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ELECTRONICS COOLING — TENNOBOWU AHANU3 ANEKTPOHUKU

FIOEFD is different CFD: 2 key differences

Solver is augmented with special engineering empirical

CAD Embedding

and analytical models

Unlike all other traditional CFD tools FIOEFD has a FIOEFD is CFD Embedded in CAD.
unique combination of numerical methods and . -
empirical, analytical methods. B 19U FRBX 0 Yoo by € PTG BT R BT €

SIEMENS

v |

Traditional Approach

FIOEFD Extension

Prandtl BL Model

RANS with

Analytical Equations
Wall Functions

Empirical Models

Unique SmartCell™ Technology
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ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

100 Costs of Fixing
80 - NX: Camera 3D CAD Madel
Costs of Changes

60 FRONTLOADING FIoEFD for NX: Thermal simulation within native CAD environment

Use of Methods,

40 Processes

& IT-Solutions in the early
development phase

20

Room of Costs
Reduction

. Thermal Stress

Frontloading AV sensor durability analysis and design optimization
PHILIPS 9 ty analy gn op

TOSHIBA == Canom

ospav__ @mazon EPSON  SIEMENS @ |G Panasonic (g™
I Opto Semiconductors SEIKO - | —
GM%H%: www.mentor.com CAD Flo. M’C’OSO” D<eLLPHI ELECTRIC SONY
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ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

“The most important
consideration in
selecting an analysis
software tool was that
all team members
could use it regardless
of their level of
ability.”

Mr. Hiroshi Abe

Seiko Epson, Japan
(PTC Creo)

“The big advantage with FIoEFD
is that you don’t have to do
meshing and you can save a lot
of time. Because it is embedded
into...our preferred MCAD tool,
one thermal engineer can be over
twice as productive. It moves
analysis up the design sequence.”
Paul-Henri Matha

Groupe Renault, France
(CATIA V5)

cMspier

www.mentor.com
www.cadflo.com

“| like FIoEFD...because | can dip in and out
of it all year with minimal effort to pick it up
again. It’s robust and easy to mesh our
complex geometries.”

Klaus Olesen
Danfoss Drives, Germany
(PTC Creo)

“FIoEFD ...enables design
engineers without a fluid
analysis background to
perform thermal simulation.
The result is that we got the
design right the first time.”

James Young,
Azonix
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‘Thermal Management (Circuit Board Level)

m Import EDA data (ODB++ or Expedition) into NX (as ==
well as Creo, CATIA, SolidEdge). EDA geometry can Lk h
be represented as fully detailed (layers, tracers,
vias, components) or compact (effective material
properties).

m For PCB effective material properties can be
automatically derived and set from PCB layer
structure.

® Material properties can be Temperature
dependent.

B Joule heating, temperature dependent power,
power toggle (on/off), steady-state, transient,
radiation, convection (free/forced).

B Smart PCB —image based representation of PCB

cMsRlxr e CADFIS®




ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

I s | ptcats Curve Do Render | Tocks | iew
g T

‘Thermal Management (Component Level)

m Different representation of components: Two-resistor,
Delphi (n-resistor), detailed, compact.

m TEC compact model.

m Library of components and TIMs. You can create your own
component.

B Thermal joint.
B Heat pipe compact model.

B Special LED thermal-electrical-optical model for Junction
temperature and Luminous flux prediction of LED (used in
automotive lighting for headlights, TFT, cameras, sensors).

m Ability to import properties measured by T3Ster hardware.

B Storing conditions and materials in component.

cMsRlxr e CADFIS®




ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

- Thermal Management (System Level)

B Steady State and Transient.
Conduction, Convection, Radiation (DTRM, DO, Monte Carlo).
Thermal and Solar radiation, Wavelength dependency.

Refraction, Reflection, Absorption of radiation.

Ray visualization.
Internal and External Natural convection.
Fans.

Humidity, fluid water film, absorption of water vapor by solids.

Broadband noise estimation (Proudman).

