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The final target of this study is to achieve a better understanding of the behavior of thermally sprayed
abradable seals such as AlSi/polyester composites. These coatings are used as seals between the static
and the rotating parts in aero-engines. The machinability of the composite coatings during the friction of
the blades depends on their mechanical and thermal effective properties. In order to predict these
properties from micrographs, numerical studies were performed with different software packages such as
OOF developed by NIST and TS2C developed at the UTBM. In 2008, differences were reported con-
cerning predictions of effective thermal conductivities obtained with the two codes. In this article, a
particular attention was paid to the mathematical formulation of the problem. In particular, results
obtained with a finite difference method using a cell-centered approach or a nodal formulation allow
explaining the discrepancies previously noticed. A comparison of the predictions of the computed
effective thermal conductivities is thus proposed. This study is part of the NEWAC project, funded by

the European Commission within the 6th RTD Framework programm (FP6).

Keywords coatings for engine components, coatings for gas
turbine components, composite materials, friction
and wear, properties of coatings

1. Introduction

Thermal spray technologies allow elaborating coatings
on surfaces for protection against corrosion, wear, or high
temperature environments. Thermal spray processes con-
sist in spraying molten drops of the protective material on
the substrate surface. The produced coatings consist of a
network of intermingled splats formed by the flattening
and solidification of the molten droplets. They present a
complex architecture comprising thin inter-lamellar
cracks, globular pores, and intra-lamellar cracks (for
ceramics) generated by thermal stresses. Moreover,
depending on the process and nature of the sprayed
material, they may also contain partially molten particles,
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as well as oxides (for metals and alloys). From that com-
plex architecture, thermal spray coatings exhibit effective
properties strongly different from those of the bulk
material from which they are made of. Subsequently,
estimation of these effective properties (thermal and
mechanical) presents a huge interest. For the particular
case of the thermal properties, experimental techniques
such as the flash method (Ref 1-3) are often applied to
estimate the thermal diffusivity from which the effective
conductivity may then be deduced. Moreover, many
heuristic correlations have also been suggested in the lit-
erature to estimate the effective thermal conductivity of
porous materials. These correlations relate the effective
thermal conductivity to the pore content (Ref 4-12). In the
case of spherical pores, correlations of the type
Kk/io=1—oap or k/kg= (1 —p)’ have been suggested
(Ref 4-8), in which « is the effective thermal conductivity
of the porous material, k, is the thermal conductivity of
the bulk material, p represents the pore level, and o and B
are dimensionless coefficients.

In the case of thermal spray coatings, pores may also be
considered as ellipsoids (Ref 10-12). McPherson (Ref 13)
correlated the loss of conductivity of plasma sprayed
ceramic coatings versus the limited contact area between
the lamellae: the noncontact regions represent thin planar
pores presenting a low thermal conductivity in comparison
with that of the solid matrix. Boire-Lavigne et al. (Ref 14)
adapted the contact area approach of McPherson to the
case of tungsten coatings and noticed a strong influence of
the spraying atmosphere. For the case of ceramic coatings
again, the works of Sevostianov et al. (Ref 15-20) allow to
estimate the effective properties versus a few structural
parameters of the microstructure among which the pore
orientation is for example taken into account. Still for
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ceramics, the works of Golosnoy et al. (Ref 21, 22) con-
sider the parameter of contact between the lamellae by
the notion of bridges through the thin inter-lamellar pores
also introduced by Litovsky et al. (Ref 23-26).

Nevertheless, most of the mentioned works concern
ceramics for which the loss in the effective thermal con-
ductivity depends strongly on the thin inter-lamellar
cracks between lamellae in the case of thermal spray
coating. In the case of abradable materials such as AISi/
polyester coatings, the decrease in the effective thermal
conductivity is mainly provided by the presence of the
polyester phase which presents a much lower conductivity
than the AlSi alloy. In parallel to these theoretical and
experimental investigations, characterization techniques
based on numerical methods have been developed suc-
cessfully: in this case, images of the coating cross-sections
are used as mesh-support to perform calculation using
either finite element (Ref 27-33) or finite difference
(Ref 34-39) methods.

