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Abstract three-dimensional influence on the fluid flow. Thermally,
natural convection cooling illustrates for instance how
complex the interactions between the local and global
viewpoints may be, since in this case the heat dissipated
by components gives rise to the flow motion, while this

This paper describes an overall approach for the thermal
simulation of electronic equipment based on the
cooperation between software dedicated to board design

computational fluid dynamics (CFD) simulation and yqtion governs the heat removal. The proposed approach
board thermal analysis. The board geometrical iq thys first characterized by links set up between software

description, as created by the CAD system, is shared byognectively dedicated to board design, system CFD (com-
the board simulator and the CFD package, whose role isy tational fluid dynamics) simulation and board thermal
the characterization of the global 3D thermo-hydraulic analysis.

behaviour of the electronic system and the accurate perform the CFD simulation, boards have to be rep-
specification of the boundary conditions at the vicinity of .ocanted in a simplified manner and a similar principle is
the boards to analyse. The board analysis plays the central jyjied to components for the board thermal simulation.
role with respect to the determination of junction grom the structural viewpoint, components are indeed
temperatures and special attention is paid to component,mpjex structures and a detailed representation of those
model elaboration. An example illustrates the proposedyy 5 hoard analysis level would lead to excessive problem
approach. sizes. This means that components need to be replaced by
macro-models which play an important role in the thermal
1.0 Introduction simu!ation of electronip systems. The mgthod followed to
obtain such models is the second main feature of the

In the thermal management of electronic systems,""ppm"’ICh proposed.

board analysis currently plays the central role, by allowing 1 N¢ @Pproach description is finally illustrated through
in particular the determination of the component junction an example showing the same board viewed from each
temperatures to point out the overheating problems whictP'€¢€ of software.
may lead to equipment malfunction. Basically, a board .
analysis mainly consists of solving the heat equation to2-0 Software cooperation
characterize the conductive effects which spread the heat
locally dissipated by components prior to its evacuation The board playing the central role in the proposed
through the board environment. Accordingly, an accurate2Pproach, the board design system can be considered as
representation of the board constitution is a fundamentafhe starting point (Fig. 1). With the component placement
requirement for obtaining reliable thermal results. determined, the board placement in the system is per-
This requirement implies that it is necessary to specifyformed. This operation consists of exporting the data
the boundary conditions with an accuracy level consistengescribing the board constitution to the CFD package and
with the high precision methods available for the heatspecifying the board spatial location within the equipment.
equation solving. This specification may be difficult, since Control may also be applied to the board modelling. Basi-
the local environment of a board is actually related to thecally, boards become impervious plates whose sides dissi-
global behaviour of the system (rack, cabinet) in which thePate flux to the fluid. By default, the flux distribution is
board operates. This behaviour is hard to predict for geolniform and obtained by adding up the power generated
metrical and thermal reasons. Geometrically, the internaPy the components mounted on the corresponding side.

obstacles (deflectors, grids, stiffeners...) have a strong
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This distribution may be refined by defining subareas,these latter being themselves driven fro®yatem Inter-
each characterized by its flux generation. face

The user then provides the complementary data such as At the board simulator level, the flow results (tempera-
the geometrical elements other than boards (power suppljure and heat transfer coefficient fields) are sufficient to
unit, deflectors, grids, internal obstacles...) as well as thecompletely describe the board environment. However, as
conditions expressing the operating mode of the systenpointed out by [1], the characterization of the heat transfer
(fan characteristics, fluid inlets and oulets,..). Since theséetween boards and fluid flows is still an open subject.
conditions are applied to a physical system whose boundThis difficulty is related to the very complex disturbances
aries are the actual limits of the real equipment, they arénduced by components on the fluid flow. Thereby, this lat-
closer to the designer’s view than the ones applied to der may significantly differ from the flat plate flow consid-
board. ered in the open literature for the conventional heat

The fluid flow 3D simulation is then processed and transfer coefficient correlations. To ease this difficulty, the
result inspection allows a decision on which boards mayfinal results transmitted by the CFD package also include
overheat due, for instance, to stagnation zones. The flowthe velocities so that the user can choose to use his own set
characteristics at the vicinity of the selected board sidespf correlations.
consisting mainly of the temperature, velocity and heat The board simulation then allows the accurate model-
transfer coefficient fields, are then exported to the boarding of the conductive effects to compute the component
thermal simulator. junction temperature to determine whether the system
thermal design is correct or not. With such a global ther-

