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Table 1  Application of POD method in PIV Technology
Research areas Engineering application References
Flow field around NACA 64418 airfoil blade under different working conditions Xiao [12]

Flow past body

Experimental investigation of three prism wake flow around different Reynolds numbers

Experimental research on synthetic double jet in static environment

Jet Velocity field of air-nitrogen jet on jet axis

Impinging jet in flow field of slotted plate

Liu et al. ['%]
Kapulla et al. ['®)

Jana et al. 17

Turbulent flow field in magnetic stirring process Jin et al. [18]
Measurement of instantaneous distribution of velocity and phosphor concentration in turbulent diffusion process in hori- :
Turbulence Wang et al. 2]

zontal channel

Flow direction-spanwise plane flow field in turbulent boundary layer in channel Xvetal. [

Vortex structure in double oscillating grid turbulence Wang (2]
Eddy

Research on Carmen vortex, rib vortex and a regular vortex structure with unknown frequency in wake Zhu 1?2

Flow field of swirl cup structure with different venturi outlet opening angles Wang et al. (2]

Flow field of flow direction-spanwise surface at different normal height Zhao et al. 12
Others Trajectory and flow field characteristics of free falling annular disk Wei et al. 125

Flow field in draft tube of Francis turbine model

Research on characteristics of unsteady flow field in channel

Kumar et al. [?%)

Liu et al. [*!
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Table 2 Application of analytical method combining POD method and DMD method

Research method

Engineering application

References

Stability analysis of Karman vortex development process around a cylinder

Comparison DES of complex separated flow in modern fighter model
between
POD and DMD Decomposition and reconstruction of pressure field near blade

Decomposition and reconstruction of flow structure of tip leakage vortex in mixed flow pump

Energy analysis of large-scale vortex structure in free shear layer in slat cavity

Combination of
POD and DMD

Evolution of cavitation dynamics in liquid nitrogen cavitation flow

Decouple the complex spatiotemporal coupling phenomenon

Modal analysis of rotational instability under different tip clearances

Ye et al. [3%
Zhang et al. 4]
Xie et al. 1%

Han et al. 1%

Wu et al. %]

Liang et al. []
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T AR

%3 POD FiE7E CFD SR BRI H
Table 3 Application of POD method in CFD data processing

Research areas Engineering application References
Surrogate model for predicting heat flow of complex surface based on Hermes shape Nie et al. 14!
. Numerical simulation of static and dynamic stall of S809 airfoil at 20 ° angle of attack Sun et al. 142
Study on flow ’
field characteristics ~ Research on pollutant propagation in the cockpit of B737-200 aircraft Pei (4]
in aireraft Efficient adaptive sequential optimization method based on POD surrogate model Lietal. %

CFD simulation of transonic turbulent flow around RAE2822 airfoil and NASA rotor

Arash et al. [

Study on Resaerch on temperature field distribution of tangentially fired boiler under different working conditions Guo 47
temperature Spatial variation law of key parameters of environmental system in Greenhouse Sha (4%

field distribution . . R .
Prediction and control strategy of temperature distribution in office Rui 14!

POD Jik AE 2544 )1 3 5 J5 T 9 B -2 )
{Z. 21 {22013, POD J7 i i 9 1 1 B 4544 3l 7
PRGN XRS5 T BB 55 R
HL N, R R R RGBS S R R
Ji 4 POD J7 i BLE N T 8 ol 2 G 1) B i 7
BUESS R RN % T k2 T AT Y, JF B AR w3k
N R GAE WP FEAT T T Al 2020 48, K B
AL Xy B Jy R B Rl 1 A5 A
B T 125 LADBAR 5 1) 1) 75 2k B R R AR 1 e
FERCHE I H . % 9 %0 S Bk 98 36
fRGe iy POD Jr ¥k BEAT otk 5835 1 BRZS POD JF
5, T RS POD J57 ik i B SR T 2
JEUE s 4 52 2% R G A B DU R - AR 19 77 3k I P ek
HEF) POD J5 3k 3% 5L 21—l R R e ik AT R4
ibeR G AR LI RS 7 SUIN B 2 Nt i
(XS LE , S BRI A i ) TR AR RUAR G PR B 1 it
R 1 3 g 2 R s 22 6 T %0 s ¥ 3 43 M 3K
1 RS T35 5 e AR R A T L RS 3 0 L2
JRCHR IR I, PR POD i A $1 HCBR IR e 1) 2
TIME R FARFE R S 1 AR B s POD 7 Atk
FHAERTFE R LA AR 2k 45 44 1) 3l g 27 B By i)
R, ] LASETH U RASIE 251 T A M AR Ee 3l 7
FRGMRARACE  POD JrIRES & /N AR e A

