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I SUMMARY 

The experimental wing buffet  response of a transport-type a i rp lane  
model with and without wing bodies, fences, f laps ,  and a fuselage addi- 
t i o n  has been investigated a t  Mach numbers from 0.20 t o  1.03. The wing 
had NACA 64A-series a i r f o i l  sections inclined 5' t o  the free-stream 
direction. The quarter-chord l i n e  of the wing was swept back 45O, the  
aspect r a t i o  was 7, the taper  r a t i o  was 0.3, and the  thickness r a t i o  
varied from 0.115 a t  the root  t o  0.074 a t  the midsemispn and was con- 
s t a n t  f r o m  that s t a t ion  t o  the t i p .  The wing w a s  twisted and cambered 
fo r  a design l i f t  coef f ic ien t  of 0.3. 

The r e s u l t s  of the invest igat ion indicated that a marked reduction 
of buffet  i n t ens i ty  and a delay of buffet  onset a t  transonic speeds 
were achieved by the  addi t ion t o  the wing of spec ia l  bodies designed 
t o  reduce shock-induced separation. The fur ther  addi t ion of wing fences 
and wing trail ing-edge f l a p s  deflected 30° increased the l i f t  coeff i -  
c i en t s  a t  which low-speed stall buffeting occurred. 
fuselage near the upper forward portion produced no consis tent  change 
i n  the buf fe t  charac te r i s t ics .  

An addi t ion t o  the 

INTRODUCTION 

Recent wind-tunnel experiments ( refs .  1, 2, and 3) indicate  that 
conslderable improvement i n  the aerodynamic efficiency of high-speed 
transport-type a i rp lanes  can be achieved by making ce r t a in  addi t ions 
t o  current configurations. 
reduction i n  drag, increase i n  drag-rise Mach number, and reduction and 
delay of pitch-up tendencies can be accomplished by adding spec ia l  
bodies t o  the upper surface of the  wing and an addi t ion t o  the  upper 
port ion of the fuselage. 
s i b i l i t i e s  f o r  subs tan t ia l  increases i n  maximum and cruise  speeds w i t h -  
out  addi t iona l  th rus t .  

References l a n d  2 show that a subs tan t ia l  

Such addi t ions t o  current designs o f f e r  pos- 
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The primary aerodynamic e f f e c t  of the fuselage and wing addi t ions 
i s  t o  reduce the strength of the  shock waves and associated flow separa- 
t ion on the  wing a t  l i f t i n g  conditions. 
aerodynamic forces which exc i te  wing buffeting are due t o  the random 
pressure f luctuat ions ex is t ing  i n  regions of separated flow, it seemed 
reasonable t o  expect the fuselage and wing additions t o  reduce the  
wing-buffet response i n  the high-subsonic and transonic speed range. 
The objective of the present investigation, therefore,  w a s  t o  obtain 
experimental wing-buffet data on a transonic transport-type airplane 
model and t o  es tab l i sh  any buffet-al leviat ion propert ies  of the  wing 
bodies and t h e  fuselage addition. 

Since the primary ex terna l  

It has been found that wing-buffet data can be obtained simulta- 
neously with ordinary force tes ts  on a wind-tunnel model by the simple 
in s t a l l a t ion  of a strain-gage bridge near the wing root. Reference 4 
is  an example of t h i s  type of wind-tunnel buffet  tes t ing.  The root- 
mean-square value of the  randomly f luc tua t ing  wing bending moment and 
the bending-moment power spec t ra l  densi ty  are considered t o  provide a 
sa t i s fac tory  description of wing buffeting. The buffe t  data obtained 
in  t h i s  investigation were recorded simultaneously w i t h  six-component 
force data which are reported i n  reference 3. 

The configurations investigated included the clean model, which i s  
similar t o  current ly  operating airplanes,  with and without various 
combinations of wing bodies, fences, f laps ,  and a f u s e h g e  addition. 
The tests were conducted i n  the  Langley 8-foot transonic pressure tun- 
n e l  a t  Mach numbers from 0.20 t o  1.03. The angle-of-attack range w a s  
from s l i g h t l y  below zero l i f t  t o  14O o r  t o  the maximum obtainable as 
dictated by model, bahnce,  and support-system load l imitat ions.  The 
majority of the  data were recorded a t  a tunnel stagnation pressure 
of 0.4 atmosphere. 

