed 1s controlled to match the required setpoint, and the
control logic 1s diverted back to the cooling call. At element 418, the process fluid flow
from the PAC to one direct HX 15 blocked, and the control 18 set to element 417.

[0085] Now referring to FIG. 14, a method as described by control logic 500 is
provided to control dry coil bypass on an evaporatively cooled direct HX where the fluid in
the dry coil is an independent hot fluid stream and 1s not the process fluid. The control logic
500 may be utilized by a control system to operate the hybnid heat exchanger of FIGS. 7 or
3.

[0086] The control logic 500 is imtiated at element 501 when the call for cooling is
conveved to the control system. In the absence of this call the dry cotf bypass dampers can
optionally be closed for freeze protection as per S02. If the seipoint is being maintained the
control logic does not progress further and 1s diverted back to the cooling call. If plume
abatement 1s required, the plume abatement logic is initiated. However, element 504
overrides the plume abatement logic and diverts it to element 510 if any reduction to the
heat rejection capability at full fan speed precludes the heat transfer equipment from
meeting the setpoint. If the customer has indicated that plume abatement is required, then

the dry coil bypass dampers are modulated closed by a preset increment. The tan speed s
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controlled to match the required setpoint, and the control logic is diverted back to the
cooling call as per 506. If the operator does not indicate the need for plume abatement,
element 507 acquires data that allows it to determine the occurrence of plume. If the plume
visibility factor exceeds the preset value, plume abatement is required. The drv coil bypass
dampers are then modulated closed by a preset increment, the fan speed is controlled to
match the required setpoint, and the control logic is diverted back to the cooling call as per
109,

6087} If plume abatement 1s not required or if the plum abatement logic has been
executed, the control again is led to element 510, At element 510, the dry coil bypass
dampers are opened fully, the fan speed is controlied to maich the required setpoint, and the
control logic 1s diverted back to the cooling call.

[0088] Regarding FIG. 15A, a hybrid heat exchanger 600 is provided that is similar in
many respects to the heat exchangers discussed above. The hybrid heat exchanger 600
includes a plume abatement assembly 602 including dry indirect heat exchangers 124, 12B.
The plume abatement assembly 602 1s shown in an operative configuration wherein the dry
indirect heat exchangers 12A, 128 are adjacent one another such that auflow in the hybrid
heat exchanger 600 must travel through the dry indivect heat exchangers 124, 12B before
leaving the hybrid heat exchanger 600. In FIG. 158, the plume abatement assembly 602 1s
shown in a bypass configuration wheremn the dry indirect heat exchangers 12A, 12B are
spaced apart by an opening 604. The opening 604 permits at least a portion of the airflow 1n
the hybrid heat exchanger 600 to exit the hybrnid heat exchanger 600 without traveling
through the dry indirect heat exchangers 124, 12B. The hybrid heat exchanger 600 may
melude one or more motor, such as linear actuators, that are operated by a control system of
the hybrid heat exchanger 600 to shift the dry indirect heat exchangers 12A, 12B between
the closed and open positions of FIGS. 15A and 15B.

[6089] Regarding FIG. 164, a hybrid heat exchanger 700 is provided that is similar i
many respects to the heat exchangers discussed above. The hybrid heat exchanger 700
includes a plume abatement assembly 602 including dry indirect heat exchangers 124, 12B.
In FIG. 16, the plume abatement heat exchanger 602 1s in an operative configuration

wherein the dry indirect heat exchangers 12A, 12B are adjacent one another such that
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airflow in the hybrid heat exchanger 700 must travel through the dry indirect heat
exchangers 12A, 12B. In FIG. 16B, the plume abatement assembly 702 is in a bypass
configuration wherein the dry indirect heat exchangers 12A, 12B are pivoted up relative to
one another to form an opening 704 that permits at least a portion of the airflow in the
hybrid heat exchanger 700 to exit the hvbrid heat exchanger 700 without traveling through
the dry indirect heat exchangers 12A, 12B.

(6096} Uses of singular terms such as “a,” “an,” are intended to cover both the
singular and the plural, unless otherwise indicated herein or clearly contradicted by context.

