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THERMOSYPHON COOLERS FOR
COOLING SYSTEMS WITH COOLING TOWERS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from and the benefit of U.S. Provisional

Application Serial No. 61/349,080, entitled "THERMOSYPHON COOLERS FOR

COOLING SYSTEMS WITH COOLING TOWERS", filed May 27, 2010, which is

hereby incorporated by reference.

BACKGROUND

[0002] The invention relates generally to thermosyphon coolers, and more

particularly, to thermosyphon coolers for use in cooling systems that employ cooling

towers.

[0003] Cooling towers are often used to remove heat from heating, ventilating, and

air conditioning (HVAC) systems, power plants, and industrial processes. In general,

cooling towers may include nozzles that direct water down through the tower, while a

fan, or free circulation, directs air up through the tower. The interaction between the

air and water may promote evaporation of a portion of the water, thereby cooling the

remaining water. In open loop cooling towers, the cooling tower water may be

circulated directly through the cooling system, while in closed loop cooling towers,

the cooling tower water may be directed over a heat exchanger coil that cools a

separate flow of cooling fluid that in turn circulates through the cooling system.

[0004] During evaporation, water may be lost from the cooling tower and

impurities, such as salts or other dissolved solids, may be concentrated within the

cooling tower. A portion of the cooling tower water containing concentrated

impurities may be removed as blowdown. To account for water losses due to

evaporation and blowdown, makeup water may be added to the cooling towers.

Accordingly, cooling towers may consume very substantial quantities of water, in

some cases millions of gallons of water each year, and may be one of the largest

consumers of water within a process.



DRAWINGS

[0005] FIGURE 1 is schematic diagram of an embodiment of a cooling system that

employs a thermosyphon cooler and an open loop cooling tower.

[0006] FIGURE 2 is a perspective view of an embodiment of the thermosyphon

cooler shown in FIGURE 1.

[0007] FIGURE 3 is a schematic diagram of an embodiment of the thermosyphon

cooler shown in FIGURE 1.

[0008] FIGURE 4 is schematic diagram of another embodiment of a cooling

system that employs a thermosyphon cooler and an open loop cooling tower.

[0009] FIGURE 5 is schematic diagram of an embodiment of a cooling system that

employs a thermosyphon cooler and a closed loop cooling tower.

[0010] FIGURE 6 is a flow chart depicting a method for operating a thermosyphon

cooler.

[0011] FIGURE 7 is a flow chart continuing the method for operating a

thermosyphon cooler shown in FIGURE 6 .

[0012] FIGURE 8 is a chart depicting inputs and outputs that may be employed to

operate a thermosyphon cooler.

[0013] FIGURE 9 is schematic diagram of an embodiment of a cooling system that

employs a dry heat rejection system and an open loop cooling tower.

[0014] FIGURE 10 is a flow chart depicting a method for operating a dry heat

rejection system.

[0015] FIGURE 11 is a schematic diagram of another embodiment of a cooling

system that employs a thermosyphon cooler and an open loop cooling tower.



DETAILED DESCRIPTION

[0016] The present disclosure is directed to thermosyphon coolers that may be

employed in cooling systems that use cooling towers. As used herein, the term

"cooling tower" includes open loop and closed loop cooling towers that cool a fluid,

such as water, by evaporative cooling using ambient air. Cooling towers may be

particularly useful for cooling process fluids due to the relatively low temperatures

that may be achieved by evaporative cooling, as compared to dry cooling. Further,

cooling towers may provide flexibility in determining a system layout because the

cooling towers may be located farther away from a process, allowing real estate in the

vicinity of the cooled building or process to be used for other purposes. However,

due to the evaporative cooling, cooling towers may consume large amounts of water.

To conserve water, it may be desirable to employ other types of cooling systems in

conjunction with cooling towers, particularly in areas where water is in short supply

and/or is costly.

[0017] Accordingly, the present disclosure is directed to dry heat rejection

systems, such as thermosyphon coolers, that may be employed to provide additional

and/or alternative cooling in cooling systems that include cooling towers. The

thermosyphon coolers may be located in cooling systems upstream of, and in series

with, the cooling towers, and may be operated when the thermosyphon coolers are

more economically and/or resource efficient to operate than the cooling towers. For

example, when ambient temperatures are low, it may be beneficial to operate the

thermosyphon coolers to reduce water consumption of the cooling towers. When

ambient temperatures are high, it may be desirable to operate the cooling towers to

provide the lower process cooling fluid temperatures that may be achieved through

evaporative cooling. According to certain embodiments, factors, such as the ambient

temperature, the cost of electricity, the cost of water, the temperature of the heated

cooling fluid exiting the process heat exchanger, and the desired temperature of the

cooling fluid entering the process heat exchanger, among others, may be used to

determine whether to operate the thermosyphon coolers, the cooling towers, or both.



[0018] In an exemplary arrangement, a thermosyphon cooler will include a shell

and tube evaporator and an air cooled condenser. The cooling tower water may flow

through the tubes of the evaporator and may transfer heat to refrigerant circulating

between the evaporator and the air cooled condenser. The thermosyphon cooler may

be designed to minimize the pressure drop within the system so that the refrigerant is

circulated between the evaporator and the condenser through natural convection. As

used herein, the term "natural convection" means circulation of a fluid without

mechanical force, for example, without mechanical force as provided by a pump or a

compressor. According to certain embodiments, the buoyancy of the heated

refrigerant and the height difference between the air cooled condenser and the

evaporator may provide the driving force for circulating the refrigerant through

natural convection. Because the refrigerant may be circulated using natural

convection, the condenser fans and their motor(s) may be the only moving parts in the

thermosyphon cooler. Accordingly, the thermosyphon coolers may have relatively

low rates of energy consumption and maintenance when compared to traditional dry

coolers that implement pumped freeze protectant cooling loops.

[0019] The evaporator within the thermosyphon cooler also may include access

covers and/or removable components that allow the interior of the evaporator tubes to

be cleaned. Accordingly, the thermosyphon coolers may be particularly well-suited

for circulating cooling tower water in open loop cooling tower systems where the

water may be exposed to dissolved solids and other contaminants. Further, the

thermosyphon cooler may include a freeze protection system, which may allow the

thermosyphon cooler to cool the cooling tower water directly, rather than employing a

separate loop, which contains a freeze protectant, such as glycol.

[0020] FIGURE 1 is a schematic view of a cooling system 10 that employs a

thermosyphon cooler 12 and a cooling tower 14. The cooling system 10 may be

primarily located within a building 16 or area that is maintained at temperatures above

freezing. However, certain components of cooling system 10, such as thermosyphon

cooler 12 and cooling tower 14, may be located outside of building 16, for example,

on the roof of building 16. Further, in other embodiments, cooling tower 14 may be



located a distance away from building 16 or the process area and, in certain

embodiments, may be located at ground level.

