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TELECOM S/C modelling process (1/2)

* Continuous increase in size and complexity vs development duration cut

O Improvement of development process is a key issue.

e EADS-ASTRIUM answer for the thermal field: GENASSIST internal tool for

TELECOM S/C wall modelling, developed for 10 years.

- High level -but detailed- wall definition for sandwich panel, units,
doublers, heat pipes : geometry, location, contact conduction &
thermo-optical properties inputs.

- This definition is used to automatically generate a whole ESATAN
model based on a grid meshing (150x150, for each skin).

But ...

- Required thermal accuracy (due to high heat flux density) needs fine
meshing to model every geometrical transition with only linear
conduction (no spreading effect formula)

[0 Huge Model : >40 000 nodes per wall which leads to unacceptable
computation times :
MODEL REDUCTION IS MANDATORY FROM INDUSTRIAL POINT OF VIEW

)
5/10/2004 ASTRIUM
TELECOM S/C modelling process (2/2)
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Typical detailed wall modelling in GENASSIST
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Qﬂodel reduction usual approach (1/2)

1) Definition of a simplified meshing by gathering nodes.

- Some experience is requested for node selection to get a satisfying reduction
(isothermal nodes, spreading effect)

- Automatic procedure developed under Thermica environment

2) Computation of the coupling network for the reduced model.
- Automatic generation of radiative couplings.
- Manual/assisted/automatic generation of conductive couplings.

3) lterative correlation of obtained reduced model
- temperature comparison with detailed model for one hot and one cold case

- manual update of conductive couplings to get an acceptable thermal flux spreading
over the model

REAL NEED FOR A FASTER & BETTER QUALITY PROCESS

!
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Qﬂodel reduction usual approach (2/2)

Advantages :
-« Classical » thermal model with conductive links between neighbour node
- Not heavy numerical tools are needed for model reduction
Disadvantages - Drawbacks
- Correlation is made only for one or two cases
- Physical properties are lost during correlation procedures
- Updating procedures after tests are approximate
- Reduction is dependant on the thermal engineer
- No possibility to recover temperature on the detailed model
- Process has to be re-run if some configuration is changed
- Number of nodes is quite important to have a good accuracy : 1800 nodes by panel
- Difficulties to obtain an accuracy better than 2°C
- Heavy process

REAL NEED FOR A FASTER & BETTER QUALITY PROCESS

!
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A method for model reduction (1/4)

 The goal of the method is to mathematically generate, for reduced model,
an equivalent conductive matrix, corresponding to conductive transfer of
original detailed model.

[0 No more manual conductive coupling calculation or iterative update
should be required: the best solution for the problem is directly got from
numerical calculation.

e Thereduced model is built with two different kinds of nodes:

- ‘Thermal control’ nodes: kept ‘as is’ from detailed model, for thermal
control or accuracy needs: units, heated area, heat pipe vapor nodes.

- ‘Condensed nodes’ gathering several detailed model nodes.

)

5/10/2004 ASTRIUM

A method for model reduction (2/4)

Spirit of the method
* The steady-state heat transfer equation for a given node i is written in a

linear manner, as following Zc(i .(Ti-T)+R=0
IE3]

Where P; includes the radiative transfer: Pi=Q+0 5 GR(i,j).(Tj4—'|'i4)
J#i

* This can be written using linear algebra formulation, separating kept
‘thermal control’ nodes N; from ‘eliminated’ ones N..

)
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A method for model reduction (3/4)

« Then, ‘condensed’ nodes Nk to be created for the reduced model are added to the
equation system, with following assumptions:

- Temperature of a ‘condensed node’ k is the surface-weight averaged temperature of
corresponding detailed model nodes.

T = LT
k Jzakj j Za”:1and2am.(Tj—Tk)=0

- Radiative fluxes of a detailed model node is the surface-weight fraction (g) of the total
radiative flux of the corresponding ‘condensed node’ k:

Pj :ajk.Pk

e This leads to alarger equation system gathering:
- N;j kept nodes.
- N; eliminated nodes.

- Ny condensed nodes built from Nj eliminated nodes. |
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A method for model reduction (4/4)

* By reorganizing this equation system, it is possible to find a relationship
linking temperatures and fluxes for the new reduced model:

M, T +B=0(1)

T, is the reduced model temperature vector, ie T; and T
P, is the reduced model power vector, ie P; and P
M), is the linear coupling matrix of the reduced model

* In addition, an another interesting relationship can be highlighted from the
reorganized equation system:

Xj - CjITI (2)
where Xj is a vector containing the Tj vector
Cj| is atransformation matrix linking reduced
mJodeI temperatures to detailed model temperatures

)
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Remarks (1/2)

e The final matrix obtained M, is symmetric and for each line we have

ZMIn:O

« This matrix is introduced in TMM as GL(I,n)=M

* Eg. (2) allows to get eliminated nodes temperatures TJ- from reduced model
temperatures T,.
* to compute heatpipe transport capacity.
* to get detailed T° map of the panel
* to get flux exchanges
* Inputs for thermoelastic analysis
* Model reduction is exact for conductive transfer
* Need to inverse a matrix nxn where n is the size of the detailed model.
* Not emitting nodes (P;=0) are useless to define ‘condensed nodes’ (a,;= 0) and
can be directly reduced.
)
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Remarks (2/3)