>

The terms “comprising,” “having,” “including,” and “containing” are to be construed as
open-ended terms. It is intended that the phrase “at least one of” as used herein be
interpreted in the disjunctive sense. For example, the phrase “at least one of A and B” is

intended to encompass only A, only B, or both A and B.

[0091] While there have been illustrated and described particular embodiments of the
present invention, it will be appreciated that numerous changes and modifications will
oceur to those skilled in the art, and it 1s intended for the present invention to cover all those

changes and modifications which fall within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A heat exchange apparatus to receive a heated process fluid, cool the process fluid, and
return the process fluid at a process fluid setpoint, the heat exchange apparatus comprising:

an evaporative heat exchanger assembly including an evaporative heat exchanger
and an evaporative liquid distribution assembly configured to distribute evaporative liquid
onto the evaporative heat exchanger;

a sump configured to collect evaporative liquid from the evaporative heat

exchanger; at least one fan configured to generate airflow relative to the

evaporative heat
exchanger;

a plume abatement assembly downstream of the evaporative heat exchanger, the
plume abatement assembly including at least one heating element configured to increase a
temperature of the airflow from the evaporative heat exchanger before the airflow leaves the
heat exchange apparatus;

the plume abatement assembly having an operative configuration wherein the airflow
travels through the at least one heating element to permit the at least one heating element to
raise the temperature of the airflow and a bypass configuration wherein less of the airflow
travels through the at least one heating element of the plume abatement assembly;

a control system operatively coupled to the evaporative heat exchanger assembly and
the plume abatement assembly;

wherein the control system is configured to cause the plume abatement assembly to
be in the operative configuration in response to plume abatement being required, a
determination that the heat exchange apparatus is able to meet the process fluid setpoint
with a reduced cooling capacity of the evaporative heat exchanger assembly, and a
determination of plume formation;

wherein the control system is configured to receive either a request to save energy or a
request to save water,

wherein, in response to plume abatement being required, a determination that the heat
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exchange apparatus is able to meet the process fluid setpoint with a reduced cooling capacity of
the evaporative heat exchanger assembly, and an absence of the determination of plume
formation, the control system is configured to:
operate the evaporative heat exchanger and the plume abatement assembly to
limit energy consumption in response to receiving the request to save energy; and
operate the evaporative heat exchanger and the plume abatement assembly to
limit evaporative liquid usage in response to receiving the request to save water;
wherein, in response to plume abatement being required and a determination that the
heat exchange apparatus is unable to meet the process fluid setpoint with a reduced cooling
capacity of the evaporative heat exchanger assembly, the control system is configured to:
operate the evaporative heat exchanger and the plume abatement assembly to
limit energy consumption in response to receiving the request to save energy; and
operate the evaporative heat exchanger and the plume abatement assembly to

limit evaporative liquid usage in response to receiving the request to save water.

2. The heat exchange apparatus of claim 1 wherein the at least one heating element
includes at least one dry indirect heat exchanger configured to receive fluid having a
temperature higher than the temperature of the airflow from the evaporative heat

exchanger.

3. The heat exchange apparatus of claim 1 wherein the at least one heating
element includes at least one dry indirect heat exchanger configured to receive at
least one of:

the process fluid;

steam;

waste heat; or

a combination thereof.

4. The heat exchange apparatus of claim 1 wherein the plume abatement assembly

includes an opening and a closure member movable between open and closed positions
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relative to the at least one heating element to change a size of the opening and limit

airflow through the at least one heating element.

5. The heat exchange apparatus of claim 1 wherein the plume abatement assembly has
an opening that is at least partially closed with the plume abatement assembly in the
operative configuration and more open with the plume abatement assembly in the bypass
configuration to permit more airflow through the opening than when the plume abatement

assembly is in the operative configuration.

6. The heat exchange apparatus of claim 1 wherein the plume abatement
assembly includes at least one of a damper and a louver; and

wherein the at least one of the damper and the louver are at an at least partially closed
position with the plume abatement assembly in the operative configuration and are at a more

open position with the plume abatement assembly in the bypass configuration.