In this context, it is obvious that estimation of the
effective properties of thermally sprayed coatings presents
a large interest and particularly in the aeronautic industry
for which the behavior of abradable coatings used as seals
between the static and rotating parts of the aircraft
engines must be integrated. Global air traffic is forecast to
grow at an average annual rate of around 5% in the next
20 years. This high level of growth makes the need to
address the environmental penalties of air traffic all the
more urgent. As a result, Europe’s aviation industry faces
a massive challenge to satisfy this demand for increased
air travel in an economic and safe way. Therefore, alter-
native engine configurations need to be researched to find
a significant and permanent reduction of pollution.
NEWAC (Ref 40) is a European-level programme, under
the leadership of MTU Aero Engines, in which major
European engine manufacturers, assisted by universities,
research institutes, and enterprises (40 partners in all)
have focussed on new core engine concepts. The project
was funded by the European Commission within the 6th
RTD Framework Programm (FP6). The main NEWAC
result is to validate novel technologies enabling a 6%
reduction in CO, emissions and a further 16% reduction
in NOy emissions.

The role of UTBM within this programme concerns a
part of the 5th work package (subsection modelling the
abradable and its wearing). In particular, we contributed
to a better estimation of effective properties of AISi/
polyester abradable seals. In order to do so, some calcu-
lations were performed on the basis of micrographs of
coatings using both OOF2 and TS2C. Object-Oriented
Finite Element Analysis of Microstructures (OOF) is a
software package developed by National Institute of
Standards and Technology (NIST) and commonly used in
this field of applications (Ref 29-33), whereas TS2C is an
in-house code developed at the UTBM whose actual
capabilities focus on estimation of the thermal conduc-
tivity of thermally sprayed coatings (Ref 35-39). A poster
was presented during EUROMAT (Nurnberg, Germany,
September 2007) on this subject: this poster is available on
the website of the NEWAC programme (Ref 41). In 2008,
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a first article dealing with estimation of the thermal con-
ductivity of AlSI/polyester abradable seals was presented
(Ref 42). This article was awarded during the conference
and a completed version was also published in 2009
(Ref 44). However, some discrepancies were noticed
concerning the results predicted using OOF2 and TS2C:
these differences were not explained up to now so that one
of the objectives of this study is to provide explanations
concerning this point, to inform the users of the numerical
tools specialized in this domain.

2. Summary of the Previous Results

Some pictures of coating cross sections taken at dif-
ferent magnification levels were considered to perform
numerical estimations of the effective thermal conduc-
tivity of AlSi/polyester abradable coatings (Ref 42, 44).
The coatings were produced with two different powders
(i.e., Durabrade 1605 and Metco 601 NS) whose com-
position is a blend of AlSi alloy (12 wt.% of Si) and
polyester (40 wt.% in the powder). Three different
magnification levels were first considered. According to
the results, the covered area was not sufficient for the
two largest magnification levels. Subsequently, the more
the covered area is low, the highest the predicted thermal
conductivity is, because of the increase in the continuity
of the AISi phase. On the contrary, for the lowest reso-
lution level (magnification of 50 corresponding to a res-
olution of 3 pum/pixel), the covered area becomes
sufficient to obtain a good representation of the discon-
tinuity of the AIlSi phase, thus providing more accurate
results concerning the predicted thermal conductivity.
For the present application, the minimum representative
length scale was thus of about 2 mm in the transverse
direction. Below this value, the considered volume is not
representative of the material.

In all results reported in this previous article, a
Despeckle filtering was applied to the original binary
images produced from the microstructures until a stable
image was reached. This step was initially done to simplify
the design of the porous network to attempt describing it
on the basis of ellipsoids. The thermal conductivity of
AISI12 phase was assumed to be of 130 W-m ' - K\,
This value is medium between the thermal conductivity of
Die Casting AlSi12 (i.e., 122 W - m™' - K™') (Ref 45, 46)
and the one of alloy Al4032 (ie., 138 W-m ' K1)
(Ref 45). Concerning the polyester phase, a value of
0.17 W -m™' - K™ (Ref 44, 46) was applied.

Because of the high consumption of RAM, the com-
putations performed with OOF2 could not be obtained for
the original resolution of the different images: the use of a
computer equipped with 2 Go of RAM did not allow
considering pictures exceeding 250,000 pixels when using a
1 cell/pixel formulation of the problem (OOF also allows
defining meshes formed by triangles or quadrangles
grouping several pixels). For this reason, the results pro-
duced with the two codes were compared for intermediate
resolutions only. At present, the use of a recent computer
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equipped with 4 Go of RAM allowed treating most of
the pictures presented in this previous article: the reason
being that the limiting value of the number of pixels is
now around 410,000 cells, which corresponds to the
largest images considered in the article. In all cases, the
limiting value is not sensitive versus the LINUX distri-
bution: Ubuntu, Mint, OpenSuse, or Fedora can be used
indifferently to install and run OOF2. Nevertheless, for
applications for which the RAM may represent a prob-
lem, the use of a 32 bit distribution of Linux is advised
because the RAM is burned much faster with 64 bit
distributions.

