
Highly Effective 
Cooling of IT Equipment 
and Power Electronics

with 3M™ Novec™ Engineered 
Fluid

Optimizing Energy Efficiency 
in Data Centers

Design and function of the 2phIC rack 
tank system 

Discover the innovation! 

The design and functioning of the 2phIC differs radically 
from existing and established hardware structures in data 
centers. Yet this new technology offers enormous benefits 
advantages in data centers beyond the limitations 
imposed by current 19” architecture.

The servers are arranged side by side, suspended as open 
circuit boards (without individual housings) and then 
immersed in the 3M™ Novec™ Engineered fluid.

The vapor resulting from the phase change rises and 
condenses on the integrated water-cooled heath exchanger. 
The liquid Novec medium drips back into the tank. The air 
in the tank is also heated. It rises and forms a natural barrier, 
that prevents the loss of the Novec Engineered fluid.

More compact and denser hardware 
for 2phIC systems

The 2phIC system from dehmel SYSTEMPLANUNG GmbH 
is based on the well-known 19” rack dimensions for IT 
equipment.

Without the need for space and volume-intensive air-
cooling components, the freely suspended circuit boards 
allow the highest possible rack density. The active principle 
of this cooling procedure requires only a minimal distance 
of a few millimeters. 

The arrangement of the components in the hardware is 
based on the physical operating principle and the con-
struction of the 2phIC system. While most of the power 
components are immersed in the fluid, the other elements 
are arranged in the headspace above. All physical connec-
tions and feeds (power, network, bus, etc.) are located in 
the air layer, so that they can be operated from above and 
outside the Novec Engineered Fluid.
 

Example of the ideal IT equipment design:

Design and comparison of the heat 
dissipation systems

The simple design of the supply systems results in a 
significant reduction of investment and operational 
costs – while increasing operational safety at the 
same time.
 
Illustration of conventional room cooling  
with raised-floor, modern circulating air-cooling units and 
integrated, indirect, compressor-free cooling (free cooling):

The “hot-swap” ability of the individual units is continuously 
ensured, without impact on the rest of the hardware. 
The equipment is dry and clean immediately upon removal. 
There is hardly any difference to air-cooled equipment when 
handling the hardware. Application-neutral standard 
hardware can be used in most cases, with only minimal 
adaptation to the new cooling method.

Two-Phase Immersion Cooling System 
(2phIC System)

The 2phIC System is based on the principle 2-phase 
immersion cooling with server modules being arranged 
suspended in a chassis filled with 3M™ Novec™ 
Engineered Fluid. The fluid vaporizes on the surfaces 
of the power electronics components that heat up 
during operation.

Vaporizing Novec Engineered Fluid (phase transition) 
requires 100-times more energy than needed for 
warming/cooling the medium by 1K. This means that 
the system’s cooling performance reaches 4 kW  
per liter of coolant. 

The concept of using 3M Novec Engineered Fluid for 
direct cooling of server modules opens enormous potentials 
for energy and cost-savings in data and computer centers. 
The electrical energy needed to cool the electronics 
can reduced by up to 90% with this innovative solution. 

Components to air-cool hardware are now no longer 
needed which results in numerous advantages:

• Significant reduction of total energy consumption   
 in data centers (up to 30%)*

• Optimization of interconnection dimensions

• Up to 6 times higher hardware packing densities

• Fewer moving parts

• No contamination hardware  
 (e.g. server board fans) 
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Major benefits:

• Significant reduction of mechanical components,  
 resulting in reduced downtime due to fewer sources of  
 potential interference

• Up to 60% less space needed for the same system  
 performance

• Considerable savings in operating and maintenance costs

• Almost silent operation due to lack of fans

• Direct use of waste heat for heating and other  
 processes, etc.

CPU

Illustration of the new 2phIC system

CPUs

* Compare 2phIC system vs. conventional, raised-floor, air cooling system with modern circulating 
   air cooling units and integrated, indirect, compressor-free cooling (free cooling)
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Power componentsHow passive Two-Phase 
Immersion Cooling with Novec 
Engineered fluid works
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CPU makes Novec 
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Further information about 3M™ Novec™ Engineered
Fluid: www.3M.de/novec
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Excellent environmental and safety 
properties

Novec Engineered Fluids are non-hazardous materials and 
enable the development of server technologies suitable for 
long-term use. They feature very low GWP values (global 
warming potential) and are therefore not subject to Euro-
pean F-Gas regulation. Moreover, they have zero ozone 
depletion potential. 

Novec Engineered Fluids are inert, i.e., they do not 
chemically react with most of the materials used in the 
electronics industry. They are also colorless and odorless, 
they vaporize quickly without leaving a residue and are 
non-flammable.

3M D-A-CH Region
3M Deutschland GmbH
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41453 Neuss
www.3M.de/novec
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Regional enquiries:  
Germany: Tel. +49 (0)2131 / 14-5999
Austria:  Tel. +43 1 866 863 61
Switzerland:  Tel. +41 44 724 91 21

Headquarters
Mühlemattweg 27, CH-4312 Magden

Project address
Baumgartenstrasse 13 
CH-6055 Alpnach
+41 78 656 09 08
info@systemplanung.com
www.systemplanung.com

Why direct cooling with 3M™ Novec™ 
Engineered Fluid? 

