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Measurements of Free-Stream Turbulence and Disturbance
in NAL 2m x2m Transonic Windtunnel

By N. Kawail, Y. Ocunt and M. Suzuki

Acoustic noise, velocity and temperature fluctuations and boundary-layer trgnsition
were measured in the NAL 2mX2m transonic windtunnel test section. The data was
obtained utilizing a condenser microphone, hot film probe and swooth 10-degree cone.
Noise and transition data was then compared with that of other windtunnels. It was found
that the NAL 2mX2m TWT was one of the best conventional windtunnels with regard

to turbulence in the test section steam.
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EE = ~BM<T, film HTFOKEHR, ( ThiZE
BRET, CHET230THb, ) kHEL, BRHE
HoOEARE—FEELT

Bt mggat YEW
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R B FogREL ISvF
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R,=R,+AR-z (=1, -+ 5) (15)
L bhBEEHLR, % 5 RFECE £ THITE L7co BMEER
ZPIRE L TE L 501, KBCRNLTF—2MHTICE >
T, BRBEEHOH N ERMAhORET S L BETZHO
FECHMT HDCLBLERIETS 5o

3.2 AIET— 2 ORN

BGBREIC L 2T — 20 bR MORAN THHT 5
DILBLBRTZOHTELDHL Y,

FERBHFEOHBAICIE, hot wire &l hot filmiK
B8L TUNusselt Nu & Reynolds B Re DHIKKing
DR :

Nu=A+BRe (16)
VIO EBL{QbhTnb, 272 LA, BIEKT
SHBIEC L > TEDENRED b Do Re DB oI
hot wire D& Collis tWilliams 14) A W~ ¢

002<Re<44CHNT @=045 (17a)

44 <Re <140 THWT @=051 (17b)
Tdbo 44<Re THwire DL T 57
(172, b)ROISKoOELEDLLEVWDN S,
MA#ikohot film FEF TR

®=036 8)
Leofb Rons 15, gReofia, BLEBECE
4 DREHETF s AERGFEC LCBEL 2R Z 5%\,
okicHt L T IO BRE « ¥E + I FRICEFOBE
BEx—-—Tg0Ls, R (v =0)0BRIOEL ],
tFhid, w=0.50L %

du 472 a7

g I
2l rh b, WAK, BRERFTOEKOERS EXHS
PIVAEZRAET L, BHCEEEB RS HLh b,
— RO MR CILBNFRRTS 5,

EfEEHORNL OB, Nusselt & Reynolds
HBogH‘OPCEThirktkOWE, T2bbEE,
HEREy, BREERFOREBETEO L 5L D250
R EZ 20 4, kOEBBELL TL ELAQBET, &
EEEBEET, o283 bHA2rh, MTORRICKE2ZER
BT o fe b, BETA DN LS, FHEOBHEL T,
Ful kOEEREL Lk, AMENCRFKZZER TS5
LLTRFFRIEANT

(19)

To 0.76
=17.10 . 20
to=1 X(27315) #Pas (20)
To \0.87
ko=241% (—>=)" . mW./ (m-K) (21)

27315

KX YVEHET 2, kOB o ZRAEPB—BRoKETH
bt [EEHR=28TmY/ ( ’K ) L LRLS&koHk
BHEX L0, TRO, ThhaolBEETr =140
LTHEZY bR bo 2k ROBDOTH D, 22¢ LT
Nusselt #Nu t Reynolds ERe OFH#HERIKDO L5
5z26h3,

I*R,

M= Th (-1 (22)
3

Re= pY (23)

Ho

zetldhot film KKEN2EH (A), R, ik film
OBEROBH (Q), LEfilmo&3 (m), k, HEXK
DTy KNI H2BEBK(W/mK), T, X film OBfE
BoBRE (K), 7, dEHEE (K), o, v RRATHRE
OWE (kg/m' ), XE( m s ), pitfilmoiE(m)
Uy BZZRDOT, KT 2HERB( Pass ) T3,
FEOFEI B TR LD, BRBOL SKERNZ
2Pk CHRABERUD R ZRLAThALE LZ VW, TO
BRI

Kn= /1 (24)
o TEEIhHKnudsen¥Kn THEDLINS, 2K
L ARS8 FOPHEHRITH, [ dWEoRREZ
(hot wire TIXE®Ed, hot film TiiEs ) T
b0 BRICBL T, KntdME Re %8> T

