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Development of a Double Path PDI Method of Two-Wavelength Light Source and
Investigation of the Airfoil Characteristics in a Low-Reynolds Number

High-Subsonic Flow
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In this study, point diffraction interferometer (the technique called
PDI) based on a double path optical system was developed. Aerodynamic characteristics in a
low-Reynolds-number and high-subsonic flows were investigated for the development of unmanned
vehicles for Mars exploration. A diaphragmless shock tube, which allows easy change of the operation
gas, was used as an intermittent wind tunnel. The double path PDI technique enables the
guantitative measurement of low Reynolds number, high subsonic flows. The experiments using CO2 and
air as the operation gases showed different flow patterns even if the same airfoil was used. This is
due to the difference in the critical Mach number of the operation gas.
Thus, the PDI optical system proposed in this Broject is profitable for the flow visualization

and quantitative measurements of low-Reynolds-number, high-subsonic flows. And the results are
expected to contribute to the basic database of airfoils for Mars exploration.



B X C—19, F—19—1, Z2—19 (Jtm

1. AFZEBHEA S MO &

U, KEEE I T A RE AR OB CIE, KERDO TSN _Rbik®E (CO: &3iR) T,
LA JIVREIN 100 FE DRI D 104FLE &K<, Hi B CTOEBRSMEDNFELRBRE FIZR b, 2072
K BRKRIARC, & EE CTORITERIC L DBEOENRBEDPRALLN TS, L, BB
DT — X LR DEBEDY OMNBOEREHNI LD AA, B EFERNOEENRERE DY
OAFUCIERZ 2y LT E V0 E, £, BE 2RO ZE HlEEEE - LT DBD V7 X~7 7 F
2 T—ZPEH S TWDED, KRAEKE L REKEEO TIN5 72 ZEBFEICIT AR 2 iR £ <,
BT VORI T B RBRA NI L 72> TV D,

ORGSR ERE T TOERTFED— & LTHFHEHENE 2 BN D, FHEHIRN S OBE
RENEBHOEETRIETE, 2HERFRICIY 7T A~ FHHOREMANTETH D, FTH~
VN Y 2 U ATHEOR T VT T 0 — TR, BRI O O E RN RS O E BN L T
2. LovL, Zhb ik, BUEENRE SND, KEE CORANREE, SFrnEgEcm
i, FEEZRBARAIRALTER Y, EWHSHENRE S, FENFROBEIIIAHOHNEZLELE L
TW5.

—J7, MEHF T3 (Point - Diffraction Interferometer, PDI & 52iR) 1%, $ERDNEEAEERI O T
Wit ORMBEN S F#E SN TET, 1972 FICEAME SN EAE L@ TEk ¢ 5. PDI
IR E A DR A LB L, NGB TIIBEEDO Y 2 U — L U R EROBAIC L W %R
DIEFENEG T, [ROEEFHPH TR O TG & FRRE O THRNA S LN D e EENTZ R E A LT
W3, 1990 FEMRICITKEO 7NV — 7 NRA OB ISHEOMIEICEH L, BIRRER COFHIZ W T
AREMEA R S NTe. AT, FEEE DBATIEERE SEREMOT —F X— 2RI 1) 7 ERC
BUEFE & DOtk /e &, B 7oA 22 7 BRI E D MA TV S.

— R T R O 2R 22 A fREEREONE, JIESOIECTRNE DOBEIKAET 5D T, KL A /v
RERB ) TR TSR OBNI B T5. 2ok ) 2RI LT, LY En2Eiinfigieo PDI 4%
RO TENL, KL A VX, SlEEEEAGNORMEMAICHATE s EE 26N, &5
2, 2EENRFERPBETCEINE, L—VIEHFHII TR MO TS X127 T A~ FEOfE A
AREE BN b, L, fEko PDI ¥R T, KL A 2 vV XEGRAC BT D EHANEEE A+ & 1%
SVEES XL A5 HEORR L, KL A VR OFTNGFHINC X 2 BASEOMANLETH D .

