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Some Experiments on Control-Surface Buzz

By Yasuharu NAKAMURA & Yoshikazu TANABE

Experimental investigations on the control-surface buzz at transonic speeds
were made with a two-dimensional airfoil-flap combination model. Experiment 1
was devoted to optical observations by using a high speed motion camera with
particular emphasis on the growth of buzz, namely from the state of small ampli-
tudes up to the limit cycle of oscillation. In Experiment 2, the measurements of
the unsteady hinge moment of the flap by a free oscillation method were perfor-
med at subsonic and transonic Mach numbers.

It was found that the type of buzz occurring at the higher transonic Mach
numbers shows ¢‘a soft oscillator *’ characteristics.  Also the oscillation, at least
at small amplitudes, can be associated with negative damping in potential flow
and does not depend on the boundary layer effects. The measured unsteady
hinge moments of the flap agreed reasonably with the values predicted by the

supersonic unsteady linearized theory.
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RACICREREEREAREFTEHNENER, RAXETERRTH 2, AFNESE &S XER 20
cmX12cem, FIFMORFIFMAOR X 50cm CTh b, HEH L TRIIFEOE 10%, 5E%DZ
Oy BT, TRO—KMELB/LLDICTRS M LT Th# 0.6° ¥ 28 LT3, &
RIIREmE A NACA 64A010 O RKITERIT, £OHETLIELIREND, MPEOBERRY
D 1/4 TERLMHEBEOMRIZ 0.5 mm ThHD, BHER (=8cm) ¢RI LIRBRL 1 /4 X
BIEBHFHTH 1.2X10° THY, REARABIRBTERATHDLE2bL D, —F, BHRIE
BHYOHBERABORBTHNZZLABRETHHDTC, ZOERTHE, BuERE L mEHI
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LHBOETIHEABOBEENZD OIS, RIS TOHERT, LirL, ZORMBTDH, HAR
DEBINEL, HRHEBOREIEEH LOKBITORNELEDBRT ¥ ¥ « VORI L
ZZTDY, TOZEREBITHELVRNEDLEE T 2, KRBT 2HAORBIETHOR
4, M5 EEVEDLLEV, EBIETy AEBETHE T ERIDE 5 EbD TRRARIIED
BEAEOND, Ch3EEBIZBET 2 X Bbh3, ZOEECREBRECHZIZHLHTH
BRTHY, THINHETLMAT 0° LHRELTHI bbb, HBROLT HERAR
EETEOFERANO AL IR ETEIENHE 2, REBEED BN THLINEEKT
124, FHERANEREATDEI LD -l T, FERIIVHWD S “hard oscillator” DOk &
AL, BmE LTRELRBCHEEZ DD, LT, TOHEBIOWTREFERL VELRL
BB, Vo)~V Y EHEC I, BREERTHABIE L CESBELTWH I LN
ZHONBH, TOXLENFEBHOREICABERNE I BKRE LTTHTH 2,

XT, ERO< v AEHRBCEEL, RO L 5B IMNRETREBEO T LY ORNIEK T~
Yo VEUVINBEHRFOREYIBHEL TV D25, Livd, BERESRTHIOTERIBE
HERFPOBEB R E OO TEUT 5, < v "B 1ICEL, BRUTERESEEL OEIZPNEViTh
Ed, MASBENTHEZ EHHRFLTL . AR L 50, BEEEREFRROBRRBEEIZ
I, EARPECEERME v F VT 77y IRBIDILNRINT VD, HiEEHYIOL »
F 7 « £~ 2 ¥ b D aerodynamic stiffness coefficient Ay & aerodynamic damping coefficient

_hp' IS¢

2
neE, RATEHELZLNDBY,
1
*hﬁ=JM3:T (1)
2 M
R o= (2— Mz—l) 2

(2) XOETE, 1SMsV2 OHEBETHEL LDOT, MK vy F Y777 v INTOFEFE TR
WELZ D, SHOEBRER: (), QA THLZONZHEELEBE L TAD I LIZE KD S
CrTHhDH, EB 1R HHMBEOEBIMNMNER O B) XL SIBRICEDLENS,

lom 101+ 2 ) @

I3 HAABPBBEOL YT Y OEME— AV T, AUCBPRCEIANDOIEEH € ¥
SR AV FThD, hp —hi 3FNEN aerodynamic stiffness coefficient 3L ¢* aerodyna-
mic damping coefficient T 5, 7275L, N7V Y I OEE L7 REZNTHLTHEEHEZ
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RER LI, 70, TOEEHL VY » F— AV MIBHERECL - THRDBZI &N TE
5, ZOBE, AHHFERI+FRELRORM: L EEEEYZER LT

I3+1p{1+ g4 sign (B} B=pV3Cs*s ( kB + Cr hyp (4
. \%

Lied, (3), () AT IREROHEREADEBEE L VRS LU RKEOHAE (i
ERER) 2RODIELICIVIEER LYY « T— AV P ERMBILNTE D, ZOHE, BT
BERLICAWIELDLA—TH B0 2 ICHEMONENRHTLERT, HEZOOFHETRO b
VY ex—AV b, kg —hy ORERRELE 10 (a), (b) KART, MRITKEK L OEIIFROHE
BIRBEE 12D LIV EAS S, ER1OHERHROL 512, HBUROMEL M2 TX
DEME— AV P Eh T

