Inviscid and Viscous

e inviscid < viscous

Fundamentals of
ViSCOUS F| U|d Fl ow viscous. sticky, greasy, adhesive,
friction, no-dip,
viscosity: relationship between stress and strain rate
Toru Sato (elasticity: relationship between stress and strain)
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e inviscid = viscous X)ooo
e ideal / perfect fluid <= real fluid density
» Euler equation = Navier-Stokes equation (kg/m?)
‘viscosity (kg/m/s=Pays) ‘ kinetic viscosity
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: : : Which is more viscous, air or water?
in tensor form 5 VvV (M%) | p (kg/md) | U (Pas)
air 13.8xv 10°¢ 1.27 17.5>;\ 10°¢

water 1.52x 10¢ 10000| 1.524'10%
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Navier-Stokes Equation
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Newtonian Fluid

* Newton’'s Law in viscosity: relationship
between stress and strain rate islinear.
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Irrotationa Fluid

* “irrotational” means “no vortices’
* deformation of NS-equation
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rotational form

continuum eguation for incompressible fluid ‘

V(ab)=1[V(a-b)-Vx(bxa)-bx(Vxa)-ax(Vxb)+bV-a+aV-b]
©Vx(Vxa)=V(V-a)-V-Va
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Tty p * What is all about Viscous Fluid?
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if irrotational (at the same time, inviscid)
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‘ Bernoulli’s theorem ‘ velocity potential for acylinder in uniflow <D=U[Z+a?]
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Laplace eq. for velocity potential = continuum eq. of incompressible fluid In cylindn coordinates CDZU{HTZ]COSG
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on the surface of cylinder, wherer=a
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No Drag : D’ Alembert’ s paradox



Why and how the flow separates?

NS equation

At the solid surface (at y=0)
(u=v=0)
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