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Transcritical vs Subcritical
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• HFC systems always work subcritical 

because CT never exceeds the critical 

temp (213.8° F for R134a, 87.8° F for 

R744)

• Subcritical fluid rejects heat by 
phase changing (CT<CP)

• Gas cooler = condenser

• Cooling capacity at evaporator 

significantly less during transcritical

• More compressor work during 
transcritical



Subcritical Comparison to  

Air-cooled Condenser
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Air Cooled Adiabatic

Evap Load 700 MBH 700 MBH

Dry Bulb 100 °F 100 °F

Wet Bulb 69 °F 69 °F

Outlet Gas Temp 104 °F 80 °F

Inlet Gas Temp 260 °F 177 °F

Gas Pressure 1461 psi 1070 psi

Compressor Power 147 kW 83 kW

Compressor COP 4.8 9.2

THR 1203 MBH 974 MBH



What We Like Opportunities

Air-Cooled

• Low maintenance, familiar

• No site water use

• Low first cost

• High condensing 

temps, Energy

• Large footprint

Condenser Options
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What We Like Opportunities

Air-Cooled

• Low maintenance, familiar

• No site water use

• Low first cost

• High condensing 

temps, Energy

• Large footprint

Evaporative

• Low energy

• Lowest condensing temp.

• Small footprint

• Water efficiency

• Water treatment

• Maintenance

Adiabatic

• Low energy

• Low condensing temp.

• Moderate footprint

• Low Maintenance

• Low site water use
• No chemical water treatment

• Faster return on 

investment

• Water efficiency

Condenser Options



Equipment Options by Refrigerant
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• Ammonia (R-717)

› Air-cooled condenser

› Adiabatic condenser

› Evaporative condenser

› Glycol fluid cooler with pump station and heat exchanger

• CO2 (R-744)

› Air-cooled gas cooler

› Adiabatic gas cooler/condenser

› Glycol fluid cooler with pump station and heat exchanger

• Propane (R-290)

› Self-contained/Air-cooled

› Glycol fluid cooler with pump station and heat exchanger



Fluid Cooler Systems

• Water/glycol loop for heat rejection

› Pump station for loop circulation

› Water-cooled condenser(s) or heat 
exchanger(s)

• Cooler heat rejection methods:

› Dry cooler

› Adiabatic cooler

› Evaporative cooler

• Additional system components, but 
more flexible and expandable
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Fluid Cooler Installation Examples
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Mixed use development

• (2) Evaporative coolers

• 1350 GPM @ 95/85/78

Loading dock/ducted discharge

• Modular hybrid cooler

• 170 GPM @ 100/90/81

High rise rooftop

• (2) Adiabatic coolers

• 1200 GPM @ 95/85/74



Dry cooler/condenser

Benefits Opportunities

• Low maintenance

• No water usage

• More energy efficiency

• Smaller footprint

Dry cooler Evaporative

Technology comparison

Evaporative cooler/condenser

Benefits Opportunities

• Highest efficiency

• Smallest footprint

• Lower water usage

• Easier maintenance
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Terminology
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HYBRID

evaporative + dry 
operation

ADIABATIC

Pre-cooling air 

before the dry coil



Choices for rejecting heat

ENERGY USAGE
Low

WATER USAGE
HighLow

High



Why Hybrid Technologies – When to Use

Benefits

› Balance energy and water savings

▪ Relieve power grid, peak demand $

▪ Conserve water

› Reduce maintenance & chemicals

› Increase uptime

› Plume abatement

Considerations

› Capacity requirements

› Energy and water usage

› Footprint and height

› Installation location

› Maintenance and water quality
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Which one is best for your application?



What is a Modular Hybrid Cooler?
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MODULAR HYBRID COOLER

S IMU LTA NE O US

evaporative + dry 
operation



Hybrid Cooling Operation
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Energy Saver Mode Water Saver Mode

Nexus water usage

Evaporative water usage

ALL EVAPORATIVE ALL DRY

Nexus Mode
SIMULTANANEOUS EVAPORATIVE AND DRY OPERATION



High quality and reliability

› Fully precision-welded, stainless steel 
construction

› Wide spacing between plates

Maximum wet and dry performance

› High surface area

› Greatest energy savings
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Incredibly compact footprint and height



Modular Hybrid Cooler vs Centrifugal Fluid Cooler

Selection: 270gpm 

water at 95/85/78

Conventional

Centrifugal 

Fluid Cooler

NexusTM

Modular 

Hybrid Cooler

L x W x H 12’ x 8’ x 13.5’H 9’ x 6’ x 8.5’H 40% smaller footprint, 5’ shorter!

Weight 17,300 lbs 11,300 lbs 35% less weight!

HP (Fan + Pump) 30 + 3 HP 22.5 + 1.5 HP 25% less fan hp, 

50% less pump HP!

Process fluid volume 332 gal 117 gal 65% less fluid!

Spray water flowrate 400 gpm 150 gpm 60% less spray flow!

Basin volume 212 gal 90 gal 60% lower basin volume!

Heat exchanger HDG carbon

steel or Copper

Stainless steel Corrosion-resistant!
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Simplified System Design

• Redundancy with fewest piping connections 

• Smallest footprint; installs anywhere outside or indoors

• Least structural steel, lowest screen walls

• Control panel, controls and devices factory installed

• Water treatment piping connections on basin 

• Individual modules moved with pallet jack
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Simpler to design, install, and maintain!



