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Wake flow analysis and the estimation of aerodynamic performance for moving objects
by collaboration of computational fluid dynamics and PIV experiments

Matsushima, Kisa
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The research proposed a practical and accurate method for wake flow measurement
which was important to improve the aerodynamic performance of transport planes and vehicles. The method
is the combination of stereo-PIV measurement and mathematical equations to be solved using a computer. In
general, some instruments are needed to measure flow-field quantities, while the instruments could
violate the flow-field, then accuracy could not be guaranteed. The proposed method is nonintrusive and
productive, that is an advantage for measurement. Its originality lies in a basic equation called the
2.5-dimensional model to compute pressure quantities as well as large scaled stereo-PIV experiment to
obtain velocity vector components. It was shown the proposed method had good ability of providing
accurate physical properties such as velocity vectors and pressure when several boundaries were located
on the isentropic flow region and the Neumann boundary conditions held for other boundaries.

PIV




(  PIV PIV

2
2
2
PIV 3 2
)
PIV 3
3
PIV
PIV
PIV
PIV
( PIV
( )
PIV
PIV
()
co2
CFD( )
PIV

Ems R |

Camera

b

1 PIV (
PIV
PIV
CFD

PIVEHEI (Experiment)
BLLEHTHONENEEHILLL,
BEHRENT —IHNE

ERTHORETOVIIMO—]
PIVEtRIER : AN ERE LT

B Ep——
EH#EE (CFD)Y AT L

Output = £/ I

——a—a—at |

BRRDE | ENtERRN

2 PIV CFD

()



(

)

0.3
(
Navier-Stokes
)
PIV
() ) )
( )
()
PV
() 2
3
PIV
PV 2
(Eq.1)
PIV
Eq.2

2.5

2D

1 [62D 62D]
+— —+—|,

owov oD op| Relay’ o7
22— —+V—+W—
oy oz oy 0z
(D:@Jra‘_"’) Eqg. 1
oy oz
o®p, o%p _
> -

WV oUW 1[62D aZD]
+2 + + —t— |

oz ok [TRel o2 o2
ob oD oD
+U—+V—+W—
OX oy 0z
oy oz
PIV
PIV
3
PIV
3
CFD
PIV
3



Cp(

6
4 PIV ( 0.82,  =3.86° )
Honda Fit http://www.honda.co.jp/Fit/
)%
Ax/
AvX[IAZ
5
7
1 , 5 : PIV
CFD,
49 , 1G7, Oct.26-28, 2011
(D) 0.82
- 2.5D
2D
2D
8 2D
2.5D 5
6 2.5D 2 30m
0.1 @
-11 2.5D

2D
() 2.5D




2.5D
Max5

-0.145 -0.125 -0.105 -0.085 -0.085

3DCFD (  Cp ).

2.5D Three Planes).

’----lln;‘

R
[ §
=
=
n
L |

2D Single Plane).

®

PIV

PIV

0.4

10

0.61
)
( [ 1 )
¢ )-C)H 2.5D
2,5D
PIV
(Z2) 100mm
y
2.5D
5
Honda Fit 25
http://ww.honda.co.jp/Fit/
(,,I
[ ____DEENN DN
o |_Pt_ 70 110 150 190 230 270 310 350 390 430 470 510

U0

P A AT IS M NN T A i Y CCONY VA N NN Y N (o VAT RS TN Y DY SN CL S
-600 -400 -200 0 200 400 600
y
600
z 100

1=
VoL

200 g
p a Pt(measured)
- Pt(result)
0

100
T T
-800 -600 -400 -200 0 200 400 600 800
ymm]

Pt[Pa]
&
8




PIV

JAXA-SP Vol. 15-013 2015
pp.103-108,
https://repository.exst.jaxa.jp/dspace/handle/a-is/
5617467 ocale=ja

PIV

Vol.14, pp.85-94, 2015
https://www.jstage.jst.go.jp/browse/astj/14/0/_co
ntents/-char/jal

CFD  ,Vol.8l,
No0.827, pp. 1-16, 2015.
DOI: 10.1299/trans sme.15-00037.

PIV
JAXA-SP  Vol. 13-011 2013 pp.77-82

https://repository.exst.jaxa.jp/dspace/bitstream/a-i
§/21382/1/62268014.pdf

23

K. Matsushima R. Nanba, H. Kato
Pressure Analysis Based on PIV Measurement in
Airplane Wakes, the 30th Congress of the
International Council of the Aeronautical
Sciences, Sep. 25-30, 2016, To be presented,
Daejeon, Korea.

Fukuchi, Y., Murakumo, Y., Yonezawa, M.,

Matsushima, K.: Estimation of Pressure Profile
from PIV Data for the Wake Flow behind Vehicle,
The 18th International Symposia on Applications
of Laser Techniques, July 4-7, 2016, To be
presented, Lisbon PORTUGAL

K. Matsushima H. Kato,

Numerical Assessment for PIV ~ Pressure
Measurement in Airplane Wakes, ATAA Applied
Aerodynamics Conference, June 13- 17, 2016,
Washington D.C., USA.

K. Matsushima, G. Yamaguchi, H. Kato
Assessment of 2.5 Dimensional Model to
Calculate Pressure Using Stereo PIV Data in
Wing Wake Flows, FLUCOME 2013, Nov. 19-22,
2016, Nara.

H. Kato, K. Matsushima, M. Ueno, 2 ;
Drag and Lift Estimation from 3-D Velocity Field
Data Measured by Multi-Plane Stereo PIV;

Paper-P12, pp.1-7, 5th symposium on Integrating
CFD and Experiments in Aerodynamics, Oct. 3-5,
2012, Tokyo.

2.5

No.108,2013/11  ,pp 32-33,

o
MATSUSHIMA  Kisa

C )

@
FUKUCHI Yuichi
YONEZAWA Masahito
R D