SYMBOLS 

a v e r t i c a l  distance from the center l i n e  of the  basic  fuselage 
t o  t h e  center  l i n e  of the fuselage addition, in.  

b wing span, in. 

C l oca l  wing chord parallel t o  free-stream direct ion,  in.  

- 
C mean aerodynamic chord of wing, 2 S Lbl2 c2dy, 7.08 in.  

CL lift coeff ic ient ,  L i f t  - 
qs 
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s t r u c t u r a l  damping coeff ic ient  

f ree-  stream Mach number 

free-stream t o t a l  pressure, a t m  

PV2 free-stream dynamic pressure, - , w s q  ft  

l o c a l  radius of basic fuselage o r  wing body, in. 

l o c a l  radius of fuselage addition, in .  

Reynolds number based on 'c 

wing planform area,  2.0 sq f t  

l o c a l  a i r f o i l  maximum thickness, in .  

free-stream velocity,  f t / sec  

dis tance along center l i n e  from nose of fuselage o r  along 
wing-body center l i n e  from wing leading edge, in. 

spanwise distance measured perpendicular f r o m  fuselage 
center  l ine ,  in. 

angle of a t tack  of fuselage center l i ne ,  deg 

aerodynamic damping r a t i o  based on c r i t i c a l  damping 

free-stream density, slugs/cu f t  

root-mean-square wing bending moment due t o  buffet ing 
(standard deviation from the  mean), in - lb  

U with response i n  r i g i d  body modes e l e c t r i c a l l y  f i l t e r e d  
out,  In- lb  

d obtained f r o m  thermocouple mean-square meter, in- lb  

with noise l eve l  tare (19 in-lb) subtracted out, in - lb  %c 

Q obtained by integrat ing buffet  response power spectrums, 
in- l b  
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Configuration components: 

W wing (6' dihedral, 2' incidence) 

WB wing bodies located a t  s t a t ions  
1 0.33 semispan 
2 0.57 semispan 
3 0.80 semispan 
4 wing t i p  
f designates fences on wing bodies 

WF 

F 

FA 

VT 

HT 

wing f l aps  extending t o  indicated semispan s t a t ion  
(deflected 30') 

fuselage 

fuselage addi t ion 

v e r t i c a l  ta i l  

horizontal  tail (2' inciirence) 

APPAFtATUS AND TESTS 

The investigation w a s  conducted i n  the Langley 8-foot transonic 
pressure tunnel. 
t e s t  section. 
allow continuous operation through the  transonic speed range with 
negligible e f f ec t s  of choking and blockage. 
inclosed i n  a large pressure tank and, through the  use of aux i l i a ry  
compressors, the stagnation pressure can be controlled from 1/4 t o  
t o  2 atmospheres. During the  tests, automatic temperature controls  
maintained a constant and uniform stagnation temperature of 123' F. 
The dewpoint w a s  maintained near 0' F. 

This tunnel i s  a single-return type with a rectangular 
The upper and lower w a l l s  a r e  s l o t t e d  longi tudinal ly  t o  

The e n t i r e  t es t  section i s  

The l o c a l  Mach number d i s t r ibu t ion  throughout t he  tes t -sect ion 
length occupied by the model was  reasonably uniform. 
deviation from the average free-streani Mach number w a s  of the order 
of 0.008 a t  the highest tes t  Mach numbers and considerably less than 
t h i s  a t  the lower Mach numbers. Changes i n  free-stream stagnation 
pressure have e s sen t i a l ly  no e f f e c t  on the Mach number dis t r ibut ions.  
Preliminary data indicate  that the  turbulence l e v e l  i n  the  t e s t  see- 
t ion  i s  reasonably low. 

The maximum 
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Model Description 

The a i rp lane  model used i n  t h i s  investigation w a s  a t ransport  

The 
which incorporated various configuration changes designed t o  promote 
grea te r  e f f ic iency  of operation i n  the  transonic speed range. 
model w a s  constructed f o r  s t a t i c  force tes t s ,  and no attempt w a s  made 
t o  scale  it dynamically. 
ure 1 and a three-view drawing i s  shown i n  f igure 2. 
t i o n  of t h e  model i s  a l s o  given i n  reference 3. 

