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Airfoil Flow Field Reconstruction via Proper Orthogonal Decomposition
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[ABSTRACT] A method for reconstructing flow
fields that using proper orthogonal decomposition (POD)
basis functions or modes with great reduction on the com-
putational cost is presented. Using this approach, it is pos-
sible to construct entire aerodynamic flow fields from the
knowledge of computed aerodynamic data or measured
flow data specified on the aerodynamic surfaces, demon-
strating a way to effectively combine experimental and
computational data. There are three cases here, varying
inflow Mach number to NACAO0012 airfoil in subsonic re-
gion and RAE2822 airfoil in transonic region. The results
demonstrate that the POD procedure could provides ef-
fectively high accurate flow fields reconstruction when just
very little amount of data is known. It is a simple, effective
method for digit wind tunnel, flow control, and airfoil de-
sign.

Keywords: Proper orthogonal decomposition
(POD) Flow field reconstruction Transonic flow Eu-
ler equation

B IEAS 70 ( POD ) R Karhunen Lo é ve 78
P, —Fh E R B o BT AL BT ) Iz i

o HE TR S IR 4 (20070699054 ), [E 5 [ SR L4 FEORAFST R
(90816008 ) % Hl,

ax

% RO

BARR] 3 &

FiE 2, IR AL BE BRI R R R
P kb 3 R BE R R 45 U Sirvovich B P RB T 5] AR
POD 1, ffif5 POD J5 AR5 S s, se I F 20 s
I R B IETT R AR S A (CFD ) xR
WA B BT T POD BB AR B . A —
RIVBHEREA T JE— N 1 POD A A e A 55
], XA A T2 (B ] LAE VR R IR R G i i i . xF
POD LA T3E MBI B AR B T2 8], KR
TEARAS PR AT RIRCR . ARYE DA AR AR SCEE T
FT POD WA EM AR . FAHIEXT NACA0012 37
FI RAE2822 3R, 4B USR] Ma K04 iR, S5 AL BT
TR A B AL S sh e, g5 SRR TE AR ik
M LAt b, (G R D s S0 43 A (%
O3 ), ST AR AN

1 $HEIE3Z 45 #%( POD )
POD 4R AL ™, 45t m A m 2 s ) 9 B

FEAR v, o, v, € R, N I FEAH AR 2 T8] R 1V
=spanfy,, =+, y,) C R, FH [ (I < dimV ) MIE ) E

2
m

(B POD J) {y, AT (1) 2/
T = 3 = 3, (i)

Forr vl = Ty i, X)) AT B MEAR
VIR R 1

, (1)

w{wﬁ{é 2l (2)
Zo A nl 3], W R (1) Fe/MERY SR
YYTV/i:/Iil//i > (3)

Horp, Y=y, .y, € R7"FR YYT R POD #%., AL,
K POD FE [ ) R 1k R 2K POD B R IEAE 5 R/ 1E
Jia) 5 (14 [ A

POD B AEEZ: nox n, SR IRCUN R T80 4 ) R A1
A ] R FERT ARELAY . EASCRA T a0 F Jr sk s
POD &,

R B R=Y" - Y (AR CFRZ N POD th#%, H
mxm 4k ) BYRAEE AAE i, B

2011 4R35 17 1) - s EeR 89



%{’*iﬁi RESEARCH

YTYd)i:ii(ﬁi ) (4)
W 2515
vi=Y A", (5)
FEFRE(3) Y nox n QERFIEAEIEL, 56460 T m x m
AEFFAE(ERIRE . POD JEPT XS R I RHIEEAC SR T 1% POD
F H BB “BEE” RN

2 EF POD MRt Hik
o Ny TR 5 6 B, W] 755 m A POD 3
(W BOLEPERI ™ Je

~=ib,¢;, (6)

(b A5 {w )i MBI RE 4 p NE RS,
KTUE{XQA%EmﬁJ?‘ﬁ%ﬁE‘Jﬁ?}Eﬂ%O e
AT AR 2E e RN

e=lp-plI" (7)
(6 AR (7) A

- Zm: by

NERZE e AT/ IME, X e b, KA S EOFSHN 015
£l

(8)

Oe _
3b,-_0 ) (9)
fLSLIE®
M-B=F |, (10)

/ﬁ\:qj: M= ('//i’ l//i)’ F= (p’ V/i), B ﬂ‘j bi *@EZE"J%WEO
D3 o >R et R4 (10) B mT LIS B i A POD 3 R
QLA IE &IV a7 nilibiTe ]

3 l)ll.iﬁ *ﬁgﬁ
ST FHAT BRI BB Euler 7R SRR 55, 3
BUMEA R

ffwdxdy+9§(fdy gdx)=0 (11)

o
P pu PV
2
e I _| Pw
pv |’ puv pv-+p
pE puH pvH

K H Jameson & RE I 02253 = B BOTOR 8
H‘J‘IETJ%JEH Roung-Kutta BERHEF . 118 T NACA0012
FRL, N 1R SR A R

4 Ulbiﬁim
4.1 THEERF

90 MiAEBIEEA - 2011 £E58 17 )

EDIES

[

El1 NACAOO12EAIE H AL
Fig.1 Comparison of C, between CFD result with experiment data
about NACAQ012 airfoil
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Fig.3 Pressure isopleth at first 4 modes
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Fig.4 Comparison of pressure between reconstruction using
different modes and CFD data at M,=0.455
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Fig.5 Comparison of pressure value at the grid line i=63
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Fig.8 Comparison of pressure between reconstructed results
using the first 5 modes with CFD at M,=0.877
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Fig. 9 Comparison of pressure between reconstructed results
using the first 10 modes with CFD at M,=0.877
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