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The s ens i t i ve   e l exen t s  used i n  the  i n s t P ~ , ~ i l t  f o r  
meesurina  the anlplitl,zde end freqlency of the  downn.Fish 
f ' luctuRtions were nsde i n  the  f o a n  of  s m e l l  %Ir foLls .  
The s e n s i t i v e   a i p r o f l s  were f ixed  neer  t he  model t rgl l l ing 
edge t o  t he  end q l e t e s  ( f i x e d  ~ 8 1 - t ~ )  and t h e  r r o n t  psrts 
*./ere frac to vibrate 8s. a can t i l eve r  b s m  ( s e n s i t i v e  Z3erts) 
E S  shorn i n   f i p u r e  1. Two s t r a i n  gsges,  which were placed 
on the e i r f o i l s  neRr th2 f i x e d  pa.r%s, ;neRSUPed the defor- 
rl;etLon of  t h e  c l r fo l l s  ami  t lmrafore the f l u c t u z t i o n s  
(fLg. lj. 

Bsnsitive  elernents  used  in this t;Te of i nves t iga t ion  
n u s t  have hizh n a t u r a l  frequencies, hfgh s e n s i t i v i t y   e v e n  
a t  hi@ f r squencies ,  and s m a l l  longitudinal and t r snsverse  
dimensfone. Becsuse o s c i l l a t i o n s  d about 1500 cycles per 
second were t o  be determined,  the natural f requencies  of  
the sensitive airfoils were fixed a t  about 3 0 0  cycles  ?er 
sscond.  In order t o  obtain high freaucncies  and a t  t h o  
s m e  time t o  keve h i g h  sensiSl-vitg to variPti .ons o r  aero- 
dynmic  fo rces ,  tha s e n s i t f v e  isarts of tile a . i r f o i l s  were 
ma& of  Eiluminum a l l o y  w i t h  t h e  weight ~e2xced.  t o  the 
rcininun n o s s i b l e ,  with spec ie1   a t ten t ion   g ivsn  t o  the 
leading edge. Tha longitudinal dfmensfon had t o  be  snall 
beceuse the x?r : imurn  fPecpenc;T to be recorded W P S  hiTh; the 
trpnsvense dfr:iensicln h ~ f i  t o  be s . t ;~e l l  bC;come the instrmnent 
W R S  nsde IID o f  t h r e e   s s n s r t i v e  e f r f o i l s  thst  hed t o  record 
the spme  tFm of f luc tua t ion .  

The s e n s i t i v e  n i r f o i l s  have a spmmstrical circular- 
arc p r o f i l e  t k c t  germits zin accurate sxall-scele construc- 
t i on .  The mex;.r-t.mwn thickness is 8 qercent  of  the ckord. 
This v d a e  fs large but it could n o t  b.3 reduced bscause 
of the  S ~ P C ~  requirements of' t h e   s t r e i n  g:eses. The denger 
of v i b r e t i o n  of  t he   s ens i t i ve  a i r f o f l s  due t o  t h e i r  O Y ; ~  
aerodgnenic  charac.terist ics and independent of  the down- 
wash fluctuat3.ons o f  the t p i c a l  high-speed-a:rslme wing, 
however, WES avoided beceusa the s e n s i t i v e   ? a r t s  w 3 m  
3;19ac': o f  the m?.xi_naum thlcknesa end therefore  &bead of  the 
p o s i t i o n  of shock on the  airfoils, 

Three sensitive a i r f o i l s  were used end were placed 
between f o u r  end n l a t e s .  (See f i g .  1.) T k e  cox?late 
Instrument was xade with t h ree   s ens i t i ve  airfoils i n   o r d e r  
t o  ob ta in  a dynmfc   ce l ibra t ion .  The exact value of the  
velocity and the law of varietion of  t h e  aerod.inamic 
force  as s. func t ion  of  t he   d i r ec t ion  of t h e  veloc i ty  are 
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unlmovin f o r  t r m s o n l c  tx3b:dent ?lox- a i _ ~ h  noEyerScaic 
f 1uctuRt.iocs. !jlitk; a n  Ins t ruxent  I;z,ving thTee s4ns itive 
s l r f o i l s  placed a t  d i f f e r e n t  englee of a t t ack ,  t'nis law 
GI? vsrff i t ion c r n  be d e t e r n h e ?  f o r  evsry  p o F n t  and, 
t he re fo re ,  the variction or' t ke  ae?oZynsmic fo rce  cEn be 
trsasr 'ormed ,to the equivblent  vss ra t ion  i n  t%e d i r e c t i o n  
o r  flow. 