2. WHED AW

Z T, ARETIE, EmWERSfREEER B L HIRADEFROMIEICIER L, SRS HEE % B
T BER A, HELE OB A TWS PDI T & 2 EiE k& BN O BRI IS L6
REWMESTHZ L EFE —DENE TS, Zobx, RROWRITE LD 2WEZHND. 51T, #
S L-EHERE PDI %% %, RERKIAOZ H ISR 5 7o EE IR & I AV CO2 2 RBRA
RET DKL A NV AE, EHlEERIRNOEFENT —F RXR—A~OF 5% BEY & L CRIRRER %
Effi L, TORMEEZHSMNTT 5.

3. WD Tk
(1) e e A o B o 7

KL A VA, @SS EOKIEEHAE S D 7 DI HIRIEEEE & & Ao, EERE S ORIk
I I VB EEND, BRBRKEOEENHENES T, SEELREEDENEZRESTHZ LT,
LA I NVAEE~ o " BOFER AR TH L. 12 OB 2 7R, A M ) M 1 B i 7 e =
(& E 3000 mm, WPNFE 150 mm D MJEE) EERESE (K S 8000 mm, §F 60 mm, &S 150 mm DEHE
W) ThD. T HOMITIFZERE THRET 2 50E N A HEASNTEY, EX PUREES
Ul A EA L TV D Rl D ANHONEITEEELY b ETECREL, HOFHE Y —r=EL
OFNCEHE L7-REZ, BEHICLVEEIED 2 L TEA MR RGHICE &, ARG ZRESE
5. BERRIERCIL, REE TRONE £ CEIE L7 AREE IR % o/ il S EHl O 2K i &
W5, Fz, ARERER < v B, JES T S BEIRICRE Sz 2 >0 B RE AR K Y
WG sz LR OBRENGRD L. FERTITERKAE LT, EQE Co & v,

High pressure section Valve section Low pressure section Test section Dump tank
3000 650 7500 500 2400

Pressure trancedusers

e X
|| || -—i-;
= = = = &

1L
[Unit : mm]

1 HERRA R



(2)  HeEpEm

BB L LC, v o N\ —Z AR REAITH D NACA4412 1B LT NACA4408 37 %
WL BEEERIZ 40 mm, TEIX 60mm, T AY MIZ 15 THD.

(3)  HFEYFRLEETFEE

PDI /%, ¥ EICEINIZE YR —VERITIEERR T L — N2 05D Z 8T, FiffEzRAEs

B LN THDH. ErR— L2 BBLENIT T I AR—T7 7 —EITL, BRmEEs 5.
ZOERERE Y, PDIOSEIEE LTINS, —F, MhOBEZ I BIran- etk v
VRV EBRETICE DY OER RS A im0t E e D AUFETIER 2 1R T X
IRIFERERND., ISV ERBSRERE 2 [FLEET 50T, BEECL VBT HED
AN 251272 0 TR ORBEHSLT Z ENTREL 25, Lo T, ARFEZREZHAVIVUTIREED
BLA IV AHENEBEIT 2 ZERFARETHD. £72, ANEFRITEIRZ 532nm & 355nm & LTHE
BRISATRE CTH 5.

El

\ r O Screen or Camera
0

i

560

|
@ Pinhole plate

(®) Collimation lens

(3 Beam expander W Test section

[

@ Mirror

= 7r7 T
~ ——

@ Beam splltter ——

Light path

| 180 | 1070 |58, 330 | 105] |35

Unit [mm]

(a) 532 nm (b) 355 nm

X2 FEREYFE PDI R

B3 FUsRICI JIF TR R DR

(a) M> = 0.60 (b) M>=0.65

K4 FEEEIEDO~ v D ZENACA 4412, 75R)



He
)

(a) (b) CO2

X5 BEFAY ORBRSA D (NACA 4408, M, = 0.65)

4. WFFERR

( 1 ) 5}‘%571‘%&: ) ﬂ*ﬁ'ﬂf‘ -2.0 T T T T
[T U I, N7 PDI YR TRARDWRD | 3 :
SR MW Ga o bR ROE N ERET L e b S S S i
7o, A EL OB L D HEEE A L LTk : : :
Ba2K 31277, X3 @IDEIROEE. 532 nm,
X 3 (b)iLi R 355 nm D/ UL A L—HF— |2 L D
RThHb. M3 LV, KE 532nm OFEHIL,
L BRREIZE T IANS T AR, IS 6 ARDSHERR
T 5. —J, K3 (b)D 355nm CTIEHmEZE ST
10K, AHMAIC 9 RO THEABILETE, KREIC
B LT OARZBREIM L T D Z & 3sy
N5, £z, WE 3550m O TIE T —7 4 b
A —Z@E L TCNDHT0, AHTLORITFELE
7o THEY, FEH LS AT Nikon, D-3000) 734
SR LR CRE 2 FF o7, BiEIER< 72
>7z.

