Nano-dielectric olls for
Immersion cooled Data centers™
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Introduction Limitations of immersion cooling:

dDielectric oils form the major thermal resistance

Increasing dLow thermal conductivity and Specific heat capacity
: Less space for , , _
demqnd for high hyperscale DC > dTrade-off between viscosity and flash point (performance vs safety)
capacity due to Al Increasing rental QCurrent oils already reaching capacity with high power GPU/CPU
and HPC coste
workloads Mitigation:
Emergence of J Fewer servers per rack
e e J Adopt Nano-oils for increased heat transfer
cooled DC
High power density Advanced Nano-Oil Solution
DC = more capacity Synano has developed highly stable nano-additive suspensions to enhance
in less space the thermal performance of the conventional immersion oils by upto 20%.

Nano-additives are suspensions of nanoparticles (metal, metal oxide,
graphene) in oil-based liquids, added to immersion oils in certain ratios to
improve thermal and physical properties of the base oil.

HTC boosted by up to 20%,
due to enhanced thermal
conductivity, micro
convection and low viscosity

Enhanced breakdown
voltage and higher flash
point. Increased safety.

Unique chemical formulations Highly stable suspensions.
customized for different base No agglomeration of
oils nanoparticles.

Performance improvement by Nano-additives Experimental Validation
Enhancement in Thermal and physical properties of mineral and PAO-2 based A natural convection test was
oils after adding nano-additives are as shown below in the table. conducted to compare e
conventional mineral and Nano-
Property (unit) Mineral oil + Nano PAO-2 + Nano oils:
dditi dditi (J Heater temperature reduced by
adcitives adeitives 5°C at 74W power for Nano-oil _
Thermal conductivity (W/mK) @40°C | 12% increase 8% increase compared to pure mineral oil. o L l —
" Viccosit (cS) @A0°C 239 reduct] . ]  5°C reduction in temperature ]
inematic Viscosity (cSt) @ 6 reduction ame as base difference between heater and citpite G ofsample
Density (g/cm3) @40°C 0.5% increase 1.5% increase oil, demonstrating reduced
Specific heat capacity (J/kgK) @40°C  |3.3% increase 1% increase thermal resistance.
Breakdown Voltage (KV) 2X higher 50% higher S Ez %) iz
Flash point (°C) 180°C 170°C % 110 2 as
Dielectric constant 2.1 2.12 g 1% " 5
;o = : s
FOM Values % 80 s g 30
@ 70 Z g 25 |——
FOM-1 (Natural convection) 25% higher 6% higher T g 20
. . . 20 30 40 50 60 70 80 20 30 40 50 60 70 80
FOM-2 (Forced convection) 9% higher 5% higher Input Power (W) Input Power (W)
FOM-3 (Pump power) 25% decrease 0.5% decrease Mineral oil-base Nano-oil Mineral oil-base Nano-oil
Impact & Benefits Challenges Next steps
o : . . o
A 20% increase in Heat transfer coefficient results into: + Long-term performance + Accelerated aging tests and chemical
v 20% higher power density in same area footprint stability assessments
V' Increased Revenue for Data center owners * Electromagnetic
interference and signal « Collaborati iacts within OCP to test
v Reduced CAPEX/OPEX - plug-and-play solution without hardware change : : oflaborative projects Within O 1&5
/ PIUS b1ay 5 integrity effect electric and thermal performance
v Improved sustainability - aligns with EU 2030 targets - 55% GHG reduction * Material compatibility
v Enhanced reliability - lower failure risks * Market acceptance  OCP-led standards and guidelines to
v Heat reuse potential - higher outlet temperatures prow-d.e I?enchmark for material selection
to minimize risks
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