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Abstract A simple model is proposed to examine the effects of scale on behavior of the thermal
contact resistanc®.. The study is based on cluster of regular contacts per level that may
vary in terms of number and/or dimension while passing from one level to another according
to a process similar to a fractal descriptido.citethisarticle: N. Laraqi, C. R. Mecanique
330 (2002) 141-145. O 2002 Académie des sciences/Editions scientifiques et médicales
Elsevier SAS
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Effet du changement d’échelle dansles phénomeénes de
multi-constriction thermique

Résumé Un modéle simple est proposé pour examiner les effets de changements d'échelle sur
le comportement de la résistance thermique de coractl'étude est basée sur des
groupements de contacts réguliers par niveau et pouvant varier en nombre et en dimension
en passant d'un niveau a I'autre selon un procédé similaire a une description fraotale.
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Version francaise abrégée

Le probléme d’échelle rencontré dans des configurations de groupements de contacts peut jouer un rdle
important dans le comportement de la résistance thernigUig] a I'interface de deux solides. Des études
portant sur un groupementde contacts en réseau carré et régulier placé au centre d'un tube de flux également
carré ont été effectuées [2,3] pour examiner le phénoméne de double constriction. Le nombre de contacts
examiné par les auteurs variait de 4 a 16 contacts. La description de différents niveaux de constriction a
été modélisée par une approche fractale [4] en considérant le méme nombre de découpage et de rapport de
surface a chaque niveau.
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Cet article propose un modeéle plus général permettant de considérer des nombres de contacts et de sites
plus ou moins importants selon le niveau ou I'on se situe et aussi des rapports surfaciques différents (Fig. 1).
Chaque niveau est caractérisé par I'aire réelle d’'un contact (ou d’un site) qui le codstétison nombre
de contacts (ou de sited);. On montre sans difficulté que la résistance thermique t®Ralg'écrit sous
la forme de I'équation (1). On notant la racine carrée de l'aire réelle sur I'aire apparente de contact
(équation (2)) ety; la résistance thermique adimensionnelle (équation (3)), on ex@ins®us la forme
de I'équation (4). Les); sont fournis par la corrélation (5) établie pour les spots de contacts a température
uniforme [5].

Le modele est d’'abord validé par comparaison avec les résulats des références [2,3] portant sur
la double constriction, ouN1 = 1, No =9) (¢ =0,1; 0,2 et 0,5). L'évolution deR./R.(min), ou
R.(min) = R.(e1 = 1), en fonction des1 est reportée sur la Fig. 2. Les résultats sont en trés bon accord.
On obtient la méme évolution pow, = 9. La valeur maximale du rappoR./R.(min) tend, comme on
pouvait le prévoir vers/N2. Pour mettre en évidence I'effet d’échelle, nous avons tracé I'évolution de
R.1/R. (qui est la part de la macro-constriction sur la résistance totale) pour &casl et différentes
valeurs des et No. La valeurR.1/R. = 0,5 correspond a I'inversion de la prédominance entre macro- et
micro-constriction. Ce phénoméne a lieu systématiquement et se produit pour des valgudsadgant
plus petites que est petit. On observe également un changement de courbure en fonction de la valeur de
qui justifie par I'interaction entre spots qui est d’autant plus sensible g@segrand. Le nombre de contact
N> semble avoir une légére influence.

Nous poursuivons I'exploitation de ce modéle en examinant I'effet de la multiplication des niveaux et
des variations des paramétres caractéristiguesn; .

1. Introduction

The scale problem encountered in a cluster of contacts can play a significant role in the behavior of
thermal resistancg, [1] at the interface between two solids. Studies related to a group of contacts regularly
distributed on a square region, placed at the center of a square flux tube were carried out [2,3] to examine
the phenomenon of double constriction. The number of contacts examined by the authors varied from 4 to
16 contacts. The description of different levels of constriction was modelled by a fractal approach [4] by
considering the same number of cutting and ratio of surface on each level.

This article offers a more general model allowing to consider a more or less significant number of contacts
and sites according to the level where one is located as well as different surface ratios. We describe the
proposed model and provide some results to show the effect of scaling in a simple configuration of double
constriction.

