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Abstract: The present research addresses electronics design issues with emphasis on the heat transfer
simulations. The first part comprises a brief introduction to the electronics design workflow. The problem
of the heat transfer is discussed at all engineering levels. Due to the complexity of this problem,
multiphysics aspects remain in a close relationship with the thermal management systems. Such issues
place the heat transfer simulation as a central design problem. Further decisions like economic, envi-
ronmental, ergonomic or performance aspects remain sensitive to the solution of the heat transfer anal-
yses. In the second part of the work, the heat transfer problem statement is described. Engineering
knowledge achievements and their relationship with a PLM platform are schematically discussed. The
most common heat transfer solvers are presented and the simulation peculiarities for the electronic com-
ponents are emphasized. All this concepts are validated in the third part of the work, where two case
studies are presented. First, an example of natural convection transfer for a heat sink was performed, in
order to define theoretical aspects regarding the heat sink evaluation and to demonstrate how non-linear
solvers based on the Finite Element Method can assess the transient temperature behavior. The second
study was an experimental forced-convection steady-state cooling setup, simulated using Computational
Fluid Dynamics. Numerical and experimental results for this simulation proved a good match. Conclud-
ing remarks were highlighted at the end of the paper.
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1. INTRODUCTION er. The time between product acquisition and diapos
has also decreased causing higher demands foragiect
)broducts. These aspects had an environmental ekt e
due to the waste stream produced every year [ShuMa
facturing standards are continuously improving and
manufacturers have to keep the pace [6]. Functional
solutions are available to the electronics destbas are
smaller and cooler. Heat sinks that combine heagspi
micro channels with highly thermo conductive matisri
can replace conventional coolers [7]. Nanotechnplog
and the use of nano-silver in active componentsdsn
crease temperatures and increase performances. Even
though, the economical aspect can turn into a conage
the final products become expensive and their nasmuf
turers are no longer competitive [8]. Optimal elenics
answer several multiphysics questions. The more- eng
tneering problems are solved, the better the propect
forms, becoming attractive to the market. The
multiphysics aspect of the heat transfer makesptbé-
lem sensitive to most design tasks. At circuit chag
level, the design is evaluated to determine a propel-

ing solution. At assembly level, the components &l
cooling are chosen according to the generated flueat

At casing level, the agreed solution is fitted ec@mmo-

interdisciplinary subject that can be addressedllate-
sign stages in order to achieve the right decis@msthe
engineering knowledge for further development af th
electronic products. The multiphysics aspect ofgtab-
lem can be divided in three main domains: the gtect
domain, the thermal domain and the fluid one [1§atis
generated in most electronics by active componeus
to the flow constraints applied to the electric reut.
Heat sinks, fans and blowers are used to take dhay
heat. Most electronics with moderate heat dissipadire
fan cooled [2]. Apart from the passive aspect efehol-
ing, the active control aspect creates a balanteclea
air or fluid flow in the fluid domain and the tempéure