4 4
For a node k, the average radiated flux difference is proportional to z aijj —Tk
]
Defining T, =T, + AT, with Z a, =1land Z a AT, =0
] ]

The average error is a second order and proportional to 6& 8y .ATj2 %kz
]

2
The ratio is then % A 'ATi E
6

L%

This error may be illustrated by a very simple model

Example: average of 2 nodes: 0°c,10°c T env=0°K
Tired(°C)= 5.00 Tywe(°C)= 5.13|A¢rag.exch (%0)
Grad.exch= 339.0 ragexch= 339.6 0.2%
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Remarks (3/3)

« Some GL terms may be negative !!
e Let’s try to watch the model reduction problem from an other point of view:

The goal is to get, with a reduced model network, the same conductive
fluxes between kept nodes, as with initial detailed model network...

- this, although less parameters -i.e. nodes & couplings- are available ...
[0 Linear couplings in the obtained matrix may be negative. They can’t be
called ‘conductive couplings’,
but ...

the whole linear coupling matrix provides for kept nodes the same
conductive thermal behaviour as detailed model

)
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Examples of results

* 400 nodes wall simplified model: reduced to 22 nodes (1/18 ratio)
- Realistic flux density : 2*40 W, for S,,; =0,3 m2
- Environnement : T, front side =-120°C / T, rear side = 40°C
- Longitudinal thermal gradient in the skin : 15°C.
- Delta reduced/detailed model : 0.2/0.3°C for unit and heat pipe nodes.

* 43000 nodes wall detailed model: reduced to 750 nodes (1/57 ratio)
- Max delta reduced/detailed <0.°7C for all units and heat pipes.

)
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Comparison with previous reduction method

* Model correlation is excellent on every node,

and not only for ‘manually correlated’ nodes as previously

* Reduced model size can be significantly decreased:

- previous method: 43000 -> 1740 nodes (1/25 ratio)

: 1500 skin reduced nodes (manual spreading calc.)
: ‘ iR — 80 kept heat pipe nodes

LU“ ; § 160 kept unit nodes e e e 2 s 1

H| - New method: 43000 -> 460 nodes (1/93 ratio)

ol | 1 160 skin ‘condensed’ nodes

60 kept skin nodes facing integrated heat pipes.

80 kept heat pipe (integrated +surface) heat pipes.

160 kept unit nodes.
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— NEW METHOD: LARGER SKIN NODES
— L & BETTER PRECISION 4
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Reduced meshing definition: the key step still
requiring thermal engineer added value.(1/3)

* Rules to improve reduced model quality.
- uniform radiative flux assumtion to be roughly respected to define ‘condensed’
skin nodes.

* Rules to ease further reduced model operation (for post-test correlation and
sensitivity analysis).

- skin nodes below units and heat pipes to be kept to allow direct trimming of
contact conductances.

- Condensed nodes to respect heater and radiator area definition.

[J Reduced model allows direct sensitivity calculation for dissipations, contact
conductances and radiator areas.

But...

sensitivity on panel conductivity requires to run the whole computation chain
from detailed model.

)
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Reduced meshing definition: the key step still
uequiring thermal engineer added value.(2/3)

* Rules for model interfacing: interfaces shall be clearly defined prior to
reduction.

Beware: Condensed nodes are not isothermal so not representative of
local temperatures.

=> Local detailed modelling to be kept at interface location:
- Interface points where subsystems are mounted.

- wall interface => use of strip nodes on panel border to separate contact
from thermal path within the panel.

« GENASSIST provides a user-friendly interface to define a reduced meshing
mapped on detailed model (picking of opposite corner points for
‘condensed’ areas).

!
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Reduced meshing definition: the key step still
uequiring thermal engineer added value (3/3)
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GENASSIST PROCESS SUMMARY

DETAILED MODEL - GENASSIST GUI
HIGH LEVEL ~ o

DEFINITION Genassist input file

DETAILED MODEL GENERATION

Esatan detailed model file

' GENASSIST GUI
\ /

REDUCED MESHING reduction input file
DEFINITION

MODEL REDUCTION " Aassed processing

Esatan reduced model file Automated processing

REDUCTION is a separate module: it can be performed out of GENASSIST 4
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Conclusion

* Reduction process no longer requires manual conductive coupling
calculation and iterative update : the best solution for the problem is
directly obtained from numerical calculation,

* Less manpower required; model reduction requires heavy computations
but not a critical issue,

» Better quality results obtained everywhere in the model,

» Possible smaller size obtained for reduced model speeds up analysis
computation,

* Reverse engineering capabilities: Possibility to get specific information
within detailed model from reduced model computation results,

 Meshing simplification definition is now the key step: thermal engineer
added value is still necessary.

)
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kPerspectives

* Flexible method adaptable to different problems, although radiative flux
assumption is not strictly verified. Reduction module can be used
independantly from GENASSIST.

« Generalisation in order to be able to reduce 3D models with specific
methodology for

- Interfaces
- Non flat surfaces
- Non uniform environmental boundary conditions

* Use of sub systems assembly at system levels with detailed models from
sub

e Use of reduction method for real time model correlation

!
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