7. The heat exchange apparatus of claim 1 further comprising:

a sensor configured to detect at least one parameter relating to operation of the heat
exchange apparatus;

wherein the control system is operatively coupled to the sensor, the control system
configured to:

determine plume formation based at least in part on the parameter detected by the

S€nsor.

8. The heat exchange apparatus of claim 1 further comprising:

a pump configured to pump evaporative fluid from the sump to the evaporative liquid
distribution assembly;

wherein the control system is operatively coupled to the pump, the at least one fan,
and the plume abatement assembly, the control system having a dry mode of operation
wherein the control system:

causes the at least one fan to generate airflow relative to the evaporative heat
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exchanger;
inhibits the pump from pumping evaporative fluid to the evaporative liquid
distribution assembly; and

causes the plume abatement assembly to be in the operative configuration.

9. The heat exchange apparatus of claim 1 further comprising:
a pump configured to pump evaporative fluid from the sump to the evaporative liquid
distribution assembly;
wherein the control system is operatively coupled to the pump, the at least one fan,
and the plume abatement assembly, the control system having an energy-saving wet mode of
operation wherein the control system:
causes the at least one fan to generate airflow relative to the evaporative heat
exchanger;
operates the pump to pump evaporative fluid to the evaporative liquid
distribution assembly; and

causes the plume abatement assembly to be in the bypass configuration.

10. The heat exchanger apparatus of claim 1 wherein the at least one heating
element includes:

a tube and a plurality of fins extending

therefrom; a plurality of serpentine coils;

plate-style heat exchangers;

or a combination thereof.

11. The heat exchanger apparatus of claim 1 wherein the evaporative heat
exchanger includes at least one of a direct heat exchanger and an indirect heat

exchanger.

12. A hybrid evaporative heat exchange system to receive a heated process fluid, cool the

process fluid, and return the process fluid at a process fluid setpoint, the hybrid evaporative heat
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exchange system comprising:

a wet heat exchanger;

at least one fan configured to generate airflow relative to the wet heat exchanger;

a dry heat exchanger assembly downstream of the wet heat exchanger, the dry heat
exchanger assembly including a dry heat exchanger configured to raise a temperature of the
airflow from the wet heat exchanger;

the dry heat exchanger assembly having an operative configuration wherein the airflow
from the wet heat exchanger flows through the dry heat exchanger and a bypass configuration
wherein less of the airflow from the wet heat exchanger travels through the dry heat
exchanger than when the dry heat exchanger assembly is in the operative configuration;

a control system operatively coupled to the wet heat exchanger, the at least one fan,
and the dry heat exchanger assembly;
wherein the control system is configured to cause the dry heat exchanger assembly
to be in the operative configuration to permit the dry heat exchanger to raise the temperature
of the airflow in response to plume abatement being required, a determination that the
hybrid evaporative heat exchange system is able to meet the process fluid setpoint with a
reduced cooling capacity of the wet heat exchanger, and a determination of plume
formation;
wherein the control system is configured to receive either a request to save energy or
a request to save water;
wherein, in response to plume abatement being required, a determination that the
hybrid evaporative heat exchange system is able to meet the process fluid setpoint with a
reduced cooling capacity of the wet heat exchanger, and an absence of the determination of
plume formation, the control system is configured to:
operate the wet heat exchanger and the dry heat exchanger assembly to limit
energy consumption in response to receiving the request to save energy; and
operate the wet heat exchanger and the dry heat exchanger assembly to limit
evaporative liquid usage in response to receiving the request to save water;
wherein, in response to plume abatement being required and a determination that the

hybrid evaporative heat exchange system is unable to meet the process fluid setpoint with a
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reduced cooling capacity of the wet heat exchanger, the control system is configured to:
operate the wet heat exchanger and the dry heat exchanger assembly to limit
energy consumption in response to receiving the request to save energy; and
operate the wet heat exchanger and the dry heat exchanger assembly to limit

evaporative liquid usage in response to receiving the request to save water.

