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Spherical Coordinates (Figure B.3)

Position: x = (r, 0, ) =re,;x = rcosgsinb,y =7 singsin 8,z = rcos §; or

r= /2P +2,0=tan (\/x2 + yz/z), and ¢ = tan"}(y/x)
Unit vectors: e, = ey sin § cos ¢ + e, sin # sin ¢ + €; COs 4,
ey = e, cos f cos ¢ + e, cos § sin ¢p— e, sinf, e, = —e,sin ¢ + ey, COS ¢

Unit vector dependencies: de,/dr = 0, de, /36 = eg, de,/dp = e,sin b
deg/0r = 0, dep/00 = —e,, deg/dp = e, cos b
de,/dr = 0, de, /80 = 0, de,/dp = —e,sinf — ey cOs 6
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Gradient Operator: V = e,.g + ee; 5 + eq,r ey
T 27
Surfaceintegral, S, of f{r, 6, @) over the sphere defined by r= £:S == f / f(€,9, 0)&* sin Ody 46
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Surface integral, S, of f(r, 6, ) over the cone defined by 0 = - S = / / f(r, ¢, @)rsinydedr
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Surface integral, S, of f{r, 6, ¢) over the half plane defined by ¢ = {:5 = / / f(r,0,5)rdédr
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Volume integral, V, of f{r, 8, ¢) over all space: V = / / / f(r,6, @)* sinfdepdfdr
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Spherical Coordinates (Figure B.3)

Position and velocity vectors: x = (r,6,¢) = re;u = (U, U, Uy) = U,€, + Uy + Uy€,
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Gradient of a scalar ¢: V¢ = er?;p +e,~

Laplacian of a scalar y: V2
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Curl of a vector, vorticity: w = Vxu Teind ) s pl pemy aq’ P
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Laplacian of a vector:
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Strain rate S;; and viscous stress 7;j for an incompressible fluid where T = 2uS;;:
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Equation of continuity:
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Navier-Stokes equations with constant p, constant », and no body force:
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