A photograph of the model i s  shown i n  f ig-  
A deta i led  descrip- 

The bas ic  fuselage had a fineness r a t io  of approximately 13. The 
rear port ion of the  fuselage was indented t o  provide improvements of 
the  t o t a l  a rea  development i n  the region of the v e r t i c a l  and horizontal  
tails. The fuselage addition, which w a s  concentrated on the  upper, 
forward part of the  fuselage, provided a aesired fuselage camber a s  well 
as an improved area dis t r ibut ion.  Cross sections and the longitudinal 
contour of t h e  fuselage addi t ion are shown i n  f igure 3. The coordinates 
of the  basic fuselage and fuselage addition are given i n  t ab le  I. The 
fuselage addi t ion used i n  t h i s  paper i s  the same as the  "modified" 
addi t ion used i n  reference 3. 

The wing was machined f r o m  a so l id  block of SAE 4130 s t e e l  and was 
It was twisted about heat  t r ea t ed  t o  a Rockwell hardness of C34 t o  36. 

the  50-percent-chord l i n e  and cambered t o  obtain a l i f t  d i s t r ibu t ion  
which would provide good high-speed character is t ics  a t  a l i f t  coeffi-  
c i en t  of about 0.3. The spanwise t w i s t  and thickness d is t r ibu t ions  
are shown i n  figure 4. For the  tests reported herein the wing was 
mounted on the  fuselage a t  an angle o f  incidence of 2' r e l a t ive  t o  the  
fuselage center  l ine.  "hat is ,  the  angle of incidence of the  chord 
l i n e  a t  any semispan s t a t ion  was 2' greater than the t w i s t  shown i n  the  
curve of f igu re  4. The dihedral  angle was 6'. 

The wing, as o r ig ina l ly  designed, had 40' of sweepback of the  
0.25 chord l ine ,  an aspect r a t i o  of 8, and a taper r a t i o  of 0.3. The 
thickness varied l i nea r ly  from 12 percent chord a t  the  root t o  8 per- 
cent chord a t  the  50-percent-semispan s ta t ion with 8 percent chord from 
t h a t  s t a t i o n  t o  the  t i p .  NACA 64A-series a i r f o i l  sections, parallel 
t o  the  free stream, were used across  the e n t i r e  wing span. 
construction of the wing, experimental evidence from studies  reported 
In  reference 1 indicated that s ignif icant  a l l ev ia t ion  of  the  p i t ch  up 
of sweptbck wings provided by spec ia l  bodies added t o  the wing con- 
s iderably relaxed the  l imi ta t ion  on wing sweep. 
t i s t i o n ,  therefore,  the  .sweep of the  0.25 chord l i n e  of the wing was 
increased t o  4 5 O .  
ro ta t ing  t h e  40° sweptback wing about the intersect ion of the 0.50 chord 
l i n e  and t h e  fuselage center l i n e  u n t i l  the 0.25 chord l i n e  was swept 
back 45'. The following dimensional character is t ics  evolved: an 
aspect r a t i o  of approximately 7, a taper  r a t i o  of 0.3, a thickness 

During 

For the  present inves- 

This increase i n  sweep was accomplished simply by 
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variat ion of from 11.5 percent chord a t  the  root t o  approximately 
7.5 percent chord a t  the midsemispan s t a t ion  with a thickness of 7.5 per- 
cent chord from that s t a t ion  t o  the  t i p .  Other d e t a i l s  of the  wing are 
shown i n  f igure  2 and presented i n  reference 3. 

A s  a means of reducing the flow separation on the  outer  sect ions 
of the  wing a t  l i f t i n g  conditions, a s e r i e s  of bodies w e r e  added on 
the upper surface of the wing. The bodies were placed on the wing a t  
33-, 57-, and 8Gpercent-semispan s t a t ions  as shown i n  f igure  5 and 
were canted 3' with respect t o  the  free-stream direct ion.  The e f f e c t  
of another smaller body placed a t  each wing t i p  i n  a manner s i m i l a r  t o  
the inboard bodies w a s  a l s o  investigated.  
are given i n  t ab le  11. During a pa r t  of the  investigation, chordwise 
wing fences were extended from the wing leading edge back along the  
forward portion of a l l  the bodies except those a t  the wing t i p s .  The 
fences had a maximum height of 0.25 inch and were f a i r e d  tangent t o  the  
top of the wing bodies as shown i n  f igure  5 where t h e i r  contours a r e  
indicated. In the  plan view, the  fences were gradually turned s l i g h t l y  
outboard near the  leading edge so that t h e i r  nose angle w a s  6 O  with 
reference t o  the plane of symmetry. 