Table 1 presents a synthesis of the results obtained with
the two codes for the picture showed in Fig. 1. The ori-
ginal resolution of the picture is 756 x 541 pixels. The
values were obtained assuming a thermal conductivity of
130W-m'-K' for the AISi phase and of
0.17 - W -m~' - K™ for the polyester phase.

Despite the differences, the most interesting point is
that the difference between the values computed with the
two codes represents about 30% at the lowest resolution
of 25%, 11% at the resolution of 50%, 7% at the resolu-
tion of 75%, and becomes lower that 4% at the maximum
resolution (0.467 for TS2C against 0.485 for OOF2). Thus,
one may easily observe a convergence tendency which is
very comforting.

3. Cell-Centered and Nodal Discretization
Methods Within TS2C

All computations performed up to 2008 with TS2C
(Ref 35-38) were obtained using a cell-centered formula-
tion of the problem. In this study, a different methods
based on a nodal formulation was specially developed for
comparison. The reason for these new developments is
that FE-based codes such as OOF2, implement a nodal
formulation of the problem in contrast with finite differ-
ence-based models. In practice, it was found to be the
reason explaining the differences between the results
obtained with the two codes.

Under stationary conditions, the 2D heat conduction
problem through a heterogeneous material can be

expressed as
_O (I 9 (9T _,
ox\ Ox oy\ ay/)

Figure 2 presents a schematic view of the discretization
over one cell (pixel for the present application) for cell-
centered and nodal formulations, respectively.

Because the pixels are in series, the thermal resistances
are additive and the cell-centered formulation results in a
linear equation derived for each pixel as follows:

Ap(i, )T (i,j) =Ax(i,/)T(i —1,))
+Ax(i+1,)T@{i+1,))

with
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and
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Ay(i,)) = S
k@) x@j-1)
and

Ap(i,]) = Ax(i,]) + Ax(i + 1,)) + Ay(i,j) + Ay(i,j + 1)

A system is formed by writing a similar equation for each
pixel and the boundary conditions are taken into account
by acting over some equations such as those correspond-
ing to the pixels pertaining to the top and bottom lines of
the image (for example).

In contrast, the temperatures are calculated at the
corners of the cells (i.e., of the pixels) for the nodal for-
mulation so that the pixels are in parallel.

Thus, for the nodal formulation the Ax and Ay coeffi-
cients may now be calculated as:

k(i) +x(i,j+1)

and

. k(L)) +x(+1,)
Ay(isj) = (i.)) 2( /)
and

Ap(i,j) = Ax(i,]) + Ax(i+1,)) + Ay(i,j) + Ay(i,j + 1)

In both the cases, the problem consists in solving a system
of linear equations (one equation per pixel). It can be
solved by applying iterative algorithms such as the SOR or
LSOR procedures (Ref 35, 36) until the residuals are
becoming sufficiently small.

4. Numerical Results

By applying the nodal formulation to the case considered
in the previous section, the predicted thermal conductivity
is 0.493 W-m ' - K" instead of 0.467 W -m™' - K™ for
the initial (i.e., cell-centered) formulation of TS2C and
0.485 W - m~' - K~! for OOF2 (see Table 1). One may say
that the nodal formulation makes more than compensate
the initial differences between the two codes.

Table 1 Synthesis of the results previously calculated
with OOF2 and TS2C for the picture of Fig. 1
(i.e., magnification level of 50)

Kee W-m™1-K™!

Resolution, % TS2C 0OO0F2
100 0.467 0.485 (a)
75 0.468 0.500 (b)
50 0.458 0.511

25 0.402 0.549

(a) Data never provided elsewhere
(b) Data provided in (44) but not in (42)
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4.1 Influence of Despeckle Filtering and of the
Discretization Method (Nodal or Cell-Centered)

The coming results were computed to analyze the
effects of the mathematical formulation (i.e., nodal or cell-
centered formulations), of the application of Despeckle
filtering (noise reduction) and also to evaluate the sensi-
tivity of the results versus the considered thermal con-
ductivity of the AlSi phase.