M

500603 s.00e-02 5.00€-01

Water sorption: Predictions for Plastic Ball Grid Array Packages.

cMsRlxr e CADFIS®




ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

Easy!

m Here a full headlight (400x300mm), a few LEDs with heat sinks, PCB with layers of 38 microns, and
copper tracers inside them is calculated in one task. Solar and thermal radiation, radiation absorption,

fans, incoming air flow.
® NO GEOMETRY SIMPLIFICATION!
B Task definition — 5 hours, meshing — 0.5 h. Total user time spend = 5.5 h. Solver = 16h (20 cores).

cMsRlxr e CADFIS®



ELECTRONICS COOLING — TENNOBOWU AHANU3 SNEKTPOHUKU

OCHOBHbIe BO3MOXHOCTH MoAaynAl.

[xoynes HarpeB

[1ByX pe3ncTtopHas Mmogenb
Mopgenb TennioBbIX TPYOOK
[‘eHepaTop nevaTHbIX nnar
bubnunoTtekn:

— BeHTUnatopos

— [1BYyX pe3nCTOpPHbIE KOMMOHEHTbI
— TepMoaneKkTpuyeckme mogenm
— Martepuansl TBepAbIX TEN

www.mentor.com CAD Fl o.
www.cadflo.com




ELECTRONICS COOLING — TENNOBOU AHANU3 ANEKTPOHUKMU

[>xoyneB HarpeB

u I'Iporpamma Nno3BOJIAET pPacCCHUTbIBATb
yCTaHOBMBMMVICﬂ NOCTOSAHHBLIA  TOK B
ANeKTponpoBoaAaLnNX Ternax.

| COOTBeTCTByI-OLLI,I/IX Axoyrnes Harpes
pacCcynTbiBaeTCA dBTOMaTUYECKN n
YYUTbIBAETCA B pacyeTax
Tennonepegayn.

®  JfIeKTpUYECKoe COMpOTMBNIEHME MaTepuana MOXeT
6bITb M30TPOMHbLIM, @HU3OTPOMHbLIM WNN 3aBUCETb OT
TeMnepaTypbl.

m  Pacuer ANIEKTPUNYHECKOTIO noTteHuunarsa Z TOKa
BbIMNOJMTHAETCA TOJIbKO B MPOBOAOALLMNX TBEPAbIX Terax,
T.C. MeTarnsax 7 MeTaruiocoaepKalmx
KOMNO3ULMOHHbIX MaTepuarnax.

| ,D,I/IGJ'IeKTpVI‘—IeCKI/Ie TBEpAble TeJia, noJiyynpoBOAHUKMN,
KXUOKOCTU N NYCTblE obnacTtu He Y4acCTBYHOT B pacyeTe.

cMsRlxr e CADFIS®



ELECTRONICS COOLING — TENNOBOWU AHANU3 SNEKTPOHUKU

Package

«2-R» mopgenu

Adiabatic walls

Adiabatic walls Case

B [lpegnonaraeTca, 4TO KaXkAbld moaynb
COCTOUT M3 Tpex y3n108: Tennosoro
MCTOYHMKa, NnaTtbl n Kopnyca.

Junction

Board (PCB)

B OTW y31bl COEAMHATCA NOCPeaACcTBOM
ABYX TENNOBbIX COMPOTUBIEHUN,
3a4aHHbIX Mo/b30BaTe/NieM - Ten/IoBbIM
COMPOTUBNEHNEM MEXKAY UCTOYHUKOM U
nnaton Rjb (mexay WCTOYHUKOM W
NAaTON, Ha KOTOPOM OH YCTAaHOBNEH) U
TENNOBbIM  COMPOTUB/IEHUEM  MeEXAY
MCTOYHMKOM M Kopnycom Rjc (mexay
NCTOYHUKOM M BEPXHEN MOBEPXHOCTbIO
Mmoayns).

MgRir e CADFIGT
Gra 3 www.cadflo.com



ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

Moaenb TensioBou TpyoKu

m KomnakTHOe npeacTaBrieHMe  TenrioBoM  Tpybkm  Tpebyer  OT
nonb3oBatena  ykasaHus  obwero  9(PdEeKTUBHONO  TEnmoBOro
CONPOTUBNEHNS TENNOBOW TPYOKN, MUCXOOS U3 ero XapakTepucTuk
NPOEKTUPYyEMON CUCTEMbI, a Takke BblOOpa AOBYX TrpaHen AOns
onpeaeneHnsa HanpasfieHna NoToKa Tenna.