6 

Thg f 'ol lowtnq t e s t s  were ne& for t h e   c a l i b r s t i o n  of  
the  system: 

(1) The m t u r a l  fFequenc7 end dma€ng  coef f i -  
ciert ts  of the  EirroLls vere ex~erimentEt1lg  determined. 
Tkesa vFlues 1.ve.t-e used t o  de te rmine   the   ra t io  of 
indicated arnpl i tud3 to   &pressed amplitude as func- 
t i o n s  0.t the  Frequency. T h i s  r a t i o  i s  necessary t o  
sglculste  the  inpressed  aI;-pli tude f o r  high fi'squ0nci0S. 

( 2 )  The s a n s f t i v f t g  of  each airfoil N ~ S  deter- 
Ir.isled as a funct ion of tLe angle of incidence and 
:Gach number. T h i s   t e s t  W P Y  necesspry t o  detsrrnine 
vihekh62- o r  not   the  8 s r o d q e d . c  charac te rLs t ics  o f  
t h s  t h r o e  airfoils v ~ r e  t'ne sams for ell v e l o c i t i e s  
end angles 05' incidence and t o  determine  the sensi- 
t i v i t y  of  the ins t runant .  

( 3 )  A t e s t  wes medc t o  deternine the VibTations 
of the tunnel  s t r e e m .  Tnis t e o t  gave m i nd ica t ion  
of t h e  tunnel-s t rsam  f ' luctust ions thFt  cie?Gind on the 
a i r - s t r em  tu r5u lonce  end showed whether or  not t he  
c7si-odgnmic ;7henc;?sna on tke s e n s i t i v e  a - i r f o i l  pro- 
& 1 c 3 ~  vibre t iorx  of tho s2ns i t fve  p a r t .  

A l l  the  tests were perfo-wed by plac ing  the inst r t r -  
msnt i n   d i f f e r e n t   l o c E t i s n s  along a v e r t i c a . 1  Exis, a t  a 
dis tence 3.1 root chords  Sehind t.he leeding edge of t he  
wing (TicT-. 1) and at a sppnwise s t a 3 i o n  0.64 of the root 
chord a x a y  f r o m  the wing support  p l a t e .  ("; 'hla dfs ta rxe  
corresponas t o  1012 percent  of tha semis?a,n.) Downwash- 
oac i i l a t ion   measu remnts  were tE.ken f o r  each instrument 
locetion a t  X!a.ch numbers from apFrox:macelv 0.7;6 t o  0.90 
and a. t  angles o f  a t t ack  of tL0 niode1 of -ZB, 0 , 2*, 4" 
and T o .  The range of ins+,rxtient l oca t ion  was hncreesed Tor 
.the I=iZhar Engles of  a t teck ,  s lnce the  mpAs dLmensions 
w:?e l a r g e r .  

t 
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The exe,ct  prectslor! of  t he  d.?..te cwfiot Se giver1 
because  several  BOWCSS of  ey rc r   c l f r f i su l t  t o  eval,:ate 
?:?re p r e s e n t   I n   t h e  t e s t a .  The datet, For exmFle ,  were 
ob ta l aed  f n   s t e t i s t i c a l  form rron e. p r a c t i c a l  exarrilnation 
of the records .  T h e  mplitTlda and  freq-.lsncg  were  deter- 
mined a t  a l imf ted  rxm3er or poin ts  (rig. 3 ) .  %cause 
t h e   s e l e c t i o n  o f  t b e  poir, ts  to be read  depended In p a r t  
on jusiynent, the d a t e  wera ?,robs317 a f f ec t ed  b y  the 
s e l e c t i o n s  made. Tke icqcr tance o r  v ib ra t ions  of  the 
rzndisturbed stretm, In te r fe rence  of the  su??ort ,   v ibratfons 
af' the n!o<el, and v i b r s c i o c s  of t B e  su?por t  on tlna f ins1 
d a t e  c o u l d  not  be easi17 estirsatad.  All th?-sse inf luences,  
which  car-not be e l k i n a t e d  f n  t1mn;tI tests, c s n  c h ~ n g e  
ths amglitudes and  f requeccies  sozlevhet. A study of the 
sources o f  error inciicates t h t  t h e  prec i s fon  OF t h e  
am?iftu2e is of' the   o rder  of rt.,agnittide or 0 , 5 O  f o r  the 
larger f luc tu@t ions  azd 0.250 for the Sm3.1ler f l uc t aa t ions .  
Ths e rTors  a m  p o b a b l ~  larger- for hLgh f r a q z e m f e s  and 
a z a l l e r  Tor low frequenzies .  The m ~ p l i i x d a  of f l u c t u a t i o n  
of the  undistl lrbed s t r e m  i s  or the orde? or tmgnitude 
o f  0. lo t o  0 . 2 O .  No correc t lord  haTre been a y l i e 6 .  t o  t he  
Tralues of  the aGplitudes and the f r eqaenc i s s ,  