% 2
(a) (b) Ce) (d)
ﬁ%&? £ ; ; %b 7| 61.17g-cm? " ” "
FFEFREROEEXE | 13mmX6mm " " "
TERIEROE X 0.2 mm 0.3 mm 0.4mm 0.5mm
RO BEHEERBEK 29.7¢/s 52.5¢/s 76.0¢/s 109.4¢/s
BEEREXR 0.0172 0.0065 0.0071 0.0097

FRR2 CRTERIROES 22 Ce y ¥V OAERM L A2, Lal, WThid
LCHBEEIVNI VO TEETHETILE O I, BHEEE CREBFENHN THHRREET
FENHETH > 70 K10 ThM2d & 5, HmREE D LT L 28 bdAE LTI,

FHECITHEF AT LT aerodynamic stiffness coefficient by AIAMGZE T, ZNIXERE) I
BIEAZGE L TRE LOWMMABER IR I LR T %, BEETIERDO~ v ~NBHE
HLTH hp 23F—ETH D, M 10 (b) TiF, BEETCERETChHombr Y £—2¥ A

BEHECTIERECRDIEYR LTS, hp LR —h 3BERTIRE—ETH D, X
10 DS LR OBER KB FRROBUMRTH 5,

ERT, HPEOTDLYORNIEROBELZITEHY, COKRUBRLHUBT 2 oH KT
i, Ty ANRELTE Y SHRAIOR y ANBEREDBNETHD, ZOLE, z2dX 4, 5D
BITHMrDE Ty SHIFD » ~NEUIH M=1.30 Tha, b, ERELBREILBENI W
~EERLTU S, WROL 5 CHAME TR ORKER 1SM<y2 ORETEZ 5, 4,
M5 TCH/RLNIZ Yy ABRZORBRIET 2REY » ~NETH 2D, BEE/ AVEHVDHI LIS
FOEBICT s AEEFTT 5y P RREEEBIGICRDTHD  EHNBE L, —R, TR
iv%ﬁfﬁéhézwﬁﬁﬁﬁ&mgﬁﬁﬁfyy¥wﬁ®ﬁﬁfﬁéf,%ﬁmﬁwﬁh@¢
THETIBIACEOBNIZIDDDEERETHILNTE D, Thhbdb, EFRTIETNTHS
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7eis T, ERDHFETOWTDH, @YKy FTEHOT LV ICAKEHY y F V7 - 775 v 754
TAHZENBRFTE D, FE, EHXFIHLBRERICI YV N ERELTV2Y, ZhiZow
TIfEDBESITIRE L2V,
BRBCARRETHOZ—F T 2, FA LB BEHETECY L TERCRE VO TR
DFENWRTER, TOZLFI 21, K10 (@) THhhd L5, BREOMREGE
DBBEHNRT v AL EBLTHBRI > TWBEWITEABHETES, Bk 5 HEHR
HHEEHTEZ 5, Holder iZk i, BFXETERDO~y "BEARBROBESTH L VHEET S
CHEBROBBUZL o THAEVWEVERVERETIZLNDHY, Aoy PEOHE, BEOEHY
DFNHS open jet \EGHENE 2 LRI/ L T3P, ERO~ » ~FUL, EHRROBE
BEEBRACHIET 2L BTWRETH A 50, SHIOERECIHUEHROFEEHE THELEHTED
L O BERERM L Ty,

§ 4 ¥ B&

(1) HERENE Y SOWNFCHDBHEIALRRE L ho7e COFRRIETTHTSHRE
SR ELEL T 5,

(2) EBREIVFHBRE LCHDHEOEMRBIIEE,/ BT “hard oscillator” DFH: % R
L7,

(3) WRENBRCELICELEE, MBORF VY LIRBDO7 595 BRI otz DB
&, 779 7 “soft oscillator’”’ THY, FTORBIBMRIBL VRECH T, WHIZERE
LRFNBE L TN THEABORBRIZZ DN, RENKE 22 L EBERENEE L ATRICE
BL, BRECHITTHABRBDIHE LV IHLEEZ T,

(4) HPROEBL YRDIEEH LYY « T— A Y PRI OERFEBEFEBIC R\ THREAR L
- L1,

B, TOEBRIEFEAETHMEMEFORRBELMERA L Uihbh b 0T, ZBRCEL,
BAZHRCIRLWANERAGECECEMBLYET S, o, ERCBHSINBREE BN
WHHRETLRERCEHT 5, |
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T HBEAK

TR OB

U

D EEREOME

P BBROe vy YI b OEKE— AV}

D ERERIEREE Y - B~ AV b

TV UEDLYVOIREE LYY - £~ 4 Y } D aerodynamic stiffness coefhicient C(1) & &

0 (2 RTHIBEIDLYVOEREY vy F 7 - =X P OREE LTHEAD

i by T EDOVOIERE L VY - — A ¥ } D aerodynamic damping coefficient [(1) ¥ &

@ RTBHFETDOYVOEREE v F 7 - T— 2 b OfFREE LTHERD
(l)C}F

 mytsmn (=55")

: cross spring pivot O [AJ&ERIH#:

HEREE
REH (rad/sec)

X Bk

1) N. C. Lambourne; “Flutter in OneyDegree of Freedom’’, AGARD, Manual on Aeroelasticity Vol. 5.

2) N. C. Lambourne; ARC C.P. 473.

3) H.H. Pearcey; R & M, 3108.
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