= [lpon3BoANTENBLHOCTbL TEMMOBOW TPYOKM 3aBUCUT OT MHOMMX hakTOpOB,
TakuUX Kak HaKMNoH, OpueHTauusi, anvHa un 1.0. [Nonb3oBaTtenb MOXEeT
MOOAENUPOBaTb  pasfiMyHble  YCIOBUS, 3agaBas pas3nuyHble
ahheKkTnBHbIE TEPMUMYECKNE CONPOTUBNEHUS AN AeTanu.

cMsRlxr e CADFIS®



ELECTRONICS COOLING — TENNOBOWU AHANU3 ANEKTPOHUKU

(PCB) lNeyvaTHble nnaTtbl

B AB/AIOTCA YACTHbIM C/Iy4aeM TBEPAbIX TEN
C QaHM30TPOMHOW TEnAOoNPOBOAHOCTLIO.
NHTerpanbHble XapaKTeEPUCTUKM NeYaTHON
nnathbl, Takue KaK spPpeKkTMBHanA
NNOTHOCTb, YAE/bHAasA TENJ0eMKOCTb, a
TaKXXe COCTaBAAKLWME TENIONPOBOAHOCTH
PACCYUTBLIBAIOTCA WUCXOAA W3 CTPYKTYpbI

nnaThbl.
m [lnaTa Takxe MOXeT ObITb
MPOn3BOJIbHO OopmneHTnpoBaHa Percertage Cover
OTHOCUTESNIbHO rf1I06anbHOW CUCTEMBbI ot -
KOOPAMHAT, o e
— Hanpumep, yrnoeble neyaTtHble nMnaThl, -
Takue KaK DIMMs, MOryT ObITb

cMoaernimpoBaHbl

Msﬂlg- www.mentor.com CAD Fl o.
Gra 3 www.cadflo.com



ELECTRONICS COOLING — TENNOBOWU AHANU3 ANEKTPOHUKU

buonuoteka - BeHTUNATOpPbLI

& [
’ =25 Pre-Defined
- S Aial
EB Comair Rotron
ABELTJ B AC
- - ™ Full Speed
ebmpapst L e
=3 DC
ETRI®| -3 Full Speed
B High Speed
M E ay -2 Mid Speed
L_I2 Slow Speed
g Wery HiI;h Speed
e : B Delta Prezsure difference
CHATRONICS
——— - -2 ETRI
micronel =& ~{2 IME Products
B B Mechatronics
’_‘,--""-_"'ﬂ-‘_\ -2 Micranel
NMB 2 HME
ISANYO DENKI o Papst
B Sarnwa Denki e -
SUNON. -~ Sunon
- - Y3 Tech USA \
‘ - Fan Curves 763
' 1% -2 Radial \
—_— -5 User Defined ’ D008z iXie] o
0.0032 0.0035 0.016
Volume flaw rate
www.mentor.com

www.cadflo.com

CADFIo”




ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

Bubnunorteka — 2R mogenu

m [lonHoOCTbIO MHTErpMpoBaHHas bubnuoTeka, nogaepxuBarLLas
ctaHgapTbl JEDEC ans KOMNOHEHTHbIX TEMMNOBLIX MOAENEN
MOHOYUMOBbLIX NAKETOB.

m [logoepxka crnegyrowmx naketos: CBGA, Chip Array, LQFP, MQFP,
PBGA, PLCC, QFN, SOP, SSOP, TQFP, TSOP, TSSOP

|
e

File Edit View Units Help

FIEEYT F1 3] I kL
Database tres: ,Wm

a-m Two-Resistor Components

& Pre-Defined ltems

@ User Defined EPBGAFC_‘IGX‘IDmm_ZF(
[= PEGAFC_11x11mm_2R
[=2 PEGAFC_12x12mm_2R
[= PEGAFC_13x13mm_2R
[= PEGAFC_14x14mm_2R
[= PEGAFC_14<22mm_2R
[= PEGAFC_15¢15mm_2R
[Z PEGAFC_21x21mm_2R
= PEGAFC_2323mm_2R
[=2 PEGAFC_27%27mm_2R
[= PEGAFC_2929mm_2R
[= PEGAFC_31x31mm_2R
[= PBGAFC_32_5¢32_5m...