The range of high freqGencg  did  not chsnge gree. t ly  
xi th  the -le of atteclc af t h  m o i b l  end the v e l o c i t y ;  

d 



J 3 

%e following cbserva t ions  can be made f r o m  the t e s t  
reslnlts : 

( 2 )  The r1uctuetions 
i n  angle of a t t e c k  of' the 
roll lcw snzles  of at tz ick,  
noi;iceabiy w f t h  t h a  incre 
5:nd 5 )  D 

increzse with the increase 
wing ( f ig s .  t o  8 )  and, 
ths f l cc tua t ions  h c r e a s e  

?se in Nach numjer ( f i g s .  4. 



The value o r  low frequellcies chr?nps w5zh v a r 2 e t i o m  
in X ~ c h  nunbe? m d  snzle cf at . tack.  As tne velocity 
increases ,  the low-frequency valTleE s e e n  t o  decrease and 
after reeching a mini r~ac~,  t o  increase .  D-e var i ak io r i s  
fn the lw-f requency  va!-ires 8378 no t  def ined e x e c t l y .  The 
f raquencies  b e c o m  lowsr  with i c c r e F s h g  aYq3le of attack 
(rig. 9 ) .  

The decree.se of t c e  l i f t - c u r v e  s l o p e  or' tile s e n s i t i v e  
a i r f o i l  i n   t h e  zone in which  large  f lactuF.tions OSCUI? 
probably depsnds o n  tna f a c t   t h a t   t h e  v e l o c i t y  is lower 
i n s€& the wake Ynen outside; the t s i l  would therefore  be 
l e s s   e f f i c i e n t  i n  this zone. 

In ordcer t o  apply the r a s u l t s  o f   he tast to full- 
scale  condiXions,  the  assur:?tion  can be made t h a t  for a 
given Mach number the nondfmnslonel c o e f f i c i e n t  of  
frequency F = - must ke cons tan t   ( r s fe rence  3 ) .  The 

fc 
VO - 

frequerrcj thsrefore ve2ies inversely with t h e   w i n g  chord 
and d i m c t l y  vith the ratio oi" the test v a l o c i t g  t o  

1 f l l g h t  velocfty. When 8 --ecsle c o d e l  and s. flight 
33.3 .~ . 

d t i t u d o  o f  55,000 fee'; a r e  aasuyed, t h e  rang3 of low 
fFac_uencg for fu l l - sca le  coniii t ioys i 3  follnd to  be 
a7proxlmatfly f r o m  1 t o  12 cTcles Fe r  second, as shown i n  
f i.gure 10, and the range o f  high freqlLency is tLus 
from 5 2  to 64  cgclas 3sr second. This lam of slmrlitude, 
viiich i s  s imilar  to tkasc accepted f o r  ,"lows Icke t h a t  in 
tha waka, probsbPJ g i v ~ s  8. good Eqrcximat ion  of full-scale 
condi t ions.  "Ize amplftudes of  t h e  downwash f l uc t ca t ions  
for a f u l l - s c a l e   a i r p l a n e  c m  3e a s s m z d  t o  be the seme 
6 s  those f c r  the modsl. In the zone of l a rge   f l uc tua t ions  
of the downwash, large F l u c t u s t i o n s  of the tail loacis 
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Fig. 4 NACA RM NO. L6H28b 



NACA RM NO. L6H28b F i g .  5 



Fig. 5 conc.  ' NACA RM NO. L6H28b 
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Fig. 6 conc. NACA RM No. L6H28b 



NACA RM NO. L6H28b F i g .  7 



Fig. 7 conc; NACA RM NO. L6H28b 



NACA RM No. L6H28b Fig. 0 
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