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Application of Spectral Method to Two-Dimensional
Unsteady Viscous Flow Analysis
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Abstract

The numerical step in the unsteady viscous flow analysis can be divided in the space
analysis step satisfying continuity equation and the time marching step. In this study the
spectral method is applied to solve the pressure Poisson equation in the space analysis step. If
the highest order differential term of the pressure Poisson eguation is transformed by Fourier
series, pressure and its first derivatives can be expressed by the integral form of Fourier
series. So Gibb's phenomena can be elliminated and the spectral method can be applied to
non-penodic problems. The numerial analysis of unsteady viscous flow around 2-dimensional
circular cylinder and wing is carried out and compared for verification.
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32 * 32 0.0584 0.2729
64 = 64 0.0147 0.1587
128 =128 0.0037 0.0864

Wepesl 92 g QuRAel dE #A3
W 2 et AGYHIMS o] FE/EY

7} 42 a/b=4) SLYFPA dhetel +H5

A3t 31300 A e} zdo] Hr|Bg A AR
sl Ade ERS 9= constant AT FHd
e Agsign. Bawye s wioze £
B &2 Elgle] s FUshA EEsL,

gogr SIHAcE 9t AAxAL JYRE
Dirichlet 73 AlZ7

E

&R

E

e

92 Neumann, 2}F-ehlel&
272 2
?_1 73.?.0]31 HH/H 6“ Panat= % aza-sz (%

AE4H
2
4z =14l Beeir
vip=1 (39
1 a% ,2x 2
pq—z a2a+b2 (_&%-—é’zz)'(xmy;;)
2 2
on %4—‘1‘}7:1
1 a*b x° )’i_
=5 a2+b2( 2+b2 D
2 2
on %7-%32% 1

Aot FEzte] ZEARBAE F2PEE olf
ato Agstgdi=d, Table 20 FA35E &
st 2 dsalgof whet JeriTh EAkdAlel
Ay = p P (1= ) p D ol
FAFE E]isld ¢EE 8k, Table 200
el 338155 6,=0.029 =9 & grig
th o714 eg=max | vp—R|, B (n)

& A3 Au)gitt Table 20419 2ol
s}AI5ol U'}E} 237t dsteta S
Aed, FaHF7E JehtA] gL &
Lahx) Zatal @habek 4 $-olth. Table
o] &3AlIFE A IrF ZP%%T A
733}:& 7]-z] lo\,], l:!l—/\].o}.__ } %o o
gtk 4714 gl Avke Ae &3t
Hielel Atzass dif-i rddc =
Jojeted, WE FEEE £ £ Yot % o3
A rEEA =2 Z(over relaxatlon) eshAlg
2 gl vy Palksle A9t 2T F dS
ojmj g},

e

rlo
v MO g
o
X 2

O rlr m:l_' =0

L

TE r\o

o ~ti

-
[

(‘J;O N,
o,

Table 2 Iteration number with grid refinement
and relaxation factor variation

slo1]o03]o5]07] & e,
mesh size
16+ 16 | 6| 6] 8[12]0.1568(0.0140
32 % 32 81101700377 [0.0034
64 x 64 14 112119 [0.0124]0.0043
128 * 128 12 12010.0053 | 0.0017
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Table 3 Iteration number with grid
refinement and relaxation factor

variation ( w=0.7)

wy | 03]05]07 £ g,
mesh size
16 * 16 58 | 64 [ 68| 0.0843 | 0.0092
32 x 32 68 | 71 |12} 0.0193 | 0.0021
64 x 64 74 10 | 0.0083 | 0.0007
128 * 128 65 ] 14 | 8] 0.0041 | 0.0004
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Table 4 Iteration number with grid
refinement and relaxation factor
variation{ = 0.7. w;=0.7)

0, ]103]05]07] & c,

mesh size
16 * 16 | 521 74126} 0.0033 | 0.0151
32 = 32 104154 |260| 0.0027 | 0.0132
64 x 64 |[224]315|530| 0.0023 | 0.0101
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Table 5 Drag coefficients and Strouhal
number :

R, 200 103 10
num. |exp. |[num. |exXp. jnum. jexp.
Cy 1.3311.1911.2611.101 1.15{1.10

' Strouhal no.]0.20 |0.19]0.18 |0.21] 0.17 {0.20
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Fig.3 Pressure contour at K, = 103
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Fig.2b Time history of drag and lift coeff. Fig.5 Pressure contour at R, = 10*

at R,=200 ( Kim(11] )
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Fig.6 Time history of drag and lift coeff.
at R,=10*
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Fig.7 A partial view of grids for NACA0Q12
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Fig.8 Pressure contour at R, = 10*
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Fig.9 Time history of drag and lift coeff.
at R,=10*
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Fig.10 Surface pressure distribution for
NAC_A0012 airfoil
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