[0021] Cooling system 10 includes a process heat exchanger 18 that may be used

to transfer heat from a process loop 20 to a cooling system loop 22. According to

certain embodiments, process loop 20 may circulate a process fluid, such as

refrigerant, steam, or other vapor to be condensed. For example, process loop 20 may

circulate compressed refrigerant vapor to be condensed from a water chiller. In

another example, process loop 20 may circulate steam to be condensed from a steam

turbine. In another example, process loop 20 may circulate a process fluid for an

industrial process that may require cooling.

[0022] Cooling system loop 22 may circulate a fluid to be cooled, such as water or

a mixture of water and other components. As the cooling fluid flows through process

heat exchanger 18, the cooling fluid may absorb heat from the process fluid.

According to certain embodiments, an intermediate fluid, such as refrigerant may be

used to transfer heat from the process fluid within process loop 20 to the cooling fluid

within cooling system loop 22. For example, in certain embodiments, process heat

exchanger 18 may be a water cooled condenser that is part of a chiller that circulates a

refrigerant to transfer heat from process loop 20 to cooling system loop 22. In these

embodiments, the process fluid may flow through an evaporator of the chiller.

However, in other embodiment, the intermediate fluid may be omitted and the process

heat exchanger 18 may be used to transfer heat directly from the process fluid to the

cooling fluid. Moreover, in yet other embodiments, process heat exchanger 18 may

be omitted and the cooling fluid within cooling system loop 22 may be circulated

directly to the process to be cooled.

[0023] As the cooling fluid flows through process heat exchanger 18, the cooling

fluid may absorb heat from the process fluid. Accordingly heated cooling fluid may

exit process heat exchanger 18 and may flow through cooling system loop 22 through

a valve 24 to thermosyphon cooler 12. In certain embodiments, a pump may be

included to circulate the cooling fluid to thermosyphon cooler 12 from valve 24.

However, in other embodiments, the pump may be omitted.



[0024] The heated cooling fluid may enter thermosyphon cooler 12 where the

cooling fluid may be cooled. As described below with respect to FIGURES 2 and 3,

thermosyphon cooler 12 may include a shell and tube evaporator 76 and an air cooled

condenser 78. A refrigerant loop 80 may be employed to transfer heat from the

cooling fluid flowing through shell and tube evaporator 76 to air cooled condenser 78.

Heat may be rejected from thermosyphon cooler 12 through ambient air directed over

air cooled condenser 78 by one or more fans 26 driven by one or more motors 28.

According to certain embodiments, motors 28 may incorporate variable speed drives

(VSD's) that allow the speed of fans 26 to be adjusted to increase and decrease the

amount of cooling provided by thermosyphon cooler 12. The cooling fluid may then

exit thermosyphon cooler 12 and may flow through valves 30 and 32 to cooling tower

14, where the cooling fluid may be further cooled through evaporative cooling.

[0025] Within cooling tower 14, the cooling fluid may be cooled via evaporative

cooling with ambient air. The cooling fluid may enter cooling tower 14 through

nozzles 34 that direct the cooling fluid down through cooling tower 14 over a fill

material 36, such as splash bars, sheet fill packs, or any other suitable surface. A fan

38 driven by a motor 40 may direct air up through cooling tower 14 so that the air

mixes with the cooling fluid flowing through cooling tower 14 to promote evaporative

cooling. According to certain embodiments, fan 38 may be a centrifugal or axial fan

driven by a VSD. However, in other embodiments, fan 38 may be omitted and air

movement within the cooling tower would be induced by natural convection. Cooling

tower 14 may be a crossflow or a counterflow cooling tower. Further, although

shown as an induced draft cooling tower, in other embodiments, cooling tower 14

may be a forced draft cooling tower.

[0026] The cooled cooling fluid may then exit cooling tower 14 and may be

collected within a sump 42. As shown, sump 42 is located within building 16, which,

in certain embodiments, may inhibit freezing of the cooling fluid within sump 42.

However, in other embodiments, sump 42 may be an integral part of cooling tower 14

and may be located outside of building 16, as described further below with respect to

FIGURE 4 .



[0027] As the cooling fluid flows through cooling tower 14 and contacts ambient

air, solids and other contaminants may become entrapped or entrained within the

cooling fluid. Additional minerals, salts, and other contaminants may enter the

cooling fluid with make-up water. As pure water is removed from the cooling fluid

through evaporation, the concentration of such contaminants will increase within the

cooling fluid. Accordingly, a portion of the cooling fluid, which may contain

particulates, dissolved solids, and/or contaminants, may be removed as blowdown by

opening a valve 46. A valve 44 also may be opened to direct makeup cooling fluid

into sump 42 to account for losses in the cooling fluid due to blowdown and

evaporation. The cooled cooling fluid from sump 42 may then be returned to process

heat exchanger 18 via a pump 48 where the cooling fluid may again absorb heat from

the process fluid circulating within process fluid loop 20.

[0028] Cooling system 10 also may include a controller 50 that governs operation

of cooling system 10. Controller 50 may receive input signals 52 from components,

such as valves and sensors within system 10, in the form of analog and/or digital

inputs as shown in FIGURE 8. Based on the input signals, controller 50 may send

output signals 54, such as analog and/or digital outputs shown in FIGURE 8, to vary

operation of cooling system 10. As described further below with respect to FIGURES

6 and 7, controller 50 may use the input and output signals 52 and 54 to enable

operation of thermosyphon cooler 12 whenever it is efficient to operate thermosyphon

cooler 12 in addition to, or instead of cooling tower 14.

[0029] According to certain embodiments, controller 50 also may govern operation

of a freeze protection system 56 included within cooling system 10. Freeze protection

system 56 may include a differential pressure switch 58 that measures the pressure

difference between the cooling fluid entering and exiting thermosyphon cooler 12 and

a temperature sensor 57 that measures the temperature of the refrigerant within the

shell side of evaporator 76. Controller 50 may use input signals 52 from differential

pressure switch 58 to determine whether cooling fluid is flowing through

thermosyphon cooler 12. If controller 50 detects that there is no cooling fluid flow

based on input from differential pressure switch 58, controller 50 may initiate a low

temperature protection mode of freeze protection system 56, which may inhibit



freezing of the cooling fluid used within thermosyphon cooler 12. To initiate the low

temperature protection mode, controller 50 may close a valve 97 to promote

collection of the refrigerant within condenser 78. The lack of refrigerant flow to

evaporator 76 may inhibit freezing of the cooling fluid within evaporator 76.

Controller 50 also may turn on supplemental heat for evaporator 76 to provide an

influx of heat to evaporator 76 to inhibit freezing of the cooling fluid included within

evaporator 76.

