
3) Solving PDE by FFT Method in Spherical Coordinates

ChemE 7510 – Mathematical Methods in Chemical Engineering
Partial Differential Equations - Finite Fourier Transform (FFT)

Example: Transient diffusion in a sphere
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Conservation equation of chemical species:
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� at K = 0,  

at K = 1, 

where

at t = 0,  

at W = 0,  

I.C. and B.C.s:

with 1st order reaction

Basis functions: Spherical Bessel functions (trigonometric functions/r)
Modified spherical Bessel functions (hyperbolic functions/r)
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i) steady diffusion in a sphere with 1st order reaction

2
2

10 kccK
K K K

§ ·w w
 ¨ ¸w w ¹

�
©

at K = 0,  
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Modified spherical Bessel functions of order n satisfy
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Separation of Variables (SOV)
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K equation:

for Homogeneous Equation of transient diffusion in spherical coord.
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at K = 0, (0) finiten)  B = 0
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1) Eigenfunction

2) Eigenvalues
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For x = K, n = 0, , and  (eigenvalue)f m O )  

Spherical Bessel functions of order 0
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To be determined by orthogonality
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3) Coefficients
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Orthogonality: nmG 
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1) Choose a basis function
Finite Fourier Transform (FFT) 
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at K = 0, (0) finiten)  
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2) Expand solution in Fourier series
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To be determined

FFT of solution Coeff.
3) FFT of PDE
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at K = 0, (0) finiten)  

(1) 0)  at K = 1,
Eigenvalue problem
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4) FFT of I.C.

at W = 0,  T(K,0) = 0 
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