
Saffman-Taylor instability
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Presentations on fluid simulations
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https://www.youtube.com/watch?v=

pPYXBDXJ21Y

https://www.youtube.com/watch?v

=1iAl8WrM8_c&list=PLWIVj90xdDE

-67K1K-CR5bybhlHuAUfYq

https://www.youtube.com/watch?v=pPYXBDXJ21Y
https://www.youtube.com/watch?v=1iAl8WrM8_c&list=PLWIVj90xdDE-67K1K-CR5bybhlHuAUfYq


Liquid crystals 
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https://www.youtube.com/watch?v=U
hQpb3iQOtM&t=84s

https://www.youtube.com/watch?v
=rSL7NvFCAR8&t=2084s



Course review
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Kinematics
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Material derivative

Acceleration

A material derivative is the 
time derivative of a property 
following a fluid particle.

Steady state does not mean 
necessarily a=0. Ex.:
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Streamline: is a curve that is everywhere tangent to the instantaneous local 
velocity vector.

NASCAR surface pressure 
contours and streamlines

Other ways to visualize the flow:
A Pathline is the actual path traveled by an individual fluid particle over some 
time period.
A Streakline is the locus of fluid particles that have passed sequentially through a 
prescribed point in the flow.
For steady flow, streamlines, pathlines, and streaklines are identical. 



53

Continuity equation

Vorticity

Boundary layer:
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Euler equation: for incompressive and inviscid fluids.
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Potential flow. For irrotational flows in Euler fluids.

In this case, the pressure is given by the Bernoulli equation.

Kelvin circulation theorem: An ideal fluid that is vorticity free at a given instant is
vorticity free at all times.

Flow around a sphere: the drag and lift forces are zero for an ideal fluid.
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Navier-Stokes: incompressible viscous fluids.

Newtonian fluids, defined as fluids for which the shear stress is linearly proportional to 
the shear strain rate.

Boundary conditions. 1) no-slip: at the surface, the velocity of the liquid and solid are 
the same. 2) Interface BC: at the interface, the velocity and the shear-stress of the two
fluid are the same. 3) Fre surface BC: at the free surface, the shear stress is zero.
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Since there are four dimensionless parameters, dynamic
similarity between a model and a prototype requires all four
of these to be the same for the model and the prototype
(Stmodel = Stprototype, Eumodel = Euprototype, Frmodel = Frprototype, and
Remodel = Reprototype).
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Boundary layer. Separates viscous and inviscid flows close to a solid surface.

Diffusion of vorticity
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Instabilities