[= PEGAFC_35x35mm_2R
[Z PBGAFC_37_5¢37_5m...
= PEGAFC_40x40mm_2R
[=5 PEGAFC_42_5x42_5m...
[= PEGAFC_45x45mm_2R
[= PBGAFC_47_5x47_5m
[ PBGAFC_Gxbmm_2R

www.mentor.com CAD Fl o’
www.cadflo.com



ELECTRONICS COOLING — TENNOBOWU AHANU3 ANEKTPOHUKU

Bbubnunoteka — TepmMmoanekTpuyeckme Mogynum
m [logoepxka npoaykrtos Marlow u Laird (Melcor)

induscriaes, inc.,

e - Laird
T EIEEIFEY T BEY L] 'YCEE TS L s ks TENH!!L!I;IESL)
Database tree: m

B-Q- Thermoelechic Coolers 071225
[=)-%g Pre-Defined

BB I arlovs Property:

- D112 [Masimum pumped heat -

-2 DT3

- DTE Temperature Maximum pumped heat

E Ml

B ML

B RC

B 1]

AT

9--[3_,, M elcor

-2 CP series

[ HT series

[ Opto TEC series

B PT seriez

B UT series

-4 User Defined

Marimum pumped heat
o0 M il

25.50

25,00

24.50

24,00

23.50

2300 . K
3015 30782 15,45 32313
303,958 31ES 332

Temperature

‘\Marlow\DT12 DT12-2.5 SI (m-kg-s)

Msﬂlg- www.mentor.com CAD FI o.
Gra 3 www.cadflo.com



ELECTRONICS COOLING — TENNOBOWU AHANU3 ANEKTPOHUKU

Bbunonunorteka — Matepunansl

m OOGHoOBNEHUA no KaTeropndam, B COOTBETCTBUN C Tpe6OBaHI/IF|MI/I K
MaTtepualniaMm ana TMNnMYHOro NPoeKTNpoBaHNA CUCTEMbI SJITEKTPOHUKN.

m Bkrniovaetr B cebsa nonHble cBoncTBa MaTepuanoB ans Cnnasos.,
Kepamuku, Ctekna n MuHepanos, JlammHatoB, MeTtannos, NonumepoB
N NOSyrnpoOBOLHNKOB.

m Bknioyaer cneumanbHyto 6OMBNMOTEKY C OOHUM PE3NCTOPOM  ASIS
TunoBbIX |C nakeTos.
(@ egreergomee | DN S o)

ITEELEET LR IR I L P

Database tree: | tems I ltem Properties | Tables and Curves |
E|“.e". Materials o Silicon
¢ Combustible Mistures
-f% Campressible Liquids Property:
-
Lo Gases Themal conductivity s
6 Liquid:
| . . Temperature Thermal conductivity
-9 Mon-Mewtarian Liquids 300 WiTK) K] Thermal conductivity
& Redd 10K 2300 WIm*K saonn
=88 Solds ()
H % PreDsfined 20K S000 Wi m™K) 4171.00
= 40K 3500 Wim*K)
1 Alloys = 20K 1340 WIMHK) 3342.00
4 Building Materials 150K 410 Wi
-2 Ceramics 200K 280 WiK) 2513.00
B Glasses an d Mineral ls 300K 150 WIm*K) 68400 \
-4 IC Packages 400K 99 WI(m*K)
-2 Laminates 800K 62 Wi(m*K) 655.00
-2 Metals 800K 42 W)
-2 Non-isatiopic 1000 K 31 Wi(mK) mm Sy S T
12 Palymers 1688.2 K 26 Wi(m*K) " zedF0 . B4ET0 “oTS0
42 Semican ductors (W Temperature
-8 User Defined <
‘Semiconductors Silicon SI (m-kg-s)