[0030] Controller 50 also may use input from temperature sensor 57 to govern

operation of freeze protection system 56. For example, when controller 50 receives

an input from temperature sensor 57 that indicates that the temperature within

evaporator 76 is below a certain set point, controller 50 may initiate a freeze

protection mode of freeze protection system 56, which may drain the cooling fluid

from thermosyphon cooler 12 and may divert the flow of the cooling fluid around

thermosyphon cooler 12. To drain the cooling fluid from thermosyphon cooler 12,

controller 50 may open valves 60 and 62 to direct the cooling fluid to a drain line 64.

As shown, drain line 64 may direct the cooling fluid to sump 42. However, in other

embodiments, for example, where sump 42 is located outside of building 16, drain

line 64 may be connected to a sewer or a collection reservoir.

[0031] Controller 50 also may close valve 30 to direct cooling fluid exiting

thermosyphon cooler 12 to drain line 64 through valve 62. Further, controller 50 may

open a valve 66 to inject air into thermosyphon cooler 12 to facilitate drainage of the

cooling fluid from thermosyphon cooler 12. According to certain embodiments, valve

66 may be designed to inject air into the evaporator tubes of thermosyphon cooler 12

to displace the cooling fluid from the evaporator tubes. To inhibit the flow of

additional cooling fluid into thermosyphon cooler 12, controller 50 also may change

the position of valve 24 to direct the cooling fluid from process heat exchanger 18 to

bypass thermosyphon cooler 12 and flow directly to valve 32. According to certain

embodiments, valves 60, 62, and 66 may be solenoid valves designed to fail in the

open position, which, in the event of a power failure, may automatically enable freeze

protection system 56.



[0032] Cooling system 10 also may include temperature sensors 68, 70, 72, and 74

that may be used to detect temperatures used by controller 50 to govern operation of

cooling system 10. For example, temperature sensor 68 may detect the ambient air

temperature; temperature sensor 70 may detect the temperature of the cooling fluid

exiting thermosyphon cooler 12; temperature sensor 72 may detect the temperature of

the cooling fluid exiting process heat exchanger 18; and temperature sensor 74 may

detect the temperature of the cooling fluid entering process heat exchanger 18.

Temperature sensors 68, 70, 72, and 74 may provide the temperatures to controller 50

in the form of input signals 52, which may be used to control operation of cooling

system 10.

[0033] According to certain embodiments, controller 50 may use temperatures

sensed by some, or all of the sensors 57, 68, 70, 72, and 74 to determine when to

enable freeze protection system 56. For example, controller 50 may initiate the low

temperature protection mode of freeze protection system 56 when there is no flow, as

detected by differential pressure switch 58, and when the ambient temperature, as

detected by sensor 68, is below an ambient temperature set point. In another example,

controller 50 may disable a freeze protection mode of freeze protection system 56

when the temperature of the cooling fluid exiting thermosyphon cooler 12, as detected

by sensor 70, is above an intermediate temperature set point.

[0034] Controller 50 also may use temperatures sensed by some, or all of, the

sensors 57, 68, 70, 72, and 74 to determine operating parameters of thermosyphon

cooler 12. According to certain embodiments, cooling system 10 may be designed to

cool the cooling fluid entering process heat exchanger 18 to a specific temperature,

which may be referred to as the cooling system temperature set point. If the

temperature of the cooling fluid entering process heat exchanger 18, as detected by

sensor 74, is above the cooling system temperature set point, controller 50 may

provide output signals to motor 28 to increase the speed of the condenser fans 26.

Similarly, if the temperature of the cooling fluid entering process heat exchanger 18,

as detected by sensor 74, is below the cooling system temperature set point, controller

50 may provide output signals to motor 28 to decrease the speed of the condenser fans

26.



[0035] Controller 50 also may use temperatures sensed by some, or all of the

sensors 57, 68, 70, 72, and 74 to determine when to operate cooling tower 14. For

example, if the temperature of the cooling fluid exiting thermosyphon 12, as detected

by sensor 70, is equal to or below the cooling system temperature set point, controller

50 may provide an output signal to valve 32 to change the position of valve 32 so that

the cooling fluid bypasses cooling tower 14 and proceeds directly to sump 42. In this

mode of operation, thermosyphon cooler 12 may be capable of providing enough

cooling capacity to achieve the cooling system temperature set point, and accordingly,

cooling system 10 may be operated without employing cooling tower 14, which may

reduce water consumption within cooling system 10.

[0036] As described further below with respect to FIGURES 6 and 7, controller 50

also may use temperatures sensed by some, or all of the sensors 57, 68, 70, 72, and 74

to determine when to operate thermosyphon cooler 12. For example, controller 50

may use temperatures sensed by sensors 72 and 68 to determine the temperature

difference between the cooling fluid exiting process heat exchanger 18 and the

ambient air. Controller 50 may then use this temperature difference in conjunction

with water and electricity rates to determine when it is economically and/or resource

efficient to operate thermosyphon cooler 12.

[0037] FIGURES 2 and 3 depict an embodiment of thermosyphon cooler 12. As

shown in FIGURE 2, thermosyphon cooler 12 includes a shell and tube evaporator 76

and an air cooled condenser 78. Shell and tube evaporator 76 may receive heated

cooling fluid from process heat exchanger 18 (FIGURE 1) and may transfer heat from

the cooling fluid to refrigerant flowing through the evaporator 76. According to

certain embodiments, the refrigerant may be an HFC or an HFO type refrigerant;

however, in other embodiments, any suitable refrigerant may be employed. The

heated refrigerant may be directed through piping of refrigerant loop 80 to condenser

78, where the refrigerant may be cooled by ambient air directed through condenser 78

by fans 26. The cooled refrigerant may then be returned to evaporator 76 through

refrigerant loop 80. According to certain embodiments, evaporator 76 and condenser

78 may be included within a common frame 82 that allows thermosyphon cooler 12 to

be sold as a single integrated package. However, in other embodiments, evaporator



76 and condenser 78 may be disposed within separate frames or may be installed

within separate parts of cooling system 10. Further, although the embodiment

reflected in FIGURE 2 and FIGURE 3 shows evaporator 76 as a shell and tube

evaporator, other embodiments may include another type of evaporator, such as a

plate evaporator design, in lieu of a shell and tube design.

[0038] The refrigerant and the cooling fluid may circulate through thermosyphon

cooler 12 as shown in FIGURE 3 . Shell and tube evaporator 76 may include a shell

84 that contains the refrigerant as the refrigerant flows through evaporator 76. Shell

84 also may house tubes 86 that circulate the cooling fluid through evaporator 76.