Technical and physical benefits

• High-density computing thanks to 4-6 times denser  
 hardware architecture

• Higher efficiency and operation safety by eliminating  
 mechanical components

• Rack and redundant cooling integrated in one unit

• Only 1 hydraulic circuit for heat dissipation, with easy  
 control

• Noiseless and resistant to dust and dirt

• Modular construction with easy scaling of equipment  
 and systems

Financial benefits

• Considerably lower set-up costs for initial installation

• 60 to 90% less space needed in the data center

• 20 to 25% less CAPEX / unit

• 8 to 12 weeks to start-up

Operating and maintenance benefits

• Considerably higher operating safety by eliminating  
 many electrical system parts 
 Resulting in:

• > 25% reduction in electricity costs

• up to 60% reduction in maintenance costs, due to a  
 simple hardware structure

• up to 50% reduction in maintenance costs for buildings

Space requirements: “conventional” vs. “2phIC”

As connections and operating controls are completely 
accessible from above, the need for back or side access 
space is reduced or eliminated. This results in floor space 
savings of up to 90%. The benefits of this system are not 
only found in data centers. You can save up to 60-70%  
of space with single system installations.

Simple design = significant reduction of 
investment costs 

Capital expenditure (CAPEX) is reduced by at least 30%, 
the required space for setting up devices and systems 
even by 70 to 80%.

Benefits of the 2phIC system at a glance:

Equipment and hardware

• Applicable for all types of power electronics (industrial,  
 IT, etc.) from 0.1 kW to ...
• Permanently stable CPU temperature at the boiling point 
  of the Novec Engineered Fluid
• 4 to 6 times higher density of power electronics or IT  
 equipment by eliminating the need for internal fans and  
 heat sinks
• In most cases, standard hardware can be used with few  
 modifications

Design benefits

• Up to 60% -75% space savings compared to conventional  
 circulating air cooling systems
• Easy installation, due to low weight and compact  
 dimensions, lower room height
• Almost silent operation

Energy and environment

• Compressor-free cooling (free cooling) up to an external  
 temperature of +50°C (when using 3M™  Novec™ 7100  
 Engineered Fluid), resulting in enormous energy cost  
 savings for air conditioning and cooling (up to 90%  
 compared to conventional air/water cooling); significant  
 reduction of carbon footprint and TEWI (total equivalent  
 warming impact)
• Direct utilization of waste heat for other processes
• Enhanced fire protection -> Novec fluids are non- 
 flammable -> higher operational safety
• Novec Engineered Fluid is a non-hazardous material and  
 does not leave residue in case of leaks

Project planning and operation

• Considerable reduction of failure risk and maintenance  
 costs due to elimination of thermally and mechanically  
 loaded components (recirculation coolers/CRAC, chiller,  
 etc.), redundant heat exchanger already integrated, easy  
 control
• Same construction platform for all availability classes,  
 easy adaptation to specific requirements
• No need for country-specific approval procedures,  
 because coolants are no longer necessary
• Hot-swap ability of individual modules is guaranteed,  
 servers are already dry and clean upon removal

Simple design = reduction of operating 
expenses (OPEX)

Due to the nature of the system and significantly higher 
temperature level of re-cooling, year-round, free cooling 
operation (cooling without compressors) is possible.

Comparison of energy consumption and OPEX:

Better 
utilization of 
capacities

Increased 
reliability

Savings in 
operating 
costs

Low 
environmental 
impact

Increased 
performance

Why choose 
direct cooling 
with Novec?

Average electric connected load for: 
“2phIC system”

CRAC system with integrated, indirect 
compressor-free cooling

Rack & Cooling

2PIC system; 2.5kW/RU

Air-cooled system; 5kW/rack

Hydraulics

Pumps

Cooling units

TOTAL

Saving - 20.1 %

Saving - 8.4 %

Saving - 18.2 %

Saving - 64.8 %

Saving - 32 %

The major design differences and savings of the cooling 
system lie in the fact that the rack and the redundant 
cooling are combined in an integrated, high-density 
unit – the “2phIC Rack Tank” from dehmel 
SYSTEMPLANUNG GmbH.  

Rack & Cooling

2phIC system; 2.5kW/RU

Air-cooled system; 5kW/rack

Hydraulics

Pumps

Cooling units

TOTAL

Saving - 90.1 %

Saving - 0.0 %

Saving - 0.0 %

Saving - 33.3 %

Saving - 68.5 %

CPU 73.0 %
25.5 %

1.1 %Pumps

Total
savings 0.4 %EC fans/dry coolers 

CPU 73.0 %
14.6 %

1.1 %

2.0 %

Pumps

EC fans/dry coolers 

EC 
fan 0.4 %Air-circulation cooling units 

Compressors 5.5 %

For further information, please 
contact dehmel SYSTEMPLANUNG 
GmbH and Hardware: 
www.systemplanung.com


