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While air cooling has served mainstream data centers
for decades, liquid cooling has been the choice for

high performance computing for decades. As thermal
demands grow in the era of accelerated GPU based

Al computing, liquid cooling is not a choice but a
necessity. Liquid cooling unlocks performance and
sustainability benefits while enabling the move to rapidly
increasing kilowatts per rack. With multiple architectures
in play, choosing the right approach and ensuring it
runs reliably is a challenge.

Selecting the appropriate liquid cooling architecture is
more complicated than just accommodating thermal
performance. It involves understanding the number

of IT racks and rack densities, server configurations,
water availability, heat rejection options, and cooling
distribution configurations. All of these factors impact
reliability and long-term performance.



The elements in a data center liquid cooling architecture include:

Rear Door Heat In-Rack Manifold Cooling Distribution Facility Water Heat Dissipation
Exchanger (RDHXx) Unit (CDU) System Unit (HDU)
Coils that are Evenly distributes The main interface A device that rejects A device that rejects
mounted on the liquid/coolant to between the IT fluid the heat from the server heat into the
back of an air- multiple servers via loop and the facility entire data center to white space.
cooled server rack the IT fluid loop. cooling loop. Provides the outside, often via
that removes heat temperature control, chillers or free coolers
from the hot exhaust flow control, pressure with compression
air using a liquid control, fluid treatment, assist via the facility
coolant. heat exchange, and cooling loop.

isolation.

The main function of these elements Native liquid cooling servers will You have two options for liquid
in the liquid cooling architecture is submerge the electronics or have cooling in a data center:

to remove the heat generated by the cold plates on the processors for

accelerated compute Al servers. direct-to-chip cooling and have Use an existing heat
In some current and future cases, piping connection for input and rejection system.

it may also be feasible to reuse this output that connect to the in-rack

waste heat. manifold if there’s more than one
server. Every architecture for liquid

There are still accelerated compute cooling will include in-rack manifolds.

servers for Al that do not have cold However, architectures vary for

plates or input and output piping for CDUs, HDUs, and the type of facility

liquid. These will require a “hybrid” water systems.

liquid cooling approach with a RDHX.

Put in a dedicated data
center heat rejection system.




For air-cooled servers in a data center that has an outdoor heat rejection
system, a “bolt on solution” called a RDHx can be used. The RDHx
resembles a large, high-tech radiator and is mounted on the rear door of a
server rack.

, , As the hot air from the servers passes over the coils, the heat from the
with rear door heat exchanger for air-cooled servers air is transferred to the chilled water in the coils. The RDHx connects to a
CDU, which is the interface to the facility fluid loop and heat is rejected to
that loop. The heat is then rejected to the outdoors from the facility fluid
loop. The CDU can be either rack mounted for single rack by rack or floor
mounted for multi-rack applications.

CDhU

Common configurations

Single rack, with high density, air-cooled servers, repeated
rack by rack.

Advantages

L _ . Only choice for cooling high density, air-cooled servers,
Facility Gooling Loop L more direct and effective cooling method than traditional air
systems.

Disadvantages

Is limited to maximum density or around 72 kW per rack, not
Air-cooled Chiller as effect as direct-to-chip liquid cooling.

with Free Cooling




Use existing heat
rejection system

IT room air conditioning

Air-cooled Chiller
with Free Cooling
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cooled ITE/—)

Existing data centers will have air cooling but may or may not have a
facility water system. If there is no facility water system, or there’s no way
to connect to the existing water system, you will need to utilize an HDU.

The heat from the servers is pumped to the HDU caoil (i.e., radiator) where
the heat is sent directly into the data center air to be cooled by the IT room
air cooling system.

[ Small or single server installations up to medium-sized, multi-
rack Al clusters.

Simple, self-contained, compatible with most existing cooling
infrastructure up to its capacity.

Low efficiency, uses IT room real estate, costly for larger-scale
deployments, difficult to achieve concurrent maintainability or
redundancy, limited by air cooling capacity.



The server heat is transferred to the IT fluid loop. The IT fluid loop
connects to a CDU, which is the interface to the facility fluid loop and
rejected to that loop. The heat is then rejected to the outdoors from the
facility fluid loop, usually through a low temperature chiller.

