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The paper discusses the plane contact problem for two solids having microtextured surfaces that
are forced together by a nominal pressure and carry the remotely established nominal heat flow.
The interface between the contacting solids consists of a periodic array of gaps and a periodic
array of contacts. The intercontact gaps are assumed to be filled with a heat-conducting ideal gas.
Mechanical influence of the interstitial gas is taken into account by its pressure, while its thermal
influence is simulated by thermal resistance. The problem considered is reduced to a Cauchy
singular integral equation for a height of the gaps and a Prandtl singular integro-differential
equation for a temperature jump between surfaces of the gaps. For calculating a gas pressure and
a length of the gaps, the ideal gas law and the consistency condition for the Cauchy singular integral
equation are used. Results are presented illustrating the effect of the applied pressure, the mass
and the thermal conductivity of the gas on the average normal displacement and the average
temperature jump.
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Introduction. The surface microtexturing, which consists in forming regularly (perio-
dically) arranged grooves of the same shape on a surface of a solid, is one way
of improving performance of joints [1, 2]. When microtextured surfaces are placed
in contact, periodically arranged intercontact gaps occur at the interface. Under actual
operating conditions, these gaps can be filled with a certain substance (grease, coolant
medium, liquid or gas) that conducts heat and produces additional pressure on the con-
tacting surfaces. Based on the solutions for contact of surfaces having periodic arrays
of grooves or cavities, which account for mechanical and thermal influence of a filler
of intercontact gaps, we can determine contact parameters and predict contact strength,
stiffness and thermal contact resistance for microtextured solids operating in different
gas-liquid mediums.

The investigations of elastic, thermal and thermoelastic contact between solids
having regular surface texture concern mainly the case when there is no filler in intercontact
gaps. Comprehensive reviews of studies of elastic contact between solids with regularly
arranged surface microasperities (indenters) or wavy surfaces were provided, for instance,
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in [3, 4]. The elastic contact between a flat surface and a wavy surface when gaps bet-
ween them are filled with a compressible liquid was considered in [5]. Assuming thermal
insulation of intercontact gaps, the studies of thermal and thermoelastic contact between
wavy surfaces and thermoelastic contact between two half-planes with a periodic array of
thermally induced delamination zones were conducted in [6-8]. Based on the solution to
the contact problem of heat conduction for a periodic array of intercontact gaps filled
with a heat-conducting medium, the thermal effect of the interstitial medium on thermal
constriction resistance was analyzed [9].

This article is devoted to investigation of contact between two semi-infinite solids
with microtextured surfaces when both mechanical and thermal effects of a filler of inter-
contact gaps are taken into account. For solving the problem under consideration, the
method of functions of intercontact gaps [10] is employed. This method was previously
used for investigation of elastic contact between two semi-infinite solids with a single
intercontact gap filled with a gas or a liquid [11-14], as well as for thermoelastic contact
between such solids when only the thermal influence of a filler of intercontact gaps is
considered [15-18].

1. Formulation of Problem

The model for the present analysis and the orientation of the coordinate axes with
respect to the solids are shown in Fig. 1. Before the solids are placed in contact with
each other, the surface of the lower solid is perfectly smooth, while the surface of the
upper one has local grooves of length 25 arranged in a regular way at intervals d. The
shape of each groove is described by the continuously differentiable function »(x).

The materials of the solids are assumed to be elastic, isotropic and identical. The
thermal conductivity of the materials is denoted by K, Poisson’s ratio by v, and
Young’s modulus by £. The problem is posed in the framework of linear thermo-
elasticity, assuming plane strain conditions.

The solids are compressed against each other by a nominal pressure p, and a nominal
heat flow ¢ is imposed at infinity. Due to the initial surface microtexture of the upper solid,
the interface between the solids consists of a periodic array of gaps and a periodic array
of contacts. An unknown height and an unknown length
of each gap is denoted by /(x) and 25 respectively.