The cooling fluid may enter tubes 86 through an inlet 87 disposed in shell 84 and may

exit tubes 86 through an outlet 89 disposed in shell 84. As the cooling fluid flows

through tubes 86, the cooling fluid may transfer heat to the refrigerant flowing within

shell 84. As the refrigerant absorbs heat, the heated refrigerant, which is more

buoyant than the cooler refrigerant, may be drawn by natural convection through

pipes 80 into condenser 78, which is at a lower temperature than evaporator 76. The

heated refrigerant may then flow through a heat transfer coil 88 included within

condenser 78 and fans 26 may draw environmental air over coil 88 to cool the

refrigerant flowing within coil 88. The cooled refrigerant may then return by gravity

to shell 84 where the refrigerant may again absorb heat from the cooling fluid within

tubes 86.

[0039] To promote the return of the cooled refrigerant into evaporator 76,

condenser 78 may be disposed at a height 90 above evaporator 76 to promote the

return of cooled refrigerant to evaporator 76. Condenser 78, evaporator 76, and

piping of refrigerant loop 80 may be sized to minimize the pressure drop within

thermosyphon cooler 20, thereby allowing a lower height 90 to be employed to return

refrigerant from condenser 78 to evaporator 76 through natural convection.

According to certain embodiments, height 90 may be less than approximately 10 to 12

feet to allow thermosyphon cooler 12 to be shipped as a single integrated package on

a conventional road truck. However, in other embodiments, height 90 may be any

suitable height. In certain embodiments, evaporator 76 also may be disposed at an

angle to promote drainage of cooling fluid from evaporator 76. According to certain



embodiments, evaporator 76 may be tilted at an angle of approximately 5 degrees

with respect to horizontal.

[0040] Evaporator 76 may be designed as a cleanable evaporator where the interior

of tubes 86 may be accessed for cleaning to remove contaminant buildup from

particulates and/or dissolved solids that enter tubes 86 with the cooling fluid. For

example, the cooling fluid may absorb solids from the environmental air that contacts

the cooling fluid in cooling tower 14. To provide access to tubes 86, evaporator 76

may include an access cover 92 that may be removed to expose openings into tubes

86. Further, in other embodiments, instead of, or in addition to a removable access

cover 92, evaporator 76 may include a removable head section 94 that may allow

access to tubes 86 for cleaning.

[0041] In certain embodiments, evaporator 76 also may include a sensor 95, such

as an optical sensor, designed to detect the level of the cooling fluid within evaporator

76. In these embodiments, sensor 95 may be used in conjunction with freeze

protection system 56 to ensure that the cooling fluid has been drained from evaporator

76 when the freeze protection mode of freeze protection system 56 has been enabled.

Further, in certain embodiments, thermosyphon cooler 12 may include a valve 97

disposed within piping of refrigerant loop 80 to stop the flow of refrigerant through

refrigerant loop 80. In these embodiments, valve 97 may be closed by controller 50

upon detecting a condition, such as a low ambient temperature, low evaporator

temperature, for example, measured at temperature sensor 95, and/or no flow within

thermosyphon cooler 12, that may produce freezing. When closed, valve 97 may

promote collection of the refrigerant within coil 88 of condenser 78, which may

inhibit circulation of the refrigerant within circuit 80 and prohibit circulation of

refrigerant to evaporator 76. In these embodiments, evaporator 76 also may

incorporate supplemental heating and/or insulation, to provide an influx of heat to

evaporator 76 upon detecting a potential freeze condition.

[0042] FIGURE 4 depicts another embodiment of the cooling system 10 that

includes open loop cooling tower 14 and thermosyphon cooler 12. The embodiment

of cooling system 10 shown in FIGURE 4 is generally similar to the embodiment of



cooling system 10 described above with respect to FIGURE 1. However, the cooling

tower 14 shown in FIGURE 4 includes an integrated sump 42 rather than a sump that

is disposed within building 16, as shown in FIGURE 1.

[0043] As shown in FIGURE 4, the cooling fluid may be cooled within

theraiosyphon cooler 12. Theraiosyphon cooler 12 includes freeze protection system

56, which may operate as described above with respect to FIGURE 1. However,

drain line 64 may be directed to a sewer or collection reservoir, rather than to sump

42. The cooling fluid exiting theraiosyphon cooler 12 may flow through valve 32 to

cooling tower 14. Within cooling tower 14, the cooling fluid may be directed over fill

material 36 by nozzles 34 and may collect within sump 42, which may be located in

the lower portion of cooling tower 14. Valve 44 may be opened to direct makeup

cooling fluid into sump 42 to account for losses in the cooling fluid due to blowdown

and evaporation. Valve 46 also may be opened to remove blowdown from cooling

tower 14. The cooled cooling fluid from sump 42 may then be returned to process

heat exchanger 18 via pump 48. Within process heat exchanger 18, the cooling fluid

may again absorb heat from the process fluid circulating within process fluid loop 20.

[0044] As described above with respect to FIGURES 1 through 4, theraiosyphon

cooler 12 may be employed in a cooling system 10 that includes an open loop cooling

tower where environmental air may directly contact the cooling fluid flowing through

cooling system 10. However, in other embodiments, theraiosyphon cooler 10 may be

employed within a closed circuit cooling tower as shown in FIGURE 5 . Closed loop

cooling towers may be particularly useful in systems where it may be desirable to

reduce contaminants in the cooling fluid.

[0045] The embodiment of the cooling system 10 shown in FIGURE 5 may be

generally similar to the cooling system described above with respect to FIGURE 1.

However, rather than allowing the cooling fluid within cooling system loop 22 to be

directly exposed to the ambient air within cooling tower 14 as in FIGURE 1, cooling

system 10 in FIGURE 5 is isolated from contacting ambient air by employing closed

circuit cooling tower 9 1 in lieu of cooling tower 14. Within closed circuit cooling

tower 91, the cooling fluid flowing through cooling system loop 22 may be cooled



through closed circuit cooling tower cooling coil 98 which may transfer heat to a

spray water loop 102 which is integral to closed circuit cooling tower 91. The spray

water circulating within spray water loop 93 may be cooled via evaporative cooling

with ambient air, thus enabling the cooling fluid flowing through cooling system loop

22 from being exposed to the airborne and makeup water borne contaminants

normally associated with open cooling system loops. The spray water loop may

include nozzles 34 which direct the spray water over the closed circuit cooling tower

cooling coil 98, a sump 42 to collect the spray water, spray water piping 99, and a

spray water pump 101. A fan 38 driven by a motor 40 may direct air up through

closed circuit cooling tower 9 1 to promote evaporative cooling of the spray water. A

blowdown valve 46 may be used to remove contaminants from spray water loop 93

and makeup water valve 44 may be used to direct makeup spray water into sump 42 to

account for losses in spray water due to blowdown and evaporation.

