Kinematics of a Fluid Element

7 /\\
o ° N N
N
N
Convection Rotation
Convection: u
_ 1 ~
. Q=—Vxi=
Rotation rate: 2

@ = vorticity

_tf[ow_ov] fou_ow
2|0y Oz 0z Ox

Normal strain rates:

dL,
g—dl O

L ox
. o
Toodt oz
. _dL _ow
“ o dt oz

Shear strain rates:

1| Ou, 5uj
£, =—| —L+
2 ox, Ox,

l

Strain rate tensor:

g}’x (S'yy 8}’2

zx zy zz

i
1|0
2|ox

u

_1ld
2 dt

|

J

1 |

—

Compression/Dilation
(Normal strains)

< \S:)|Q) ~.
s 8)|Q) =

-~ | ov ou|l-
+|——— |k
{&c 8y} }

Angle between edge

along i and along

j:gﬂ

Shear Strain

A
\



Divergence

ou ov ow d(Volume)
_ou ov_ow_

Veii = =
ox 0oy oz dt

/Volume

Substantial or Total Derivative

D © 0 0 0
—=—tu—+tv—+w—
Dt ot ox Oy 0z

eV

Kinematics of a Fluid Element

=rate of change (derivative) as element move through space

Cylindrical Coordinates
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