strategies lead to the avoidance of thermal cycling
this way, lifetime expectancy and performance condi
tions of electronics are satisfied [4]. In the ldstades
power densities increased, while products becanadl-sm
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that heat transfer is a central design issue. Tthero more common because complex parameters are not re-
design tasks revolve around this problem untilif@r  quired. Two types of commercial numerical heatgfan
design specifications are complied. solvers are available: the Finite Element MetholE MiF
Significant work was published in the field of heat and the CFD solver. Input data, boundary conditions
transfer. The relationship between design taskgiated governing equations, convergence criteria and tesué
in a collaborative platform for achieving design of different types for the two solvers. Therefoaebrief
knowledge was described in [9]. Numerical 3D optimi  discussion is made further to highlight certainemsg:
tion of a heat sink base was performed in [10]. Gota-
tional Fluid Dynamic (CFD) simulations were done to 2.1. FEM Solvers
determine the thermal performances of nano-sileset Thermal analysis is used to determine the temperatu
components [11]. CFD studies were also presented fodistribution and the other heat transfer computetio a
liquid-cooled heat sinks with microchannel flowlfie body: the quantity of heat exchanged, thermal gradi
configurations to highlight thermal performances of and heat flux [15]. As the structural responsenitui
different flow field configurations [12]. Combiningu- enced by the thermal field, coupled thermal-stmadtu
merical and analytical temperature approximation, aanalysis are performed to describe the stress dtatdo
control algorithm was proposed in [13]. All thesgpprs  thermal expansion or contraction.
describe specific solutions for particular cases. In structural FEM based software, heat is transterr
The present research comprises general guidelinesy conduction, convection (for 3D, 2D or axisymnetr
and workflows that can be followed by design tedms structures that are in contact with a gas or ffilid) or
achieve useful knowledge regarding the thermal manthrough radiation [16].
agement of electronic components. Emphasizing ¢ag h Temperature distribution computation in electronics
transfer issues, the first part of the work dessibhe requires accurate material definition. It is alsgortant
design flows and suitable heat transfer solversdha be  that the solver has orthotropic material definitcapabil-
used for different electronics designs. Importamidpict  ities, due to the fact that a wide range of suchenes
information and the relationship with Product L&gcle are deployed in electronics (i.e. FR-4 epoxy corntpos
Management (PLM) solutions are also discussed. Aused in PCBs). Results are particularly sensitoveéhie
comparison between two heat transfer numerical-solumesh. A coarser mesh can be applied outside the hea
tions is included in the second part of the papemprove  concentrators and an iterative local refinement ban
the presented concepts, theoretical and experiinentaccessed by means of adaptive meshing. This tashniq
validated cooling problems are finally solved ire tlast  uses iterative 2D triangle or 3D tetrahedral medime-
part of the paper. These examples contain theatetitd ~ ment. The resulting mesh might not have a good efém
experimental solutions that prove the accuracy h&f t quality, but the advantage is that the heat comats

presented concepts. can be post-processed in depth.
The major disadvantage of the FEM thermal analysis
2 PROBLEM STATEMENT is the size of the model and the computation tivikile

steady-state solutions can be achieved fast, &ansi

In the field of electronics, competitiveness iseyk solutions with applied adaptive mesh can take up to
factor to assure an optimal product price in respec hours and the solution file can range from a few (6B
actual standards. Design engineers face multipld- ch hundreds of GBs, even for simple problems.
lenges in order to take the right decisions. Opitiebec-
tronics are designed with the least number of compo2.2. Computational Fluid Dynamics
nents, placed on an optimal Printed Circuit Bo&@B) CFD simulation tools combine cost-effective toals f
layout and assembled in an ergonomic casing. The en simulating real flow by numerical solutions of thev-
neering knowledge is stored at PLM level and used f erning equations. The resulting sets of equatiors a
ther to automate simulation tasks, reuse modelshacte  solved using computers by replacing partial difiicd
results. Due to the complexity of the electroniesign, a  equations with systems of algebraic equations [T
wide range of software is used to capture multigfsys finite volume method used in CFD solvers compukes t
aspects of the product behavior. Circuit evaluation fluid flow and other related physical phenomena.sMo
electronics is used to study the constraints agpbethe  processes of the forced convection cooling in ededts
flow of the current within specific circuit elemaentThe  thermal management can be simulated using the CFD
conceptual design is tested using Electronic Desigrsolvers. Instead of approximating convection filoeffi-
Automation software. The exterior and interior 3B a cients as FEM software does, the CFD algorithm uses
sembly is completed by means of Computer Aided De{problem oriented solvers to determine the fluidwflo
sign (CAD) software, with 3D files describing indiual between an inlet and an outlet. The major advantegye
components and their geometrical constraints k&ath  the FEM solution is the dedicated CFD pre and post-
each other. Engineers use numerical, analyticaloon- processors available for electronics. Simulatiopatsli-
bined heat transfer solutions to describe the thedn-  ties are expanded due to extended material limarie
main. Optimal thermal assessments require a combinacomponents and Integrated Circuit (IC) package -data
tion of analytical solutions, empirical analysisdatfier-  bases, multi-layer PCB configurators, thermal fifiates
mal modeling, using all available tools to suppeath  materials and others. Except heat dissipation, G&ID-
other [14]. A wide range of heat transfer solvers a tions can post-process coolant velocity, presseffects
available. Analytical solvers require physical paeters  of the flow rate or combined plane-cuts and volume-
of the derived equations. Thus, numerical solutiares  related results.
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Fig. 1.PLM engineering knowledge in electronics.