The gaps are assumed to be filled with an equal
amount of a heat-conducting ideal gas. Mechanical
influence of the interstitial gas is taken into account by
its pressure P;, which, according to the Pascal’s law,
is the same in each point of the gas. Thermal influence
of the interstitial gas is simulated by thermal resistance
R(x) =h(x) / K, , where K, denotes the thermal

conductivity of the gas. q

We also assume that the interface offers no
thermal resistance outside the gaps, and the solids are T T I p T T T T
in frictionless contact throughout the interface. Fig. 1. The model of the problem
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While the displacement perturbations arising out of a single interface gap vanish
away from the interface ( y — o0 ), the cumulative effect of such perturbations arising

out of an array of interface gaps will be noticeable far away from the interface. In the
far field, this cumulative effect manifests itself in an average normal displacement

dn dn
. 1
Vi 1 I (r(x)—h(x))dx and an average temperature jump vy, =— I y(x)dx .
d -d/2 d —d/2

2. Solution to Problem

Following the method of functions of intercontact gaps [10], we reduce the contact
problem considered to a Cauchy singular integral equation (SIE) for the derivative of

the gaps height (&)

o h! B r! n dE! p
j (n )d = ( )dn+ ( . Jgl<a (1)
N5  pM-% I+ é
and a Prandtl singular integro-differential equation for the temperature jump y(?,)
between surfaces of the gaps

Ke v(8) K fpv(m), _ q
1+8% h(g) 2d7 m-& 1+&

Here E' =4(1—v2)/E, & =tan(mx/d), n=tan(nt/d), o = tan(ma/d), B = tan(nb/d ).

=, [g<a. )

The functions A(§) and y(&) satisfy the following conditions [17, 18]:
h(xo)=h'(za)=0, y(+a)=7'(+a)=0. ?3)

The right-hand side of the SIE (1) contains an unknown gas pressure P;. For its
calculating, we use the ideal gas law which in terms of the function £ (&) can be written as

¢ h
E_I 1+(2 da{RT, )

there m and p denote the mass and the molar mass of the gas respectively, T is the gas
temperature, and R denotes the universal gas constant.
Let the shape of the grooves be described by the function

3/2
r(&)=n(1-8/B) ", ry<<B.
Since 4'(xa) =0, we will find the solution of the SIE (1) that is bounded at the
points & ==a . It has the form

' dE p P é\f 2 3rO
h 5
O e e e s o
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Integration of (5) from —a to &, in view of A(xa)=0, gives

h(‘i): dE,(p_R) o & —arctanh(—“az_azJ +

2

n 1+o? 1+a

A", e

A bounded solution of a Cauchy singular integral equation is possible only if the
right hand-side of the equation satisfies the consistency condition [19]. The consistency
condition for the SIE (1) yields the relation between the gas pressure P, the applied
load p and the gaps length o :

P—P1_6r0n\/1+(x2 (I—E—EJ (7

dEB

One more expression that links P;, p and o is obtained from the ideal gas law
(4) by substituting (6) into it and performing integration:

gt g 2]

1— -
) \/oc2+1 2

=2Rr. (8)
n
Substituting (7) in (8) gives an equation that determines P; for a given o . The
applied pressure p required to produce a specified a is then calculated from (7).
For solving a Prandtl equation (2), the analytical-numerical approach proposed
in [17] is applied.

3. Results

For illustration of the results, we introduce the following dimensionless quantities:
fy=ry/d, b=b/d, m=mRT/(nd), p=Ep, ¥, =v/d, 4 =K,V /(qd). The
results are shown for 7, =0,001, b= 0,233 . In Fig. 2, 3, the curves 1-3 correspond to
m=10"; 5-107; and 107® respectively. In Fig. 4, the curves 1-3 correspond to
K < =0,01; 0,02 ; and 0,03 respectively.

