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A stiff problem.

[Cox, 1974]

Lubrication force
<latexit sha1_base64="BEwVvv8qHWAG0x0H1VFBNLCmxxQ="></latexit>

mq̈ = �6⇡µr2
q̇

q
+mfy

<latexit sha1_base64="37WRUJSK2iQbgSotN5ZCXCxzSmM="></latexit>

q(t) > 0•                    for any 
<latexit sha1_base64="Ld9UgTJ6BH9BHPq3SYwuDPi2gQQ="></latexit>

t

• BUT very small…

• Cox, R. G. (1974). The motion of suspended particles almost in contact. International Journal of Multiphase Flow, 1(2), 343-371.

 Erosion

<latexit sha1_base64="FGdVBEgtOwQ67BHhrg2ZpiXqnWY="></latexit>q

<latexit sha1_base64="xpipijpqcgDMdkhORwYwv2CitsM="></latexit>

Flub(q) = �6⇡µr2
q̇

q



Modeling lubrication: the gluey contact model.

<latexit sha1_base64="jnhf1em6VCCanrJlGGzMeonsJYI="></latexit>

q̇+ = PCq,� q̇
�

<latexit sha1_base64="QRApwB6G7PtsAQDXhMiSd8UW1VU="></latexit>

mq̈ = mfy + �
<latexit sha1_base64="i8B3ivyAIhInZUTyvSM6lD+ybhk="></latexit>

supp(�) ⇢ {t, q(t) = 0}
<latexit sha1_base64="FCHmCAvEviRawIJ1CaPGBTzo3AA="></latexit>

�̇ = ��
<latexit sha1_base64="gRMr6uvjm/ockmBS7iqsvjsGOuI="></latexit>

q � 0, �  0

<latexit sha1_base64="ZMWwvPzqoX1Ud9z/ZZgiliXeVbM="></latexit>

Cq,� =

<latexit sha1_base64="iWZbrEHWQzGl1NjpUbvnKpY3I+E="></latexit>

R+ si

<latexit sha1_base64="JR/mZSrgVGqRfVT7ohKopfYsVyc="></latexit>

{0} si �� < 0

<latexit sha1_base64="w4w3Ur2kLc0F9BT2cLSVNA69rhI="></latexit>

�� = 0

q = 0
<latexit sha1_base64="XQHsYGP7w+piKZeJuv1DgJZcg6w="></latexit>

R sinon

• B. Maury, A gluey particle model, ESAIM Proceedings, July 2007, Vol.18, 133-142

• A. Lefebvre, Numerical simulation of gluey particles, M2AN, 43:53-80 (2009)



Modeling lubrication: the gluey contact model.
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R+ si

<latexit sha1_base64="JR/mZSrgVGqRfVT7ohKopfYsVyc="></latexit>

{0} si �� < 0

<latexit sha1_base64="w4w3Ur2kLc0F9BT2cLSVNA69rhI="></latexit>
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q = 0
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R sinon

• B. Maury, A gluey particle model, ESAIM Proceedings, July 2007, Vol.18, 133-142

• A. Lefebvre, Numerical simulation of gluey particles, M2AN, 43:53-80 (2009)

<latexit sha1_base64="q1zFIZ1rI+3fcE6OCqs/JJ3eBDo="></latexit>

fy = �21[0,2] + 21[2,+1]
<latexit sha1_base64="80scVS25Ndf6oX0HqOmKYLbjReE="></latexit>

q̈µ = �µ
q̇µ
qµ

+ fy
<latexit sha1_base64="tVO2IIBS9CMM4+2g1UyvsTwHNoc="></latexit>

�µ = µln(q)

<latexit sha1_base64="cKa+3xBcgYpVquEJSPxwAxmRbTA="></latexit>

µ ! 0



Modeling lubrication: the gluey contact model.

• Roughness            contact<latexit sha1_base64="yIXKbg49lYKxgRaCjp5UEY+2Kp8="></latexit>

=)

• Model : contact for 
<latexit sha1_base64="oGkJiQ+VpwJX6z1skwNHiytcD8A="></latexit>

q = r1 + r2

<latexit sha1_base64="yIXKbg49lYKxgRaCjp5UEY+2Kp8="></latexit>

=) Threshold for     : 
<latexit sha1_base64="idckTP72PAH5PgwolC21A6MPkEc="></latexit>�

<latexit sha1_base64="1oCBRwp84wc5HfrmFtcXFaOU0tM="></latexit>

� � �min = µ ln(r1 + r2)

•A. Lefebvre, Numerical simulation of gluey particles, M2AN, 43:53-80 (2009)
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Modeling lubrication: the gluey contact model.
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=)

• Model : contact for 
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•A. Lefebvre, Numerical simulation of gluey particles, M2AN, 43:53-80 (2009)
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Modeling lubrication: A numerical problem
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A discrete minimisation problem
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m
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q̇+ = PCq,� q̇
�
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min
u2Kk

J(u)
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Kk = u 2 R2 s t

����
�D ��tun  0
D +�tun  0, si �k < 0

•A. Lefebvre, Numerical simulation of gluey particles, M2AN, 43:53-80 (2009)



Modeling lubrication: A numerical problem
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A discrete minimisation problem
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1

m
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•A. Lefebvre, Numerical simulation of gluey particles, M2AN, 43:53-80 (2009)



Modeling Friction : An analogous problem
<latexit sha1_base64="LQ3r5KHsNAIwVRd6Fm0gP3nKNZA="></latexit>

The convex constraint
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Prospects

•Model validation by comparison with micro and macro 
experiments. Micro with Maxime Nicolas at IUSTI. Macro with 
Georges Gauthier and Baptiste Darbois-Texier at FAST


• Study of the convergence of the numerical scheme to the 
model


• Study of the optimization problem 