The coordinates of the bodies 

Trailing-edge f l a p s  were t e s t ed  on the model with wing bodies, 
fences, and fuselage addi t ion a t  speeds up t o  a Mach number of 0.6. 
Two s e t s  of f l a p s  were used. One set covered the inboard span of the 
wing from 7.7 percent semispn  t o  33 percent semispan. The second set 
extended the  region covered by the first set out t o  the  57-percent- 
semispan s ta t ion .  The f l a p  chord was 25 percent of the  l o c a l  wing 
chord. The f l a p  def lect ion angle, measured i n  a plane perpendicular t o  
the t r a i l i n g  edge and with respect  t o  the lower surface of the wing 
(fig.  6 ) ,  w a s  30'. 

An all-movable horizontal  ta i l  having NACA 65~006 a i r f o i l  sect ions 
oriented i n  the  streamwise d i rec t ion  was mounted on the fuselage center  
l ine.  The angle of incidence of the horizontal  t a i l  with respect  t o  
the fuselage center  l i n e  w a s  maintained a t  2' f o r  the  invest igat ion 
reported herein. 
sections or iented i n  the streamwise direct ion,  w a s  located s l i g h t l y  
forward on the  fuselage r e l a t i v e  t o  the  horizontal  tai l .  

The v e r t i c a l  t a i l ,  which a l s o  had NACA 65~006 a i r f o i l  

Transit ion s t r i p s  were used on the model during the  e n t i r e  invest i -  
gation t o  insure a turbulent  boundary layer.  One-tenth-inch-wide s t r i p s  
of No. 60 carborundum grains w e r e  applied around the  nose of the  fuselage 
10 percent of the  fuselage length back from the nose and along the  
10-percent-chord l i n e  of the  upper and lower surfaces of the  wing, 
horizontal  tai l ,  and v e r t i c a l  tail. 
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Configuration 

The components which comprise each configuration a re  l i s t e d  as 
follow: 

Components 

W + F + VT + HT 
W + F + FA + VT + HT 

W + W B  (1, 2, 3) + F + F A + V T + H T  
W + WB (If, 2f, 3 f )  + F + FA + VT + HT 
W + WB (If, 2f, 3f, 4) -t F + FA + VT + HT 

If, 2f, 3f) + WF (0.33 semispan) + F + FA + VT + HT 
If, 2f, 3f) + WF (0.57 semispan) + F + FA + VT + HT 

The weights of the various model components a re  given i n  tab le  111. 

Instrumentation 

A block diagram of the instrumentation used t o  record the buf fe t  
d a t a  i s  shown i n  f igure 7. The strain-gage bridge used t o  measure the 
wing buffet  bending consisted of four act ive arms and w a s  temperature 
compensated. The s t r a i n  gages were mounted i n  shallow pockets machined 
i n  the upper and lower surfaces of the l e f t  wing panel near the root 
and were or iented with t h e i r  sens i t ive  axes adjacent and p a r a l l e l  t o  
the 50-percent-chord l i n e  i n  order t o  measure bending about an a x i s  
approximately perpendicular t o  the 50-percent-chord l ine .  (See f ig .  8. ) 
The strain-gage bridge was energized by a 3-kilocycle-per-second a l t e r -  
nating voltage, and the output s igna l  was the  amplitude modulated car- 
r i e r .  The unbalance due t o  s t a t i c  load levels  was not recorded i n  the  
data since the  l i n e a r  amplif ier  passed only that portion of the s igna l  
due t o  buffet ing a t  frequencies from approximately 5 t o  5,000 cps. 
The random buffe t  signal w a s  recorded on magnetic tape using 45-second 
data samples, and the  mean-square value of t he  bending moment was v is -  
u a l l y  recorded from a thermocouple-type mean-square meter. 
frequency o s c i l l a t o r  and root-mean-square voltmeter were used t o  supply 
a known ca l ibra t ion  s igna l  t o  the tape recorder and thermocouple meter. 
A d-c mi l l i vo l t  meter was used i n  connection with s ta t ic - load  bending- 
moment ca l ibra t ion  of the strain-gage bridge performed previous t o  the  
wind-tunnel t e s t s .  