cMsRlxr e CADFIS®



ELECTRONICS COOLING — TENNOBOW AHANU3 ANEKTPOHUKMU

Bunonunorteka — KoHTakTHOe

conportuBieHune
u noﬂlﬂ'emea TennOBbIX MaTepmanOB Eﬁ Contact Thermal Resigtances
oT Bergquist, Chomerics, Dow =3 Pre Defined
. B- Interface b aterials
Corning n Thermagon. {_EE Bergauist S
% BondFly | J
m  OnpegeneHne conpoTUBIEHNS B2 HiFlow BEHEEH!E!.
MHTepdENCOoB 3a4acTylo g ol P
NPenCTaBsieT CIOXHYIO 3afauy Ans a3 SiPad m o
o -2 Chomerics Omerics
nonb3osartesnien. ['loaTomy aTun "2 CHO-THERM
Habopbl JaHHbIX HA OCHOBE = THERWAGAE T
< - 7 RMA LINC.
Npon3BOAUTENEN MMEIOT OCODYIO [ THERMFLOW I
€HHOCTb. =2 Dow Eu:nrni_ng
. - GapFiler DOW CORNING
E Phase Change
E Thermal Grease/Paste/Gel
=2 Themagon
E Electrical Inzulator
E Gap Fillers
E Phaze Change
@ IJzer Defined

cMsRlxr e CADFIS®



OXNAXOEHUE YUNA C NOMOLLBIO TENNOOEMEHHUKA U
BEHTUNATOPA (NPAMOW PACMET)

Ckopocmb epauieHust
geHmunsmopa — 460 padlc

| wmuumml

Wi

Die [ C] 35
Grease [° C] 35
Substrate [ C] 33
Solder and air [° C] 33
PCB [° C] 25
Heat exchanger [° C] 31
Yucio ssueex 380 148

cMsRlxr e CADFIS®



OXNAXOAEHUE SNEKTPOHUKU NOTOKOM XXUAKOCTHU

IGBT — 60 W each

Avop — 25 W each

MNoTepwu Tenna ot ogHoro moayns — 510 W
Obuwume notepun Tenna — 1530 W

MaccoBblli pacxoa (70%H20+30% Glycol) — 15 g/s

Liquid temperature

Liquid velocity

Pressure field in liquid

cMsRlxr e CADFIS®




TEPMO-3NEKTPUYECKOE MOLAENUPOBAHUE

i=2.9 Th=25C i=2.9 Th=50

i=2.9 Mel
—&—i=2.9, TEC simulation

T Mellerr Themosiecti

9 D, TEC simulation

| CP2-127-06 \

Performance Specifications

as|

Hot Side Temperature (°C) 25°C | 50°C

Qmax (Watts) 120 134
Delta Tmax (°C) 68 | 77 F143Th=25C FisThes0C
140
—— =143 Melcor 140
Imax (Amps) 14.0 | 14.0 120 120 —rrTTE
Vmax (Volts) 154 | 16.4 i 100
g. 8 ; 80
Module Resistance (Ohms) 0.94 | 1.06 o 60 S o
40 40
20 20
0+ 0~
0 10 20 30 40 50 60 70| ] 10 20 30 40 50 60 70
dT dT

—80omm
T AXIAL
FAN
HEATSINK
with 9
integrated
thermocouple
s
54W TEC —
HEATPUMP
s0W
RESISTOR ™ Cu CLAMP
with an
- integrated
thermocoup
le.
INSULATING
- STAND

www.mentor.com CAD Fl o.
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MHOIrOYPOBHEBOE TEPMO-3NIEKTPUMECKOE MOOENUPOBAHUE

TEC_Verification_|[Delta T={Gc) under various Th)

ES
0 The180E - Exneimen
15 ] __ Treig0% - FD
o Thw1Z0K - Exprment
] ___ Treig0 - EFD
=
35 ]
3
4
=
m <5
2
o0
15
10 4

cMsRlxr e CADFIS®
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EDA BRIDGE Mmoaynb - EDA UMNOPT

®m FloEFD can import into CAD EDA data from Xpedition (Mentor Graphics) or
general ODB++

Www.mentor.com C AD Fl OP
www.cadflo.com



BAnupAUuMA. HECTAUMOHAPHASA TENNOMNPOBOAHOCTbL B CTEPXHE.

