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The Schlieren Observaiton System
Installed in the NAL Two-Dimensional High-Reynolds Number
Transonic Wind Turnnel and Attempts to Improve It

Yasuo OGUNI, Mamoru SATO, Hiroshi KANDA
Seizo SAKAKIBARA and Hitoshi MIWA

ABSTRACT

For years attempts have been made to improve the resolution of a colored Schlieren
system used in the NAL 2D Hi-Re transonic wind tunnel. Experience have been gained as
to the relative advantages between the two colored Schlieren systems: the prism method
and the color-filter method. The change of color is continuous for change of fluid density
gradient with the former method while discontinuous with the latter. However, the
latter method is less susceptible to disturbances due to density fluctuations in the plenum
chamber through which the rays travel before being recorded, and is more appropriate
when displaying qualitative pictures of the flow field. Firstly an attempt was made to cope
with the plenum chamber noises by using a system with a cylindrical channel to isolate
the ray paths from the disturbing plenum environment. Secondly to get better resolution
for quantifying density gradients, a filter with a fine array of colors was successfully
tried; the array consists of 47 stripes, each containing seven colors alternately from red
to purple.

The density gradients along the model surface were estimated from the Schlieren
record, and were favorably compared with those obtained from the surface pressure
distribution data. While it was observed that more improvement of the resolution is
needed for accurate determination of the density field, the results so far show the merit
of further exploring the procedure for deriving a density gradient field from two Schlieren
records by using filters with the stripes of colors perpendicular to each other.
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TN X LD KAV AT EDREHE TN,
7 4 g RERNBZ ETRADARBAICEBIC
XMIHETE 5%, UTicEBEEEF L, ABRERE
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HDS53—2aV—LUEOREIZOIWT
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=L YDV T, 2V 7R MRBIURER
KDOESICERI N5,

A 7 AMCE, C=4E/E=4h/h, BFESIE,
S=C/e=4h.e/h=f,/h CEHBI LT3, 2~
PR CHE, BEEAROIEOVEOXDEAT S
BE)KILWLTEEARGH 5 &L XDHROES
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7 4 vy ETHBAERELS S S, AEBEE
SHEICFEEARIC X 3REOENBICHIET 5
BERKELILBMNE 7400528, COBEARK
B, —E0EEARICHT 268 Lo
T 2BRETERTNETHDLEEZ 5,

R =B LE / BEAE (S=Nc/(de/dx)}
EAEOEKE, LROENERE 7 + vy DR
HEDETRLI: DL S,

A L= Fa R /AR EEEE ( Ne= 4h/Dc}
LAREEE ahi3, dh=fo.e=f,-(L-B)/ps-(dpo/
dx) TH 555, Ne=4h/De=(B/ps)-(f2-L/Dc)
doldx)E75%, S=(B/ps)-(fz-L)/Dc &
¥, Nc=S-(dp/dx) 130, SERELERTE
b0 foidF Ly XOELERE, ¢ IHEHRICEK

LB OREEA, LRAEROB, PilEihR:
FELOBRTEOTEHRO —RIBOEE, osidil
EMOKHEEREEEOT,

BHEEDL SEEARERD 5t DS

(do /dx)=Nc/S

ELTHEINS, /21 BHEYYOFEELK,
bBREOIEERDTH T & HEM HEHT
H3

BRELLURNKBAOEE

T XLKOBREAEZ BHBCE, BiRO
7Y ZRLDRKAEEEZ 5HEPEEROB
B HHBEFEND L, 7V XLROBRELZER
543, AINOHEGBE T L,

—H7 4wy ROGE, BREAXEET S0
3, EXpoMmEDELRRE, AEROKE, &
MBI DDA TOEEARETH S, T HD
A, MimEOE SRS JE RO B RICIE
Z oW, 7 408 OEBMOERIELI TR
NBBRE G THBILEZ OB, BT L7
BHEREE N N—VF LI/ E2a—FDF4 AT UA
LI X 35SmmMEE 7 4 L AD Y N—H 5 AT
FHEWRET A LicX 0 SR RMARERD 7
A NG EHBIAMERTE 5, TORBREDOE
HERTI -0 EERIERLAA. C
NILX D HLBREKIFFFICEY I 7 s vs — %
ERCENTES, Rk LTc7 4 s DH%E, K
4-11ILRT, FA-V1IKER L7 4 v DED
it T 5 FEARDEXE TS, KPP0t
REPOBHBSERL, BFOARE L3 ED
RpSBENEHEESERT, EBic&EED
EERT,

