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Motivation – Intel’s Quad Core QX (Penryn)

• 130 W TDP – thermal design power to dissipate

• 4 sources (cores)

• QX cooling (heat sinks with heat pipes) - expensive

from http://www.overclockers.com.au



System Power - Intel Quad Core (QX6700)

• 130 W power generation – QX 6700

• 4 sources (cores)

• Penryn cooling (heat sinks with heat pipes) - expensive

from http://www.overclockers.com.au



Processor’s Power Consumption TDP

Customer wants to know, "Given the amount of space, how much 
cooling can he get? Each fin type is something you can pull out of 
your bag of tricks to help your customer." 

Gerry McIntyre, President, Radian



Quad Core Heat Sink Configuration
• LGA 775 socket 
• CPU fans used
• State of the art “profiled” fan cooled 

Heat sink resistances (R= 0.29 .. 
0.31)

OCZ V12 CPU Cooler
$199 retail

(L x W x H). (L)110 x (W)110 x (H)150mm, 40 CFM fan 



Evaluate Plate Fin Heat Sink

• side-inlet-side exit configuration
with fan on top

• find operational range to dissipate
130 W (if at all possible)

• Geometry envelope 40 mmx40 mm to 
100x100 (base); height 40 to 100 mm

• fixed fan CFM
at zero pressure



Baseline Setup using Qfin4

• Initial “common sense configuration”
• Model developed in Qfin4 – heat sink 

analysis and optimization software

Ideal contact, Volumetric source 130W

cabinet

open flow boundaries

base

parallel fin 
plates

Fan – top to bottom direction

“open space” model, no enclosure flow effects,
No surface to walls radiation



Baseline Setup – Qfin4 GUI

Heat source, 130W

Fan, fan curve specified

Optimization option:

Baseline analysis – done in 63 sec

objects



Example of Analysis Results – After Optimization
Flow is simulated using 1D network (see blue lines) , 
heat source 130W, 34 CFM fan 

Total CFM may be higher than from Fan only,
Due to external flow entrainment at both open
Sides of heat sink.

FAN



Flow Networks – Close Up look

Pressure drop through heat sink is also estimated.
Flow in and around heat sink plates is represented using simplified
One-dimensional network of channels.



Best Configuration  that meets the Target 

Target T, 70 deg. C

cold

hot

Flow= 0.04 m3/s
Tmax=64.6 deg. C
R=0.305 C/W

base

block with heat source



Optimal Configuration  - Results

Software tracks multiplicity of variables for 
optimization purposes

HEAT SINK
Fins

HS Base Source

Space envelope:
82x82mm base, 81 mm height



Optimization Setup

Optimization starting point

Many options 
possible: Tmax, R, 
…

Software uses sophisticated optimization algorithm to drive multiple 
variables towards optimal zone based on a single ta rget objective function

Sequence of results:

Each can be separately 
examined, also exported 
into icepak



Optimization Sequence – Display of Results



Optimization Results – First Run

Junction temperature dropped down from 200+  to 93 deg. C. R=0.525
Further optimization trials expanded design envelop e to explore if we can
reach temperatures close to 70 deg, R to approach 0 .3.



Optimization Results –New Run 

First 5 iterations (designs) are shown. Temperature  dropped down to 100 
deg. C; number of fins increased from 6 to 11; fin height from 60 mm to 85 
mm; base from 60x60 to 85x80 mm.



Optimization Results –New Run -refined



Optimization Results Example - expanded envelope 120x120x120

To compare Thermaltake
HS dimensions: 120x120
OCZ V12: (L x W x H). (L)110 x (W)110 x (H)150mm 



Appendix - Design for Manufacturability

electronics-cooling.com/html/2007_aug_a1.html

<Fig. 4>



Appendix - Design for Manufacturability



Appendix: Another Heat Sink Example