Figure 3 presents the original microstructure, the bin-
ary picture obtained after the threshold operation and the
binary picture obtained after applying Despeckle filtering
for the coating produced with the Durabrade 1605 pow-
der. One may notice that the last image (Fig. 3c) is weakly
different from that shown in Fig. 1, the reason being that a
slightly different threshold was applied for these recent
computations (level 142/255). In practice, the binary pic-
ture produced after applying the threshold (Fig. 3b) pre-
sents a rate of polyester of 66.8% (i.e., 33.2% of AlSi).

Fig. 1 View of the material distribution (white AlSi, black
polyester) in the coating after applying successive Despeckle
filtering operations (until convergence toward a stable picture)

Despeckle filtering gives rise to a slight increase in the
polyester content (i.e., 69.9% of polyester for the image of
Fig. 3c). This value of 69.9% may also be compared to
that of Fig. 1 (71.1%). Consequently, the newly generated
image presents a slightly higher content of AlSi in com-
parison with the previously generated figure. By compar-
ing Fig. 3(b) and (c), one may see that the small details
disappeared after application of Despeckle filtering and
the phase distribution looks more globular after this step.

Table 2 presents the results obtained for images of
Fig. 3(b) and (c), for the cell-centered and nodal formu-
lations implemented in TS2C and for three different val-
ues assumed for the AlSi phase (ranging from 120 to
145W-m ' - K1),

One may notice that the considered thermal conduc-
tivity of AlSi influences only slightly the resulting effective
thermal conductivity of the coating (less than 1% differ-
ence between the values computed using 120 and
145W - -m'-K™"). Thus, the thermal conductivity
assumed for the AISi phase does not seem to be a critical
parameter.

The difference in the thermal conductivity predicted
with the cell-centered and nodal formulations is larger if
Despeckle filtering is not applied (about 16% difference
for the raw image, against 6% for the image treated with
the Despeckle filter).

The calculated effective thermal conductivities are
higher for the raw image in comparison with those com-
puted for the image treated using Despeckle filtering. By
considering an average value between the cell-centered
and nodal formulations of the code, one obtains
0.67 W -m~' - K~! for the raw image (no Despeckle) and
0.52 W -m~!- K for the image treated using Despeckle
filtering.

Since the measured effective thermal conductivity is
0.53 W-m'- K for these coatings, one could simply
conclude that applying Despeckle filtering is preferable.
However, it is not so simple and we think that calculations
performed using the raw image (Fig. 3b) are more suit-
able, the differences between the numerical value of

T(,i+1)
PiX(ig+1) Pix(i+1,j+1)
T(i-1.j) T(i.J) T(i+1,))
Pix |\ Pix(‘i+1,j)
T(,j-1)

Fig. 2 Representation of the cell-centered (left) and nodal (right) discretization methods with cell indices
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Fig. 3 Initial micrographs (a), binary picture after application of
the threshold (b), and binary picture after successive applications
of Despeckle filtering (c)

067W - -m'-K' and the experimental one of
0.53 W-m™'- K™ being explained by the thermal con-
ductivity assumed for the polyester phase. In practice, the
value of 0.17 W - m~! - K~ ! used for the polyester phase is
certainly overestimated, the reason being that this phase
includes a certain level of porosity.

4.2 Case of Ternary Pictures

It was observed on the original micrographs that some
groups of pixels were darker in comparison with the rest of
the gray matrix. It was thus decided to try discriminating
the globular pores from the polyester phase. In order to
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Table 2 Predicted thermal conductivities calculated

for different values of the thermal conductivity of the AlSi
phase, using the cell-centered formulation of TS2C or
the nodal formulation (TS2C_NF) for the binary pictures
obtained after applying the threshold only or after
applying successive Despeckle filtering

Kee W-m™ 1 K1

Raw image—no

Despeckle After Despeckle

KPOIyester=0nl7 W - l‘l‘l_l . K—l

Kaisis W -m 1+ K1 TS2C TS2C_NF TS2C TS2C_NF

120 0.611 0.721 0.502 0.531
130 0.614 0.725 0.503 0.5325
0.617 0.5045  0.534

Fig. 4 Ternary picture generated using thresholds of 55 and 142
(Durabrade 1605 powder)

Table 3 Predicted effective thermal conductivities based
on the ternary picture

Ke, W- m™ % K~ (Durabrade powder/ternary picture)

TS2C 0.551
TS2C_NF 0.669

perform that step, a small C program was written because
it is not so easy to generate ternary pictures on the basis of
standard image manipulation software packages such as
imagel.