4 Tinitial = 350 K
initial TW - 300 K
Ty = 300 K
»>
X
355
== Theory
345 == Calculation
335
T (K)

325
" \\
305 | o

0 2000 4000 6000 8000 10000 FPhysical time (s)

Evolution of the maximum rod temperature, predicted with FIoEFD and compared to theory.

Www.mentor.com C AD Fl oﬂ
www.cadflo.com



BAnupAuuA. JIAMMHAPHOE TEMEHUE BOONb HAMPETOW NNACTUHbI.

Air flow
V=15m/s
T=2932K

Computational domain

| ——————————

Heated plate

cMsnier

www.mentor.com
www.cadflo.com

CADFIS’

25

h (W/m*2/K)

20 +
15 1

10 +

— FloEFD calculation

m Theory

0.05 0.1 0.15 0.2 0.25

KoaddunumeHT TennooTaayum BAoAb NAacTUHbI
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BAnNUOAUUA. HATYPANBHAA KOHBEKUUA B KBAOPATHOW KABEPHE.

YA

\/

"

l‘%
305K 205 K

Adiabatic walls

/ %

L
« >
1000 1 : 1 |
—&— Vmax, Refs.10, 11 0.9
j. — o —Vmax, calculation o Prr———— —- 4
- —&— Umax, Refs. 10, 11 /
:i. 100 Umax, calculation i a7
§ - £os
] 5 04
g 10 E 0.3
a | & 02 g —
o1 —‘-‘-’ll ’"—T.
1 | 0 | . -

1.E+03 1.E+04 1.E+05 1.E+06 1E+

Dimensionless Velocities vs. Rayleigh Number

References

10 Davis, G. De Vahl; Jones, I.P.: Natural Convection in a Square Cavity: a Comparison Exercise. Int. J. for Num.
Meth. In Fluids, v.3, pp. 227-248 (1983)

11 Emery, A., Chu, T.Y.: Heat Transfer across Vertical Layers. J. Heat Transfer, v. 87, p. 110 (1965)

12 Denham, M.K., Patrick M.A.: Laminar Flow over a Downstream Facing Step in a Two-Dimensional Flow
Channel. Trans. Instn. Chem. Engrs., v. 52, pp. 361-367 (1974)

cMspier

www.mentor.com
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CADFIo”

Streamiines

10

2 —0— Refs.10,11 )

8 —A— Ref.12

7 —=— FIOEFD

6 75

5 //
~

4 — Z ll

3 =

2 ] —

1

0 1

1,E+03 1,E+04 1,E+05

Nusselt number vs. Rayleigh number

Ra

1,E+06
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BAanmpAumna. OXNAXKOEHUE UrONBYATONO PAOIMATOPA NPU
HATYPANbHOW KOHBEKLIUN.

502
L 387

Smoke inlet .~

Enclosure

under study
{ plexiglass) 635

N:Za

enclosure
- (plexiglass)
z N /‘ \

Insulation
(c) external enclosure
= ]
Substrate ‘/Heat sink H
no0oponng
L ¥
’ Ll Heat source lpxlpxh, _| H.
= l
{d) internal enclosure

References

14. Enchao Yu, Yogendra Yoshi: Heat Transfer Enhancement from Enclosed Discrete
Components using Pin-Fin Heat Sinks Int. J. of Heat & Mass Transfer, v. 45, pp. 4957-4966 (2002)
19. Jyotsna, R., Vanka, S.P.: Multigrid Calculation of Steady, Viscous Flow in a Triangular Cavity.

J. Comput. Phsy., v. 122, pp. 107-117 (1995)

cMsRlxr e CADFIS®

Rj — (Tmax - Tamb) /Q

Rjaexp = 43°C /W (Ref 14)
Riq . = 41°C/W

Flow Streamlines: Smoke Visualisation, left (Ref 19), FIoEFD
result, right

28



BANUMOAUUA. BbIHYXKAEHHAA KOHBEKLUA PEBPUCTOIO PAQJUATOPA.

