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Simulation to analyze the effect of measurement error
of velocity data on PIV pressure estimation

Kisa MATSUSHIMA, Ryodai NAMBA, Ginga YAMAGUCHI, and Hiroyuki KATO
ABSTRACT
A numerical pressure estimation system which uses the 2.5 Dimensional model of a Poisson equation has been developed in order to let
PIV measurement more advantageous in aerodynamic design. In the article, the system is examined if it can handle a case where the data of
flow speed measured by PIV experiments have noise error. The examination is fully performed using computer simulation. First, the noise
data of flow velocity are produced to add them to the original ideal velocity data. The several different error patterns are prepared. Then,
the pressure distributions are estimated by the system with the data in order to analyze how the noise errors affect the estimated results. The
examination shows that boundary data imposed for the Poisson equation have great influence on the solutions all over the space. If a
strategy is devised to reduce measurement errors on boundaries, fairly good pressure estimation can be done without caring the errors on

inner space.
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Fig.2-2 Mesh and the location of each boundary for PIV
pressure estimation.
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Fig.3-1 Example of total (Random+ Tend) error distribution.
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Fig.3-2 Example of ‘Random’ error distribution.
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Fig.3-5 Limited error region (Boundary area)
4. RELH

J A RBAT —2IZx L, ARE T $ 5 A=l %
1T 12358 DJE JIHERE D EHERE B35 38 Td,
4.1. RandomBRZE DK

FHAFAZE 23 D Randomii 2= 2 KT~ 5 7212, EH
IR L7 @I L A PR E1T 5. BT
RO S, O ETERDAEOEEZZRL, Ehi L

This document is provided by JAXA.



106 FHIMLZEWTTEBR TR R L JAXA-SP-15-013

DIEFROMEET D, TOE, TOT—X ORSEY
TRNDD D120, TR, B, ER, A,
THROENENLOEAZ (0.8, 0.05, 0.05, 0.05,
0.05) & LTV E L 5. Figd-1UZEAMRBENFEL O
FEIRY,

0.05

0.05 10.8 ]0.05

0.05
_—

k

Fig.4-1 Weighted Moving Average
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Fig.5-1 Cp distribution without noise
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Fig.5-2 Resulted Cp distribution using noisy data
with Dirichlet b.c.
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Fig.5-3 Resulted Cp distribution using noisy data
with Neumann b.c.
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Fig.5-4 Resulted Cp distribution using noisy data
with Isentropic b.c.
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Fig.5-5 Resulted Cp distribution using noisy data
with Isentropic b.c. (Wing area)
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Fig.5-6 Resulted Cp distribution using noisy data
with Isentropic b.c. {Boundary area)
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Fig.5-7 Resulted Cp distribution using noisy data
with Isentropic b.c. (After error reduction)

6. #ES

PIVEHAIRRIZF AT 2510 ) A R L, 2l
VHENIFLHEFN ) A XL, —EOHEEE L O A
AWRFRHZFEE LT DA I DWW TR e i 217
STz,

AFEIC L DIENHEEROE RS2, KK 18E
EOIENMEE 5 %, EhOBOBERSMEZ AR LT
A~ kM EREATIUE, FEEICHEO WEHEE
EATH ZENTEDLZ L EMER L. BRIEIMEIC TS
FRFERI3Y%, I RRAZERI10%FRE O K& & D FHUREEN
BALESGS, AFETOMETRIMEICRK X REEE &
WFL72. UL, FHREEICH L, O Z2 T LT
R 2B 272 ) 2 L TEORBLMEH T, JEH#HE
EFERITEMEIC L DTV ED LT,

DEX Y, SRR LZEEE TR LOTH D,
WMOITH-T=bDOD, BAEOMMABEUNHW L, 5
FAEOHEN L M<ATA D L 9O 7o it zE Vs 2 56 3
HZ EeNTENL, XVEMREREICES SN WES
HEMTZDZENbhotz. AStkid., L0 EEMA
RS B 2 ASE O B D RAZE LIS W T O
FaATo TATE T2,

23 3R

1) Kusunose K.: A Wake Integration Method for Airplane
Drag Prediction, ISBN4-86163-015-0 C3353. Tohoku
University Press, Mar. 2005

2) Aso T., Matsushima K., Nakahashi K. : CFD Pressure
Estimation wusing PIV Data, KSAS-JSSAS joint
international symposium, Busan, Korea, pp.156-163, Nov.
2006

3) Matsushima K., Yonezawa M., Ogawa A. : Inverse
Aerodynamic Analysis of Vehicle Wakes using PIV and
CFD, Proc. 8" International Conference on Flow
Dynamics, Sendai, Japan, OS6-4, Nov. 2011

4) A ESACHE, SRS, A2« EE I I6T) H 3k
FPIVEHANC & 2 FEJHEE, M2 2 = 1 —
Va YHAN Y AR YT LEEASEIRR ) R R, Tuly
2013

5) Matsushima K., Yamaguchi G., Kato H. : Assessment of
2.5 Dimensinal Model to Calculate Pressure Using Stereo
PIV Data in Wing Wake Flows, The 12th International
Symposium on Fluid Control, Measurement and
Visualization, Nov. 2013

6) I PV, AA et Rt < - B 2 7 LA PIVET
W7 — & % AW B RIE D HEEFHR, 2T
By 2 b= a UHETY VR Y T A6 IE )
SRS, July 2014

7) ATE W S—= T3 Vo — 22 LD RREEL S
DI &2 ORE, FLIR AT 1R AL, 19
&, Feb. 1992

8) Hrh#r , &)1« BHELELE ORETE & SDED T
fif DR BELZ W T (e SR BB AR AT IS AT D R R
L. S BRARAT BT SE TR 508, 1032 . pp. 21-45. 1998

This document is provided by JAXA.



	SP-15-013 103
	SP-15-013 104
	SP-15-013 105
	SP-15-013 106
	SP-15-013 107
	SP-15-013 108