[0046] FIGURE 6 depicts a method 100 that may be employed to govern operation

of a cooling system 10 that includes an open loop cooling tower, as shown in

FIGURES 1 and 4, or a closed loop cooling tower, as shown in FIGURE 5 . Method

100 may begin by determining (block 102) whether cooling system 10 is beginning

operation. For example, cooling system 10 may begin operation upon startup of

process heat exchanger 18. If cooling system 10 is beginning operation, controller 50

may initiate (block 103) a freeze protection mode of freeze protection system 56. To

initiate the freeze protection mode, controller 50 may position valve 24 to direct the

cooling fluid to bypass thermosyphon cooler 12. Controller 50 also may leave valves

60, 62, and 66 in the open position. Further, controller 50 may close valve 97 to stop

the flow of refrigerant within refrigerant loop 80 of thermosyphon cooler 12.

[0047] If cooling system 10 is not beginning operation, controller 50 may

determine (block 104) whether to initiate a low temperature protection mode of freeze

protection system 56. For example, controller 50 may receive the ambient

temperature as an input from temperature sensor 68 and may determine whether the

ambient temperature is below an ambient temperature set point, which, in certain

embodiments, may be 36°F. However, in other embodiments, the ambient

temperature set point may vary. If the ambient temperature is below the ambient



temperature set point, controller 50 may then determine if there is flow through

thermosyphon cooler 12. For example, controller 50 may detect flow through

thermosyphon cooler 12 using differential pressure switch 58.

[0048] If controller 50 determines that there is no flow through thermosyphon

cooler 12, controller 50 may initiate (block 105) the low temperature protection mode

of freeze protection system 56. The low temperature protection mode may allow the

cooling fluid to be retained within thermosyphon cooler 12 during relatively short

periods of low ambient temperatures and/or during relatively short periods of

shutdown of cooling system 10. For example, low temperature protection mode may

be initiated when cooling system 10 is shutdown overnight when there is no cooling

demand from process heat exchanger 18.

[0049] To initiate the low temperature protection mode, controller 50 may adjust

operation of cooling system 10 to protect the cooling fluid within thermosyphon

cooler 12 from freezing. For example, controller 50 may turn off the thermosyphon

cooler fans 26. Controller 50 also may ensure that valves 24 and 30 are open to allow

the cooling fluid to flow through thermosyphon cooler 12. Further, controller 50 may

close valve 97 to stop the flow of refrigerant through refrigerant loop 80. Closing

valve 97 may allow the refrigerant to collect within condenser 78, which may inhibit

freezing of the cooling fluid within evaporator 76. Controller 50 also may turn on the

supplemental heat for evaporator 76, which may provide heat to evaporator 76 to

inhibit freezing of the cooling fluid contained within evaporator 76.

[0050] If there is flow through thermosyphon cooler 12 and/or if the ambient

temperature is above the ambient temperature set point, controller 50 may then

determine (block 106) whether the evaporator temperature is below an evaporator

temperature set point. For example, controller 50 may receive the evaporator

temperature as an input from temperature sensor 57, which may indicate the

temperature of the refrigerant within the shell side of evaporator 76. According to

certain embodiment, the evaporator temperature set point may be 33°F. However, in

other embodiments, the evaporator temperature set point may vary.



[0051] If controller 50 determines that the evaporator temperature is below the

evaporator temperature set point, controller 50 may initiate (block 108) the freeze

protection mode of freeze protection system 56. To initiate the freeze protection

mode, controller 50 may adjust operation of cooling system 10 so that the cooling

fluid bypasses thermosyphon cooler 12. In particular, controller 50 may turn off the

thermosyphon cooler fans 26 and may divert water away from thermosyphon cooler

12 using valve 24. Controller 50 also may position valve 32 to direct the cooling fluid

exiting thermosyphon cooler 12 directly to sump 42. After the cooling fluid has

drained from thermosyphon cooler 12, controller 50 may position valve 32 to allow

the cooling fluid to flow through cooling tower 14, where the cooling fluid may be

cooled by evaporative cooling.

[0052] In the freeze protection mode, controller 50 also may drain cooling fluid

from thermosyphon cooler 12. For example, controller 50 may close valve 30 and

open valves 60 and 62 to direct the cooling fluid within thermosyphon cooler 12 to

drain line 64. Controller 50 also may open valve 66 to inject air into thermosyphon

cooler 12 to further promote drainage of the cooling fluid from thermosyphon cooler

12. According to certain embodiments, draining the cooling fluid from thermosyphon

cooler 12 in freeze protection mode may protect tubes 86 from damage due to

expansion and/or freezing of the cooling fluid.

[0053] If controller 50 determines that the freeze protection mode should not be

initiated, controller 50 may then determine (block 110) whether the freeze protection

mode should be disabled. First, controller 50 may determine whether freeze

protection mode is currently enabled, for example, based on the positions of valves

24, 60, 62, 66, and 30. If freeze protection mode is currently enabled, controller 50

may then determine whether the intermediate temperature (i.e. the temperature of the

cooling fluid exiting thermosyphon cooler 12), as measured by temperature sensor 70,

is above an intermediate temperature set point, which, in certain embodiments, may

be approximately 50°F. However, in other embodiments, the intermediate

temperature set point may vary.



[0054] If the intermediate temperature is not above the intermediate temperature

set point, controller 50 may allow cooling system 10 to continue operating in the

freeze protection mode. However, if the intermediate temperature is above the

intermediate temperature set point, controller 50 may initiate (block 112) a freeze

restart sequence to allow the cooling fluid to flow through thermosyphon cooler 12.

In particular, controller 50 may close drain valves 60 and 62 and also may close vent

valve 66. Further, controller 50 may adjust the positions of valves 24 and 30 to allow

the cooling fluid to flow through thermosyphon cooler 12. Accordingly, cooling

system 10 may now be operating in a process cooling mode where the cooling fluid

flows through thermosyphon cooler 12 to be cooled by the ambient air.

[0055] As shown in FIGURE 7, method 100 may then continue by determining

(block 114) whether cooling system 10 is operating in a process cooling mode. In the

process cooling mode, cooling system 10 may be set so that the cooling fluid is

directed through both thermosyphon cooler 12 and cooling tower 14. According,

controller 50 may detect operation in the process cooling mode based on inputs from

motors 28 and 40 and valves 24 and 32. If controller 50 detects that cooling system

10 is not operating in the process cooling mode, controller 50 may leave cooling

system 10 operating in its current mode. For example, if cooling system 10 is not

operating in the process cooling mode, cooling system 10 may be operating in the

freeze protection mode or in the low temperature mode.

[0056] If cooling system 10 is operating in the process cooling mode, controller 50

may then perform (block 116) calculations that may be used to determine (block 118)

whether cooling with thermosyphon cooler 12 should be enabled. For example,

controller 50 may calculate the thermosyphon economic power consumption limit

(TEPCL). As shown in FIGURE 8, the TEPCL may be the maximum kilowatts of

electricity that should be used by condenser fans 26 per degree of cooling fluid

temperature drop achieved by thermosyphon cooler 12 to ensure that the avoided

water costs are greater than the incremental electricity costs used to operate

thermosyphon cooler 12.