A low- 

(See sect ion on model ca l ibra t ions  and shake t e s t s .  ) 

Incorporated within the model was a six-component strain-gage 
balance used t o  obtain s t a t i c  l i f t  coeff ic ients  and a strain-gage 
pendulum device used t o  measure'the angle of a t t ack  of the fuselage 
center  l i n e .  The s t a t i c  l i f t  coeff ic ients  reported herein a r e  estimated 
t o  be accurate within rtO.010, and the estimated accuracy of the angle 
of a t tack  i s  k0.lo. 
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Model Calibrations and Shake Tests 

S t a t i c  bending-moment cal ibrat ions.-  The s e n s i t i v i t y  of t he  bending 
bridge (mi l l ivo l t s  output per  inch-pound of applied bending moment) w a s  
determined by making s t a t i c  loadings of t he  wing and recording the  
bridge unbalance as indicated by the d-c mi l l i vo l t  meter. 
of the  bridge output w a s  determined by p lo t t i ng  the increase i n  bridge 
output as a function of the increase i n  applied load a t  any given loading 
point. 
t ions,  both posi t ive and negative. The locat ion of the e f fec t ive  bending 
axis  w a s  determined graphically from the  r e s u l t s  of the  s t a t i c  load 
calibration. By moving a given load from point t o  point along individual 
loading l i nes ,  the ac tua l  e f fec t ive  bending a x i s  w a s  determined as the  
locus of loading points where the  bridge output vanished. The locat ion 
of the  e f fec t ive  bending ax i s  i s  shown i n  f igure 8. 
found t o  be e s sen t i a l ly  insensi t ive t o  tors ion  by comparing the  r e s u l t s  
of i den t i ca l  loadings along various loading l i n e s  on the  wing. 

The l i n e a r i t y  

The bridge output w a s  found t o  be l i nea r  f o r  a l l  loading condi- 

The bridge w a s  

Shake t e s t s . -  The na tura l  resonant frequencies of the model and 
sting-support system were determined by harmonically exc i t ing  the  model 
a t  several  points with an electromagnetic shaker. The output of the  
bending bridge and miniature movable accelerometers w a s  monitored on 
a n  oscilloscope. A qua l i ta t ive  picture  of the  mode shapes involved w a s  
obtained by the  use of the  "1 g method" described i n  reference 5 and by 
traversing miniature accelerometers over the model and observing the 
amplitude and phase of t h e i r  outputs. A sketch of the  node l i n e s  
associated with the various wing vibrat ion modes i s  shown i n  f igure  9. 

An indication of the magnitude of the  s t ruc tu ra l  damping coeffi-  
c ients  
t h e  exci ta t ion and recording the  decay of the  bending bridge output f o r  
harmonic vibrat ion i n  s t i l l  air .  
i n i t i a l  stress amplitudes and an average value of 

g f o r  various vibrat ion modes was obtained by suddenly removing 

Decay records were obtained f o r  several  
g w a s  determined. 

Since the  combined weight of the  four mahogany wing bodies and 
three brass wing fences added t o  the wing panel w a s  less than 5 percent 
of the w e i g h t  of the  basic wing panel, t he  changes i n  na tura l  resonant 
frequencies and s t ruc tu ra l  damping charac te r i s t ics  between the various 
configurations w a s  negligible.  

A l i s t i n g  of the model and support-system vibrat ion modes, na tura l  
frequencies, and s t ruc tu ra l  damping coef f ic ien ts  as obtained i n  s t i l l  
a i r  i s  given i n  the following table:  
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Vibration mode 

Rigid body v e r t i c a l  t ranslat ion 
Rigid body r o l l i n g  
Rigid body pitching 
F i r s t  symmetrical wing bending 
F i r s t  antisymmetrical wing 

Second symmetrical wing bending 
Second antisymmetrical wing 

bending 
Wing tors ion  

bending 

St ruc tura l  

Prequency, cps coeff ic ient ,  

Re sonant 

12 
17 
23 
46 

79 
124 

205 
500 

_----- 
0.0081 

.0080 

.om6 

.0047 

.0107 

.0192 ------ 

Wind-Tunnel Tests 

The wind-tunnel t e s t s  were conducted over a Mach number range from 
0.20 t o  1.03. 
but was l imi ted  i n  some cases by model and balance maximum load l i m i t a -  
t ions .  
remain w i t h i n  maximum load l imitat ions,  the majority of the data were 
recorded a t  a free-stream t o t a l  pressure of 0.4 atmosphere. 
were obtained over a l imited angle-of-attack range a t  a t o t a l  pres- 
sure of 0.8 atmosphere. 
the free-stream t o t a l  pressure w a s  maintained a t  1.0 and 2.0 atmospheres, 
respectively.  
mean aerodynamic chord of 7.08 inches) against  Mach number a t  the various 
t e s t  t o t a l  pressures i s  shown i n  f igure  10. 

