Lagrangian

flows In fluid mechanics

(m a nutshell)



Fluid flow: The Eulerian way

The Eulerian measurement:

> Fix a control volume
> Measure density, velocity
field (with a probe)
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arrows denote a velocity field
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Fluid flow: The Eulerian way

The Eulerian measurement: //{‘/‘/‘ [ (/(7// -\\
_ LA NyY'//
. Fix a control volume W\ \‘\_\;__,//3/)////
- Measure density, velocity 2‘37///7 )/
field (1777770
- Do this for all volumes, H//////,///
at initial and later times \‘\‘\[ {{!{] { Y\f\
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Fluid flow: The Eulerian way

_ W = N

The Eulerian measurement: ““H“/? \/;///ﬁ;,.
WU 222 = —
\

> Fix a control volume \ \\___,//)////

> Measure density, velocity

field [ //////
X

> Do this for all volumes,
at initial and later times \
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Fluid flow: The Eulerian way

| P s,
The Eulerian measurement: //‘/‘/‘/‘/If(df/fm/
H\\i\\\\\\gﬂ\'\\\\ =

> Fix a control volume \ W)/ ==
> Measure density, velocity \‘:;’/"/////// // e

field 1 /17
‘

> Do this for all volumes,
at initial and later times \
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Fluid flow: The Eulerian way

U ee=\ 1]/~

The Eulerian measurement:
N\

> Fix a control volume

4 Veasure density, velocity  [===Z-—=2,7/;//
field and so on...7

- Do this for all volumes, | [T

at initial ana later times \‘ ‘
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Fluid flow: The Lagrangian way

| | (S 1177
Lagrangian measurement: / / { { ‘/ ‘/ // /////;'-:§\\\\\ ,%i/;
MMKE \ Wi z=

> Fix a fluid volume
(agrees with a Eulerian .
volume at initial time ty) | (/1777 //////
> Follow it during the !
time evolution
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Fluid flow: The Lagrangian way

Lagrangian measurement:

> Fix a fluid volume
(agrees with a Eulerian
volume at initial time t,)

- Follow it during the
time evolution

t, > t;
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Fluid flow: The Lagrangian way

Lagrangian measurement: / /{{ ‘/‘/ 1//?////’_::%\:‘ M///;j:
WSS 2= —

- Fix afluid. volume \\..\\g_\_}_,\\‘ ///////514’-:\\
(agrees with a Eulerian //“//7/7/ , //4;//;’:'\‘) )1/
volume at initial time t,) |/ ///77, 7 VL
Follow it during th 1, [ //////// /(///(\/‘//4/
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Fluid flow: The Lagrangian way

Lagrangian measurement:

> Fix a fluid volume
(agrees with a Eulerian
volume at initial time t,)

- Follow it during the
time evolution

tb>t, >0 >1,

The probe is following the trajectory of the fluid element;

measures “something different” compared to the Eulerian probe!
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fluid density, velocity, etc. are
fundamentally different measures in
the Eulerian & Lagrangian frames!

! \

Observer measures the Trajectory of the fluid element
overall contains information about
density & velocity fields volume deformation & velocity
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