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Heat Transmission via Air and WaterHeat Transmission via Air and Water

Required Volumetric Current: Thermal Power Loss

Specific Heat Capacity: Density: (Standard Conditions) Air

Required Volumetric Current:
Temperature Difference

Air Duct with Cross 

Example: Notebook-Computer (30 W)

Room:
25 °C

max.
50 °C uct t C oss

Section:
25 C 50 C

Example: Data Center (1 MW)

Supply
= Wind Speed 12 
(Beaufort), Hurricane!

Supply 
Air:
18 °C

Exit Air:
43 °C

Specific Heat Capacity: Density:Water (Standard Conditions)

Example: Data Center (1 MW)
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Cooling System ArchitectureCooling System Architecture

Volker Lindenstruth (www.compeng.de) 7. Dezember 2011— Copyright ©, Goethe Uni, Alle Rechte vorbehaltenVolker Lindenstruth (www.compeng.de) 7. Dezember 2011— Copyright ©, Goethe Uni, Alle Rechte vorbehalten 8



Feuchtkugeltemperatur 2010Feuchtkugeltemperatur 2010
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LOEWE-CSC CoolingLOEWE-CSC Cooling

• Max cooling power 600 kWg p
• Secondary pump 28 kW
• Primary pump 6 kWy p p
• Cooling tower Fans 2x4.5 kW

not required if outside temperature below 15 °C

PUE (best) 1.05
PUE @ 450 kW 1.07

• Server fan overhead 6%
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LOEWE-CSC Green-IT

Klärschlamm-
verbrennungs-
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Biogasanlage
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rm
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Trafo

Ersatzbrenn-

Chemie-
produktion

Ersatzbrenn
stoffanlage (EBS)

In Umsetzung

2. & 3. Gasturbine
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In Umsetzung

PUE 1,08



LOEWE CSC 2011LOEWE-CSC 2011

Green500: 10 41(!)
Top500: 22 33
C t 200 €/
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Cost: 200 €/core
CO2 neutral



LOEWE-CSC
40 Quad 12 Storage

Local had drives 1.62 PB
Core memory 55,8 TB
Nodes 830
Mass storage 420 TB (net)g ( )
CPU cores / GPUs 20880 / 772
Power 500 kW
Cost 4200 k€ net; 

200 €/Core

772 CN-GPU 6 Infrastructure Nodes

Cool-Overhead 7%
DGEMM GPU 494     Gigaflop/s (90.8% peak) world wide fastest
System LINPACK 299 Teraflop/sSystem LINPACK 299     Teraflop/s
Compute power/W 736.8  Megaflops/w

CO S i / 8 000 T
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CO2 Saving / year:  8.000 T



DGEMM ScalabilityDGEMM Scalability

Volker Lindenstruth (www.compeng.de) 7. Dezember 2011— Copyright ©, Goethe Uni, Alle Rechte vorbehaltenVolker Lindenstruth (www.compeng.de) 7. Dezember 2011— Copyright ©, Goethe Uni, Alle Rechte vorbehalten 15

Optimized HPL for AMD GPU and Multi-Core CPU Usage, ISC June 2011
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Next Generation Data CenterNext Generation Data Center

…

…
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FIAS Patent submitted @ DPMA/PCT 5.7.2008
(Lindenstruth, Stöcker)
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Conclusions OutlookConclusions, Outlook

• Indirect passive cooling generates very efficientp g g y
cooling of PUE<10% in European climate

• Ambient temperatures in Germany support entire
tiyear operation

• Any commercial servers are supported
• No active components in the data center
• No air ducts of any kind
• Highest power density of 20kW/m² per floor
• Efficient programming one of the largest savings

potentialspotentials
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Questions?
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