AT AR 450 0 B8 AL A TR B 22 07, IH 7 ¥ RE A AE
FIHE 32 0K BE 0T oA ARG D S 25 0 e AL 1) i
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POD 75 7] AR 2k M A% 5 (0] RV ST R e
BRL, BRI 2 RGE 0 B i B, T2 R b33
AL G2 A0 5t P B b 3 o 36 ol ) o B 2
FEAEI ARG L) Re = 5000 I o #4010 15 34
5], POD 7 v ] LI 4o A ADL A5 31 ) 1% H RN
LTI AT ™ 5 o A2 i — Fh 3%
T POD Jy kA BROTEE 1 RS IR LM A% G )
AR FY A o DR A BT 12, T T R R BB U
AR — 2R B A AR LM AL T [0] A FROTAHS Ry
POD [ERMSERYL. 1l 78 S5 br AR vh 228 25 203
D R L R 1) PR AR AR v A8 g A Y R
Z PN B ER A AR AL PRI G % T2k
A A 37 R S ) L, AT LA o g i ] — R A Sl 1
JELNE POD LI, 1) T HE M 2 ot o) 3 £ e ) 7
PEATRLALIT L Staf Roels £ 435 ] POD J5
HEAIIE 24 X 47 fi# ( Proper Generalized Decomposi-
tion, PGD) Jy¥EWF5E 1 I HASE A A 85k 10 A A% 32 B
R, HR3R Y] POD J5 i REAE S (A B HEBH Y 4%

BEE N TR RERY &, Hldi s 2] 5 HA 2 B AL
SUR R ET e, POD J7 25 5 Bl 4% %% >J (Machine
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DL) &5 B 73 B 77 4 AR R F0I T 18 A5 658 ve A K
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Je i K S 2 M 25 (Long Short-Term Memory,
LSTM ) A 5 T 25 By Bk ) 2R 4. S22
BB T 150 Kelvin-Helmholtz ANEE G 14 71 57 i
37 HIC IR REUPA B f P ) 2R 5 EAT e A
Btz 4, POD 7E oAt Sl & 44 %5 & e FH %
FOVEF. NS B AR L AE POD Jy ik itk A&
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e r—iR RS0 AR AL VL 355 ] R, POD
P AT LA R 4 5 A R G A TR A S TR A
WA e N RETT T, 6 TR 2%~ 1 5000 [ 4
E N — A T8, POD 5 ik SR 2 ) 454
Y EAAR R HPREAE T — 15 a4 4.

&4 POD FiETEH M GBI M A
Table 4  Application of POD method in other fields

Research areas

Engineering application

References

Nonlinear flutter

Two-dimension panel flutter based on Galerkin method and POD

Mei et al. (30

response Order reduction analysis of nonlinear flutter response of three-dimensional composite curved wall panels Zhou et al. 13!
Dimensionality reduction of flexible cantilever impact system Deng et al. %]
Dimensionality reduction of rotor-bearing system Lu et al. 34
Structural . o Lo . [56]
. Order reduction of grid stiffened cylindrical shell model Li et al.
dynamics
Geometric nonlinear dynamic order reduction based on cantilever beam Chen 137
A new method for detecting bending damage of steel frame Taha et al. (%%
Heat transfer phenomenon of impinging heat flow when Re =5000 Kristian et al. %]
Nonlinear Fast analysis method of model reduction for transient nonlinear heat conduction problems Zhu et al. (%]

heat conduction

Study on heat transfer phenomenon of large-scale masonry wall

Artificial
intelligence Reduced order model based on deep learning and POD/DMD
T Effcient gobel optimisation reverse design in arifiial emvironment
Reduced order model for fast ice shape prediction
Others

Temporal and spatial evolution of supersonic mixing layer under different operating conditions

Research on the deformation of microcapsules flowing through straight microfluidic channels in steady state

POD model reduction method for linear and nonlinear non Fourier heat conduction problems

Simulation of flow field around a cylinder by combining machine learning model and POD

Zhang [0V

Chinchun et al. [63]

Mahdi et al. [

Liu et al. (%]

Wang [67]

Catlos et al. [68)