Adiabatic Condenser & Fluid Cooler
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UP TO

90% water savings vs. evaporative

50% more energy efficient than air-cooled

100% plume abatement

Lower maintenance
• No chemicals, daily purge



Adiabatic Performance for Any Application



Modes of Operation

DRY MODE
• Ambient temperature < Design switch point

• No water required or consumed

• Maximum water savings

PRE-COOLER MODE
• Ambient temperature > Design switch point

• Water over pre-cooler pads

• Cools air within 1-3° from ambient WB

• Maximum energy savings
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Psychrometric process in discussion

Latent Heating / Cooling

Sensible Heating / Cooling

• Energy needed to raise the temperature of a 

substance

• Energy needed to overcome intermolecular forces and 

trigger a phase change

• More energy is needed in changing a matter’s phase than 

in raising its temperature 
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1

2

79°F

100°F

Psychrometric representation of adiabatic cooling

100°F
1

12

93% saturation efficiency



Higher saturation efficiency,
more energy efficient 

depressed dry bulb temperature
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=

dry bulb – saturation efficiency*(dry bulb – wet bulb)



Location Sacramento, CA Chattanooga, TN Bay City, TX

Climate Dry Standard Humid

MBH 100/70 95/75 95/78

800

2500

4000

< 2 years

< 3 years

< 4 years

> 4 years

Benefits Versus Air-cooled Condensers

WHEN TO USE

› Dry climates

› Higher tonnage ranges 

› High energy costs

› Space constraints

› Sound restrictions



Selection: 2500 MBH 

R-404A at 100.5 CT 

70.4 WB

(2) BNHD10A088 TSDC2-TF-292-31.0

L x W x H 14.66’ x 47.66 x 4.1’ 7.8’ x 22’ x 8.1’H 50% smaller footprint!

Weight 7,854 lbs 9,124 lbs

Annual Energy Use 1,245,136 kWh 1,055,801 kWh 15% less energy!

Annual Water Use N/A 463 kgal

Dry Switch point N/A 77.7°F

Material of Construction Galv powder coat + 

SST wet + E-coat coils

Corrosion-resistant!

Sound at 10’ from Air Inlet 85.3 dB 77 dB 8.3 dB lower sound!

Benefits Versus Air-cooled Condensers

0.75 Year Payback



< 2 years

< 3 years

< 4 years

> 4 years

Location Sacramento, CA Chattanooga, TN Bay City, TX

Climate Dry Standard Humid

MBH 100/70 95/75 95/78

800

2500

4000

Benefits Versus Evaporative Condensers

WHEN TO USE

› Dry climates

› Lower tonnage ranges 

› Water scarcity

› Reduce charge (PSM)

› Lower weight requirements



Selection: 2500 MBH 

R-717 at 95 CT 

70.4 WB

VCA-206A TSDC2-SS-301-31.0

L x W x H 7’ x 15’ x 12.8’H 7.8’ x 22’ x 8.1’H 4’ Shorter!

Operating Weight 12,000 lbs 9,000 lbs 25% lighter!

Refrigerant Charge 241 lbs 165.4 lbs 31% less refrigerant!

Annual Energy Use 942,623 kWh 977,370 kWh

Annual Water Use 2480 kgal 486 kgal 80% less water!

Dry Switchpoint 1°F 71°F 70° higher switchpoint!

Material of Construction GLV, HDG Coil BBCPS + SST, SST 

Coil

Corrosion-resistant!

Sound at 50’ from Air Inlet 78 dB 67 dB 11 dB lower sound!

2.4 Year Payback

Benefits Versus Evaporative Condensers



REDUCED 

REFRIGERANT
CHARGE

Benefits of Adiabatic  
Versus Air Cooled

SYSTEM ENERGY 

SAVINGS

LOWEST 

TOTAL COST OF 
OWNERSHIP

REDUCED 

REFRIGERANT
CHARGE

LOW 

SOUND

REDUCED 

FOOTPRINT

BEST SERVICE

& EXPERIENCE

Versus Evaporative

WATER

CONSERVATION

EASY

MAINTENANCE

LOWEST 

TOTAL COST OF 
OWNERSHIP

BEST SERVICE

& EXPERIENCE

Ice Rinks

Ice Process 

100-300 T

Food Process

Fruit & Veg Storage

100-750 T

Supermarkets/

Commercial

40-200 T

Save Energy, Save Water, Save Money!



Tradeoff: Energy vs Water Use
HYBRID COOLERS REDUCE YOUR OPERATING COSTS

ENERGY USAGE

LowHigh

HighLow

WATER USAGE

Modular 

Hybrid Cooler
Wet/Dry Hybrid Adiabatic Evaporative



Evaporative cooling uses water in 3 ways

Drift Evaporation

Blowdown
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Hybrid & adiabatic annual water consumption

Potential 50%, 70% or 90% reduction in water consumption

50% 70% 90%



Adiabatic CO2 Example: Switch Point



Lower dry switch point maximizes savings

Dry switch point
Annual

energy cost*

Annual

water cost*
Result

81.7°F $6,200 $700 $6,900

78.7°F $5,000 $1,000
$6,000

13% savings

50°F $2,300 $3,000
$5,300

23% savings

*Data center, Reston VA (95°F DB/78°F WB, 102°F to 90°F @ 500GPM of H2O)



Water Use
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Thank you!

Q
A

Questions?
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