7)) X 2R TRAFS NI HBEEO PGS
PR, ¥3 [mmIEEICEN-TW3, BELRH
KECRYy b LT3 [mm]Pl EOERARKITIH
BHZA) vy PEERT B ATENEHOEAEE £
TEHEILRBEFA A FIBBNRELIE S,
—7, XEicaEitEn, Ry M7 40
Y %ELHETEIEMRTSE7 409 H85mm 7 «
WATHNUT 175 [mm] DERLE TIRINEEE
WIHBENTE, AT 2@AEZILTHT &
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h5—7 405 —Hl

4-11

BTE 5, LLhlAicko & S EHIRE =
I3, THAMOH > A, MmeE, FmEEzAn
3 & BEMEZINE, HRIZHEE TEDL
B, ZNHDFIBAETRIET b5, ERRIC,
5 5 R R MEmsEo#EE R L TR LT
B EEERTE I, FRERTRT LI, &
BORHEHOEHREDOHBNE T ATRLUNIVETE
[LLTNWBETAMHBEDIF, COERICLSE
EZEZoN5B,

[ERAER

K4—-12/ 5 X 4—23 icFE & O BEE D F1%RT,
K 4—-120 5K 4—-17iCid, %EH200[ mm] D
BAER : NACA 0012C, SREESEARBE
: 202 [kPas] (2.06 [kg/cm?® ]), < v ${:0.80, B
BMA :—2, 2, 3[deg] D 8flic DT, 7 4vF
DA T4 TEDH2.383[mm] DbDE, X b7
4 718, 0.74 [mm] D & O TERAGDE L7 Fl % Lo
T M4-120> 5K 4-14TiF, 85mm Y/ N—H v
7 4V AITHR, K, B 3% 5N, 15KD
HemEERtic U, SBMEOBIHAVWEREENCD
DEBALTN S, 3EOAEAVIEHE, &
PRREFRE LIS, B> cBHEBEEL
hEEEd 5 &%, £, BEARDESL
KEWE T AT, MicBEEL ik, B
RIS 3 EE ML, M4-1600 X
4-1TIER L7 4 V8 3, 3, K, 3R, #%, 5,
B, %0 78% COIEF TRE e L T4TER %
7,

F-4-1 715 00HELEEAROIIGR
B A FS IR 3 MR AR
[mm] 0 +1 + 2
4| —2.02..+2.02 | +2.02..6.08 +6.08..10.1
1.68 | —4.38..+4.38 | +£4.38..13.6 +13.6..22.7
2.33 | —6.38..+6.38 | %6.38..19.1 +19,1..81.9
8.50 | —9.58..+9.58 | =9.58..28.7 +98.7..47.9
7.00 | -19.1..+19.1 | :£19.1..57.5 +57.5..95.8

(dp/dx)y=¢ (P /(L-B)) =dh- (5 /(f2-L-B)), € =4hifz,
L=03[m], fo=2.5[m], £=0.000292, A=1.2[kg/m’],
(8/(fe-L-B)) =5479.4 [kg /m" ]

B4-12, 4—151F, a=—2[deg] TH 5, FHED
MR (B K>WITHEE KT 5L 30
7 4 w8 DFIFEHEDEIREICKETE 50
TE7 4 v TRPPEHEDKFIMBDHFIT W,
SEKIC T F LB A XBRLNE, THIEERAR
DR EIEDDOFITH O 7 ) F LEORITEFL T
WIBWDTH B, K4—13, 4—161F a=2[deg]
Thb, LLOHIEAEBHHLENTHS, L
OB L BT 4 XD, FRED
BHOX BN FEICE > TWb, BELT
BB TETCVEIHTFNN B, K4-14, 4-17 &
a=3[deg] DHITH %, BFHERBEOIR, SERE
BRKEL K EBTFNN 5, BERHOKRTE, X
FS5 A TEDOEZNT 4 vy HES FHEELWEHE
DBTE B, HRED XS BEEARLDOEHKE
WET AT, RbF4TEDODIEVENEESR
FonZEE BaP3u,