(2) & I8k

Wiz, X2 TR LIEEIRE PDI 2 RICED
o3 o B A A N T TR 5B D AFF T R D —

12 : ‘
S& LT, BRKEEZERE CO, & LR EZK 0 02 0.4 06 08 10

A76 61T, ERTIEETR~ v B E M = xlc
0.60 BLVN0.65 & L7z, F72, WThoERER i e

b LA )L ZHIE Re=3.0x10°, A f1Ea=0"Cd 6 ENRBCER, M=065)
5. £, WEOZHHERY 7 MZ kb CFD b4

TS L.

X4@ L9, M=0.60 TiX, BIROIERSFITE L ORE LE CRFTMICEEOE(LNRKE W
DFWRN L BRSNS, ZOMMIE CFD OFFEAR L i L CHEENICFEEOEM TH - 7.
BT, K4 GNIRT LT~ v M, = 0.65 T3 B TR TERICE i L 72 R 72 48
kRO D. 2L, EOME CRMABREEZNFIETHZ 2R L TEY, FWEREARAE
LTWaEEZLND.

WA, JEIRFERIZ B W TR AR OB A Ll LR 2 X 5 1R T. i~ v U3 My = 0.65
Thb. M5@EY, BRBRKAENZERD & & EBA LR THWEREOFRA & B 5 Tk o i)
B, —J5, B5bL)D CO,DHA, ZEROHBE LD L THROEIESLNTR2->TEY, &
HH A REIIZ LD BEESLDL AoV, ZHITRBRERIC L DR~ v " BOBENCLDEHOT,
RERRRD CO DA, My=0.65 TIFEREEIIRE LAV, 20 L), HBRRANERDO L &3k
T DO E R FE AN KT 2R KE DR N B E RN D Z LB LN 5T

X 6 (Z1% PDIC LV R 7= HiEREk C, & CFD DMz or~d . EBL, MBREA»2ER, Tl
< N M, =065 DFERTHS. KLV, PDIIC L AFERIT, BARE % E T CFD & EMER
WZREBEDEM 2R LT 5. FEICRLS &, Bl B EEE D 40%MT Th/NESIMREE 20, =0
%, WEIZEIMREIIEIE L TWA. CFD OfER L I3 5 &, HERED 40%0 5 50%FEE THHW
B DA L TODHEZBRE, PDIIC X A3 m/E 4R Cp 1 CFD OfE R EEEMICEL —FL
TW5.

ZDEHIT, REBRTERET HHEGL PDI EFERIL, KL A /2 VX m S o ik &
CEEFHCEDTH Y, BUOKBENT — 2 X—RZHESETEEb0LEbR5.



1 1 0 1

Masato Taguchi, Masashi Kashitani, Masanori Nishiyama 7
Fundamental Study on Operational Conditions of Diaphragmless Shock Tube Driven by Pneumatic 2018

Piston

International Journal of Mechanical Engineering and Robotics Research pp. 649-655

DOl
10.18178/ijmerr

12 0 4

Masashi Kashitani, Masato Taguchi, Nguyen Thai Duong, Akinori Oomori, Masanori Nishiyama and Hideyuki Tanno

A Preliminary Study of Shock Tube SC Airfoil Flows with Gurney Flap by utilizing PDI

AIAA Scitech 2020 Forum

2020

63

2019

57

2019




56

2018

46

2018

62

2018

Masashi Kashitani, Masato Taguchi, Dai Miyazaki, Masayoshi Nishiyama

Visualization Around Shock Tube Airfoil Flows Utilizing Point Diffraction Interferometer

18th International Symposium on Flow Visualization

2018




(  2017)

2017

55

2017

29

2018

Masanori Nishiyama, Masato Taguchi, Masashi Kashitani

Fundamental Study on Operational Parameters of Diaphragmless Shock Tube

2017 Asia Conference on Mechanical and Aerospace Engineering

2017







