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Abstract: Three-dimensional and two-dimensional wavelet sigularity analysis was intro-
duced in complicated flow and a high-order, high-resolution numerical method was devel-
oped. The core of this new method is the analysis of Holder exponent aof complicated flow.
The Holder exponent a depends on wavelet transform and multi-dimensional wavelet analy-
sis. In order to complete the multi-resolution analysis in two-dimensional and three-dimen-
sional Euclidean space, scale basis and wavelet basis have been introduced in scale space and
wavelet space. For two-dimensional and three-dimensional cases, scale basis and wavelet
basis were constructed by one scale function and by three wavelet functions and seven wave-
let functions respectively. High-resolution, high-order WENO (weighted essential non-os-

cillatory) scheme and high-order central difference scheme can be chosen adaptively according
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to the results of wavelet sigularity analysis. A series of examples in two-dimensional ( (1)
forward facing step problem, (2) double Mach reflection of a strong shock problem, (3)
two-dimensional Riemann problem, (4) two-dimensional transonic flow past RAE 2822 air-
foil problem, (5) two-dimensional transonic VKI-LS 59 turbine cascade flow problem) and
three-dimensional ( (6) transonic axial compressor, NASA (National Aeronautics and Space
Administration) Rotor 37 three-dimensional viscous flow and (7) NASA Rotor 67 three-di-
mensional viscous flow) were computed. The computation results have been compared with
the experiment results in related references and showed that this new numerical method can
not only improve the computation efficiency significantly (the efficiency can be increased by

3~5 times for most examples), but also capture the shock with high-resolution and vortices

with an acceptable order.
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Table 1 Results of sigularity analysis for density at

different time for forward facing step problem
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0.5 14598 5. 26 8.0 25899 2.97

1.0 19921 3. 86 8.5 23864 3.22

[
(2]

20355 3. 77 9.0 21930 3.50

2.0 21911 3.51 9.5 20919 3. 67

Do
ul

24960 3.08 10.0 19140 4. 01

3.0 26567 2.89 10.5 18208 4.22
3.5 28937 2.65 11.0 20186 3. 80
4.0 30674 2.50  11.5 18790 4. 09
4.5 32085 2.39  12.0 18031 4. 26
5.0 32510 2.36 12.5 18951 4.05
5.5 32953 2.33  13.0 19102 4.02
6.0 33277 2.31 13.5 18929 4. 06
6.5 34314 2.24  14.0 18707 4.11

7.0 30489 2.52 14.

al

18273 4. 20

7.5 28297 2.71  15.0 18985 4.05
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Fig. 7 Computational demain of double

Mach reflection
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Fig. 8 Results of double Mach reflection problem
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Table 2 Results of sigularity analysis for density for double Mach reflection problem

640 X 160 12807320 1920 480
' Nieno /" Niens " Niveno P

0.02 6378 16. 06 20152 20-03 42103 21. 89
0. 04 10437 9, 81 36405 11.25 74223 12.42
0. 06 14695 6.97 51250 7.99 97843 9. 42
0. 08 19085 5. 37 63201 6. 48 120784 7.63
0.10 23532 4.35 76080 5.38 139499 6. 61
0.12 27781 3. 69 89800 4.56 152574 6. 04
0.14 32009 3. 20 101574 4.03 162225 5. 68
0.16 36588 2. 80 111606 3. 67 164332 5. 61
0.18 41726 2. 45 120841 3.39 166616 5.53
0.20 47049 2.18 130804 3.13 181136 5. 09
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Fig. 9 Computational domain of two-dimensional

Riemann problem
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Table 3 Initial conditiens of 3 examples for two-dimensional Riemann problems
[pvuls“vlvplj [PZ?MZ?‘UZ?PZ] [Pjsusv‘v.ivpa:l [Plvulv‘v'lvp'lj
o 1 (1, 000.050. 75007 (2,0000,0. 7500, (1.0000,—0.7500, (3.0000,—0.7500,
1
—0.5000,1% 0000) 0.5000,1. 000:0) 0.5000,1.0000) —0.5000,1.0000)
54 2 (1.0000,0. 1000, (0.-5313,0. 8276, (0.8000,0.1000, (0.5313,0.1000,
5
0.0000,1.0000) 0.0000,0.4000) 0.0000,0.4000) 0.7276,0.4000)
50 3 (0.531%,0.-1000, (1.0222,—0.6179, (0.8000,0.1000, (1.0000,0. 1000,
I
0.1000,0.4000) 0.1000,1.0000) 0.1000,1.0000) 0.8276,1.0000)
%4 T4 Riemann ¥ FE A 3 4 2 50 E I 3.4 IR RAE2822 BEAIH) — 457 5] &

AFTITHER
Table 4 Results of sigularity analysis for 3 examples

of two-dimensional Riemann problems

i Niw o Niyeno p

0.10 46386  4.97 51110  4.51
Bl 1

0.20 55925  4.12 51348  4.48

0.15 16163  14.25 16774  13.74
a2

0.30 23217  9.92 21131 10.90

0. 10 17757  12.98 19512  11.81
B 3

0. 20 24005 9. 60 18362 12.55
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THAEER ] C R4S, A% Z0CH 369 X 65. 1
LR X Mach Bk 17 /N £ 5 BE AT F 40 AT
BT (E B e=1. 0 X 10 25 76 7 R B HLh L X 47
SXI R 5 B WENO A% 23+ 5 J0 6 %
HELTEOGI I SR 4 B b 22 ks
BB L M TUR 2 Bl 4 B 2243
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Fig. 10 Results of 3 examples for two-dimensional Riemann problems
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Fig. 11 Results of two-dimensional transonic flow

past RAE2822 airfoil problem
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Fig. 12 Results of two-dimensional transonic
VKI-LS 59 turbine cascade

flow problem
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Fig. 13 Results of two-dimensional transonic
VKI-LS 59 turbine cascade

flow problem
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Fig. 14 Results of S; stream surface Fig. 15 Results of S; stream surface
(30% span from the shroud) (70% span from the shroud)

for NASA Rotor 37 transonic axial compressor for NASA Rotor 37 transonic axial compressor
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Fig. 16 Results of S, stream surface
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Fig. 17 Results of central S, stream surface for
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