K 4-187% 5 K4—211Tid, %KD 250 [mm] D
BMAER - NACA 0012, K[URSHMSEESINRE :
435 [kPas] (4.44 [kg/cm?]), = v ¥ : 0.80 D
DEHD LA IVRE(15.7%10°) T, B
2, 4[deg] @ 2HNICOWVT, X b 74 7@, 1.67
[mm] & 0.74 [mm] 0> 2 FE3H 0 BREE CHINIEE&E L
12bDERT, K4—-18, K4-191cid 78, 21K
DR T4 TDED%E, K4-20, K4-211TF 7
b, ATADSDEFH L1, K4-18, 4—20 i3,
a=2[deg]l DHITH %, K4-19, 4-2113, a=
4[deg] DHITH %, MNGHHFE RV EZIRIC K
S THERAMUcET 5h, Bick D#ESQZHE

This document is provided by JAXA.



16 Fi e F AT S BT R 45 964 B

B 4-12 M:.800, o :—2° Po:202 [kPas]

Xl 4—-13 M:.800, «:2°, Po:202 [kPas]

X 4-14 M:.800, @ :3°, Po:202 [kPas]

HICEEPEV, K4-21 TREREOREIC X
D BEEARONSWERSIBEONTRILL -
T3, $7/-K4-18, K4-20081TRT LT
COREE VA /) WVABDOEBRTEERENL S
HEBWEEAEDH S EATRRIRDSZNRBE
TR ED IS U,

X 4—-225 5 X4—23icid 7405 R & DD
BT, TYRLEFotoFH LA 2 WIXEREBROF]
LT, KM, EARRE : 451 [kPas]

4-15 M:.800, @ :—2°, Po:202 [kPas]

4—16 M:.800, a:2°, Po:202 [kPas]

B 4-17 M:.800, @ :3°, Po:202 [kPas]
(4.6[kg/em’]), = v ~NEL:0.75, LA /v XEL
15.7x10°ThH b, BRLWA T 2, 4[deg] D 2 TR
TH b, PICRT LI KHRBED/NSNT ) X
AR TRIFESR, FHERE BRI TEAL, &
VA VAEORBRICITEL TWIEW, 7Y F 4
BED /4 ZEFERICID ENE, BIES—RED
@R OB NELEZ BRI 5 L 5 TR
CRELETHAD.
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4—-929 M:.750, @ :2°, Po:451 [kPas]

4-3 ZBBEHS—{LEHELOFHMND
FED vV E 2 — 7 B ORENE L  ERLE
HEEOEKLBRAIITON, BmE LTIESN
TWBLDOMBEL B> TE Iz, TNODEEE(E
Adacdickyval)— L YEBEOEIELDH
BEMEME L S Db B BEASITANE, &
B FCEE T - 8 2 RA B X DS EELE
HEREICHS B, —F, EHEREICE - TR

4—-19 M:.800, @ :4°, Po:435 [kPas]

4—91 M:.800, a :4°, Po:435 [kPas]

4-93 M:.750, @ :4°, Po:451 [kPas]

7y AEENEG B EIckD Va2 -V VE
BiczhEdThE, EROV ) - L VERLOL
BbAETH S EEDNB

T OB ERA B I DITETEHBEZ D SDZE
A0 Hic b 0 %9 < S oBEGILEREE ic i)
DFVWEEEE S HICEBD 7 4 v EFRAL
CTERAFRBRZIT - 1.