Nowadays, the mechanical engineers collaborate witlare offered as manufacturer guidelines [18]. Gdiyera
electronic engineers and with other research teams these guidelines are for electronic components nhgde
environmental, quality assurance and others). silicon chips and organic substrate, which genehnat.

The general competence of the mechanical engineerRecent designs presume smaller footprints and aseik
in applications based on the heat transfer theaty ¢ power densities. Technologies like nano-silver Hase
simulate even the most peculiar cases, from thaenile  circuits cannot be evaluated by conventional method
management of simple micro-electronic circuits tiile because such components exhibit lower temperatumes
most complex control units deployed in the industry higher performances. The study of these valuesooan
Information from one application is transferredatmth-  be used to choose a preliminary cooling design.i-Eng
er in one or two ways (Fig. 1). Each applicationoau neers can also decide if the assembly requiresiveass

mates certain design tasks as described below: (natural convection) or active (forced convectiaopl-
ing. The majority of electronics with moderate hdast-
2.3. Electronic Design Automation sipation are fan cooled.

At first, the circuit diagram of the assembly isated
using Electronic Design Automation software forcait 2.5. Computer Aided Design
evaluation and simulation purposes in the eledtidca Not all Electronic Design Automation applications

main. Thﬁ behavi(l))r (:jf the_bcudrrelrrt is cap”tuhred gtﬂd | have CAD generation features or extended component
transient flow can be described allowing all hea@ledo iy, o jag (i.e. complex heat sinks, heat pipesweis,

be estimated. Electronic Design Automation toolsege fans, specific connectors). Therefore, in ordercom-

ate the PCB product design and can also transtarate lete the product assembly, a CAD system is reduire
3D CAD files independent or with the use of thiraHy P € p o Y, SY
Extensive interdisciplinary collaboration takes galaat

tools, such as macros and add-ons. _ ) ) . 5
this stage. Design engineers decide on the casigo-
nomic studies are performed and reports are geterat

2.4. Heat Transfer Calculator Discussions take place between teams of design engi
The behavior of the electronic components can be P 9 9

used to compute 2D surface heat flow on 3D internal®€s and analysts. A final I_ayout is proposed thenor _
heat generation for components and printed circhite ~ 9€Sign changes are considered. For example, passive

to the complexity of the heat flow mechanism incele COomponents can be placed in the vicinity of activen-
tronics (i.e. switching circuits, power losses, rthal ~ Ponents to act as heat exchangers. Also, smalldeles
characteristics, junction temperature, joule heptia  can be positioned on the PCB under the active cempo
complete multiphysics description is still not dshle. ~ nents, to enhance the thermal behavior aroundguiss
Therefore, methods of computing thermal characieriz This is only a preliminary design scenario where 3D
tion parameters are based on simplified assumptiods assembly is parameterized.
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Fig. 2. The centradesign problem of Heat transfer simulations.

The final decisia will be taken after successi
multiphysics analysis were both CAD and simula
parameters are improved.

2.6. Heat Transfer Solvers

Heat transfer solvers are used to predict the tea-
ture of thecomponents and parts within an assem
The central role ofhe heat transfer co (Fig. 2) is the
capability of such software to identify arhermal com-
pliance issues. Bothot spots within the PCBlayout or
temperature distributions that exceed operatioimaitd
can be visualized. The choice of theattransfer soft-
ware ranges from simple analytical cs to complex
numerical solvers. Results from theat transfe are used
to decide if the design is optimal an optimization <e-
nario has to be considered.

The concern of electronidseat transfer comgtation
is that ofthe active components and their coa. Active
components (resistors, transistoigtegrated circui,
transformes) are main heat sources. tsinks remove
the highest possible heat fluxhile thesurface tempera-
ture of the heatsinkemains at low temperature. Aip-
timal heatsink producea uniform surface temperat.
with the least number of hot spots.

Based on the preliminary choice the cooling, dif-
ferent film coefficients are required to be complu
Predefined convection curves approximation model
can be used with an acceptable margin of erl9].
Steps for computing film coefficients can be avdi
when a CFD solver is used.