[0057] The TEPCL may be calculated using inputs such as the cost of water, the

cost of electricity, ambient wet bulb and dry bulb temperatures, cooling tower water

usage, the cost of waste water, the cost of water treatment, and/or cooling tower fan

power consumption, among others. The costs of water and electricity may be input by

an operator or may be obtained by controller 50 over a network connection. Using the

water and electricity rates, controller 50 may calculate the TEPCL as the maximum

kilowatts that should be used by the condenser fan motors 28 per degree of cooling as

measured by the temperature difference between the temperature of the cooling fluid

exiting process heat exchange 18, as measured by sensor 72, and the temperature of

the cooling fluid exiting thermosyphon cooler 12 (i.e. the intermediate temperature),

as measured by sensor 70.

[0058] The TEPCL may be used to calculate a thermosyphon start threshold

(TST). As shown in FIGURE 7, the thermosyphon start threshold may be the

minimum temperature difference that should exist between the temperature of the

cooling fluid exiting process heat exchanger 18, as measured by temperature sensor

72, and the ambient air temperature, as measured by temperature sensor 68, to allow

the thermosyphon cooler 12 to be operated at an economic power consumption level

below the TEPCL when condenser fans 26 are operated at a low fan speed.

[0059] Controller 50 may then use the calculated TST to determine (block 118)

whether the actual temperature difference between the cooling fluid exiting process

heat exchanger 18 and the ambient air temperature is greater than the TST. For

example, controller 50 may calculate the actual temperature difference based on the

temperatures received from sensors 70 and 68. If the actual temperature difference is

below the TST, controller 50 may disable (block 120) operation of thermosyphon

cooler 12. For example, controller 50 may position valve 24 so that the cooling fluid

bypasses thermosyphon cooler 12. Further, in certain embodiments, controller 50

may turn off condenser fans 26.

[0060] Moreover, in certain embodiments, controller 50 also may determine

whether an ambient temperature is above a high temperature set point. For example,

controller 50 may receive an input from temperature sensor 68 that indicates the



ambient temperature. If the ambient temperature is above the high temperature set

point, controller 50 may disable (block 120) operation of thermosyphon cooler 12.

According to certain embodiments, the high temperature set point may be the ambient

temperature above which heat would be added to the cooling fluid flowing through

thermosyphon cooler 12. Accordingly, in certain embodiments, the high temperature

set point may depend on the temperature of the cooling fluid exiting process heat

exchanger 18, which may be detected by temperature sensor 72. In situations where

the ambient temperature is approximately equal to or higher than the temperature of

the cooling fluid exiting process heat exchanger 18, it may be desirable to bypass

thermosyphon cooler 12 to avoid adding heat from the ambient air to the cooling

fluid.

[0061] If, on the other hand, controller 50 determines (block 118) that the ambient

temperature is below the high temperature set point and/or if the actual temperature

difference is greater than the TST, controller 50 may enable (block 122) operation of

thermosyphon cooler 12. For example, controller 50 may position valve 24 to allow

the cooling fluid to flow through thermosyphon cooler 12. Accordingly, the cooling

fluid may flow through thermosyphon 12 where the fluid may be cooled by the

ambient air.

[0062] After thermosyphon cooler 12 is enabled, controller 50 may then adjust

operation of fans 26 to vary the amount of cooling provided by thermosyphon cooler

12. According to certain embodiments, the operation of fans 26 may be adjusted to

minimize consumption of electricity while still providing the desired amount of

cooling. For example, controller 50 may determine (block 124) whether the

intermediate temperature, as measured by temperature sensor 70, is below the cooling

system temperature set point. When the intermediate temperature is at or below the

cooling system temperature set point, which is the desired temperature of the cooling

fluid entering process heat exchanger 18, thermosyphon cooler 12 may be capable of

providing enough cooling to achieve the cooling system temperature set point,

without additional cooling from cooling tower 14. Further when the intermediate

temperature is below the cooling system temperature set point, thermosyphon 12 may



be currently overcooling the cooling fluid, and accordingly, the speed of condenser

fans 26 may be reduced.

[0063] If the intermediate temperature is below the cooling system temperature set

point, controller 50 may then determine (block 126) whether the condenser fans are

operating at the minimum speed. If the condenser fans are operating at the minimum

speed, controller 50 may turn off (block 128) the condenser fans. In these

embodiments, the temperature of the ambient air may be low enough to cool the

cooling fluid to the cooling system temperature set point without using electricity to

operate the fans. In this mode of operation, thermosyphon cooler 12 may be operated

without consuming electricity. On the other hand, if controller 50 determines (block

126) that the fans are not operating at the minimum fan speed, controller 50 may

decrease (block 130) the fan speed. Reducing the fan speed may reduce the amount

of electricity consumed by thermosyphon cooler 12.

[0064] If controller 50 determines (block 124) that the intermediate temperature is

above the cooling system temperature set point, thermosyphon cooler 12 may not be

currently providing enough cooling to achieve the cooling system temperature set

point. Accordingly, controller 50 may determine whether it should increase the

cooling capacity of thermosyphon cooler 12 by adjusting the speed of the condenser

fans. First, controller 50 may determine (block 132) whether the condenser fans are

operational. If the fans are operational, controller 50 may then determine (block 134)

whether the fans are operating in an economically efficient manner. According to

certain embodiments, controller 134 may calculate the current thermosyphon

economic power consumption (TEPC) used by thermosyphon cooler 12. For

example, controller 50 may calculate the current kilowatts being used by motor 28

and may divide these kilowatts by the temperature difference between the temperature

of the cooling fluid exiting process heat exchanger 18, as measured by temperature

sensor 72 and temperature of the cooling fluid exiting thermosyphon cooler 12, as

measured by temperature sensor 70.

[0065] The controller 50 may then compare the actual TEPC to the TEPCL. If the

actual TEPC is above the TEPCL, controller 50 may then decrease (block 135) the fan



speed. Decreasing the fan speed may reduce the amount of cooling provided by

thermosyphon cooler 12 and accordingly, more cooling may be provided by cooling

tower 14. In these instances, controller 50 may increase the speed of cooling tower

fan 38 to provide additional cooling capacity. On the other hand, if the TEPC is

below the TEPCL, controller 50 may increase (block 136) the speed of the condenser

fans to increase the amount of cooling provided by thermosyphon cooler 12. Further,

if controller 50 determines (block 132) that the fans are not on, controller 50 may turn

on (block 138) the fans to the minimum fan speed. Controller 50 may then again

determine (block 124) whether the intermediate temperature is below the cooling

system temperature set point and may then adjust operation of the condenser fans as

described above with respect to blocks 126 to 138.

[0066] As may be appreciated, a certain amount of hysteresis may be employed

when varying operation of the condenser fans. For example, in certain embodiments,

controller 50 may adjust operation of the condenser fans after detecting a threshold

amount of change in the intermediate temperature, as measured by temperature sensor

70.

