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Appendix B

Curvilinear Coordinates
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B1. Cylindrical Polar Coordinates

The coordinates are (R, 0, x), where 0 is the azimuthal angle (see Figure 3.1b, where
¢ is used instead of #). The equations are presented assuming v is a scalar, and

u =igup +igug +ixuy,
where ig, iy, and i, are the local unit vectors at a point.

Gradient of a scalar
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Laplacian of a scalar
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Divergence of a vector
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Laplacian of a vector

. UupR 2 8u9 . 2 8LtR up .
VZu = ig (VZMR - — = ——) + 1y <V2u9 + R 90 F) + i, V2u,.
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846 Appendix B: Curvilinear Coordinates

Strain rate and viscous stress (for incompressible form o;; = 2ue;;)
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Vorticity (w =V x u)
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Equation of continuity
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Navier-Stokes equations with constant p and v, and no body force
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B3. Spherical Polar Coordinates 847

B2. Plane Polar Coordinates

The plane polar coordinates are (r, ), where r is the distance from the origin
(Figure 3.1a). The equations for plane polar coordinates can be obtained from
those of the cylindrical coordinates presented in Section B1, replacing R by r and
suppressing all components and derivatives in the axial direction x. Some of the
expressions are repeated here because of their frequent occurrence.

Strain rate and viscous stress (for incompressible form o;; = 2ue;;)

ouy 1
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Vorticity
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Equation of continuity

% L2 prun) + (o) = 0
ot | rar PTU T g o) =

Navier-Stokes equations with constant p and v, and no body force

ou, ou, Uy au, ug 1dp 5 . 2 dug
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B3. Spherical Polar Coordinates

The spherical polar coordinates used are (r, 6, ¢), where ¢ is the azimuthal angle
(Figure 3.1c). Equations are presented assuming i is a scalar, and

u =i.u, +igug +iyuy,

where i, ig, and i, are the local unit vectors at a point.

EBSCChost - printed on 10/11/2021 12:58 AMvia IIT - DELH . Al use subject to https://ww. ebsco.conterns-of-use



848 Appendix B: Curvilinear Coordinates

Gradient of a scalar
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Laplacian of a scalar
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Divergence of a vector
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Curl of a vector
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Laplacian of a vector
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Strain rate and viscous stress (for incompressible form o;; = 2ue;;)

ou, 1
Crr = ar = ﬂo'rrv
10ug u, 1
epy = vy + " = ZUGQ’
o 1 8& ur | ug cotd LU
97 rsing 9¢ 1 r 2u Y
sinf 9 3149 1
0= T 9 (sm ) 2rsinf dp - ﬂ“ﬂwv
1 u, r Uy 1
“r = o sing g 5_ (_) N ZMGW’
rd Uup 1 1
en =35 (7)* 3750 = 37"

EBSCChost - printed on 10/11/2021 12:58 AMvia IIT - DELH . Al use subject to https://ww. ebsco.conterns-of-use



B3. Spherical Polar Coordinates 849

Vorticity
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Equation of continuity
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Navier—Stokes equations with constant p and v, and no body force

2, .2
ou, uy + iy,
u-V —
Y =+ ( Yuy
_ _la_p | V2, - 2u, B 2 d(ug sin9) B 2 Bﬂ ’
o or r2  rZsin@ 96 r2sinf d¢
2
9 us coto
MO 4w Vyug + 10T
ot r r
1 op 2 2 Ju, ug 2cosf duy
= —— v |V S — — -~ -1,
pr 06 |: "TI20  2sin20 r2sin20 0
ou Uyl ugu, coto
ot r r
. 1. 8—p+v Vzrp L% 2cos 6 aﬂ_ Uy ’
prsinf 3¢ r2sind d¢  r2sin?6 0¢  r2sin?6

0 ug 0 n uy, 0
ar  r 90  rsinf dp’

SEYRL N2 (e WS SR W I S 32
=—=—\|r"— — | smnfd— -
r2 or or r2sin6 90 20 r2sin% @ d¢?

EBSCChost - printed on 10/11/2021 12:58 AMvia IIT - DELH . Al use subject to https://ww. ebsco.conterns-of-use



This page intentionally left blank

EBSCChost - printed on 10/11/2021 12:58 AMvia IIT - DELH . Al use subject to https://ww. ebsco.conterns-of-use