Fig. 2 shows the dependences of the average normal displacement v,, on the
applied pressure p for different values of the gas mass 7. The general trend seen
from the curves is that v, increases with increasing p. As the amount of the gas m
in the gaps is increased, while the external load p is held constant, the average normal

displacement v, decreases.
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5 o.10% Fig. 3 shows the average temperature jump 7, as
. a function of the applied pressure p for the fixed
) 1 value of the gas thermal conductivity K ¢ =0,01
and different values of the gas mass 7. As seen
in the figure, ¥, decreases with increasing p.
1 4 For a fixed value of p, an increase of /m leads to
an increase of ¥, .

Fig. 4 shows how the average temperature jump 7,

0 T T T T T 1 ity K
0 0 10 15 pr10? depends on the gas thermal conductivity K, when
Fig. 2. Dependence of the average m=10"". As can be seen, increasing K < results in
normal displacement on the applied -
pressure and the gas mass a decrease of Yav-

Conclusions. The contact interaction between two semi-infinite solids separated by
a periodic array of interface gaps that are filled with an equal amount of a heat-conduc-
ting ideal gas has been considered. The solids are subjected to a far filed nominal
pressure and a far field nominal heat flow. The mechanical and thermal influence of
the filler of the gaps has been taken into account through a pressure of the interstitial
gas and a thermal resistance of the gaps.

For determining a height of the gaps and a temperature jump across the inter-
face, a Cauchy singular integral equation and a Prandtl singular integro-differential
equation have been obtained. The first equation has been solved exactly, and, for fin-
ding the solution to the second equation, the analytical-numerical approach developed
previously has been applied. A gas pressure and a length of the gaps have been found
from the ideal gas law and the auxiliary condition of existence of the bounded solution
of the Cauchy singular integral equation.

T 10°

2 1
- 2

1 3

0 I I B DR A N 0 T T 1 1
0 05 1,0 15 pu-10 0 05 L0 15 p,10°
Fig. 3. Dependence of the average Fig. 4. Dependence of the average

temperature jump on the applied pressure temperature jump on the applied pressure
and the gas mass and the gas thermal conductivity
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On this ground, the mechanical and thermal effect of the filler of the gaps has

been analyzed. It has been observed that an increase of the amount of the gas in the
gaps leads to a decrease in the average normal displacement and an increase in the
average temperature jump. It has been also revealed that increasing the thermal
conductivity of the filler results in a decrease in the average temperature jump.
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MexaHiyHu#M | TepMiYHMWX BNAUB 3anoBHIOBa4a
MiDKKOHTaKTHUX 3a30piB HAa KOHTAKT ABOX NiBOE3MeXHUX Tin
3 MIKpOTEKCTYpPOBaHUMMN MNOBEPXHAMU

BoraaH CnobogsH, KoctaHTnH Yymak, Poctucnae MapTuHsik

Poszensoaemucs naocka konmaxkmua 3aoaua 0s 080X min 3 MIKPOMeKCmypoSaHuMy NOBEPXHAMU,
AKI NPUMUCKAIOMbCsE 00HE 00 00HO20 HOMIHATbHUM MUCKOM | Ni00awni Oii meniosoeo nomokxy,
NPUKIA0eH020 Ha eenukil giocmani 8i0 inmepgeiicy. Inmepgeiic mise minamu, wo KOHMAKMy-
10mb, YMEopeHull NepioOuyHOI0 CUCMEMOIO 3A30pi8 | NEPIOOUYHOIO CUCMEMOIO OLITHOK KOHIMAKMY.
Besaoicacmocs, wo MiscKoHmaxkmui 3a30pu 3an0sHeHi menionposionum ideanvhum eazom. Mexa-
HIYHULL BNIUG 2A3)Y 6 3A30PAX BPAXOBYEMBCS LI020 MUCKOM, d 1020 MEPMINHULL BNIUE MOOENIOEMbCS
mepmoonopom. Pozensioyeana 3adaua 3600umvcsi 00 CUHSYIAPHO20 IHMESPANLHOSO DIGHAHHS
3 s10pom Kowii cmocosno sucomu 3a30pié i CUHSYIAPHO20 THMe2po-OupepenyianbHoeo pieHAHHS
muny I[Ipanomia wodo cmpubka memnepamypu Midc no8epxHamu 3a30pie. [[isi 3HAX00iceHHs
MUCKY 2a3y ma 008XHCUHU 3A30Pi8 BUKOPUCTOBYIOMbCA PIGHAHHA CIAHY 10ealbHO20 2a3y Ul yMosd
ICHY8ANHS OOMEINCEHO20 PO38 A3KY CUHYNAPHO20 THMe2panibhozo pieHanusa 3 aopom Kowi. IIpo-
IIFOCMPOBAHO BNAUE NPUKIAOEHO20 MUCKY, MACU ma Koe@iyicHma menyionposionocmi 2azy Ha
HOpManbHe KOHMaKmmue 301UdNCeH s M ma ycepeoHeHull Cmpubox memMnepamypu.