[0067] FIGURE 8 depicts various input and outputs that may be used by controller

50 to govern operation of cooling system 12. As described above, the input and

outputs may be analog and/or digital outputs and may be used by controller 50 to

enable the freeze protection system 56 and to govern operation of thermosyphon

cooler 12 and cooling tower 14. Further, in certain embodiments, the inputs and

outputs shown in FIGURE 7 may be employed by controller 50 to determine when to

direct the cooling fluid through thermosyphon cooler 12, through cooling tower 14, or

through both thermosyphon cooler 12 and cooling tower 14.

[0068] Although FIGURES 6 and 7 describe method 100 in the context of a

thermosyphon cooler, in other embodiments, portions of method 100 may be

employed to control cooling systems with other types of dry heat rejection systems,

such as an air cooled condenser used in parallel with an evaporative condenser in a

system circulating refrigerant directly to the heat rejection devices.



[0069] Although FIGURES 6 and 7 describe method 100 in the context of a

thermosyphon cooler, in other embodiments, portions of method 100 may be

employed to control cooling systems with other types of dry heat rejection systems,

such as dry coolers used in conjunction with a freeze protectant coolant. FIGURE 9

depicts another embodiment of cooling system 10, which includes a dry cooler 142

and a heat exchanger 143. According to certain embodiments, dry cooler 142 may be

similar to the air cooled condenser 78 employed within thermosyphon cooler 12.

However, in other embodiments, any suitable air cooled condenser or other type of

dry heat rejection device may be used. As used herein, the term "dry heat rejection

device" may refer to a heat transfer device that does not employ wet or evaporative

cooling. According to certain embodiments, heat exchanger 143 may be similar to the

evaporator 76 employed in the thermosyphon cooler 12. However, in other

embodiments, any suitable type of heat exchanger, such as a plate heat exchanger,

may be employed.

[0070] As shown in FIGURE 9, cooling system 10 includes a dry heat rejection

system that includes heat exchanger 143, dry cooler 142, a freeze protectant coolant

loop, such as a glycol or brine loop 138, and a pump 140. The cooling fluid from

process heat exchanger 18 may flow through heat exchanger 143, where the cooling

fluid may transfer heat to the freeze protectant coolant, such as glycol or brine,

flowing through heat exchanger 143. The cooling fluid may then exit heat exchanger

143 and flow to cooling tower 14 where the cooling fluid may be further cooled as

described above with respect to FIGURE 1. In certain embodiments where heat

exchanger 143 is a shell and tube heat exchanger, the cooling fluid may flow through

the tubes of heat exchanger 143 while freeze protectant coolant, such as a glycol or

brine, flows through the shell side of heat exchanger 143.

[0071] Within the dry heat rejection system, the heated freeze protectant coolant

from heat exchanger 143 may flow through coolant loop 138 to dry cooler 142 via

pump 140. Although not shown, pump 140 may be driven by one or more motors.

Within dry cooler 142, the freeze protectant coolant may be cooled by air that is

directed through dry cooler 142 by fans 26. The cooled coolant may then exit dry



cooler 142 and return to heat exchanger 143 where the coolant may again absorb heat

from the cooling fluid flowing through heat exchanger 143.

[0072] Because of the additional freeze protectant coolant loop 138, the cooling

fluid may be contained within building 16 and may not be exposed to the ambient air.

Accordingly, a freeze protection system may not be employed because the cooling

system may be protected from low ambient temperatures by building 16.

Accordingly, blocks 102 to 112 of method 100 (FIGURE 6) may be omitted when

operating the embodiment of the cooling system shown in FIGURE 9 . However, as

shown in FIGURE 10, a method 146 that is similar to blocks 114 to 138 of FIGURE 7

may be employed to operate the dry heat rejection system shown in FIGURE 9 .

[0073] As shown in FIGURE 10, method 146 may begin by detecting (block 148)

that cooling system 10 is operating in a process cooling mode. For example,

controller 50 may detect operation in the process cooling mode based on the positions

of valves 24 and 32. If controller 50 detects that the system is operating in a process

cooling mode, controller 50 may then calculate (block 150) the dry heat rejection

economic power consumption limit (DEPCL).

[0074] The DEPCL may be similar to the TEPCL described above with respect to

FIGURES 5 to 7 . For example, the DEPCL may be the maximum kilowatts of

electricity used by the dry heat rejection system per degree of cooling fluid

temperature drop achieved by the dry heat rejection system to ensure that the avoided

water costs are greater than the incremental electricity costs used to operate the dry

heat rejection system. For example, as shown in FIGURE 8, the electricity costs may

be based on the electrical consumption of motor 28 used to drive fans 26, as well as

the electricity used by the motor that drives pump 140. Controller 50 may then

calculate (block 152) the dry heat rejection system start threshold (DST). The DST

may be similar to the TST described above with respect to FIGURES 5 to 7 . For

example, the DST may be the minimum temperature difference that should exist

between the temperature of the cooling fluid exiting the process heat exchanger, as

measured by sensor 72, and the ambient temperature, as measured by temperature



sensor 68, that is known to enable an actual power consumption of the dry heat

rejection system, which is below the DEPCL.

[0075] Controller 50 may then use the calculated DST to determine (block 154)

whether the actual temperature difference between the cooling fluid exiting process

heat exchanger 18 and the ambient air is greater than the DST. If the actual

temperature difference is below the DST, controller 50 may disable (block 156)

operation of the dry heat rejection system. For example, controller 50 may position

valve 24 to direct the cooling fluid to bypass heat exchanger 143 and flow directly

through valve 32 to cooling tower 14. Further, in certain embodiments, controller 50

may turn off fans 26 and pump 140.

[0076] On the other hand, if controller 50 determines (block 154) that the actual

temperature difference is greater than the DST, controller 50 may enable (block 158)

the dry heat rejection system. For example, controller 50 may adjust valve 24 to

direct the cooling fluid through heat exchanger 143 to transfer heat from the cooling

fluid to the freeze protectant coolant that flows through dry cooler 142. Further,

controller 50 may turn on fans 26 and pump 140. Moreover, while the dry heat

rejection system is operating, controller 50 may govern operation of fans 26 as

described above in FIGURE 6 with respect to blocks 124 to 138.

[0077] FIGURE 11 depicts another embodiment of cooling system 10 that includes

thermosyphon cooler 12 and an open loop cooling tower 160, which is a natural draft

hyperbolic cooling tower. A steam condenser 162 may be used to transfer heat from

steam from a turbine to cooling system loop 22. According to certain embodiments,

the cooling system 10 may be used to provide cooling for a power plant. The cooling

system shown in FIGURE 11 may operate generally similar to the cooling system

described above with respect to FIGURE 1, and method 100 may be employed to

operate the cooling system, as described above with respect to FIGURES 6 and 7 .