Kn=1.485 M/ Re (25)
LRbFCLaTr 1)t rpmEc > GRS

Kn=1749%x10"% (p?) (26)
LtRb3ns 1, EEMK TR ——ETHDH6Kn
=—%E¢abh, o TNu 2°Kn KIRETAEL T+
ERdBhZ W, BR« BEC T, S8E% hot
wire TiX

Kn~ 0013 (27)
BETdbh, EHGhot film T
Kn ~ 00006 (28)

BETHH006, hot wire CTHBOKTS L5 hot
film THEHFERN T HHTEERD S B,
BOYKDBRLTENICEBNTH L% NuldRe EKn K
WHET D, Kn 337 Re L MITHKET 2, HICNu 1T
Re EMTEHFT Do —HBOHYDESEENLE X Nu T
VRe €L TRIEESNZBELZ 5205, Nutv Re
LML TTn o VT2 ERVERR DL D2,
*OHERFEHLNorman! DV ofE T — 22/ 0, |
LADOHE1 7 TH5, ERAKSF LAEER, &1 7(a)
THMach#Td b, 1 7b)CriReynolds ETd %,
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MO E I
Nu=By+Bx'Re+BsM+BysVReM  (29)
LS BRAKILD ERE L T, RERERB, -, By &
BNBRECL > TEORIDTHH0 W1 75550
T, hot wire T NuldRe EMO\/H KRG T BT L
Wb bo BILT XD IRHRERNEETH 5o
hot film WEBLTRe EMEMIKEL FERD S
WEERESR B2 L. £ THBIMF O hot wire
CoDWnTOD Sauer &Drakels) OB TERT 50 hot
filmCDOWTOERDORe , MOEFM%E ST-HHTHES
OEBICR > TEHE LR %M1 81TrT. Nu OMIT
ST BIREM L Re IO BRI TH % b I
ENbbo HIC ZODRICIRT Re & TiX Nu MK
FLEWEREL TABRELNEINWTEH 9, TOFER

4 DISA55A25
hot-wire probe

Nu

r
oo

M 17 (a) Linear Dependence of Ny on v Re and M

DISA 55A25

hot-wire probe

YRe=7
yRe=6
YRe=5

YRe=4

4 17(b) Linear Dependence of Nu on+v Re and M

Atz bbb o, LAarts Thot wire ZEELALD
OTHHN, BEICELIEhot film KIELTldH
Bl L LEIKSE> T3, BEOEE $-> T3, Nu
OMEEHERNEINEBE LSRN D LRI B0

BBEEE O ) ORWMA B RIEN OEELE e — P
L EEXEE— FOBAICEL 50 £ CHIET ABEIC=
Yha—rTEL2D0MNEREL AR TNER A2,
1 DFEE LA > CReynoldBlRe THbh, 351D
dhot film ORET, *EILBELT L. Tw &
EET B L, EERER TR King OER0ORE, Collis
EWilliams ¥ € rhid

Nu=( (4+BR?)

Ty + To\0.17
oT ) (30)

Sauer & Drake!®

14 DR

12|

Nu,

10

1S ) S— i
W—a;‘
B 18(a) & )ARBMBESNINELD Ny
Re & MICHF R4

fRe=34
14
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L
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Re=19
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EEFING, bo & bFEEREKETHRERES® 15
KhEnht T, —EDEE T I,
&M Tl Morkovin OF%k 19)&%9 T, OO I bh—

Gk 7

Nu=Nu(Re , T,/ To) (31)
ERE L, BIEAEE

=T, ~To = const 32)
tt B, TNHOREER hot wire KDWNWT

M<o0s 1.5<M (33)

OBETHEDH LN TV 33, KRUNOBHETHAMRD
tol slip flow ZROADBIC Nu O MK K E
o hot film KDOWTHRE1 8 DR T/RLA L % K6
REAFEL TH 5, QROFLEEHRICE 2 0 TR~ 2, @),
CORTARLAL O, kyxTo", Uo<Te™ ThbhHhb,
m=pu L L, B8), @, BR256

dl O InNu dou

2

I dlnRe pu

dinNu  41nR dinl a7,
+(n+1—m—-"— 2(2 e
n malnRe dlnT.,( alnR,+l)] To
(34)

dl dm dTy
—=Cy—  + C 35
7 - L (35)

die 2 ,dm\2 dmd T
— ) = —_— 2 —_—
C=a ) +eaa )

dTO)Z

0

+C7 ( (36)