Inlet Uniform velocity

Inlet Air

Exit ,’\'Il' u

-—

-

—8— Predictions

\A Experiments

.

A

4 5
V (m/s)

Comparison of predicted and measured thermal resistance R, for different «.

cMspier

www.mentor.com
www.cadflo.com

CADFIS’

Temperature [K]

I

Temperature contours in the vicinity of plane sink. # =5 m/s, z=0 m.

a3
15
o
L angs
207
2065
04
3075
301
2895
256

Termperziure [K]

(a)

Temperature

o

1
4
i
T
B
&
It
1
2
1

]
Welatity [mis]

(b) Velocity module

Contours of the temperature (a) and velocity module (b). # =5 m/s. x = 0.25 m.
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BANUMOAUUA. BbIHYXKOEHHAA KOHBEKLIUS PEBPUCTOIO PAOUATOPA.

Heat source— 10 W

4.0 T

Electrically heated foil 35 f\_
3.0

/ - . X
Bottom of wind tunnel Heat sink / Thermocouple . H\ ——
/ / : xperime

20 i Calculation

1.5

1.0

Insulation

0.5

00 Re

0 1000 2000 3000 4000 5000 6000 7000 8000
Thermal resistance of the Heat Sink versus Reynold number in comparison with the
experimental data

cMsRlxr e CADFIS® 30




ELECTRONICS COOLING — TENNOBOWU AHANU3 ANEKTPOHUKU

Accurate!

Front view T Side view right

.
c
()
S
[J]
—
-
(7))
©
V)

=

S0 °C
°C

BB2BRLEQE
S S

24 00
Temperature (Solid) [*C)

2 > 24 00
24.00 Temperature (Solid) [°C]
Temperature (Solid| [°C] e My Foss 3403°C
LENS: contours

HOUSING: contouwrs
HOUSING: confours

Max Error: 0% Max Error: 0.47% Max Error: 0.21%

gMsRlx e CADFIS®



ELECTRONICS COOLING — TENNOBOU AHANU3 ANEKTPOHUKMU

Accurate!

Very complex geometry with Joule heating, Radiation, Convection, Conduction

Accuracy of the results throughout the model: 1 C (~1%) and less.

“I am using FIOEFD whenever |
have to deal with thermal
management questions. | also
have access to ANSYS but FIoEFD
provides a much easier and faster
way to create my projects. The

handling of complex geometry is
very good. And especially the
combination of Heat Transfer and
Electrical calculation (Joule

Heating) is unbeatable

cMBRiRr

www.mentor.com
www.cadflo.com

II/

CADFIS’

Monitor Points| FloEFD |Measurement|  Error
Temperature 1 125.00 123.00 -1.63%
Temperature 2 181.00 181.00 0.00%
Temperature 3 156.10 156.20 0.06%
Temperature 4 156.80 157.30 0.32%
Temperature 5 156.10 156.20 0.06%
Temperature 6 157.50 157.50 0.00%
Temperature 7 159.50 158.90 -0.38%
Temperature 8 172.70 172.70 0.00%
Temperature 9 159.50 158.90 -0.38%
Temperature 10| 172.70 17270 0.00%
Temperature 11|  188.80 188.20 -0.32%
Temperature 12|  170.90 167.70 -1.91%
Temperature 13|  155.30 156.20 0.58%
Temperature 14|  154.70 155.10 0.26%
Temperature 15|  170.70 172.80 1.22%
Temperature 16|  170.60 165.90 -2.83%

ECU for high power density generator



AHANU3 PACNPEQENEHUA TENNOBbLIX NOTOKOB

Monb3oBaTeNnb MOXKET 0TOOPa3UTb, CKONbKO Ten/la AEeT OT O4HOro KOMMOHEHTA K Apyromy (TensionpoBoAHOCTb) B BUAe rpadumKa.
TaK»Ke MOXKHO BM3YyaNM3NPOBaTb TEMIOOTAAYY K }KUAKOCTU (KOHBEKUMS) N PaANALMOHHbIN Tenn1oo6meH. KOMMOHEHTbI MoryT
6bITb CrPYNNMpPOBaHbl TAKMM 06pa3oMm, YTOObI TEMNJIO BbIYMC/IANOCH KaK obllee Ans BCcex CrpynnmMpoBaHHbIX KOMMNOHEHTOB.
KpyroBasa anarpamma A.1a BXOAALLErO U UCXOAALLEro Tenaa NnoMoraeT NoHATb 6anaHc Tenna.