Numerical simulations analyze the temperaturi-
formity, low average temperature of the heaterfaces,
pumping power assumptions, the effectsthe pressure
loss and other thermmechanical related phenome
Both CFD and FEM are simulation tools that can sed
to assess the thermal compliance of the electroam-
ponents. The necessary inputaas the complete 3
model that issubjected to geometry simplifications.
the case of FEM, small holes, chamfers and cavoid-
able features are removed. Complintegrated circuit
packages are replacedth primitives (i.e. a cylinder ca

replace a capacitol box can replace a chip). Whi
possible, combined surface and solid geometriesisad
and specific projections and cuts are generatealloov
the solver to locally refine the mesh around that
sources.

The CFD approach is similar to the FEM appro
concerning thegeometry. Primitives are o used to
replace component®oth FEM and CFD programs u
pre and post processing tocdevoted to electronics.
FEM programs are more geneheat transfer solvers.
Representation procedures are availablemodeling the
multi-layer printed circuit boar [20]. The only available
electronics pre and post processor for that caimte-
grated with a FEM solver is Sherlock Automated Qe
Analysis™ software, from DfFSolutions. On the other
hand,CFD solvers take advantage < extended range
of electronics dedicated pre and post processaas
simplify the components with automated replacen
tasks. For example, fans are replaceth 2D or 3D
mesh.

In both FEM ad CFD casesprinted circuit boards
are defined as laysf materias with different lay-up
orientations.Compared to FEMwhere the thermal con-
tact between two bodies requirthe definition of the
conductance, CFD pnerocessors include a dedica
Thermal Interface Materidlbrary that has all the tir-
mal conductivy characteristics p-defined.

Both solvers can perform steady state or tran:
computations. The major difference between the
stands in the set of governing equations, the te$a
can be posprocessed and e convergence criteria.
While the FEM method solves the basic equatior the
heat transfer, CFD solverfor electronicsare focused
solely on thecooling. Such programs can solve vari
fluid heat transfer linkegbroblems by handling featur
and parts at angles and more complex she21]. The
complexity of the geometriassed in electronics requil
different turbulence models. For example, ANS
ICEPAK can use one of eight turbulence avail mod-
els [22]: the zerequation, the tw-equation (standard
k-¢) model, the RéNormalisation Grou k-¢ model, the
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realizablek-¢ model, the enhanced two-equation (stand-predict the rates of the heat transfer, or the kaed in
ard k-¢ with enhanced wall treatment) model, the en-the system [23]. The transient thermal analysisirass
hanced Re-Normalisation Grolg: model, the enhanced the evolution of a new field variable distributifrom a
realizablek-¢ model, the Spalart-Allmaras model and the set of initial conditions via a set of transitiotates,
SST k-o model, that is a two-equation eddy- evolving through time. Because most of the thermal
viscosity model. Each type of turbulence model sedi  phenomena have a transient evolution, this is thstm
for solving different boundary condition problentzor common type of thermal simulation. Material profest
example, the zero equations is appropriate fordldwat  for a transient thermal analysis are: the dentity,ther-
are not dominated by recirculation regions, twosgipun mal conductivity and the specific heat. The lasdrakb-
k-epsilon models are suitable for most forced cotiwac  teristic is used to consider the effect of theedddneat:
problems and enhanced two equation solvers arenreco
mended for near-wall complex phenomena.

In FEM problems, the convergence criteria are the
heat and the temperature, while in CFD, the residae
one of the most fundamental measures of an iterativ
solution convergence and it is used to quantifyeter.
The residual measures the local imbalance of aetved
variable. The numbers of iterations required fayced
residual convergence depend on the type of thelgmob
Different turbulence solvers also use differenticesls
and convergence criteria.

[l 1. +HB (T =D, 3)

where: ] is the specific heat matrix andK} — matrix of
the thermal conductivity.

Loads are functions of time. The effects of nunaric
integration are activated using the Crank-Nicholson
Euler and Galerkin or Backward stiffness methods.
When the solution is done, post-processing of ém-t
perature evolution in time can be presented assabl
graphs or contour plots.