Yo ) — L VERR, BEAREZENTE %R
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& Th 35 55%kd ZRTRERE Y o Rk
NENEENEABS L EBEIT 5,

FAOFEHLTWS Y2y - L yEETE, B
EE, 7405 DBXHILL-T, [IKDHRENIC
EBELREMS Lic(do/dx) 7— % L RFICEA
HEc RSy Uiz (de/dz) 7 — 9 o h 3,

LOBNEEANRD T -5 %8510 7 4
FDEEFITONT, K2-2%BBLIEH S
T 5, M2-2FHMTH S, KDL I ICHEL
RABRRDY 2 ) — v /EEBETE, MEEOIHES
NENBHbN, ZRMBANCE 1K) H£5L82
(BOEAMHR S, REBERL, T 58 (Al
) i il & T B NG LD S B~ TN B,
AEM TiekFiAR (KTREAEASR ) OFEEAR
Mdb BRHIENTROICB O CKES [ (KT’ R
FHim) ickgidiRn 5, AEBIC L TAR (KT
FEmEICEBEL H ) OFEARDI D SHHIEN
iR CHmICEE S RliciRN . 7 4 V5 I3E]
A% 280 @t (KITlmAN L
LA WEBICKELLIEAT S, K[FHHR
(x i) OFEEAREZBEMT 58, 1)K
AEIKESR (KT ETHE) icR13 5 i
WIS K S ICE W, K[FEICEA AR (z R D
FEAREZBRAT 263, 552 () A icssiE
Fial (KT EEICEE LA ) KR 5 EE0
sk HIc@EW T,

FENENEDOHEICEET 5003, mihOH
ATV, x AR T & & 2 HRlicxd 5
Hx 2K, AL TEDEDOFEERR <Y bV
%K 5,

EED N7 P VAERD DI S B OEE S
AR THEE[RICEA S ROEE AR ERT
B4 o EEEIS L, ChiBGNmEREICTuA
AHEBE Ay v 2 RITHE LR ITRG % 2 4]
DHEEARAER L TEZDR[ORY p VS, &
SICHEEARAEMNCRIETE S XS, h7—
7 4 BRI, BENEEED A o ¥ o A
cEhE, BB XL 5 BESGORGS & 1]
REHEDS D B,

VLT ISR M OEEARZ R RE & K[ic
BAHEOEEAEARTREOHIS L Hl% L

Hd, COBHTERALEZZHR 7 4 VP3R4
78 0.74[mm] T 3,
FRBEDAICEIDHhAREHCHE LA b
LHd,

# =B

X4-245 5K 4-261C13, [sl:, £EE&EE
- 211 [kPas](2.15[kg/cm?]), = v ¥ : 0.75
T, BEELAM : 0, 1, 3[deg] D 3Flic DT, Kk
HROFEEARE, [RKERAEOEEDIESL
Zbdval)-LYEREEZLDT,

K4-27»5K4-291ci3, [ESKE, £AH
. : 196[kPas](2.00[kg/cm?]), = v~ $( :0.85
T, BRI 0,1, 3[deg) DFlic DT LEE L
BKOBEEA LYY,

K4-245 5 K 4-26D (a) BN ARIOEES)
Ern 3, LmiCHERER, ZoERICERS, =H
DPRIBAFTICELER (HEE) Bbd, TOHK
BEE—BIKE-> TEBHECHIEER (RETE
BE) THBHLEETRYT, EBEEAEVFICANE
TARIREITN,

K 4-24 5 R4-260(b)ic kK FhicEAS
ROEEARSD 5. 7 4 V& EHD LD KE)ic
FEISVEEAELSD S5, H, 8, %,
DN, FTHMICHEE S 5388, 7K, K, %,
------ DOIFCFE ARSI & EZRTRRICEV 1,
B 4—24 (b) DE®D L), B %%EAE TRIEIC
AVWEZADLRE, B, BPRASDIB, RMiTE
WREETHROHEEAESHRNT EERLTW
5, ROPRELDROEMIBIBZBIR—BTHY
FTFAHROFEEANGGFEE BN E B35, K4
-26(b) ORHREEDEHKRL SERBEEZBKRNT
FREBENRISEIEZTEDLT S,

Bl4a—-2155K4-29i3 7 » 5 0.85 DHITH
%, K4-27,4-280, ERMOBEABLDOK X
WERS I RN & K BES SR TV 208
REOINE O E /4 ZDOEEH < BT
LB ICREA PN T HDTH D, K4-29 P,
BEES» SISO RRERLTEBY, 7V 4
EHHEPLL TV B, 4 X3, Bt
DF—-9ELTHRAZHITH B,
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X 4—24(a) M:.750, a:0°, Po:211 [kPas]

4—-95(a) M:.750, a:1°, Po:211 [kPas]

4-26(2)