/Board O |:| Full integrated mode \ mal simulation, the user can not only detect if excessive
g;sstleg% O |:| } hot spots may lead to system malfunction but also over-
Geometrical come the tendency to over engineer by using, for instance,
* * * description larger and noisier fans than required. The board simulation
_ T also shows how the power is evacuated from the compo-
Theg?,}?ﬂ}g?g?”""* I&gggripg\évn nents to the environment, especially the cooling fluid,
allowing if required the refinement of the board model in
* the CFD package by a feedback loop.
ThermaI+ThermaI This simulation is performed using a conventional
editor simulator finite-difference approach based on a 2.5D geometrical
board model. This approach has some limitations with
@ = respect to a 3D finite-element model, but it has also inter-
O esting features. Firstly, the meshing time is shorter, and
same remark applies for the execution time, since there is

Stand-alone mode /

no numerical integration on each element. Secondly, the
insertion of component models in the board model is sim-
pler. Thirdly, using the thermal-electrical analogy, the user

For that purpose, the Thermal Simulator is equippedhandles concepts he is familiar with.
with a gateway named the Thermal Editor, whose input The gateway attached to the thermal simulator allows
file is block-structured. One sub-block of this file allows Not only the importation of the board geometrical descrip-
the CED results to be loaded. tion, but also its full creation. This gives the possibility to
These become the data allowing the set up of thgoerform thermal analysis ranging from full stand alone
boundary conditions for the board thermal simulation, mode, the whole thermal data being created locally, to full
which also shares the board geometrical description witintegrated mode, in conjunction with the CAD and CFD
the CFD package. It is important to notice that a gi\,enapplications, intermediate modes being also possible. For
board may appear several times in the equipmenti”s'[ancea when CFD results are not available, the user may
Although identical from a geometrical viewpoint, such ¢hoose to use laeat transfer coefficient advisguart of a
boards become distinct instances because of the locghermal toolbox included in the Thermal Editor.
nature of flow characteristics. Such situations emphasize The full stand alone mode is particularly useful to rap-
the need to manage software cooperation in an appropriatély prototype a board design and to quickly characterize
framework whose practical importance is clear, althoughits thermal behaviour, even if the placement is not fully
its description is beyond the scope of this paper. G|oba||y,completed. It is also fundamental for the creation of com-
this framework uses @ontrolled Directory Structuréo ponent models.
manage the files ensuring the links between applications,

Figure 1. Software cooperation overview



3.0 Component modelling where it can be assumed, through a renumbering process,
that the lasp unknowns are those to be eliminated. Under
The basic requirement of component models is to pro-€xpanded form, this leads to:
vide junction temperatures. A first-order approach consists

of using the junction-to-case data provided by manufactur- Cinmlm™ CmpTp = Sm €)

ers. The advantage of such an approach resides in its sim-

plicity and in the wide availability of this data. However, G T +G T =8 (4)

; pm'm  “pp p P

studies [2] [3] have revealed that such models may be ]

inaccurate. Eq. (4) allows the expression of the veclgr  as:
The approach proposed for model creation is intro-

duced by the following remarks. Firstly, the resulting '|'p = G;]p.)(sp_Gmem) (5)

models need to be sufficiently simple, to avoid the genera-
tion of an unreasonable problem size at the level of theSubstituting this vector in (3) yields:

global board model. Secondly, detailed information on the )

component thermal behaviour is generally not required. + N - =

While the junction temperature is of primary importance, CmmTm GmpGpp(Sp Gmem) S )

the main requirement related to the top package temperar:

ture is to give a satisfactory mean temperature for the eval- .

uation of the heat transfer between this component part _ -1 - _ -1

and the environment. Thirdly, end-users need to be able to Bmm GmpGppGmeTm = CmpCpp% (1)
produce their own thermal models, to process specificSo, system (1) of sizan+ p is replaced by the new
components or to build models suited for their own system[G]{ T} U= {S} O of sizen with:
requirements.

Up to now, there is no general agreement on standard Gl =G -G G_lG ®)
component models and same remark obviously holds true mm mm  TmpTppTpm
on their creation. The software-based approach considered 1
here employs a structural and thermal description of the S, = Sm_GmpGppSp 9)

component, through a 2.5D description made with the i , )
thermal editor. This approach is consistent for the user DThe conductances contained in the reduced matrix
since the same geometrical tool is used to describe the lay® mm are the local network data constitutive of the com-

ers that comprise a board or the cuboids that represent Bnent model. This network can be viewed as a means to
model. This description is then discretized using the finite-distribute the power dissipated in the junction among the

difference mesher of the thermal simulator. Up to thisVarious parts of the component through which heat is
point, there is almost no difference between the simulatiof€Mmoved. This is illustrated by the simple typical model

and modelling activities, except that the boundary condi-depicted in Fig. 2.
tions are replaced by modelling directives specifying the Top node
future model nodes. Thus, the discretization process r — — — — — — —

results in an algebraic system which expresses as:

I I
| Junction |
[CI{T} ={$ @) | node I
where [G] is the conductance matrix{ T} the I | Pin
temperature vector and{ S} the flux vector. The | node
theoretical reduction principle, based on a condensation |
procedure similar to the sub-structuring method used to |
handle large finite element problems[4], can be |
summarised as follows. System (1) is partitioned as: Lo
Bottom node
G G |01 0O 0Os 0O i .
mm© mp g 'mg - g mpg @) Figure 2. Four-node component mode
G, G |UT O 0Os 0O .
pm —pp P p If required, much more complex models can be set up,

especially when the component dimensions are large.
When completed, a thermal model can be stored in a dedi-



cated library or loaded in the simulator input stream. Formounted on it, mainly of DIP type, with a mounting air

that purpose, the modeller output has exactly the same fogap of 0.4mm.

mat as the simulator input. The results obtained during a steady-state analysis are
During a simulation, the role of the thermal mesher isgiven in Table 1. Fig. 5 and Fig. 6 give the flow within the

to connect the model outer nodes to the board and envirorenclosure and the isotherm lines respectively generated by

ment nodes, through conductances expressing the hestte CFD and board analysis softwares. These lines in par-

transfer modes involved. Nod&  is for instance con-ticular reveal how the hot spot is shifted upwards due to

nected to a board node through a conductance representimgtural convection effects, which illustrates the benefit of

the eventual mounting gap located under the componenta CFD simulation. [5] gives another application example

Similarly, nodeB+ is connected to an environment nodewhere the comparisons are based on the component junc-

through a conductance modelling the convective and radition temperatures.

ative heat transfer with the top part of the component.

When the board simulator is used in conjunction with the

CFD package, the temperature of the environment nodes Components Board
are obtained by a spatial interpolation of the fluid tempera-
ture field. Location Exp. | Sim. Loc. | Exp.| Sim.

Thus, schematically, the main difference between simu-
lation and modelling is that instead of solving the alge-
braic system expressing the thermal balance to get the
temperature maps, this system is processed to express th
thermal balance between a reduced number of nodes.

U3 Top | 38.4 36.8 L1 349 3272
Uil | Top | 39.3 34.6 L2 33.2 31.7
uil4 | Top | 515 52.3 L3 29.71 30.2
Pin | 39.5 35.2 L4 293 322
u20 | Top | 30.4 28.1 L5 29.1 319
Pin | 29.7 29.4 L6 274 29.8
u44 | Top | 41.8 44.1 L7 26.9 2975
Pin | 335 32.8 L8 25.6| 28.7
u4s | Top | 37.3 39.7 L9 254 281
Pin | 29.6 311 L10 251 284
U136 | Top| 35.6 36.0

Top grid. Air outlet Location: see Fig. 4

Exp.: Experimental results (temperatures in°C)
Sim.: Simulation results (temperatures in°C)

(1)

4.0 Simulation example

The proposed approach is applied to a rack whose
dimensions are 42850<444mm (Fig. 3).

Table 1. Component and board comparative

Cabinet back
temperatures

Front Mother board
panel i

(open) W 5.0 Conclusion
I/. W The approach proposed to characterize the thermal per-

formances of an electronic system is centered on a board
A simulator whose main features can be summarized as fol-
Internal Main air inlet nsertion slides lows. The geometrical domain is the board description cre-
grid of CPU boards ated by a dedicated thermal editor or imported from the
board design system. This finite-difference based simula-
tor mainly solves the conductive heat transfer within the

This device, cooled by natural convection with air at boards, in steady-state or transient modes. The thermal
24°C, encloses two single-sided CPU boards inserted irfoads induced by components are taken into account
slides and a mother board. One of these CPU boards is digarough local networks, obtained by a condensation proce-
sipating 5.2W and is equipped with thermocouples allow-dure applied to a discretized network elaborated through a
ing the measurement the package top and pin temperaturééructural description of the component. The boundary
of certain components, as well as the temperature of th€onditions may be imported from a CFD package allowing
board surface at ten locations labelled L1 to L10 (Fig. 4).l0ading of board descriptions from board design system
The board is made of epoxy glass (0.24W@') and its ~ and export of the local flow characteristics in the vicinity
dimensions are 32€292x1.6mm. 135 components are ©f a board.

Figure 3. Enclosure geometry



These features give the designer a maximum flexibility

to perform thermal analysis ranging from preliminary
studies to full electronic equipment analysis.
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Figure 4. Board geometry (board design system)
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Figure 6. Board isotherm maps (board thermal simulator)
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