3. THEORETICAL APPROACH 3.3. CFD thermal analysis
The equations for conductive heat transfer are de- The CFD simulation solves the conservation equa-
scribed by [15]: tions for mass and momentum. For flows involvingthe
transfer, an additional equation for energy coreséon
: _ is required [23].
[C] UTH K AT SO} (1) The equation for mass conservation, or the corinui
. equation, can be written in a general form as ¥Vadlo
where [C] represents the specific heat mat{iX} — time [24]:

derivative of the nodal temperatur¢] — thermal con- 3
ductivity matrix, and{ Q} — the effective nodal heat flow a—'f+ Olpv)=S,, 4)

vector. The primary unknown values are the nodal-te
peratures. Other thermal parameters can be comput
based on the nodal temperatures. There are twa ype
FEM thermal analysis: steady-state and transiesrial
analysis.

qgherep is the fluid densityV — speed vector, ang, —
source mass.

The conservation of momentum in an inertial refer-
ence frame is described by [25]

3.1. Steady-state thermal analysis P . ~
Steady-state thermal analysis is used to deterthime —(pV)+0QpwW)=-Op+0 [ﬁf)+ pg+F, (5

temperature distribution in a structure at therawlilib- ot

rium. Steady-state solvers assume that the loaddg b . _ - .

instantaneously develops an internal field variatigri- ~ Wherep is the static pressure, — stress tensorpg —

bution to equilibrate the applied loads. The arialys  gravitational body force, ané — external body forces.

generally non-linear because the ma_terlal propeare Also, F contains other model-dependent source terms.
temperature dependent. The governing equationsa for The stress tensor is given by

non-linear regime are:

[K{T.={d, (2) ?:y[(D\7+D\7T)—§D m] (6)
where i represents the iteration step number. The first
iteration is used to solve the initial temperatomndi- ~ Wherept is the molecular viscosity, — unit tensor, and
tions and the solution proceeds to the next itematintii ~ the second term on the right hand side represémts t
the result convergence is achieved. The necessary n effect of volume dilation.
ber of iterations for a precise solution dependsttun For the heat transfer, the energy equation is soive

non-linearity of the problem. For solving the némelr  the following form:
problem Newton-Raphson algorithm is used.
ﬂ + v +p) =
3.2. Transient thermal analysis ot (PE)*+ ILV(PE *P)
This type of analysis is used to determine the &mp . L
ature distribution within a structure as a functanime, =U EE(kff DT)_ZhJJJ +(Teff W)j S
to distribution within a structure as a functiontiofie, to :

’ ()
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wherekg = k + k¢ is the effective conductivityk, is the
turbulent thermal conductivity, defined accordimgtihe
turbulence used model, arwij— the diffusion flux of

species. The first three terms on the -hand side of
Eq. (4)represent the emgy transfer due tconduction,
species diffusion, and viscous dissipatirespectively.
S includes any other volumetric hesdurces. Additione
transport equations are also solvedtfobulentflow.

4. CASE STUDIES

In this section,two case studies are described
prove the theoretical approach:

4.1. Transient Thermal Analysis for Heat Sink pr-
formance evaluation
In this first example,he transient temperature bv-
ior of natural convection cooled electronwas simulat-
ed using &EM transient thermal analys

4.1.1. Simulation model setupThe model comprise
a single layer FR-4 Epoxy board thHats been attache
two IC silicon based chipgooled by natural convectic
using a fined aluminum alloy hesink. The objective of
this simulation is to study the temperature disititm
within the heatsink for a transient heat flow, sthat the
performance of thecooling solution can be evaluate
The simulation requires the definition of three dams:
electrial domain (current flow constraints within t
circuit), thermal domain (heat generated due toctlr-
rent flow) and fluid domain (stagnant air heat $fen
between the heatsink and the exterior). The sinaul
domainsand parameters are described in sections
below.

4.1.2. Simulation domains.The constraints applie
to the currenin the electrical domain causes a -linear
heat flow in the thermal domaifwo hed cycles are
considered (Fig.)3for the left and right IC

The resulting heat is tnaferred between the coo-
nents of the assembly by means of thermal condu

Cooling is achieved by natural convection in thedf
domain, as the transferred heat is dissipated €ostr-
rounding environment by a specific film coefficie
through the walls of the heatsink.

47

AT

27 1A
22

—— Heat Flow (W)
—— Heat Flow 2 (W)

Heat Flow (W)

17
12 .

