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Two Phase Rack Level
Liquid Cooling Solution

Lentis Pal/Assocliate Director/Wiwynn

OPEN. FOR BUSINESS. L



Agenda

* Existing Chassis Level Solution

 Wiwynn Two Phase Immersion Cooling
 Rack Level Liquid Cooling Solution Overview
* |nvestigation of Single Phase & Two Phase
 Advantage

* Next Investigation

 Schedule



Xisting Chassis L

Enhanced Volume Air Cooling

Water + Air

evel Solution

Flexible Solution
Patent

Loop Heat Pipe
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. Wiwynn Two Phase Immersion
Cooling

Two Phase Immersion Cooling

48Vdc Board Matrix in Tank
High Power Efficiency
High Capacity Usage

POC Project
White Paper

¢ 60

POC Schedule
April 2018 May 2018

POC Prototypinc POC Test



Current Limitation

% * High Power ASICs are in demand with
limited space

Water
Cooling

* Power dissipating ability is enhanced
mesnd  With data center facility change

* Water leakage Is concerned In rack




Complementary Solution
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More Space

Limited Space
Fan Wall
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Complementary Solution

Water Cooling Dielectric Fluid

Water Leakage
Freeze
Corrosion

Minimum Risk

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



Complementary Solution

Immersion Cooling

Facility &
Serviceabllity

Two Phase Liquid

_Assisted Air Cooling

» High Heat Transfer

No Change

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



Two Phase Liquid Assisted Rack Level Air Cooling

More space ;
No data center facility change
Dielectric fluid with minimum leakage concern
i

gh heat transfer ability of latent heat of vaporization

Advantages drive us to Investigate



Agenda

* Existing Chassis Level Solution

 Wiwynn Two Phase Immersion Cooling

Rack Level Liquid Cooling Solution Overview
Investigation of Single Phase & Two Phase
 Advantage

* Next Investigation

 Schedule




’
U

)
- -
T
o)
-
c &
® O
T
- O
=
S 0
Xh
- -
mo
o
x5
- -
=
Y
a'd
B

o

[l
N
Rack

d Cool

System

. Rack Level Liqu
Overview

RDHXx
(with Fan)

\‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’
|

©
©
LL

f| _____. ______
_.‘_______”__‘_______________‘___ (1 L
____.___._._._.________.________ i i
Ny
i

___._____
1 __________________”_.ﬂ_______________._______
. i L

TEEF L L '
P i________ &d A ._____‘___.___ i

Coolant In
oolant Out

C
DIMM

Working Flui
Dielectric Liqui

=l ===
2| =|=|=2
ala|aa

(3M Engineering Fluid)

~

~---------------_’




o Investigation of Single Phase
and Two Phase

Single Phase Cooling Power Optimization

Dielectri_c Flllid Water vs. Dielectric Fluid

“ Low Liquid Flow Rate
Two Phase
Uniform Temperature

Flow Management




Liquid Cooling Loop (Single Phase)
A
- A

. RDHx
. (with Fan)

> COLD
2l 1QUID

HOT
LIQUID

QL Tin

Cold Plate i

v (e Heat, W
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. Investigation - Cooling Power
Optimization
QA
¢ s QA TIAFQLP

= o
QLA TIh +NA

Keep a target ASIC temperature

HOT
LIQUID

Optimize QA and QL by
cooling power perspective

g Heat, W




. Investigation - Cooling Power
Optimization (Experiment)
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Tin: Cold Liquid Temperature (°C)

Condition: 250W Heat source at 25°C ambient temperature, target heat source case temperature = 55°C



Liquid Cooling Loop (Two Phase)

RDHX
~(with Fan)

LIQUID with
VAPOR BUBBLE

' 4 / b

L|qU|d with _} —
vapor bubble ' =

v (e Heat, W

Th: Boiling Temperature



. Investigation - Dielectric Fluid vs

Heat Source Liquid Flow | Air Flow Heat Source Case
Fluid Phase
Power Rate Rate Temperature
Water Single Phase 400W 0.3 L/min 26CFM

Dielectric Fluid
(3M, FC-72)

Liquid boiling point=56°C

Two Phase 400W 0.3 L/min 26CFM



. Investigation - Low Liquid Flow
Rate

Single Phase Two Phase
80 16
_
70 Heat Source Temperature 14 -g
60 12 &
-

Liquid with vapor

Smaller Pump/ Low-cost Pump

Heat Source Case Temperature (°C)
1S
<

1.5 1.2 0.9 0.6 0.3 0.0 ¢4
Liquid Flow Rate (L/min) Liquid boiling point=56°C

-
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. Investigation - Uniform
Temperature

RDHXx
(with Fan)

Water (Single Phase)
Cold Liquid (Sing:t:;ase) Hot Liquid ASIC 1< ASIC 2

ASIC 2

=) Warm

L ~Tb (] '@l Tb

Dielectric Fluid (Two Phase)

ASIC12ASIC2

Dielectric Fluid
(Two Phase)

~Tb Tb
I

=) Warm Warm

More Uniform Temperature




Rack Flow Management

High Workload A1

System 1

High Workload

System 2 l

OW WOrKioa(C

System 3

Low Workload

System 4 ot
RDHx
Idle (with Fan)

System 5

Rack



Investigation - Flow Management

High Workload High Workload  Valve

Two Phase Two Phase 100% Open
Case = 64.2 °C Case =61.0 °C
Low Workload Low Workload Valve

100W 100W

Single Phase

Two Phase 0
Case = 54.9 °C 50% Open

Case =61.0°C
Rack Flow Management

RDHx Pump | RDHx

(with Fan) (with Fan)



Agenda

* Existing Chassis Level Solution

 Wiwynn Two Phase Immersion Cooling
 Rack Level Liquid Cooling Solution Overview
* |nvestigation of Single Phase & Two Phase
 Advantage
* Next Investigation
* Schedule




Advantage

Minimum No

Leakage Concern Facllity Change
Two Phase Rack Level

Liquid Cooling

High Uniform
Heat Transfer Temperature




Investigations

® Boiling Enhancement

Flow Management

® Low Loop Pressure

Blind Mate Tube

® Commercialization



Flexible Heat Transfer

Rear Door

Heat Exchanger
(RDHXx)

Facility
Liquid Loop

Heat Exchanger




wWiwynn

Two Phase Rack Level
Liquid Cooling Solution




Schedule

Q2 2018 ~Q3 2018
White Paper Publishing Rack Prototyping

OPEN. FOR BUSINESS.