1 v
TSI-1235

R=17.33+0.01674T

50 100 150
T ()

B 19 Resistance of Hot Film vs, Temperature

bk be (A1) I, Cu, Cr HHEEILRDT, B
PEHEEXEWTH, To EOXBLTEHT 2,
Kovasznay?®) K2y, ENOE®H HERL <,

1
a =

B=a(r—1)M* (37)

1+T——1M2
2
LB
du2 a? dm.2
CO=tarsr )
8a  _dndT, 1 dTo
+(a+ﬁ( nTo ) (a+ﬂ)2( o)
(38)

Ek b, XLl LhAm, To OEBSH 6, B
Lo THEBEUDOERALBON 2, 2R OTD Nu
Re, R, XT,, IR, K2WnTOMEEA IREE,
CEEBACL > TROL3DOTH 54, AEBERS 2
POBNEREC L > T—RRNF 2@ =RRE LTEDL
T HRH S, FiChot film prebe KON T,
probe ZEEM 2D OB T, MBREIICL 5 T
BREHNOATR T TA W, REX % probe O3 <HITK
BNTEENET AV EERH TRIAR O BRER) CBE
ERDIco L TZOREXRRR 2 CENBEFE TR
Do

3.3 RTERKR

HRMC T2 hot film BFOENBESEORT
HBERTHE1 S RT B Sy *DPENWT— 4
2 HE IR

1.02-

1.00

0.98t-

o 05 10 15

M

0 20 Temperature Recovery Factor
O Hot Film (TSI—1235) — Hot Wuez‘)
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R(Q) =733 +001674(T(K)—273.15) (39)

EREoko TOREAVLThot film OBIEH - BfF
EROAEE S S Th- PN OHEE - BEBELTHAHMT 2
DT H5bo

QR L > TEEI N 2 BREOOEAE 7 TAEH~< »
~NEMECHLTHEN L 0N 2 01RTo Eid hot
wire CONTILALN TWAIRRLEBEOLHITHN
VD THbD, Al  hot film TSI~1235 OKKE
Tdbo BERATOMENTHTENARDHAAS Y FHKE
n, n=—%F, LRROEEEABRNFMALIN TS E
A bhde

&2 1REERHEOhot film TSI-1235ONu %Re
04 L TFm s b LABDTHB0 NulkRe 04 tsd
LTEBIGEN® 2002 HBCH DT Ldiibhb, ti
BEBET, THTE—RIC Nu 2832 &3 bdde &
ORERERIE Nut Re 3 XU IR, OXNEBES 2R

100r t51_1235 &

| O Tw—Te =1815K

A T'—Tr=363K
80+

Nu
(o]
> o

] 21 Calibration of Hot Film
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| fw/\"f__o\] |
0 A 1 4 i L
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M

] 22 Comparison between the velocity
and pressure fluctuation

BrbiANnLh b0 NutiRe (0=0.4 )ICH L THR
CENWZ 20578 bR ( Nu OMIRTE ) 238N L HE
Ba3hid, LrLEIrAMRLEAZOR V. 2¥EDL, T
DOKRBTIEMA Re & L3 CHMNT 5L 5 R EE&L
TwaHhb, @1 790 L 9 2O T % Nu2SRE Kt
LTEBRCEBOC A AI—R%E>TWEO04 L
W6 TS 5o
22k hot film WKIo-> TATLAEEES YR
ZZTu’' BERFAOEETEGORMSHETS %, 2/
24 28RYREoTRAELAZENEB IFRHGRL, B
ErHBT 20 v’ /ud@ REANTHAEZIN 50,
LORCRENED L EAT 25z D), $rbb
1 P u

G-DM p S

NEINTNnD, L LE 2 20HEIC I hiZ8ROKRE
BB IR N EDbh b, o T, BRELANT
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VTR 24 7% BB %\
FCTHEEDu! TROLZ L DE L, HERKO
T8 (ou) EROBCERLI Yo FEMKTE (0u)’
Sou)Bu’' /v =83+ 50:6, EFERBELC T 2%
EEDORCH L HBT BT L2 TE 5, cu’'tb(p
w) OFVHEFMEBBLZ FKREAOCKE2 ZEEREEL
BLyEL6NE06, w'/uw bt LD(pu)/(p
u) EROEHEREANG Lk,

