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Cooling Environment



Microsoft’s Sustainability Pledge

Link: Microsoft will be carbon negative 

by 2030

Link: Aiming for more than just net zero

https://blogs.microsoft.com/blog/2020/01/16/microsoft-will-be-carbon-negative-by-2030/#:~:text=By%202030%20Microsoft%20will%20be%20carbon%20negative%2C%20and,electrical%20consumption%20since%20it%20was%20founded%20in%201975.
https://azure.microsoft.com/en-us/blog/aiming-for-more-than-just-net-zero/?_lrsc=ee318ef5-10ea-49b0-85d3-a58259f16cad


Innovation Story

Link: To cool datacenter 

servers, Microsoft turns to 

boiling liquid – Innovation 

Stories

https://news.microsoft.com/innovation-stories/datacenter-liquid-cooling/


Immersion Tank

• 38U Tank
• 2.2m(W) x 1.2m(D) x 2m(H)
• Compatible with Olympus PMDU
• 17.4kW with 1+1 condenser 

redundancy
• Up to 650mm depth IT
• Serviceability and ergonomics
• Smart control and real-time 

monitoring
• Safety oriented design



Immersion Server

Boiling Enhancement Plate Blind Mate Connector

Vertical Service

Server Plug-in Tank

• FW Modification
✓ Fan detection removal
✓ Immersion temperature 

threshold

PSU



Integration in DC
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Tank/server Operation
Power/ Water

Connection
Automatic Lid

Anti-Pinch
Serviceability Boiling



Contamination in 2-Phase Immersion
What are the contaminants of concern in 2-phase 
immersion?
• Hydrocarbon oils: phthalate esters, silicones, solder flux, etc.  

Most 200<M<600 g/mol
• Solubility in immersion fluid varies from ~1-1,000 parts per 

million (ppm)

Where do these contaminants come from?
• Extracted from elastomeric materials placed in or on electronics:

How to mitigate the effects of contamination?
• Elimination of the contaminant or its source

• Many elastomers can be eliminated outright.
• Clean alternatives exist for others (e.g. LSZH vs 

PVC).
• Filtration of contaminant with activated carbon

Filter Inlet

Filter Outlet

time

Fluid Elastomers

Concentration

Carbon

Filter
Pump

Breakthrough



Fluid Contamination and Thermal Impact
• Continuously filtering the fluid could mitigate the contamination level significantly

• Reducing the contamination provides higher cooling capability

• Selecting the materials with low contamination is key point
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Carbon/Alumina Filter from Wiwynn Nautilus Tank after 30 days

Total Carbon Mass Total Alumina Mass

Bag [g] 5.10 Bag [g] 5.04

Bag+Carbon [g] 113.05 Bag+Alumina [g] 141.66

Carbon [g] 107.95 Alumina [g] 136.62

Extracted Carbon Mass Extracted Alumina Mass

Thimble [g] 3.9623 Thimble [g] 4.4186

Thimble+Carbon [g] 36.5411 Thimble+Alumina [g] 40.3476

Carbon [g] 32.5788 Alumina [g] 35.929

Extraction Flask Extraction Flask

Initial [g] 146.6839 Initial [g] 157.685

Final [g] 150.633 Final [g] 160.5435

Extracted Mass [g] 3.9491 Extracted Mass [g] 2.8585

Carbon Mass% Contaminant 12% Alumina Mass% Contaminant 8%

Total Mass Contaminant on Carbon [g] 13.1 Total Mass Contaminant on Alumimna  [g] 10.9

Sum [g] 24.0

Image of Material Removed From Carbon.
Material Removed from Alumina was Lighter in Color.
Samples Retained.

Note: Intel Purley Platform Skylake CPU

Filtration Sampling and Analysis



Sustainable & Efficient Computing
• How to perform efficient high performance 

computing using Overclocking in liquid cooling?

• Two recent Microsoft (MSR, CO+I, and Azure) 
studies showed how liquid cooling can be used to 
produce higher performing and more scalable VMs 
with less data center resources (eCO2, energy, and 
Blue water) leading to more sustainable 
computing:

[1] Cost-Efficient Overclocking in Immersion-Cooled Datacenters
[2] CPU Overclocking: A Performance Assessment of Air, Cold Plates, 
and Two-Phase Immersion Cooling

https://www.microsoft.com/en-us/research/uploads/prod/2021/04/Zissou-Overclocking-ISCA21.pdf
https://nam06.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9517300&data=04%7C01%7Chualissa%40microsoft.com%7Cc013567b471f4d40655808d9733f139f%7C72f988bf86f141af91ab2d7cd011db47%7C1%7C0%7C637667537020118051%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XRZxlyR2kxP%2BVT8GZRgR6abUIDvE8zcjvYhlAjU%2B8YU%3D&reserved=0


Sustainable & Efficient Computing



Call to Action
Immersion Fluid Investigations

• Different fluids to choose from

• Compatibility and effect of contaminants

Tank & Servers

• Pumps and Filtration

• Design optimization for use in fluids

Microsoft Contributions

• Immersion Server Lift specification (ongoing)

• Operational learnings 

• Whitepaper (TBD) + OC Articles

Join the immersion cooling efforts

• https://www.opencompute.org/projects/acs-immersion

https://www.opencompute.org/projects/acs-immersion


Thank you!