R t | The CDU can be either rack mounted for single rack by rack, or floor
acliity water supply mounted for multi-rack applications.

Cbu

Common configurations
Small to larger multi-rack Al clusters to multiple clusters.

Advantages
Reduced investment by using existing heat rejection system,

Facility high liquid cooling heat rejection capacities, good energy
Fluid L
o efficiency, and reduced sound levels.
Disadvantages
Air-cooled Chiller Somewhat complicated installation work, limited by chiller
with Free Cooling capacity.

or chiller




Deploy a dedicated heat rejection system sized and configured for your
exact needs. Optimize temperature and flow of the IT Fluid Loop and the
Facility Fluid loop without the constraints imposed by an existing facility
level heat rejection solution.

. . : The CDU can be either rack mounted for single rack by rack, or floor
Dedicated data center heat rejection system mounted for multi-rack applications.

- g Common configurations
Medium-sized, multi-rack Al clusters to large Al clusters.

Advantages
High energy efficiency and performance, higher return water
Facility Fluid temperatures offer the opportunity for heat reuse.
Free Cooler with Loop
Compressor Assist
or chiller

Disadvantages

It requires design of additional facility-level piping system
and investment in dedicated heat rejection system — usually a
chiller.




Rack-mounted
CDUs are dedicated to a single rack, which means each rack has
its own IT Fluid Loop. Mounted at the bottom of the rack, the CDU
includes a pumping unit, filtration, and controls.

@ Advantages @ Disadvantages

»» Can be pre-integrated and
tested with the servers prior
to install in the data center

»» Potential failure modes
limited to a single rack

»» Redundancy (e.g., 1N vs 2N
pumps) can be targeted for
each rack

»» Simple solution for a
traditional data center with a
few liquid-cooled racks

»» Cost per kW IT load becomes
greater than floor-mounted
CDUs as the number of racks
increase

»» CDU occupies IT server
space

»» Maximum rack density limited
to about 80 kW

»» As number of racks increase,
efficiency degrades
compared to a single, larger
floor-mounted CDU

Floor-mounted

CDUs are dedicated to a row or multiple rows of racks, meaning
they all share the same IT Fluid Loop. It may be placed at the end
of the row or further away from the Al cluster.

@ Advantages @ Disadvantages

»» Lower cost per kW IT load for »» All racks on single IT Fluid
large deployments compared loop become susceptible to
to rack-mounted CDUs any failures

»» No IT rack space occupied by v It takes up floor space
CDhuU

»» Higher rack densities can be
achieved compared to rack-
mounted CDU

»» As the number of racks
increases, installation time can
be compressed compared to
multiple rack-mounted CDUs

»» As number of racks increase,
efficiency improves compared
to many rack-mounted CDUs
running multiple pumps

»» More thermal ride thru than
rack-mounted CDUs
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Free Cooler with Compression Assist

Utilizes outdoor air or water to cool the data center when

the ambient temperature is low enough (economizer mode).
Compression assist (mechanical cooling) is only used when the
ambient temperature rises.

@ Advantages @ Disadvantages

»» Highest efficiency in suitable »» Higher initial cost and weight
climates, as it can operate
without the energy-intensive »» Typically, lower mechanical
compressors for a significant efficiency
portion of the year

Standard high temperature Chiller

Same as low temperature chiller but can be more efficient.

Standard low temperature Chiller
Uses a vapor-compression refrigeration cycle to produce chilled
water.

@ Advantages @ Disadvantages

»» Can become inefficient as
they are strained to support
high density, using more
energy for less cooling

»» Low CapEx costs

»» Good efficiency that be
improved by raising chilled
water temperatures if possible

Turbocor Chiller
Uses oil-free, magnetic bearing compressors with variable
frequency drives.

@ Advantages @ Disadvantages

»» Highly efficient, particularly at »» Higher initial cost
partial loads
»» It requires a higher level of
»» Suitable for very large data fluid management

centers

Accelerated compute servers are transitioning to liquid cooling

as the default. To support this, liquid cooling outside the servers
is made up of an architecture that can have different pieces for
cooling distribution and heat rejection at the IT level and facility
level. Careful analysis must be made of your exact requirements
and environment before deploying the best liquid cooling solution.
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