2. Proposed model

Let us consider the configuration of a rough contact on multiple leyelevels) of constriction (Fig. 1).
Each level is characterized by the real surfagef a contact (or of a site) it constitutes and its number of
contacts (or of sitesy;. In the example of Fig. ¥, = 16 andN,_1 = 9. We can easily show that the total
thermal resistancg. is given by:

R Re2 Re3 44 7RCP
N1 NiN2 = NiN2N3 [T/ N,

R, = (1)

whereR,; is the individual resistance of a contact (or a site) located at fevel
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Figure 1. Schematization of a rough contact with multiple scales.
Figure 1. Schématision d'un contact rugueux avec des échelles multiples.

Introducing the geometrical parametgrwhich is the square root of the real surface on the apparent
surface between two consecutive levels(6; < 1), such as:

g = i=12,...,p (2)

and using the dimensionless notatignof R.;, such as:
Yi = Reik\/N; A; (3

the relation (1) can be written in the following form:

P
1z
Rkv/Ag=> — )
; i=1(€jy/Nj)
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wherek is thermal conductivity andig the surface of base (level 0), which is supposed to be laterally
insulated. The geometrical parameter characteristic of the contaet [/, ;.

To calculatey; we adopts the correlation provided in the reference [5] for circular contacts in square flux
tube and to uniform temperature:

Wi = co— c16; + c26° + c3e” — c48? (5)

wherecg = 0.44311,c1 = 0.62074,c2 = 0.15255,¢3 = 0.03283 andc4 = 0.0105. Wheng; is equal to

unity theny; (e; = 1) = 0. Eq. (5) requires the constriction to be fully developed for each level. We use the
correlation (5) for the configuration of a square contact in a square flux tube (case of the sites of contacts).
The solution (4) is simple to implement, and allows to treat many configurations of grouping of contacts in
order to study the scaling which can take place.

3. Someresults

As a first step we make a comparison between the model and the results of existing studies [2,3] for
a configuration of double constriction, whe®®1(= 1, N2 = 9) (¢ = 0.1, 0.2 and 05). The evolution of
R./R.(min) vs.e1, whereR.(min) = R.(e1 = 1), is plotted on Fig. 2, knowing thab = ¢/¢1. The results
are in good agreement with those of references [2,3]. It is shown that the grediter more sensitive
R./R.(min). This behavior is explained by the phenomena of interaction between the contacts and edges
effects which are marked when the spots are larger [6]. We plot on the same figure the results of the
model for No = 81. We observe the same behavior with respeet tib will be noted, for the two cases
of values ofNy, that theR./R.(min) ratio varies between 1 (micro-constriction alane= 1) and./Nz
(macro-constrictionalong = 1). This result is foreseeable, and can be directly deduced from the analytical
solution (4).

While remaining in the same configuration of the double constriction (Witk= 1, we sought to show
the scale effects between the macro and micro-constriction. Fig. 3 presents the evolution of Ra f&jo
(contribution of macro-constriction to total resistance) as a functien,dbr various values of (0.01, Q1
and 04) and ofN2 (36 and 81). Th&k.1/ R, = 0.5 value correspondsto a point where one of the constriction
becomes prominent. The representative curves show that this phenomenon occurs systematically. The
lessere1 the lesser the value af where this phenomenon takes place. The profile of curves changes as
¢ becomes smaller and smaller. This change of curvature takes place at the vicinity @L. We also
observe a slight difference between the caggs- 36 andN, = 81.
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Figure 2. Influence ofs; and N on R..
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Figure 2. Influence d¢; et deN sur R..
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4. Conclusions

The proposed model enabled us to study the scaling effect of multi-constriction on the evolution of the
thermal contact resistance. The case of the double constriction examined in this paper shows that there is a
ratio of scale for which an inversion of the importance between micro- and macro-constriction takes place.

This depends on the valuesoandN .
We pursue the exploitation of this model in order to examine the effect of the multiplication of levels and
the variation of the characteristic parameters on the evolutiagt of
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