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Motivation
Why new cooling techniques are necessary?
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TopS00 List - November 2012
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,Intel believes that high-density data centers are the most
efficient and that the major cost of any cooling system is
the central plant —for both capltal and expense costs.”

© Intel Corporation — The State of Data Center Cooling:
NMSC, hosted by Intel in Rio Rancho, NM
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© Intel Corporation — The State of Data Center Cooling
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» Heat transfer is classified into various mechanisms:

1. Thermal radiation
2. Convective heat transfer

3. Thermal conduction
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» Today: racks of 30 kW can be air-cooled

» Design of a data center set a practical upper bound on the
air cooling

= Bad thermal attributes of air

* High heat resistancy

* Low heat capacity

= Additonal power supply for fans
* More power

* Mechanical elements
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= High heat capacity and lower heat resistance

= | ower noise levels
* Pumps necessary
» Elements difficult to change

» | eaked water can damage any electronic components
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Cooling plate

Heat
source
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Theoretical Principle of Heat Pipes
How does a heat pipe work?
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Theoretical Principle of Heat Pipes

evaporator Adiabatic section

condenser

-

—
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» phase transitions depend on pressure and temperture

pressure

solic
liguidl

WapoUr

ternperature
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= Thermal conduction is similar to electric circuits:

Current | Heat flux Q
Voltage U Temperature difference AT
Resistance R Heat-resistance R

= Serial resistances: R.,; = R; + Ry + -+

1 1
= — 4+ =4 ...
Rcol R4 R;

= Parallel resistances:
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= Heat flux; Q = %

» Heat resistance R = ﬁ, A: Thermal conductivity

P area A ’ﬁ
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Theoretical setup
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Basics

Heat reduction over all parts of the heat-transport-chain (heat pipe)
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Heat distribution in different materials

1) Chip; 2, 4, 6) Heat-conductive paste; 3, 7) Copper; 5) Heat pipe
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Heat reduction over all parts of the heat-transport-chain (Copper)
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Heat distribution in different materials

1) Chip; 2, 4, 6) Heat-conductive paste; 3,5, 7) Copper
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Performance
Do they keep what they promise?

Advanced Seminar "Computer Engineering" WS2012/2013 20




UNIVERSITAT
HEIDELBERG

Theoretical Performance

Experimental settings

. 30,0 cm =|
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| _source | |
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m Length [cm] Heat resistance [K/W]

Heat-conductive paste 1 0.05 0.167
Heat pipe 29 0.2
Heat-conductive paste 2 0.05 0.033

» Heat resistance: R.,; = ),; R; = 0,4003 %

= Relative temperature difference: AT = Q -R,,; = 10,01 K
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= Amec Thermasol's Flat Cool Pipe

S wem | vesripion

Material of Container Aluminium 1050
Working Fluid Acetone
Horizontal 75.0 W (at 50°C)
Qmax o 0
Vertical 270.0 W (at 50°C)
Typical Thermal Resistance <0.2°C / W (Average)
Operating Inclination, @ 0~ 90°
Leak Temperature Criterion -40~100°C
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Performance

Spl 401 o
Li1 Max 50,9
Min 21,0
Average 29,8
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= Theoretical: AT = 10,01K

» Experimental: AT = 15 K

= Causes of difference:

» Thicker heat-conductive paste

* Inappropriate geometry of heat source
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Conclucions
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o Conclusions

» High-density supercomputer are reasonable due to high
cost of node-to-node interconnects.

» Heat pipes are qualified for thermal conduction in
supercomputer.

» ~1000x higher heat flux than an equal sized copper block.

» Heat flows through pins into the PCBs.
=>additional cooling is necessary
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Thank you for your attention!
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