M:.750, a :3°, Po:211 [kPas]

iz € 4—30 ic B _EOEAATERE & FRHIT
BEBL7Yal)— L YEEERL, BEAEON
A AATE - el R R Y. K4-30(a) i, Kt
S kA M=0.80, Po=435[kPas](4.44 [kg/cm’]),
a=2[deg] DBAN Y 2 ) — LY EETH %, (b
B & FEICBE L R EOFEAR T 5
HELABENHEBEANREN LR £lcva
) — L Y EEDLEAN - L BEEARS T D—H

B4 4—24(b) M:.075, @:0°, Po:211 [kPas]

4-950b) M:.750, a:1°, Po:211 [kPas]

M:.750, a:3°, Po:211 [kPas]

4—26(b)

NECORicERbbYE, BLEOOSLIES
Fomd. BAREOD [T 5 ¥R [ DB
5 () DWIET 2HEEAREFHANSE LBLLT
—20[kg/m*/m] TH %, TDHIFEK4-1DEMEE
BD5THDEXLRLCEHTSE, —18.20
5 —22.3[kg/m*/m] DHEHPFHTH 5o TOFERIE
HAHEFEIC L BEENPEDRBLA>TWVWD, 4
—9 TN E 4-1 13, BERETY + L%,
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X 4—27(a) M:.850, a :0°, Po:196 [kPas] 4—-97(b) M:.850, @ :0°, Po:196 [kPas]

X 4—28() M:.850, a:1°, Po:196 [kPas] B4 4—-280b) M:.850, @ :1°, Po:196 [kPas]

X 4—29(2) M:.850, a:3°, Po:196 [kPas] 5 4—29(b) M:.850, @ :3°, Po:196 [kPas]

Iy FLEERADENE NOBEREICE T 5HE
FOFEICHOVTIHEICAN TV, TOE
B3/t EERbN S,

4-30(a) M:.800, a:2°, Po:435 [kPas]
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Tl Be F i TS EFERIER O SR LA
AEEORBO—BE LTHANSICDICEEHD
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F- PRI L 0 SERITIE S NS HOG TN
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&, THEORENEBEAEERICIESZ ST L,
HoAil7— 7 2BERS EBMICHBET 52 L
ENBEF N5,

FoEWEE CTEEARDOERN T -5 &5
22 EDAICASBITINEREL L TRROHK
bOBH 5,

(1) ERWE 41 XRFHEBEORE,

Q) FEBORWSHCH BT EBL EEK

WWHHRAT &,

38 ZhoERELUTHEMICHT 5 EEIE
LSRG BEMOBEFRERIEST S
&,

E£ThH D,

Kic, BoREE, SREOEEART -5 05
SN AN SEBASOEBMELELERELED T
— s EAMEREE D, SEIROTNIBAED
NI FEEIEE, BOAEEO T -5 E2FLI
HiT,

4) ABicabeduaishicmfick ]
Bitd kb, EEMNEELED 7 VY
ENFHICL DRENDEVEREGEON
ARficd BT E

SEBETH 5,

Hir, FEFHNIGOEBEEDITBENT
7Y v SETECEEBRGEE ONE X SHLBESD
2, MREMHEREHMIET 20 THNEA PR
FEEOREIC L QRRTX 50, EEAIHRAD
HENE AL TR T, HNOEFICIER T
2L LB D, FNOEEHE LT D
i3,

(5) EEHNCESEIEY YT Y v SEITIEST L
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BHo—RELTHWS I DITE, SRS —
5 S, BB ARRTH 5. alfb7— 4 2 H
B9 356, THICHLBERHNOBMOBRNE
KIGRBLIEHL EME W, WENERRORELES
H7— 5 ZRLHIGL, Brd 5icid

6) BERLEEEDOFAPLETHY,

(7) BERAIEREOBIEE C A 2 EENED 7
— 4 DEE (77— ~—24L) OBIIA
Havea—gDREBEbDTEHTH
%o

HENBEEF L 2 v ©a— 9 A EBNICERT L
SEHBMICNBEITIIZ, EE0SEL, BRI
DAEEICIE B ThH A D,

6. ¥ & &

ARG, BENEDENET S EiIL DK
VA J WX OE LA/ VA E TOEED
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