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On 16 May 1748, Euler, president of the Prussian

Academy of Sciences, read the problem he proposed

for the Prize of Mathematics to be given in 1750 :

Prize of mathematics for 1750

'Theoria resistentiae quam patitur corpus in fluido
motum, ex principiis omnino novis et simplissimis
deducta, habita ratione tum velocitatis, figurae,

et massae corporis moti, tum densitatis

& compressionis partium fluidi'.

    Six mathematicians, including d’Alembert, sent a manuscript,

but Euler was not satisfied with them and decided

to postpone the prize to 1752.

Grimberg, D’Alembert et les équations

aux dérivées partielles en hydrodynamique,

Thèse de Doctorat, Université de Paris VII, 1998
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D’Alembert was upset. He took back his manuscript

on 12 December 1751, translated it into French

 and published it in Paris in 1752 under the title

    ’Essai d’une nouvelle théorie de la résistance des fluides’

The prize was finally given in 1752 to Jacobo Adami,

a friend of Euler, and published by the Prussian Academy

but the manuscript was then destroyed.

 Euler published in 1755 a paper on

‘Principes généraux du mouvement des fluides’

dans les ‘Mémoires de l’Académie des Sciences de Berlin’

where he derived Euler’s equations.

Grimberg, D’Alembert et les équations

aux dérivées partielles en hydrodynamique,

Thèse de Doctorat, Université de Paris VII, 1998



Euler had already noticed the fact that potential

flow exerts no drag on moving bodies in a work he

published in 1745 on ‘New principles of gunnery’.

D’Alembert’s paradox

!It seems to me that the theory, developed in all
possible rigor, gives, at least in several cases, a
strictly vanishing resistance, a singular paradox
which I leave to future Geometers to elucidate.!

Darrigol, World of flows: a history of hydrodynamics

from Bernoulli to Prandtl, Oxford university Press, 2005

    While working on the Berlin Academy Prize,

d’Alembert was also conscious of that problem and wrote:



Resolution proposed by Saint-venant

!But one finds another result if, instead of an inviscid fluid -
object of the calculation of the geometers of the last century

- one uses a real fluid, composed of a finite number of
molecules and exerting in its state of motion unequql

pressure forces having components tangential to the surface
elements through which they act; components to which we

refer as the friction of the fluid, a name which has been given
to them since Descartes and Newton until Venturi.!

Saint-Venant, Résistance des fluides: considérations

historiques, physique et pratiques relatives au problème de

l’action dynamique mutuelle d’un fluide à un solide, dans l’état

de permanence supposé acquis par leurs mouvements,

Académie des sciences, Mémoire 44, 1-280, 1846

He wrote a note in 1822 to the ‘Société Philomatique’, and then

a paper, to the  ‘Académie des Sciences’ in 1846 stating that:



Boundary layer theory

 Prandtl (1904) developed a theory based on the hypothese:

• ‘The viscosity is supposed to be so small that it can be
disregarded wherever there are no great velocity
differences. […] The most important aspect of the problem
is the behavior of the fluid on the surface of the solid body.
[…]  In the thin transition layer, the great velocity differences
will […] produce noticeable effects in spite of the small
viscosity constants.’ (Prandtl, 1927)

    When this applies, the question of the inviscid limit is solved
everywhere except inside the viscous boundary layer:

    ‘It is therefore possible to pass to the limit ! = 0 and still
retain the same flow figure.’

Inviscid limit = Euler equation + Prandtl viscous equation

Prandtl, NACA YM-342,

English translation, 1927



Laboratory experiments
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Numerical experiments

Kaneda et al., 2003

Phys. Fluids, 12, 21-24
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What is the inviscid limit of Navier-Stokes?
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the Reynolds number Re = ULn-1 appears when 

non dimensional quantities are introduced.
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Navier-Stokes equations with

no-slip boundary conditions:

Euler equations with slip b.c.: ?
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Schneider & Farge,

Phys. Rev. Lett., 95,

244502 (2005)
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Dipole-wall collision at Re=8000
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Dipole-wall collision at Re=8000
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 Dipole impinging on a wall at Re= 2500

M. M. Koochesfahni & C. P. Gendrich

Michigan State University



Inviscid dipole-wall collision
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Dipole-wall collision

Time evolution of energy

and of energy dissipation rate
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Energy dissipation

Energy dissipated
during the dipole-wall collision for

increasing Reynolds numbers
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What are dissipative structures ?

• Our experiments with the dipole-wall collision

suggest that the flow remains dissipative in the

inviscid limit,

• it is tempting to relate these structures to energy

dissipation,

• the kinetic energy density                obeys:
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Dipole-wall collision at Re=8000
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Snapshot of the local dissipation rate

    The largest values of
the energy dissipation
rate is observed inside
the main vortex that
detached from the
boundary layer,

    rather than inside the
boundary layer itself.

Local dissipation rate

for the dipole-wall collision

at t= 0.5



Nguyen van yen, Farge

and Schneider,

PRL, 106(18), 6 May 2011
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‘As long as we are not able to

predict the drag on a sphere or

the pressure drop in a pipe from

continuous, incompressible and

Newtonian assumptions without

any other complications, namely

from first principles,

      we would not have made it!’

Turbulence Workshop,

UC Santa Barbara,

1997

Hans Liepmann

(1914-2009)

Open mathematical and physical problem



Can we integrate Navier-Stokes equations?

http://www.claymath.org/millennium/index.php

‘The challenge is to make substantial progress 

toward a mathematical theory which will unlock

the secrets hidden in the Navier-Stokes equations.’ 

no yesAre there finite time

singularities?

    This is still an open problem

             Clay Prize of Mathematics, 2000 :

! 

"

For Euler For Navier-Stokes
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