0.7 -

02-

Time Step (S)

Fig. 3. Nondinear IC heat cycles used in the simulai

Table 1
Simulation parameters for each simulation domai

Domain Parameters

Thermal Active component hei| Non-linear

domain flow [W] (Fig. 3)
Reference temperatu | 22

Fluid [°C]

domain Stagnant air natural n- | 7.151
vection casesW/m?°C]

Results Transient nodal tempa- | (Fig. 5)
tures [°C]

4.1.3. Simulation parameter. In order to determine
the temperature distribution within the heatsink;EM
transient thermal analysis performe. The simulation
parameters required for all domains are presente
Table 1.

The geometryaken into account allow the genera-
tion of a regular hexdeminant mesh. The edge size \
controlled in order to the generate elements ofstme
length and shape. Materials were defined using ks
models for Silicon, Aluminum Alloy and F-4 Epoxy.
Time integration was activated together with autter
time stepping for performing a 30 seconds anal

4.1.3 Results anddiscussion. After completing the
solution, timetemperature distributions graph (F 4)
andthe nodal temperatures for certain analysis tiraps
(Fig. 5) were processed towvauate tle performance of
the heatsink. The timemperature graph shows th
distinct regions: a linear temperature growth ragimd
two parabolic oneghat describe the response of the t
sink after conduction is achiew

The temperature nomaiformity is dearly depicted as
the heat remains concentrate the bottom face of the
heatsink, while the fins remain essentially at the r-
ence temperature.

Results indicated that in this case the solutiarttie
thermal management igver sized for the given he
cycles. Anoptimal cooling exhibit instantaneous cool-
ing response with a uniform temperature distribyt
from the very first seconds of the heat flow. Cdasing
particular heat sinkst is also important to highlight at
an exponential temperature evolution curve can t-
tained, in order to make temperature approximatfon
design purposes.

37

35+
Steady-State
33

Transient
temperature °C

Temperature °C
e

0 5 10

Lingar heat Heatsink Heatsink
zone response response
Time (s)

Fig. 4. Heatsink temperature distributi
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Fig. 5. Temperature distribution at simulation step entktequivalent to 15 seconds.

4.2. Steady State forced convection cooling analgsi

First of all, general remarks have to be done kkgar
ing Figure 4. In most cases, the heat flow of tbeva
electronic components is non-linear. However, duthé
specific heat of each material found in the paththaf
thermal conduction, a steady-state temperature lveill
achieved for the non-linear heat flow that has astant
behavior in time. Solving the transient CFD heahsfer
problem can generate a black-box behavior of tlelpr
uct. Further, specific convergence guidelines fangient
CFD problems are not available, because the acgcafac
the results relays most on the experience of tladysn
Moreover, solver output files become large andtiime
required to achieve a solution increases dramétical

If the objective of the simulation is to capturee th
thermal cycling, the temperature of the componenta 1 2 3 4 5 6 7
certain time step or other time-related resultentithe ) ] ]
transient analysis is appropriate. Otherwise, wien Fig. 6. Experimental Setup:—llnlet,.Z— case, 3- temperature
objective of the analysis is to evaluate the design sensor, 4 MOSFET, 5- heatsink, 6- PCB, 7-fan.
steady-state (i.e. maximum working temperaturesafor
given load), then a steady-state temperature arallys
suitable.

4.2.2. Simulation domains.Similar to the previous
case study, this simulation requires the descriptib
three domains: electrical domain, thermal and fldid

4.2.1. Simulation model setupln this second study qain. Compared to the previous example, the pamsiet
ANSYS ICEPAK pre and post processors, together witht e electrical domain are undefined and the ltiesu
ANSYS FLUENT were used to simulate a steady-state gt flow in the thermal domain requires computatio

forced convection cooling problem. The active compo Also, the convection film coefficient is not reqet
nents were two MOSFETS installed on two alumlnumSlnce the resulting film coefficients are solved e
heat sinks with horizontal fins (Fig. 6). An extaricir- CED code.

cuit comprising four resistors for each MOSFET eals
the active components to generate a constant lgivel
heat. Cooling is achieved by an axially

