J. Comput. Fluids Eng. Vol.22, No.1, pp.59—66, 2017. 3/ 59

A w7 7oA BEEQA AWA AAS Het T3k B4
2+ & |:|_|,1 Ab nl

S
1

5

2 Sk l}[— &3

A

ANALYSIS OF EIGEN VALUES FOR EFFECTIVE CHOICE OF SNAPSHOT DATA
IN PROPER ORTHOGONAL DECOMPOSITION
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The guideline of selecting the number of snapshot dataset, N, in proper orthogonal decomposition(POD)
was presented via the analysis of Eigen values based on the singular value decomposition(SVD). In POD,
snapshot datasets from the solutions of Euler or Navier-Stokes equations are utilized to SVD and a reduced order
model(ROM) is constructed as the combination of Eigen vectors. The ROM is subsequently applied to reconstruct
the flowfield data with new set of flow conditions, thereby enhancing the computational efficiency. The overall
computational efficiency and accuracy of POD is dependent on the number of snapshot dataset; however, there is
no reliable guideline of determining N,. In order to resolve this problem, the order of maximum to minimum
Eigen value ratio, O(R) from SVD was analyzed and presented for the decision of N,; in case of steady flow, N,
should be determined to make O(R) be 10°. For unsteady flow, N, should be increased to make O(R) be
10" ™2 This strategy of selecting the snapshot dataset was applied to two dimensional NACA0012 airfoil and
vortex flow problems including steady and unsteady cases and the numerical accuracies according to N, and
O(R) were discussed.
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(a) AOA = 1°

(b) AOA = 5°

(c) AOA=9°

Fig. 2 Pressure contours according to angle of attack
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Table 1 Number of snapshot dataset in NACA0012 airfoil cases

Input Variable | Number of Snapshot dataset

Steady Angle of Attack 3,59, 17, 33

Unsteady Time 6, 11, 21, 41

Pressure

(a) Result of an original CFD solver

Pressure

(b) Result of POD(Snapshot = 5)

Fig. 3 Comparison of pressure contour of steady case
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Table 2 Eigen values and O(R) in steady cases

Eigen Value .
N; Pressure EII'IJ'ZOI‘ C]_()i Cl_po]) D(l;ff)?l'.
Max Min OR) °
3 [1.23E+04|3.61E-03|3.41E+06| 1.69E-06 0.72521 1.97
5 [1.23E+04|4.94E-06|2.49E+09| 7.84E-07 0.7343]| 0.74

9 |1.23E+04(8.98E-08|1.37E+11|3.13E-07/0.7398|0.7357] 0.55
17 |1.23E+04/2.55E-094.82E+12| 2.25E-07 0.7365] 0.45
33 [1.23E+04]2.30E-10|5.34E+13| 1.60E-07 0.7374] 0.32
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Table 3 Eigen values and O(R) in unsteady cases

Eigen Value .
Ns Pressure EIl;zor Ci o | G rop D(l,f/f‘;r'
Max | Min | OR) k.
6 [3.57E+03|4.60E-05|7.76E+07| 2.55E-05 0.2552] 8.09
11 [3.56E+03|1.25E-08|2.84E+11|4.87E-06 02777 0.2677] 3.61
21 [3.56E+03|6.43E-09|5.55E+11|2.16E-06 | 0.2725] 1.87
41 3.56E+03(3.72E-0919.58E+11[1.51E-06 0.2771] 0.2

o

(a) Result of an original solver

(b) Result of POD(Snapshot = 11)

Fig. 5 Comparison of pressure contour of unsteady case
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Table 4 Number of snapshot dataset in vortex flow cases

Input Variable
Time
Time

Number of Snapshot dataset
7, 13, 25, 49
13, 25, 49, 97

Stationary
Moving

Table 5 Eigen values and O(R) in stationary vortex

Eigen Value
N U Velocity L, Emror
Max Min OR)
7 7.71E+02 | 4.62E-06 1.67E+08 | 1.71E-07
13 7.71E+02 1.41E-07 | 547E+09 | 1.00E-08
25 7.71E+02 1.86E-08 | 4.15E+10 | 7.00E-09
49 7.71E+02 | 5.37E-10 1.44E+12 | 1.50E-08
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(b) U velocity at vortex core region

Fig. 7 U velocity distribution according to centerline
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Time=15sec

Time=0sec

Fig. 8 Vortex position according to time

(a) Result of an original solver

(b) Result of POD
(Snapshot = 97)

Fig. 9 Comparison of pressure contour of unsteady case
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Table 6 Eigen values and O( ) in moving vortex

Eigen Value
N Pressure L, Error
Max Min O(R)
13 1.18E+05 1.08E-01 1.09E+06 9.11E-06
25 1.18E+05 3.34E-04 3.53E+08 1.90E-06
49 1.18E+05 4.13E-06 2.85E+10 6.99E-07
97 1.18E+05 1.17E-06 1.01E+11 7.61E-07
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Fig. 10 Pressure distribution according to N;
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Fig. 11 Pressure difference distribution
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Note

This paper is a revised version of a paper presented at the
KSAS 2016 Fall Annual meeting, Jeju, November 16-18, 2016.
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