[0078] While only certain features and embodiments of the invention have been

illustrated and described, many modifications and changes may occur to those skilled

in the art (e.g., variations in sizes, dimensions, structures, shapes, and proportions of



the various elements, values of parameters (e.g., temperatures, pressures, etc.),

mounting arrangements, use of materials, orientations, etc.) without materially

departing from the novel teachings and advantages of the subject matter recited in the

claims. For example, the order or sequence of any process or method steps may be

varied or re-sequenced according to alternative embodiments. Further, although

individual embodiments are discussed herein, the disclosure is intended to cover all

combinations of these embodiments. It is, therefore, to be understood that the

appended claims are intended to cover all such modifications and changes as fall

within the true spirit of the invention. Furthermore, in an effort to provide a concise

description of the exemplary embodiments, all features of an actual implementation

may not have been described (i.e., those unrelated to the presently contemplated best

mode of carrying out the invention, or those unrelated to enabling the claimed

invention). It should be appreciated that in the development of any such actual

implementation, as in any engineering or design project, numerous implementation

specific decisions may be made. Such a development effort might be complex and

time consuming, but would nevertheless be a routine undertaking of design,

fabrication, and manufacture for those of ordinary skill having the benefit of this

disclosure, without undue experimentation.



CLAIMS:

1. A cooling system comprising:

a dry heat rejection system configured to transfer heat from a cooling fluid to

ambient air through dry cooling;

a cooling tower disposed downstream of the dry heat rejection system with

respect to the cooling fluid and configured to transfer heat from the cooling fluid to

ambient air through evaporative cooling; and

a controller configured to selectively enable operation of the dry heat rejection

system based on water cost and/or electricity cost.

2 . The cooling system of claim 1, wherein the dry heat rejection system

comprises a thermosyphon cooler.

3 . The cooling system of claim 1, wherein the dry heat rejection system

operates without a mechanical circulation device.

4 . The cooling system of claim 1, wherein the dry heat rejection system

comprises:

a shell and tube evaporator configured to transfer heat from the cooling fluid

to a refrigerant circulating through the evaporator;

an air cooled condenser configured to transfer heat from the refrigerant to the

ambient air; and

piping sized to circulate the refrigerant between the shell and tube evaporator

to the air cooled condenser based on natural convection.

5 . The cooling system of claim 4, comprising a valve system operably

coupled to the controller, and wherein the controller is configured to adjust the valve

system to drain the cooling fluid from the dry heat rejection system in response to

detecting a temperature of the refrigerant within the shell and tube evaporator that is

below a temperature set point.



6 . The cooling system of claim 4, comprising a valve system operably

coupled to the controller, and wherein the controller is configured to adjust the valve

system to stop the flow of refrigerant within the piping in response to detecting an

ambient temperature, a refrigerant temperature, or a cooling fluid temperature, or a

combination thereof that is below a temperature set point.

7 . The cooling system of claim 1, wherein the cooling tower comprises an

open loop cooling tower and wherein the cooling fluid comprises water.

8. The cooling system of claim 1, wherein the dry heat rejection system

comprises:

a shell and tube evaporator configured to transfer heat from the cooling fluid

to a freeze protectant coolant circulating through the evaporator;

an air cooled condenser configured to transfer heat from the freeze protectant

coolant to the ambient air; and

a pump configured to circulate the refrigerant between the shell and tube

evaporator and the air cooled condenser.

9 . A thermosyphon cooler comprising:

a shell and tube evaporator configured to transfer heat from a cooling fluid to a

refrigerant and comprising a removable section for cleaning tubes of the shell and

tube evaporator;

an air cooled condenser configured to transfer heat from the refrigerant to the

ambient air; and

piping sized to circulate the refrigerant between the shell and tube evaporator

to the air cooled condenser based on natural convection.

10. The thermosyphon cooler of claim 9, wherein the thermosyphon cooler

comprises a single frame containing the shell and tube evaporator, the piping, and the

air cooled condenser.



11. The thermosyphon cooler of claim 9, wherein the removable section

comprises an access cover removable from a head end of the shell and tube

evaporator.

12. The thermosyphon cooler of claim 9, wherein the removable section

comprises a removable head end of the shell and tube evaporator.

13. The thermosyphon cooler of claim 9, wherein the shell and tube

evaporator comprises a shell side configured to circulate the refrigerant and wherein

the tubes are configured to circulate the cooling fluid.

14. The thermosyphon cooler of claim 9, comprising an air injection valve

coupled to the tubes and configured to allow ambient air to enter the tubes to drain the

cooling fluid from the tubes.

15. The thermosyphon cooler of claim 9, comprising a valve system of one

or more valves configured to drain the cooling fluid from the shell and tube

evaporator.

16. The thermosyphon cooler of claim 9, comprising a valve coupled to the

piping to selectively block return of the refrigerant to the shell and tube evaporator

from the air cooled condenser.

17. The thermosyphon cooler of claim 9, comprising a controller

configured to selectively operate the thermosyphon cooler based on water rates and

electricity rates.

18. A method for operating a cooling system, the method comprising:

determining an economic power consumption limit below which it is cost

effective to operate a thermosyphon cooler, wherein the economic power

consumption limit is determined based on a water cost and/or an electricity cost;



determining, using the economic power consumption limit, a desired

temperature differential between a first temperature of cooling fluid exiting a process

heat exchanger cooled by the cooling system and an ambient temperature; and

enabling operation of a thermosyphon cooler in response to detecting that a

sensed temperature differential between the first temperature and the ambient

temperature is greater than the desired temperature differential.

19. The method of claim 18, wherein enabling operation of the

thermosyphon cooler comprises positioning one or more valves to circulate a cooling

fluid through the thermosyphon cooler.

20. The method of claim 18, comprising calculating an actual power

consumption of the thermosyphon cooler and adjusting a speed of one or more fans of

the thermosyphon cooler based on the actual power consumption of the thermosyphon

cooler.

21. The method of claim 20, comprising decreasing the speed in response

to detecting that the actual power consumption exceeds the economic power

consumption limit.

22. The method of claim 18, comprising enabling a freeze protection mode

in response to detecting a refrigerant temperature below a freeze protection

temperature set point.

23. The method of claim 22, wherein enabling a freeze protection mode

comprises adjusting a position of one or more valves to drain a cooling fluid from the

thermosyphon cooler.

24. The method of claim 22, wherein enabling a freeze protection mode

comprises opening a valve to inject ambient air into the thermosyphon cooler to drain

a cooling fluid from the thermosyphon cooler.



25. The method of claim 18, comprising:

detecting an intermediate temperature of a cooling fluid exiting a

thermosyphon cooler; and

enabling operation of a cooling tower in response to detecting that the

intermediate temperature is greater than a temperature set point for the cooling fluid

entering a process heat exchanger.
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