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Introduction

Full CFD

sollving for mass, momentum, and energy equatioing) disite
volume

rather long computation time (especially for Trams)

can use a tremendous amount of computer disk @ace

number of customer required duty cycles - time consg

ensuring periodic steady state has been achiewad){drocess
Simplified h-model

smaller computational domain CFD model (mesh redi@rfull CFD)

uses steady state full CFD mean heat transfericeeff (h) and
average wall temperatures calculated for variowsspdeVveéls

= f(wall temp)
solves only for energy equation
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Introduction

Transient Thermal Analysis

Transistor Silicon Die Max. Temp.
Very fast (milli second)
Periodic-Steady-State

Experimental Measurement Methods
IR Camera.
Thermocouple

Experimental procedure
Time Consuming

Data Acquisition & Software Speed Limitations
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Introduction

This presentation will demonstrate the following

ANSYS IcepakM Full-CFD
Correlation to Experiments

ANSYS Icepak Simplified h-Model CFD
h-values obtained from the Full-CFD model

(need some place to obtain these h-values)
Correlated to Full-CFD
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Introduction

Goal:
Cycle-Time Reduction
Reduce Product Development Cost
Improve Product Time to Market

Insure Reliability of Product under Various Duty€ls Scenarios
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GM 2004 Malibu
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Electronic Module
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Electronic Module
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Cross Section View Electronic Module Stack Up
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ANSYS lcepak™ Full-CFD Model

Computation domain (320mm x 300mm x 220mm)

Caqver

v\vxeatsink Base

/ Heatsink fins

Fin Base to Heatsink Base interface

Module Size = 217mm x 95mm x 63mm (height)
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Initial Hand Calculations Natural Convection

Ra= gx >(Tsurface ~ Tambient) X

Rayleigh number: e

= Volumetric Expansion Coeff (1

. . . s 9
FIOW IS Iam|nar |f Ra< 1 10 = Kinematic Viscosity Air (m 2/sec

= Thermal Diffusivity Air (m ?/sec)

Isothermalvertical plate: Nu =0.59>xRa>* (laminar)

Nu =0.100Ra’* (turbulent)

Isothermah()c)r2|520ntal wall: upper surface of a heated
— : 4 7
Nu=054>Ra™ for 10"£Ra£l10" plate or lower surface of a

cooled plate
Nu =027xRa*>® for 10° £ Raf 10w lower surface of a heated
k xNu plate or upper surface of a
h = cooled plate

L
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ANSYS Icepak™M FULL-CFD Procedure

Full CFD

Modes Heat Transfer: Conduction, Convection, Razhat

Partition Heatsink Base & Fins into Various Walls

Solid / Solid Interface q =hA{dT,,)
Solid Fluid Interface (h value)
Periodic Square Wave Power
Steady-State Solution
Post-Processing Report Determined
Mean h Values
Mean Surface Temperatures
Repeat with 3 Different Power Dissipations
Ambient Temp. = 3%
Plot h-Values vs. Surface Temperature

Determine Thermal Capacitance of Each Fih=
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) Cp)

= Density of Fin Material (kg/m %)
V = Volume Each Fin (m 3)
Cp: Specific Heat Air (J/KgC)



ANSYS IcepakM FULL-CFD & Experimental

4= ANSYS Icepak™

IR Camera =————
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ANSYS lcepak’™ Simplified h-Model

Computation domain

Air Blocks for
Internal to Module Conduction

Quantity of

6 FETs (paower source) \
B Hi

A Lo C_Hi
B Lo

Clo
Sense_Res

Heatsink Fin Locations
“Strips”
h value = 20 to 95W/aAK
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ANSYS lcepak’™ h-Model Procedure

Deactivate the Heatsink Fins
Collapse the Computation Domain (now it's the sizéhe Electronic Module)
Impose Full-CFD h-Values
h Values are Piece-Wise-Linear Function of Avg.f&e Temp.
Module Internal Air Conduction
Only Energy Equation Solved
Gravity Off
Modes Heat Transfer: Conduction & Radiation (Comieecis now addressed using h-value)
Apply Equivalent Thermal Capacitance to Each “Strip
Keep ¢ (specific heat air) the same, and significantlyease the density of the material
To compensate for the absence of volume for each fi
The Mesh Size for this Simplified h-model is
Y the Full-CFD Model
The Electronic Module Size is the Same as the EED
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ANSYS lcepak’™ h-Model Procedure

Full-CFD Heatsink Base & Fins

h-model Heatsink Base & “Strips”

In between the “Strips”

h value of 2 to 7 W/mK In the h-model

the heatsink fins are removed
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Results

,

Periodic Steady-State
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Results (Close-Up)



Results
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Observations & Conclusions

h-Model Reduces Computation Time with No Loss irtéacy
Need to Run Lengthy Full-CFD Model Eliminated

Note that an average heat sink surface temperatgaecorresponding h
value was used.

To Improve Accuracy between the Full CFD & h-moadaelthe Full CFD
model, the fin walls could additionally be partried into upstream and
downstream airflow segments (forced convectionhotter vs. cooler
regions (natural convection).

This Methodology can be used for any Similar Transi Thermal
Analysis
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