Figure 4 presents the ternary picture generated from
these darker regions observed on the initial microstructure
(Fig. 3a). The thresholds used to generate this picture
were 55 and 142 for the pore/polyester and polyester/
AlSi transitions, respectively. This ternary picture
presents a porosity level of 4.2%, a polyester content of
62.6% and an AlSi content of 33.2% (i.e., similar to
Fig. 3b). Table 3 summarizes the computed effective
thermal conductivities based on Fig. 4 assuming thermal
conductivities of 130 W - m~' - K~! for the AlSi phase
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(white), 0.17 W -m~' - K~! for the polyester (gray) and
0.025 W -m~' - K! for the pores (i.e., black pixels). The
values were calculated using the cell-centered and nodal
formulations of TS2C.

The values of 0.551 and 0.669 W -m ' - K~! can be
compared to the values of 0.614 and 0.725 contained in
Table 2, respectively: the difference results from the
additional pore phase suggested in Fig. 4.

4.3 Coatings Produced with the Metco Powder

Figure 5 presents the coatings produced with the Metco
601 NS powder. The initial microstructure is shown in

Fig. 5 Pictures concerning the coating produced with Metco 601
NS powder—microstructure (a), binary picture (b), and ternary
picture (c)
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Fig. 5(a), the binary picture obtained using a threshold of
142 is presented on Fig. 5(b), and the ternary picture
produced using thresholds of 55 and 142 is shown on
Fig. 5(c). The ternary picture presents a porosity level of
2.8%, a polyester rate of 69.6%, and an AlSi content of
27.6%. For the binary picture, the pore and polyester rates
are cumulated. In comparison with the case of the
Durabrade 1605 powder, the AlSi content is 5.6% lower
(27.6% against 33.2%) which represent a significant
difference.

Table 4 summarizes the results obtained for the coating
produced with the Metco 601 NS powder. Since the AlSi
content is lower in comparison with the coatings produced
with the Durabrade powder, the predicted effective ther-
mal conductivities are lower, but tendencies remain simi-
lar: the computed values obtained with the nodal
formulation of TS2C are higher than those computed for
the cell-centered formulation and the use of a ternary
picture in which the pores are differentiated from the
polyester phase provides a lower thermal conductivity.
Concerning the experimental measurements, the mea-
sured value was the same for the coatings produced with
both powders (i.e., 0.53 W -m™ ' - K™,

4.4 Splitting the Pixels into Multiple Cells

Since the results obtained for the cell-centered and
nodal formulations present differences which tend to
decrease with the picture resolution, our last efforts were
devoted to the development of a new method including
four cells (or more) in each pixel. With that method, the
calculated thermal conductivities tend to converge to a
single value.

Table 5 presents an overview of the results obtained for
the different cases considered versus picture resolution.
Since these results were found to be weakly sensitive
regarding to the value assumed for the thermal conduc-
tivity of AlSi, only the results calculated for the value of
130 W - m ™' - K ! are reported in the table.

The powder type is given in column 1. The image type is
given in column 2 in which Despec means that the image
was treated using successive Despeckle filtering, Binary
means that the picture contains two phases only
(AISI + polyester), whereas Ternary corresponds to the
pictures in which the pores were differentiated from the
polyester phase. The software package (or version) is given
in column 3 in which CC means cell-centered and NF means
nodal formulation of TS2C. The last column (case 200%)

Table 4 Summary of the results obtained for the
micrograph corresponding to the coating produced
with the Metco 601 NS powder (Fig. 6)

Keo W m™1 K™1 (Metco 601 NS powder)

Ternary picture (i.e., pore/

Binary picture polyester differentiation)

TS2C TS2C_NF TS2C TS2C_NF

0.486 0.562 0.455 0.537

Journal of Thermal Spray Technology



concerns the calculations in which each pixel was split into
four cells. Table 5 indicates that the asymptotic value
obtained for the initial image treated using successive
Despeckle filtering (42, 44) (see Table 1) is about
0.48 W -m~' - K~'. For nonsimplified images, the differ-
ence between the results produced with the nodal and cell-
centered formulations remains higher (i.e., about 10% of
the absolute value of the thermal conductivity when each
pixel is split into four cells).