2.5 X} POD 77ikHBist

g 14 POD J7 2% B8 4 3t i T S B AR
WA TR POD 5 ik 5 H Al 7 125 A1 45 45 50 X
POD J7 4l oo k. A T f 28 ) 2% ( Artificial Neu-
ral Network,, ANN) HAATRSRAY B 4L A 451,

$t ANN 5 POD J5 k45 & 3L [ H H Ry B 750, 7T 1A
PE— 254 POD 7 ¥ 9 T INORS B, 3 b 7 12 B A
S POD-ANN 31 32753 1] LAl oy 3] 3 7k )
H, S5 R I %7 i 0 T I8 X TN B AR
PRSI 22 4 U2, WG, Ahmed Rageh %57 g
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Davide Ninni 25" fr 41 7 — />4 2 MODULO
(MODal mULtiscale pOd) ¥ FF i i 5444, , ol FF
AT R AEL AN S 56 2000 19 22 RUBE AR 1E 52 73 fiff (mul-
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B X R TR S T 250 B0 A (Multi-
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Bl A AT B 58 SUS AR AR A B . mPOD J7 %
AL OT AR S MBS 25 A T RO IR A R i %
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Tk ETHEE POD 285 Z Hif #1837 53 il oA 1
AN DI, LG B e U 1 DXCSBROR O 9 5 454
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Br AR TR ] A s ] B TR A X O
2 POD J7 ik BCA .

Z PSR G E RRT TR R AR, o
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XA LR ER. POD Jr ik SEHE K Sl R E
) S N RE Uy 22 3L, AT LA POD J5 48
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Table 5 Improvement of POD method

Improvement method

References

Combination of artificial neural network and POD( POD-ANN)

Further improvement of POD-ANN method

Adaptive proper orthogonal decomposition

Combination of POD and discrete empirical interpolation method ( POD-DEIM )
A modification of DEIM that is based on the concept of GPOD( POD-GPOD)
Introduction to MODULO software

Multiscale proper orthogonal decomposition(mPOD)

Zonal proper orthogonal decomposition(ZPOD)

Spectral proper orthogonal decomposition( SPOD)

Pierre et al. [®]
Ahmed et al. [
Steffen et al. 8
Lietal 7!
Chutipong et al. |72
Davide et al. [10]
Mendez et al. 73!
Daniel et al. 7]

Aaron et al. (7]

3 POD FEMHRRE

BEE TR ILEOR B A BF 588 145 208 240
B 1 [ Pk 2 92K 18 AN (] 2% ol o 48 7 3 ok i
TR B B AR HATE S3RAG T — L8 I B 7
5 HRERE AR TREZH R GO R % B 17 7%

PRI Z A A AR IE R R LG, F 2 ik
TIPS . A5 (EAR2E— 2T A TR F
(1) HRAE A5 R AE 7 1 5 1, S5 Z2 R 07 %)
FAE R GLIEAT TR YE. A, oL R T i AIL-S
Jrik AT LR B R GE 3 A M, P, B2 2% 254
F YRGS R AT LI ik POD J7 3545 21, 2R 8
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APPLICATION AND OUTLOOK OF PROPER ORTHOGONAL
DECOMPOSITION IN DATA PROCESSING *

Lu Kuan'?  Zhang Yichi' Jin Yulin®® Che Zifan> Zhang Haopeng' Guo Dong'
(1. School of Mechanics ,Civil Engineering and Architecture ,Institute of Vibration Engineering,
Northwestern Polytechnical University ,Xi'an 710129 ,China )

(2. High tech research and development center of the Ministry of science and technology ,Beijing 100124 ,China)
(3. School of Mechanical Engineering ,Southwest Jiaotong University ,Chengdu 610031, China)

Abstract Proper orthogonal decomposition (POD) is one of the effective methods to reduce dimension of high-
dimensional complex nonlinear systems. This paper summarizes research of POD method in dimension reduction
in various practical engineering fields. Firstly, development history of POD method is briefly introduced, and
classification of POD method is described. Then, applications of POD method in particle image velocimetry
(PIV) technology and computational fluid dynamics (CFD) data processing are listed in detail. The advantages
and disadvantages of POD method and dynamic mode decomposition (DMD) method in practical engineering ap-
plication are compared. The results show that DMD method can be used when the flow field is steady and pulsa-
ting , while POD method is more suitable for other time-varying flow fields. Finally, development of POD method,

especially its application in the field of artificial intelligence, is prospected.

Key words Proper orthogonal decomposition(POD),  high-dimensional system,  order reduction,  parti-

cle image velocimetry (PIV),  computational fluid dynamics ( CFD)
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