13. The hybrid evaporative heat exchange system of claim 12 wherein the control

system has a dry mode wherein the control system limits operation of the wet heat

exchanger and a wet mode wherein the control system operates the wet heat exchanger; and
wherein the control system, in the wet mode thereof, is configured to cause the dry heat

exchanger assembly to be in the bypass configuration unless there is a plume formation

determination.

14. The hybrid evaporative heat exchange system of claim 12 wherein the control system
is configured to calculate a first state associated with air upstream of the wet heat exchanger
and a second state associated with air downstream of the dry heat exchanger; and

wherein the control system is configured to determine plume formation in response

to the first and second states having a predetermined relationship with the ambient air.

15. The hybrid evaporative heat exchanger system of claim 14 wherein the control
system is configured to determine the first and second states having the predetermined
relationship with ambient air based at least in part upon a plume visibility factor exceeding a

threshold.

16. The hybrid evaporative heat exchanger system of claim 14 wherein the control
system is configured to determine the first and second states having the predetermined
relationship with ambient air based at least in part upon the airflow temperature increase
provided by the dry heat exchanger being substantially equal to or exceeding a temperature
increase required to cause the first and second states to no longer have the predetermined

relationship with the ambient air.

26



17. The hybrid evaporative heat exchange system of claim 12 wherein the control
system has an input configured to receive data indicative of at least one parameter of air
upstream of the wet heat exchanger or downstream of the dry heat exchanger;
wherein the control system is configured to:
determine a first state of the air upstream of the wet heat exchanger and a
second state of the air downstream of the dry heat exchanger using psychrometric
chart data;
identify a linear relationship connecting the first and second states in the
psychrometric chart data and identifying whether the linear relationship is beyond a
plume onset line of the psychrometric chart data; and
determine plume formation in response to the identification of the linear

relationship being beyond the plume onset line of the psychometric chart data.

18. The hybrid evaporative heat exchange system of claim 12 wherein the control
system includes an input configured to receive a request for plume abatement; and
wherein the control system is configured to determine plume formation in response

to the input of the control system receiving the request for plume abatement.

19. The hybrid evaporative heat exchange system of claim 12 wherein the dry heat
exchanger assembly in the operative configuration has an opening that is closed or
partially open; and

wherein, in the bypass configuration, the dry heat exchanger assembly opening is more

open than the opening in the operative configuration of the dry heat exchanger assembly.

20. The hybrid evaporative heat exchange system of claim 12 wherein the control
system is configured to cause the dry heat exchanger assembly to be in the plume abatement
configuration including:

determining whether the dry heat exchanger assembly is in the operative configuration

or the bypass configuration; and
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upon the dry heat exchanger assembly being in the bypass configuration, reconfiguring

the dry heat exchanger assembly to the operative configuration.

21. The hybrid evaporative heat exchange system of claim 12 further comprising a
sensor configured to detect at least one air parameter; and
the control system configured to use the at least one air parameter to determine plume

formation.

22. The hybrid evaporative heat exchange system of claim 12 wherein the control
system has a dry mode wherein the control system does not operate the wet heat exchanger

and causes the dry heat exchanger assembly to be in the operative configuration thereof.

23. The hybrid evaporative heat exchange system of claim 12 wherein the wet
heat exchanger includes at least one of a direct evaporative heat exchanger and an

indirect evaporative heat exchanger.

24, The hybrid evaporative heat exchanger system of claim 12 further comprising a
plume detector operatively coupled to the control system; and
wherein the control system is configured to determine plume formation in response to a

signal from the plume detector indicating a plume.