B 2 3 THRABHT 2 m X 2 m BEHRIF O AEHIC &
PEBROER + L URBEOXROATH T ERER~
» MBI L TRTo COLEOREDRPy =9 8 kPaT

(39)
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Bl 23 Mass flow and total temparature fluctuation
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bbo UREVLHEABFKEHIR2 20 ¢’ uT{E= ,
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6, BEoREERLT TR oML T 20dED
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% ¥, REOEERBCHT 28R OEEESu ' u
R+ 2EHHE, XM22EFH LT LHHLRTHELD,
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FR—RERB T WL Teo RIS A—AERTRET HL
BIL, RFYY s e -2 %A TGS LB Lk
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Tdbo
SREEGOKTAORe, b8 2 5RO 7 -2 )
LLRWRLTHD0 NAL2m RARCIERe, =3.25X%
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OREBAML 1 6B LhABEREFET 50 TORRAE
EBYDHE, Rey £4C, OHBEFhEBEBEELZIOT

ZADOHP Lz, L LEROERE, HiEL LAE
7 (FEA1 0EORE) 58 A—Tr AL S 25, N
ASA 31U AEDC K\ T L 2 8% MaER2 0
3OEM S ¢, HEHH2m BERARIC 20~ THFERT 5
TENEEN Do

¢ NASA/LRC 2.4m, Re/m=6.6 X105 End
o AEDC 1.2m, Re/m=6.6X10% End
O NAL2m, B=98kPa, End

P ” ” Onset
X 10°

-
=

[
o

|-
P ! hs=N

4
il

Transition Reynolds Number Re;
o
>

g
=)

1 1 1

Test Section Mach Number M

B 25 Comparison of Transition Reynolds Number .

5 £ & &

piEmi 2 m X 2 m BEFEBROKMANCE T 288 %
B7o T Pbb condenser microphoneld & = THES
OEB (BEE) #HZEL, hot film Ko CEEEKD
e IURBEOEBTHEL, HA1 0EOMMLD
BRUVA /A XERREL, AR S 2. XBLE
BEX11, W23, M250WRLE. TORENLL, 6
BNPENSHORAEREL B L 3 5 EROBETERIR
OF T, LEMREKIEEA KEL TR BiF %z RRO
HBECE T 52 L3bdorco SHRYAMC N HE %
THOANZ, ThooBEREBECIhA K, XL,
hot film T L TW YR EHHCTHINE LEA,
FIUAMERPNB CER I AA#EZO IO TR WA
CONTHETHEENRL O, EREXTh LOARES
BT 5o

B%BIC, TOERFFIXZ KDk o THB IR WAL KL
7, BERBROREE—HEZ, SHAMRELZ 50CH
HE_HREZOF 4~ T BHOBXE LE T 24, C
OABRICHER L A EEBEOREC b b BHHIRED
BAMKRECEH LT T,

X oy

1) wWEREX: ZILEERARIC 517 % B R R TR AREE
THEHROME L, MEFHEMAKAT2m X 2m BF
BARR~O L OFM, HZFHRET R ~263 (1972)

2) REFHX : ZRLHNC 1T RGO & 2 RIREED
THECF 5 —ROBEBIEE, NEFHEEYSHES
e (1977)

3) ERF : “RIEARORELCDNT, #ifEh=-—x,
No.169 (1973)

4) BB, BAHE FAAK: BEEr—bE—-2
BORBICOW T, fikitme TR-441 (1976)

5) M.V.Morkovin : Open Questions—Transi -
tion to Turbulence at High Speeds,
AFOSR~TR-70-1731 (1971)

6) MUZEHATRHTERT | MAHATHIZEAT 2 m X 2 m BEER
ROETHE L%, HEHMTR-25 (1962)

7) N.S.Dougherty & FW.Steinle : Transit—
ion Reynolds Number Comparisons in
Several Major Transonic Tunnels, ATAA
Paper No.74-627 (1974)

8) WRHE, WaeME, HMERSB, $AR=E  BRENES
AR, MBRFEEESE 4 EERMBESE, p.221
(1973)

This document is provided by JAXA.