In the electrical domain, circuit evaluation wasreo
pleted using a demonstration version of Labcenter
. ) Electronic Design Automation Software Proteus (FFig.
!nstalled fan as the air flows from thg case baxkidd On the diagram presented in Fig.RL, represents the
inlet) to the front (outlet). Two precision LM-38M-  command resistor that constantly maintains the Q1
perature sensors were installed in different p@s#tion  \iOSFET transistor open (steady-state current fldw).
the heat sinks and using an external micro-coetrothe .4 R5 are wired in parallel, summing the loadiag r

temperature was measured considering the time -incregisiance (i) of the Q1 transistor. When the circuit is

ment, until the steady-state temperate is achieved powered on with a 12V DC current, the Q1 transigr
The experiment took place in three stages: means of the R1 resistor will receive an estimat2y
1. circuit power— ON; potential (in V) on the gate (G). This will cause tiran-
2. transient temperature monitoring; sistor to open and to produce a loading resistgRee

3. steady state temperature achieved. and R5) between the power source and the grourel. Th
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Fig. 7. Labcenter Proteus EDA Software used for circuit diagram representatind circuit evaluation.
current flows by the two load resistors to the gibwf The 3D assembly was created by selecting the com-
the transistor Q1 (Q1 ark¥, RS are wired in parallel). ponents from the manufacturer's CAD libraries apd a
The power on the load resistors (in W) can be @effin plying 3D constraints. The resulting 3D file waspiont-
by the relation: ed in ANSYS Design Modeler, where geometry simplifi
, cation tools were deployed (Fig. 8).
P =RO; [W], (8) Materials were defined using ANSYS ICEPAK mate-
rial library for electronics, as follows: the prat circuit
and for Q1:
Table2
P, =R [ 2 (W] (9) Simulation parameters for each simulation domain
Q1 Son s 1 -
Domain Parameters
) ) Electrical Loading resistance)

whereRpg,, represents the resistance (igjrof the Q1 domain Current type (DC)

transistor through conduction, when the transis®or Circuit power supply (V and A)

opened, being a catalogue reference value [26]. _| Power consumption (W)

. Thermal domain| 2D surface Heat Flow (W)

The value for current can be computed as follows: - - S
Fluid domain Reference temperature (°C)

Near-wall turbulence mathematical mod-
U.,
| =—aim [A] (10) el : .
R Results Fluid velocity magnitude (m/s)
Temperature distribution (°C)
= + Q y 11
R RDS"" Fi [ ] ( ) o) A: Geometry - DesignModeler == - |
file Create Concept Tuuls} Units View Help _
wherels represents the circuit input power aRd- the e O e
total resistance of the circuit (). For this experiment, T .
. . . . XYPlane v ne ; |/ Generate ®Share Topology [ElParameters
the input power (uim in equation 10) is 12V DC and the ggn_mde_fragvuuye Sweep & Sn/Loft || BThin/Surface % Blend ~ & Chamfer ®Slice
equivalent resistandg, is: Graphics s
3 ZXPlane
RA[R5 s B
R=——[Q] (12) 3 Openinn
R4+ R5 - «:|2"5|mp|im < 2
Sketching Modeling
. R . R Details View B
Virtual instrumentation was used to the loading re- |f-oes — -

sistance forR4, R5 and MOSFET Q1. The circuit was Volid | .

evaluated as steady-state, because the behavitteof r— ‘." /I\

. |Vertices 540 0.00 70,00 (mm) ¥
current was linear. _—
| & Ready No Selection Millimeter 0 [C /

4.2.3. Simulation parameters.The required simula-
tion parameters for this model are presented ifer2b Fig. 8. Geometry simplification for CFD analysis.
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Fig. 9.2D Heat source definitio

boardmaterial was FR4, the MOSFETs and tempere
sensors were silicon and the heatsinlere chosen as
extruded aluminum.

The active heat generating component of
MOSFET was defined as a 2D heat source. The
position of the resultingplane took into account thn-
ternal construction of thieansistor (Fig. 9

The 3D CAD fans wereemoved anceplaced with
an appropriate 3Daesh. The definition of the fachar-
acteristics weredone based on the volume press
curve. According tdhe construction of the fan, speci
curves were depicted fromhe product's data sheet
product manual (Fig. 10).