MexaHun4yeckoe u TepMuyeckoe BrinsdsHue 3anoniHuTens
MEXKOHTAKTHbIX 3a30PpO0B Ha KOHTAaKT ABYX HOHyGGCKOHe‘-IHbIX
Tern C MUKPOTEKCTYPUPOBAHHbIMU NOBEPXHOCTAMU

BorgaH CnobopasiH, KoHcTaHTuH Yymak, Poctncnas MapTbiHSK

174

Paccmampusaemces nnockas KoHmaxkmuas 3a0aua Onsi 08yX mei ¢ MUKPOMEKCMYpPUPOSAHHbIMU
NOBEPXHOCMAMU, KOMOPbLEe NPUNCUMAIOMCSL OpYe K OpY2y HOMUHATbHBIM Od6lIeHUeM U NOOBEPSHYMbl
delicmeuio Menyiogo20 NOMOKA, NPUNLONCEHHO20 80anu om urmep@etica. Humepdgheiic mexncoy
KOHMAKMUPYIOWUMU meiamu 00pazoean nepuoouteckoll CUCMemMOoll 3a30p08 U NepuoouUteckoll
cucmemotl  yuacmkog Kowmaxma. Ilonazaemcs, umo MeJICKOHMAKMHblE 3A30pbl 3ANOIHEHbl
MENIONPOBOOHBIM UOCAIbHBIM 2a30M. Mexanuueckoe enusiHue 2aza 6 3a30pax YUUmvl8aemcs e2o
0aeleHueM, a e20 mepmMuiecKoe GIusiHue MoOeIupyemcs mepmoconpomusienuem. Paccmampusa-
emas 3a0aua c800UMCs K CUHSYISAPHOMY UHMESPATIbHOMY YpaeHenuto ¢ siopom Kowu omHocu-
MENbHO BbICOMbL 3A30P08 U CUHSYISAPHOMY UHMESPO-OUPDPEPEHYUATLHOMY YPAGHEHUI0 MUna
Tpanomist OmHOCUMENbHO CKAYKA MEMNEPANYPbl MENCOY NOBEPXHOCHAMU 3A30P08. [l HAX0JC-
OeHust 0asieHuti 2a3a U ONUHbL 3d30PO8 UCNONb3VIOMCS YPAGHEHUE COCMOSHUSL UOEAIbHO20 2a43d U
VCIOBUE  CYWECMBOBAHUL OSPAHUYEHHO2O DEUleHUsl CUHRYIIAPHO20 UHMESPANbHO20 VPAGHEHUS.
¢ a0pom Koww. TIpountiocmpuposano enusiHue npUuiodCceHHo20 0a6LeHUs, MACCbl U KOd(huyuen-
ma menionpoeoOHOCMU 2a3d HA HOPMANbHOE KOHMAKMHOEe CONudCeHue men u yYCpeOHeHHbll
CKAUOK memMnepamypbl.
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