16 MEFHENPRFHENS 4 25

9) WAHHE, IEMRS  HREEBRORTEE, M
TR-353 (1973)

10) SI OFFIRBERR : BREMAXR (SI) OF5|,
A& B (1975)

11) BAEEHRHS  BEWUEA A~ VT2 7, p.232
B#EE (1967)

12) J.R.Boone & G.F.McCanless : Application
of the Techniques for Evaluating the
Acoustic Sources of Background Noise
in the Wind Tunnel Facilities, Chrysler
Co .HSM-R05-69, NAS8-20336, (1969)

13) Constant
ometer PROBE ASSEMBLY made by

Inc., BEREIE, H2u”/

Temperature Hot Film Anem-

Thermo-Systems
No.2051

14) D.C.Collis & M. J.Williams : Two-dime~
nsional Convection from Heated Wires
at Low Reynolds numbers, Journal of
Fluid Mechanics Vol.6 (1959)

15) M.Bonis & N.van Thinh : A Heat Transfer
Law for a Conical Hot-Film Probe in
Water, DISA Information No.14 (1973)

16) FEFS | mRER, *EE (1968)

17) Bo Norman : Hot-Wire Anemometer
Calibration at High Subsonic Speeds,
DISA Information No.5 (1967)

18) F.M.Sauer & R.M:Drake : Forced Conve-
ction Heat Transfer from Horizontal
Cylinders in a Rarefied Gas, J.A.S,
Vo1.20, p.175 (1953)

19) P.Bradshaw : An Introduction to Turb-
ulence and Its Measurement, Oxford
Pergamon Press (1971)

20) L.S.G.Kovasznay : Turbulence in Super-
sonic Flow, J.A.S. Vol.20, (1953)

21) K AES, HAEHE, MEPH FRE%R: Z8E5S
FRERREBOSY, MEHTM-99 (1967)

22) EEN¥HAEASL  BERFAARR-RE, MEFH
ok H22%, p.571 (1974)

23) J.A,Benek & M.D.High : A Method for the

Prediction of the Effects of Free-Str-
eam Disturbances on Boundary-Layer
Transition, AEDC-TR~-73-158, AD767899
(1973)

24) W.C.Rose : The Behavior of a Campre-
ssible Turbulent Boundary Layer in a
Shock -Wave—Induced Adverse Pressure
Gradient, NASA TN D-7092 (1973)

25) S.R.Pate : Measurements and Correlati-
ons of Transition Reynolds Numbers on
Sharp Slender Cones at High Speeds,
AEDC-TR-69-172, AD698 326 (1969)

26) E.R.Van Driest & C,B.Blumer : Boundary
Layer Transition : Freestream Turbulence
and Pressure Gradient Effects, ATIAA J,,
Vol. 1, p.1303 (1963)

27) D.J.Hall & J.C.Gibbings : Influence of
Stream Turbulence and Pressure Gradient
upon Boundary Layer Tronsition, J.Mech.
Eng.Sci. Vol.14, p.134 (1972)

28) J.G.Spangler & C.S.Wells : Effects of
Freestream Disturbances on Boundary-
Layer Transition, ATAA J..Vol.6, p.543
(1968)

29) WaMHE, HERS  iEETERBORARA N
HE, RBEARSEEN (1975)

30) FaHE, MERS  BEEERBOAMEL O HE,
FUEP= - — =< No.181 (1974) '

31) O.P.Credle : An Evaluation of the
Fluctuating Airborne Ehvironment in
the AEDC-PWT 4ft Transonic Tunnel,
AEDC-TR-69-236 (1969)

32) O0.P.Credle & T.0.Shadow : Evaluation
of the Overall Root-Mean-Square Fluc-—
tuating Pressure Levels in the AEDC-
PWT-16ft Transonic Tunnel, AEDC-TR-
70-7(1970)

This document is provided by JAXA.



MEFEHEFRWMHERREIMNS

F 1T Fr

BoR( AR

WMAMBELR R T

& F OH KW O R BT
R A A T OBk <F H 1880
BRI E = FE(MHT-91CRR ) @182
&t ®E = O L &
HE KRB X &N 2~27T~12

This document is provided by JAXA.



Printed in Japan

This document is provided by JAXA.