Parameters A
Material
=)
Temperature
ﬁ Hest Genetation Rate TEFﬂpEFEtUFE [M E]'I:I
Y= 39
[1Solid
EBROREVYE @ EBEE 23| Q4 vewxX  |LlFlud
Filter by Ener ~ — H
R In Heat Transfer 26.791 W I:l Quter Domain
of ow = 0035 W
CAP-ELEC 830483011901 . W 19564 (Ctrer] |:| Surface Source
Material Palyurethane 3.000 v I 2406 W [PEGA-B2.
IModeI Tree - ‘ Temperature 85.00°C 1,403 W [CAP-ELE.. I:l Volume Source
Temperature (Max) |55.00 °C 0823 W PEGA-B256_id146_x_t-1FEGA-...
= ¥ Simulation 0153 W Sk LGS 0,855 W [CAP-ELE.. . L.
_ . : haterial Typical FC PBGA, D LE avin Had|at|ﬂr| Hate
g EES?E:EB 53:&?:19 e e S el Temperaiws__[s320°C | e VY [ R :
> - & - 0.800 W Material 252P Temperature (Max) |35.19 ' 1 1=
& CAP-ELEC-830X830H119 CAP-I.ELEC-BSD}{SSDHW 190... E——, Py 2496 W D | Ncl d = nt H d d I ETJ on H EtE
9 CAP-ELEC-830X830H119 Material Polyurethane Temperalure (W) [71 05 °C Out Heat Transfer 26.673 W .-
f'__‘ CAP-ELEC-830X830H119 Temperature g5.00°C D N Et H E d I Etl D rl H EtE
fj CAP-ELEC-1030K1030HT. Temperature (Max) |55.00 °C 0762 W 1413w . Serwicte D "l_l" | H d T R
- olume Hadiation Rate
ARD 0.099 W 0.a72 v
& _VCS_COM_BOARD-CAD CAP-FLEC-10301030H1 260... _
Radiation Mterial FE— CAP-ELEC-830X830H1190....
5 hiaterial Polyurethans
CAP-ELEC-830XE30H1 190.i... Temperature B500°C - ; 8520 <
Materisl Palyurethane Temperature (M) |33.00 °C SRR
i 0153 Temperature (Max)|85.00 "C
Temperature 85.00 °C . 0.102 ¥
PlHeat Path
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ELECTRONICS COOLING — ONTUMU3ALIUA OXINTAXKOEHUA SNEKTPOHUKU

Code FIOEFD™ for CATIA

Problem Statement

: : . . Optimal Point
Automatically Find Optimal Design

for Minimal Heatsink Mass by
Mainatining the Lowest LED Tj

VG Mass (Solid) Heatsink

Number of input variables 18

Number of response surface points
(each variable) 5

1Sohid) Heatsink [kg)
0

Total design points created o~

- 78.29

90 S57

VG Mass

74.86 v/
Hardware 12 Core Intel Xeon, 7314 - LED (Input)

128GB RAM (regular workstation) [38 Type KW H3LS31.TE Radiation
- 6971 g Current 08 A

£3.00 , LED (Output)
Temperature (Solid) ['C] T junction :
; LED Heat Generation Rate
5.4min LED pnputy : Luminous Flux 727.80 Im
| Type KW H3L531.TE Radiation

Processing time Current 08 A
LED (Outputy

2 . _ o
T junction 10788 °C 1 07-7 c
LED Heat Generation Rate 45644 W
Luminous Fiux 727 85 Im

LED Temperature {Junction)

CPU time for one case

sdunction) [*G)

Parallel: 5.4min

L RO lemoerature

Total invest 1 da

cMsRlxr e CADFIS®
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