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In a LiquidCool Solutions world…

▪ No air conditioning is required

▪ No water is consumed

▪ Electronics completely isolated from ambient air

▪ The power needed to cool data centers is reduced by up to 98%

▪ Waste heat from servers can be recovered and reused

▪ Data centers run silently

▪ Dielectric heat transfer fluid is never replaced and has a GWP of zero

▪ Causes of server failures are reduced and enclosures can be reused

▪ E-waste is cut significantly

▪ Scalable in form factor from the Far Edge, to the Aggregated Edge,
to the Regional Data Center to the Central Data Center

Ultra-Green Technology
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Internet of Things

IoT Edge Computer

Features:

• Small form factor

• Energy efficient

• Isolates electronics from weather

• Silent, no air-cooling needed

Other Markets: AC/DC Inverter, IoT sensor, 

Sensor aggregation point, Factory floors, 

Outdoor surveillance



Rugged Terrain Computer

Features:

• Military computing (any environment)

• Internet of Things Edge Computing

• Manufacturing floors (harsh environment)

• Sensor aggregation point

• Outdoor surveillance

• Enclosed spaces (indoor / outdoor)

• Silent, no air-cooling needed

Other Markets: Harsh environments. This  
computer can go anywhere, in any  
environment and in any temperature regime.
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Internet of Things



24U Edge Rack

Features:

▪ No A/C

▪ High Power Density

▪ Low Latency

▪ Siting Flexibility

▪ High Reliability

▪ Energy Efficient

▪ Quiet Operation

▪ Easy to Maintain

▪ No Water

Other Markets: Offices, Server Closets, Boiler Rooms
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Far Edge



200kW Prefabricated Module

Features:

• Designed to be transported by cargo  plane

• Rapid field set up

• Energy Efficient – Cooling PUE<1.03

• Easy to Maintain

• Electronics protected from humidity, dust,

oxidation, and corrosive gases

Other Markets : Disaster relief, military, 

sporting events, tradeshows, research,  

education Overall dimensions: 12’ x 12’ x 20’
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Aggregated Edge



Features:

▪ No A/C

▪ High Power Density

▪ Siting Flexibility

▪ High Reliability

▪ Energy Efficient

▪ Quiet Operation

▪ Easy to Maintain

Regional Data Center

3U JBOD with 90 SSDs

Other Markets: High-Performance Computing, 

AI, Enterprise-Class Data Centers

48U Rack with 72 1U Servers
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Standard and OCP Racks



Central Data Center

Before LCS
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After LCS

Upfront Total Capital Cost Saving ~ 15%  
Annual Energy Cost Saving ~ 30%
Annual Infrastructure Maintenance Saving ~ 90%  Space 
Reduction ~ 25%
E-Waste Reduction ~ 20%
Carbon Footprint Reduction ~ 40%

30MW Data Center



More Information

Liquid Submerged Computer Operating

Underwater in an Aquarium

Gerry W. Stevens
Director of Technology Distribution 
Fiberoptiq, LLC
mail@fiberoptiqllc.com

424-200-5038
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For more details and information 
feel free to contact directly:



APPENDIX
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How LCS Cooling Works

Total liquid immersion in an eco-friendly dielectric fluid

• “Cool” liquid is circulated directly to hottest components first. Remaining
components are cooled by bulk flow as the dielectric liquid exits the chassis.

• Directed flow is a key differentiator

• No fans or other moving parts in the chassis

• Rack-mounted devices are easy to maintain

• Off-the-Shelf Components (MBDs, CPUs, DIMMs, SSD, Helium HDDs)

• The dielectric fluid has 1400 times the heat removal capacity of air and never
needs to be replaced

Up to60°C

Up to45°C

No Moving Parts – Flow Rate: 0.25 gal / min per 500W of cooling
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Zero-Pressure Family

Versatile family of enclosures for immersion cooling of electronics

• Current design compatible with standard EIA racks; can be modified for OCP racks

• Enclosures can be populated with a wide variety of configurations

• Partially filled with dielectric fluid to 40%-50% fill level

• Internal pumps to recirculate fluid within each enclosure to cool electronics

• Heat exchanger at rear of each enclosure exchanges heat with secondary fluid loop

• Pressure equalization feature maintains near-zero gauge pressure

• Removable/hinged covers allow easy access for service and component updates

• I/O Bulkhead connectors above fluid level to eliminate potting requirements

• Design for in situ fill and drain to simplify rack installation
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2U
3U

4U



An LCS Data Center

No chiller required
Incoming “cool” fluid can be as high as 45°C

Option 1:  
Direct External  
Heat Removal

Option 2:
Heat Recovery for 
Building Heating

Heat 
Exchanger

LiquidCool Server Racks
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Fluid 2

