FINITE ELEMENT ANALYSIS if

Predictive Engmeermg CFDConsulting Services

9t SOGNRBYAOA /22t Ay3 'aray3d [/ 2yRdOGA2Y /-REgBSOGA 2
| 2yadz GAy3 { SNBAOSa

t NSRA OUA @S CBDZahsulirgEXxpesieyica Q a

Electronics coolingan be as simple as setting up a fan curve and blowing air across a set of chips or as complex as the simulation of the

copper traces within the PCB with localized heat pipes to draw heat away frorpovggr chips. Over the years, Predictive has analyzed
fascinating array of electronics system using @r@handcalculationsléast we notgettoo confident in numerical methods

We look at our experience as the abilitygwveour clientsnot only the right solution bubovel and coseffective solutions to their
electronics coolinghallenges whether from packaging requirements, vibration and shock specificatiomaadlainit the use of large heat
sinks or just the need to have a quiet thermal solution without a noisy fan.

OurvalidatedCFD consultinoy electronics coolingovers:

Chip level thermal solutions frodie, package (interconnect) 8CB

PCB thermal cooling using heat sinks, heat pipes, copper vias integrated into the PCB

Fan selection with airflow optimization or natural convection through the placement of vents @npéat of hot components
PDB and Substrate thermal design

Joule heating with forced convective cooling and radiation

Enclosure thermal design
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What makes thedifference?
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fluids but in general mechanical design for stress and vibratMmhave done the simulations and validated our models working frand

hand with our clients. This collaboration allows us to suggest costgaulutions upfront in the process and to ensure that they will work
based on our hands on experience in the field. That is to say, we are not just CFD simulation engineers but also gétiefeidts

experience in verifying and validating our sintidas against reality. This is our competitive edgdeowing the difference between CFD
cartoons and CFD reality.

CFD Consulting Case Studies in Electronic Cooling

The field of CFD electronics cooling is huge and this section just represents a feghtsgiflwork that we have done. If you have any
guestions, please contact us and we would be happy to share our experience or provide a quotation.
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CFD Analysis of Electronics Cable Assembly with Chip (Die and Interconnect) Tempsrature
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One radial segment of a large automatic chip testing unit was thermally analyzed. The CFD simulation focused on the deotlapree
high-powered chip layout that included several daughberards. Force convection did the heavy lifting but heat pipesvalso leveraged
to extract heat from critical regions. Chip mounted heat sinks were also employed. Thermal validation showed that theufaiE@nsivas
accurate to within +/10% at chip interconnect regions and 5% over the PCB.
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Electronics Coolingf Potted DCAC Inverterg Conduction, Convection and Radiation
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Given challenging outdoor environmental conditions, our client needed the system to be thermal stable while encasedeamgsiliand

mounted on the side of a building ander solar panels. The thermal analysis looked at natural convection during diurnal heating and also
the radiative cooling ability of the aluminum housing within onto black body surfaces. The thermal work started by oglibeagirinted

circuit board b experimental measurements. This correlated model was then encased in silicone pottant material and subjected to a variety
of thermal conditions. Final predictions allowed the client to proceed to tgstimd to improve upon their mechanical design of tioeising.
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Thermal Management of Mobile Supercomputers (Ultrasound Carts)

This was a huge project for many years at Predictive Engineering. We ran thermal simulations on individual chip assemtiestofr
interconnect to PCB and then otet complete PCBs and the complete ultrasound cBine thermal simulation work was validated by chip
level temperature measurements and energy balance work on the cart that included the complete thermal envelope. One difficult
requirement was to reduce fanoise to below 22 dB or whisper quiet. This required a series of baffles that would trap the noise while
creating minimal back pressure. After hundreds of simulations, we transferred our knowledge base to the client and tley are n
performing the workn house.
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Electronic Cooling adindustrial Power Converters foBuses and Trucks

When the bus catches on fire from a burning power converter, one knows that the thermal design needs some work. Prediethngaged
to provide a quickhermal analysis of a series of large power convertors. Our CFD consulting service showeel diestgn flaw wag the
chaice ofpottant for the transformerand not in the general electronics cooling designother work for the client we optimized their use of
heat sinks and the placement of higlower chips on several PCB layouts.
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Aggressive Thermal Management with Heat Pipes

JUST WANT TO CONFIRM
MATERIALS USED.

HEAT PIPE
CONDUCTIVITY OF 2100
(SILVER)

FLAGS ARE COPPER CDA
110 CONDUCTIVITY OF 396
(PURPLEISH)

CENTER IS ALUMINUM
B061-T6 CONDUCTIVITY
OF 170 (PINKISH)

Qutput Water
>SOOC

COLD PLATE IS COPPER
CDA 110 CONDUCTMITY
OF 396 AND AT CONSTANT
TEMP OF 20 C
(VELLOW)

3M™ Novec™
Engineered Fluid

FOOT IS COPPER CDA
110 CONDUCTIMITY OF
396 (BROWNISH)

Hot-plate

Input Water
>450C

One of our more interesting projecwas theclient@ requiremento have sint cooling otheir compact, higkenergy systemin
collaboration withtheir engineering team, we developedwater cooling system thatitilizeda conbination of heat sinks and copper chill
plates.Although this electronics cooling system waBthe most economical to manu€aure it provded stellar cooling thatallowed the

electrical engineerso crankup the powe due to lowchip die to interconnectemperatures.
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CFD Analysis of Electronics Cable Assembly with Chipaiildnterconnect) Temperature
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The outer housing is plastic with strategically located slots to induce convective cooling on the internal printeB@arclsiT his simulation
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initial starting point The challenge on this project was the hgbwered chips located iisolated regions of the PCBfter several

optimization cycles, the final design achieved the temperature targets.
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Transient Thermal Analysis ¢figh-Power ASIEIlectronicausing Heavy Copper Traces and Vias

Electronics cooling often involves using everything in the thermal toolbakis design, thick copper vias were used within the PCB to
conductheat away from higipower digital-opticalapplication specific integrated chip (AS})e device is not land based so along with
conduction, radiation was coupled to the thermal solutidnseries of transient thermal analyseere performed to evaluatde designand
the final optimizedconfiguration was correlated to experimental woflais effort laid down the baseline for a whole new generation of

intelligent cabling devices.

Electronics CoolingCFD Consultant Experience Page |8