Figure 6 plots the results of Table 5. The first curve
(horizontal line) corresponds to the measured value.
Curves 2 to 4 concern the picture obtained for the
Durabrade powder after treatment using Despeckle
filtering (i.e., data of Table 1 completed by the results
obtained for the nodal formulation of TS2C). One may see
that the curves obtained for the nodal version of TS2C and
with OOF?2 are very close one from the other, the common
point being that both use a nodal discretization method.
Curves 5 to 8 concern the Durabrade powder, whereas
curves 9 to 12 concern the results obtained for the Metco

Table 5 Summary of the thermal conductivities
calculated for the different cases

Picture resolution

OOF/

Powder used Image type TS2C 50% 100% 200%

Durabrade Despec Fig. 1 OOF2 0511 0485 NA
1605 (Ref 3, 4) CcC 0.458 0467 0474
NF 0.528 0.493  0.485
Binary Fig. 4 mid CC 0.561 0.614 0.634
NF 0.852 0.725 0.701
Ternary Fig. 5 CcC 0.507 0551 0.574
NF 0.791 0.669  0.641
Metco Binary Fig. 6 mid CC 0.421  0.486  0.500
601 NS NF 0.619 0562  0.545

Ternary Fig. 6 bot CC 0.395 0455 0471
NF 0.593 0.537 0.518

é

powder. Curves 5 and 6 (dashed double dot line with
hollow circles) concern the binary picture obtained for the
Durabrade powder and treated using either the cell-
centered or nodal formulations of TS2C. Curves 7 and 8
(dashed line with hollow squares) concern the same data
but for the ternary picture. Curves 9 and 10 (short dashed
line with hollow lozenges) concerns the same as 5 and 6,
but for the Metco powder instead of the Durabrade
powder. Finally, curves 11 and 12 (dash dotted line with
hollow triangles) concern the same as 7 and 8 but for the
Metco powder (i.e., ternary picture treated with the nodal
or cell-centered formulations). In each case, the curves
obtained with a cell-centered formulation present an
increasing tendency versus the increase of the picture
resolution. On the contrary, the curves obtained using a
nodal formulation (OOF2 + TS2C_NF), present always a
decreasing tendency. In each case, the results obtained
using either a nodal or cell-centered formulation, are
converging when increasing the picture resolution, which
means that all attempts to simplify the architecture may
affect the calculated results.

5. Conclusions

This study was devoted to the estimation of the
homogenized thermal conductivity of AlSi/polyester
abradable coatings. It was supported by the European
Commission through the NEWAC European project lea-
ded by MTU Aero Engines. New developments were
performed in the in-house TS2C code to satisfy the needs
of the project. The differences previously noticed con-
cerning the results predicted with OOF2 and TS2C may be
explained by the discretization method (nodal formulation
in OOF2 and cell-centered formulation in the initial ver-
sion of TS2C). The numerical computations are in accu-
racy with the measured values. However, it is difficult to

-__T.___--E —a - 5: Dura_bin_CC

——1: Measure=0.53
—a— 2: Dura_Des_OOF2
—+—3: Dura_Des_CC
—m - 4: Dura_Des_NF

| |—o - 6: Dura_bin_NF

—0~ 7: Dura_ter_CC
—G- 8: Dura_ter_NF
9: Metco_bin_CC
10: Metco_bin_NF
-2 -11: Metco_ter_CC
—/ - 12: Metco_ter_NF

1.000
g e
2 0.800 E
g Mo B et
8% 0600 STET
x - . - A s
E'.' b
= E / j.-!:
gso.mo~ 2--
h=)
B
L%
$  0.200 -
e
a

0.000 ; : ;

0% 50% 100%  150%  200%

Picture resolution

Fig. 6 Summary of the results computed for the different pictures (raw or after Despeckle filtering, Durabrade or Metco, binary or
ternary) and treated using either the cell-centered or nodal formulations of TS2C (+OOF2 for pictures treated using Despeckle)
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conclude concerning the superiority of one of the two
formulations versus the other. Our final recommendations
are the following ones: first, the micrographs used to
estimate the effective thermal conductivities should cover
a sufficiently large area (minimum extend of 2 mm in the
horizontal direction) for the present application. This
minimal area is linked to the representative volume of the
material below which the calculations are diverging
(mainly because of an increase of the connectivity of
AlSi). Second, there is no justification in applying simpli-
fications of the structure (such as Despeckle filtering).
Hence, the binary or ternary pictures directly based on the
raw micrographs can serve as input data for the thermal
conductivity evaluation. Third, the calculated thermal
conductivities are not sensitive versus the thermal con-
ductivity of the conductive phase (i.e., AlSi in the present
case). Fourth, in future works, special efforts will have to
be paid to the differentiation of the pores relatively to the
polyester phase because it was shown that the results are
sensitive to the pore content even for a pore level of 4%.
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