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Cylindrical co-ordinates

To the co-ordinates & = %, & = 0, £5 =@ (where ¢ is the azimuthal
angle about the axis o = 0) there correspond the scale factors '

h=1, k=1, k=0
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Equation of motion for an incompressible fluid, with no body forc
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Polar co-ordinates in two dimensions 3
G

The relevant formulae can be obtained from those for theab
co-ordinates by suppressing all components and derivatives 1n the

Common vector differential quantities 603
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Rate-of-strain tensor: .
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Equation of motion for an incompressible fluid, with no body force:
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when finding the components of VF in a particular co-ordinate system, to
use the identity VEF = V(V.F)-V x (V xF)
and the above expressions for grad, div and curl.

Consider now the components of the rate-of-strain tensor expressed in
terms of velocity components and derivatives relative to the curvilinear
system. The gradient, in the direction n, of the component of velocity u in
the fixed direction m is

n.Vim.u), =m.(n.Vu).
Diagonal elements of the rate-of-strain tensor represent rates of extension,
obtained by putting m = n, and the non-diagonal elements involve velocity
gradients for which m and n are orthogonal. We see then, from the above
formula for n.VF, that the components of the rate-of-strain tensor relative
to Cartesian axes locally parallel to a, b and ¢ (to which the suffixes 1, 2, 3
refer, respectively) are
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with four other expressions obtained by cyclic mterchange of suffixes. The
components of the stress tensor ¢7; can be obtained from those of rate of
strain, using the relation (for an incompressible fluid)

0y = —p Oy + 2164

The components of all terms in the equation of motion of a fluid in the
directions a, b, ¢ may now be found by simple substitution in the appro- =
priate expressions above. The components of the term u. Vu in the accelera
tion are obtained from the expression for n. VF.
Applications to some particular co-ordinate systems are as follows.

Spherical polar co-ordinates

To the co-ordinates £, =7, £, = 0, £; = ¢ (where ¢ is the azimuthal
about the axis 6 = o) there correspond the scale factors X
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