Similar to the first case studg, particular mesiwas
required, because the convergerscedry sensitive to th
applied settings. A nonenformal slack mesh was gir-
ated. This mesh method (Fig. libiyolves the definition
of the components as assemblies. the assembly 'the
heatsink and the components placed on the hea
The mesh strategy help#le solver to identify the flui
flow path, between the inlet and the outlet. Meshlidy
was checked and improved successiv

The boundary conddns were consider: as follows:
assemblies were meshed separatblyglement size was
controlled on all three directions and an asserhblyrd-
ing box was defined, to have at least t cells in the
slack region grid.

32
28
24
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Y

4 1. .

0 0012 0014 0016 0.0T8

Left button = zoom. Middle = moveicreate noint. Riaht = delete
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X = \/oluma Flow m3/s

Fig. 10.Non-linear fan definition curvbased orPressure vs.
Volume Flow.

S

L

T T

s e T
AP AR WL AN

Fig. 11 Non-conformal slack bounding box mesh de.

After the definition of the boundary conditions |
problem set up was completadd transferred to ANSYS
FLUENT. The requested resL were the flow velocity,
the pressure and thlemperature. Radiatiowas turned
off and the flow regime wasonsidered turbulent. The
Enhanced two equation solvwas used to describe the
turbulence model. Natural convectiwas also activated.
The time variation wasteady and the number of cor-
gence iterations was set to 60.

During the computatiorthe residua graph (Fig. 12)
was usedo monitor the evolution of the problem and
receivethe necessary feedback information regarding
quality of the mesh. Theloser the residuals conve the
better the results ardf no convergence problems ¢
reported, then the results can be -processed.

Solution residuals for lcepakProji6

Rerations

- Print ‘ [ setrange ‘ [ Fullrange |
¥ Ylog

o Daone |
I Xlog

W Symbols F Lines W Haid W Yanid

Fig. 12. Monitor of the solutiorconvergence plot after 60
iterations.
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Temperature distribution detail 1

Pressure detail 1

Temperature distribution detail 2

Pressure detail 2

Fig. 13.Post-processed resultdemperature and pressure details.

4.2.4. Results and discussion¥he processed results
were the temperatures of the components and the pre
sure. Details of the results are presented in Eidd. In
order to check the accuracy of the results, exparim
were performed to determine the steady-state teawper
ture (Fig. 14). The evolution of the transient temgture
during time was read by connecting two temperature
sensors to an external Data Acquisition Board. ¢sin
PC and MATLAB software, a code was written to read
the temperature from the sensors (Fig. 15). Themxp
ment ended when the steady-state temperatures were
reached. Both and sensors were monitored. These tem
peratures were compared with the correspondingegalu
of two temperature probes, placed in the CFD madiel
the same coordinates, matching the surface cobgct
tween the heatsink and the sensor.

TOutIet

Cooling FAN

Board

Flow direction

?Inlef

Fig. 15.Experimental set-up), and Q - MOSFETSs, T, T,—
sensors.

Table3
Experimental and simulation values
Probe | Experimental CFD Error —

steady state steady state experimental
temperature temperature vs. simulation
(°C) (°C) temperatures

T1 36.1°C 36.207°C 0.27%

T2 41.9°C 41.36°C 1.45%

Fig.

14.MATLAB Data Acquisition of the temperature curve.

A good fit between the simulation results and tke e
perimental ones, with an acceptable error has foaerd.
Results and errors are detailed in Table 3. Expariai
time-temperature graphs and CFD simulation tempera-
ture probes are presented in Fig. 16.
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[=] Time - Temperature Graph for Sensor T1
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Fig. 16.Experimental temperature evolution graphs vs. sitian steady-state temperature probes.
5. CONCLUSIONS This paper does not only highlight the experimental

_ ) ) _or simulation procedures, but it is an integratpdraach
Advanced modelling techniques and new simulationfor describing the multiphysics of electronics heans-
strategies were presented for the heat transféysanaf  fer.

the electronic components. The multiphysics sinutat The novelty of the research consists in the usia-of
procedures were employed in conjunction with circui tegrated simulation tools, tuned with experimemtath-
evaluation software in an original approach. Thekwo ©0ds that support the workflow.

flows ensured efficient model preparation stagestfast
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