Fluid 2

Redundant 
Pumps



Positive Pressure Systems:
▪ Internal I/O, Power, and UI connections are extended from

the motherboard to hermetic bulkhead port on the
enclosure end panels as shown at right

▪ This methods works well for USB, RJ45 (1Gb, 10Gb), SPF+,
and QSFP connections

Zero-Pressure Systems:
▪ Internal cables can be elevated above the fluid level,

making I/O, Power, and UI bulkheading easier

▪ We are exploring the use of a barrier film to enable pass-
through of optical connections directly from the MBD

I/O Ports extended  
through server end panel

Cabling and Optical
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Validation Tests

Lawrence Berkeley National Laboratory

• Lawrence Berkeley National Laboratory assessed LiquidCool technology for the US Navy’s
Transformative Reductions in Operational Energy Consumption (TROPEC) program for
continuous operation of servers and communication/network equipment in tropical
environments with no mechanical cooling.

• The Coefficient of Performance for the LCS system was demonstrated to achieve ~50, which is
30 times more efficient than air cooling.

National Renewable Energy Laboratory
• Data from an extensive testing program show that 93% of the electric energy used by LCS

servers can be recycled for hot water or building heat.

• The LCS rack and servers have been moved to NREL’s high performance computing center and
tied into the building heating system.

Intel
• Confirmed that the LCS dielectric fluid does not have a deleterious effect on Intel processors,

and processor cores and memory operated well within the normal operating range even at
coolant temperatures of 122°F

• As a result of this study and other investigations it undertook, Intel has committed to extend
normal warranty terms to processors immersed in the dielectric fluid LCS employs.
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Waste Heat Recovery and Reuse

NREL Energy Systems Integration Facility (ESIF)

• 8 LSS230 Dual Socket servers

• Intel Xeon E5-2690 CPUs

• Total Server Power: 3000W

• Inlet Cooling Water Temp: 75°F

• Energy Reuse Water Temp: 120°F

• Heat Recovery Efficiency: 90%-95%

• Cooling PUE: 1.01
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• As part of its Innovation Incubator grant program Wells Fargo  engaged
NREL to affirm the efficiency of a LCS-cooled server system  and
evaluate its suitability for energy recovery.

• Testing in NREL’s Thermal Test Facility is complete and results show  the
LCS system able to recover up to 95% of the heat from the  servers at a
temperature high enough (120°F) to be used by  conventional building
heating systems.

• The LCS system continued operation in the ESIF high performance
computing center from April 2016 through September 2018.

Test Summary

Testing at the National Renewable Energy Laboratory
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LiquidCool 5-Year Reliability Test:
➢ Test period: April 2012 through May 2017

➢ Test set-up in un-air conditioned “back dock” area

➢ Two shelves of 4 LSS servers each cooled by a liquid-to-air
cooling distribution unit

➢ Servers running Prime95 torture test continuously

➢ During Year 1, a server was removed to extract the dielectric
fluid for testing and examine server components at 3-month
intervals.

➢ New servers with Xeon E5-2690 and E5-2687 CPUs
were added in April 2014

➢ Over 260,000 server hours have been logged to-date at 100%
CPU load

➢ Metrics:

• CPU Core Temps, Coolant Temp, Power use

Long-Term Reliability



Long-Term Reliability

LCS server after 36 months of operation
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Liquid Immersion Reduces Server Failures

Failure causes prevented:

• Oxidation

• Corrosion

• Mechanical failure

• Temperature fluctuation

• Vibration

• Electrostatic Discharge

• Chemical Contamination

• Particulate Exposure



▪ No regular maintenance is required for servers

▪ The dielectric heat transfer fluid never needs replacement

▪ Standard preventive maintenance procedures include periodic
filtration of fluid loop and descaling of heat exchangers (if
water/glycol used)

Service:

▪ Modular system design with QD fittings allows server
enclosures to be easily removed and replaced.

▪ Portable Drain/Fill tool can drain and refill an enclosure in less
than 2 minutes

▪ Once the enclosure is opened, internal components can be
handled, added, or removed in same manner as with an air-
cooled device

▪ Service skill requirements are no different than for a normal IT
technician

▪ Limited training is recommended for proper handling of
dielectric fluid and liquid seals.

▪ Fluid is non-volatile and cleans up easily with glass cleanerand
paper towel. Hands clean up with soap and water.

Maintenance and Service

Easy Server Removal
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Portable Drain/Fill Tool

Maintenance:
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37 Issued & 16 Pending Patents



IP Landscape

LiquidCool Patents Fill Strategic Gaps
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