25. A method of operating a hybrid evaporative heat exchanger that receives a heated
process fluid, cools the process fluid, and returns the process fluid at a process fluid setpoint,
the hybrid evaporative heat exchanger having a wet heat exchanger and a plume abatement
assembly downstream of the wet heat exchanger, the plume abatement assembly including a
dry heat exchanger configured to raise a temperature of airflow from the wet heat exchanger,
the plume abatement assembly having an operative configuration wherein the airflow from
the wet heat exchanger flows through the dry heat exchanger and a bypass configuration
wherein less of the airflow from the wet heat exchanger travels through the dry heat

exchanger than when the plume abatement assembly is in the operative configuration, the
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method comprising:
receiving either a request to save energy or a request to save water;
operating the wet heat exchanger;
determining whether plume abatement is required;
determining whether the hybrid evaporative heat exchanger is able to meet the
process fluid setpoint with a reduced cooling capacity of the wet heat exchanger;
determining whether there is plume formation;
upon plume abatement being required, the hybrid evaporative heat exchanger is able
to meet the process fluid setpoint with a reduced cooling capacity of the wet heat exchanger,
and plume formation:
causing the plume abatement assembly to be in the operative configuration;
and raising the temperature of the airflow via the dry heat exchanger of the
plume
abatement assembly before the airflow leaves the hybrid evaporative heat exchanger to abate
plume formation;
upon plume abatement being required, the hybrid evaporative heat exchanger is able
to meet the process fluid setpoint with a reduced cooling capacity of the wet heat exchanger,
and an absence of plume formation:
operating the wet heat exchanger and the plume abatement assembly to limit
energy consumption in response to receiving the request to save energy; and
operating the wet heat exchanger and the plume abatement assembly to limit
evaporative liquid usage in response to receiving the request to save water;
upon plume abatement being required and the hybrid evaporative heat exchanger is
unable to meet the process fluid setpoint with reduced cooling capacity of the wet heat
exchanger:
operating the wet heat exchanger and the plume abatement assembly to limit
energy consumption in response to receiving the request to save energy; and
operating the wet heat exchanger and the plume abatement assembly to limit

evaporative liquid usage in response to receiving the request to save water.
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26. The method of claim 25 further comprising:

calculating a first state associated with air upstream of the wet heat exchanger and a
second state of air downstream of the dry heat exchanger; and

determining plume formation in response to the first and second states having a

predetermined relationship with the ambient air.

217. The method of claim 26 wherein determining plume formation in response to the first
and second states having a predetermined relationship with ambient air includes determining
the predetermined relationship based at least in part upon a plume visibility factor exceeding

a threshold.

28. The method of claim 26 wherein determining plume formation in response to the
first and second states having a predetermined relationship with the ambient air includes:
determining the first and second states having the predetermined relationship with the
ambient air based at least in part upon the airflow temperature increase provided by the dry
heat exchanger being substantially equal to or exceeding a temperature increase required to
cause the first and second states to no longer have the predetermined relationship with the

ambient air.

29. The method of claim 25 wherein determining plume formation includes:
receiving data indicative of at least one parameter of air upstream of the wet heat
exchanger or downstream of the dry heat exchanger;
determining a first state of the air upstream of the wet heat exchanger and a second
state of the air downstream of the dry heat exchanger using psychrometric chart data;
identifying a linear relationship connecting the first and second states in the
psychrometric chart data and identifying whether the linear relationship is beyond a plume
onset line of the psychrometric chart data; and
determining plume formation in response to the identification of the linear relationship

being beyond the plume onset line of the psychometric chart data.
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30. The method of claim 25 wherein determining plume formation includes receiving, at

a control system of the hybrid evaporative heat exchanger, a request for plume abatement.

31. The method of claim 25 wherein causing the plume abatement assembly to be in the
operative configuration includes reconfiguring the plume abatement assembly from the

bypass configuration to the operative configuration.

32. The method of claim 31 wherein reconfiguring the plume abatement assembly from
the bypass configuration to the operative configuration includes making an opening of the

plume abatement assembly smaller than the opening was in the bypass configuration.

33. The method of claim 25 wherein causing the plume abatement assembly to be in
the operative configuration includes modulating a closure member of the plume abatement

assembly to change the size of an opening of the plume abatement assembly.

34. The hybrid evaporative heat exchanger system of claim 12 wherein the control
system, in response to the absence of the determination of plume formation and receiving the
request to save water, is configured to cause the dry heat exchanger assembly to be in the

plume abatement configuration.
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