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Appendix D
Equations of Motion in
Cylindrical Coordinates

The equations of motion of an incompressible newtonian fluid with constant w, k, and
¢, are given here in cylindrical coordinates (r, 6, z), which are related to cartesian
coordinates (x, y, z) as in Fig. 4.2:

X = rcos 0 y = rsin 6 7=z D.1)
The velocity components are v,, vy, and v.. Here are the equations:
Continuity:

L2 ) 1wy + @) = 0 (02)
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Convective time derivative:

dJ 1 9 d
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Laplacian operator:
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The r-momentum equation:

v, 1 1adp v 2 Jdyy
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The 6-momentum equation:
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The z-momentum equation:

Ju, 10
VeV, = L
Jat p oz

+ g. + vV, (D.7)
The energy equation:

oT
pC, {E + (V- V)T} = kV'T + p[2(e;, + €gp + €2) + €. + €. + €] (D.B)

v, 1 <8v9 >
where €, = — € =—\|— t+v
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Viscous stress components:
Trr = 2:“’6-)')' Too — 2I~L600 T2z = 2I~L€zz
_ _ _ (D.10)
Tro — M€ To: = M€p: Trz = M€z
Angular velocity components:
ldv, o
20, = ~ 2= _ 2o
r a0 Jz
v, v
2wy = — — — D.11
@0 0z ar { )
) 10 ( 1 dv,
w, =—— - =
ar " roe



	whi38447_app