The angle-of-attack range was generally from -5' t o  14' 

I n  order t o  provide a reasonable angle-of-attack range and 

Some data 

For the lower &ch numbers of 0.40 and 0.20 

A p lo t  of the average Reynolds number (based on the wing 

REDUCTION OF DATA 

During the wind-tunnel t e s t s ,  the  mean-square value of the random 
wing bending moment was continuously monitored on a thermocouple meter. 
V i s u a l  readings were taken a t  each data point. (The root-mean-square 
values thus derived were designated ate.) The mean-square readings, 
which were a measure of the power involved i n  the e n t i r e  frequency 
spectrum, provided an indication of the  onset of buffet ing and the  
ove ra l l  buf fe t  In tens i ty  but did not provide the  information necessary 
f o r  de ta i led  invest igat ion of the vibration modes involved. Therefore, 
the random t i m e  h i s to ry  of the buffet  bending moment was simultaneously 
recorded on magnetic tape f o r  those t e s t  conditions where the response 
was considered t o  be s igni f icant  as indicated by the thermocouple meter. 
Power-spectral-density p lo t s  of the  buffet  response were derived from 
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the magnetic tape through the  use of the analog equipment described i n  
reference 6. 
revealed that approximately 95 percent of the  power involved i n  the 
en t i re  spectrum w a s  l imited t o  two wing modes and three rigid-body 
modes. (See f ig .  11. ) Fortunately, the  three rigid-body modes involved 
were grouped and cleanly i so la ted  i n  the  frequency spectrum from the 
wing modes of importance. 
frequency of 30 cycles per  second was associated with the  rigid-body 
modes. The response i n  the  rigid-body v e r t i c a l  t rans la t ion  and p i t ch  
modes w a s  small f o r  p rac t i ca l ly  a l l  t e s t  conditions. 
hand, however, t he  response i n  the  rigid-body ro l l i ng  mode a t  approxi- 
mately 17 cps w a s  generally r e l a t i v e l y  large and a t  cer ta in  t e s t  con- 
di t ions exceeded that a t  the f i rs t  symmetrical wing-bending mode. This 
r o l l  response w a s  associated with the  f l e x i b i l i t y  of the  in t e rna l ly  
mounted six-component force balance i n  roll and the  tors ion  character- 
i s t i c s  of the sting-support system a t  the  model. 

Examination of t he  bending-moment spectra thus obtained 

All of the  power i n  the spectrum below a 

On the other  

In order t o  eliminate as much as possible of the spurious influence 
of t he  support-system f l e x i b i l i t y  contained i n  the  data, a spec ia l  
high-pass f i l t e r  w a s  designed with a cutoff frequency of approximately 
30 cps. After wind-tunnel tests had been completed, the  magnetic-tape 
time-history records w e r e  played back through t h i s  f i l t e r ,  and thermo- 
couple meter readings of the  mean-square response were again taken. 
The root-mean-square values thus obtained w e r e  designated af. In  
order t o  evaluate the effect iveness  of the  f i l t e r ,  a data point w a s  
choSen which indicated a large response i n  the  rigid-body r o l l  mode. 
This data point w a s  analyzed both f i l t e r e d  and unf i l te red  and the  
resu l t  i s  shown i n  the  form of power spec t ra l  densi ty  i n  f igure  12. 
The response curve of the high-pass f i l t e r  i s  a l s o  shown i n  f igure  12. 
A s  indicated i n  f igure  12, the  f i l t e r  did a very e f fec t ive  job of 
attenuating that portion of the  p o w e r  below a frequency of 30 cps. A t  
the same time, however, some e r r o r  was introduced in to  t h a t  portion of 
the spectrum immediately above 30 cps due t o  the  f a c t  that the  f i l t e r  
could not have a per fec t ly  sharp cutoff. The magnitude of t h i s  e r r o r  
is ,  of course, primarily a function of the  power and damping involved 
i n  t he  f i rs t  symmetrical wing-bending mode. The e r r o r  i n  the  root- 
mean-square bending moment f o r  the spectrum shown i n  f igure  12 w a s  
evaluated by integrat ing both the  f i l t e r e d  and unf i l te red  spectrums 
over a frequency range from 30 t o  140 cps and was found t o  be 4.8 per- 
cent. Root-mean-square values of the buffet  bending moment derived 
f rom thermocouple-meter readings a r e  presented both f i l t e r e d  and unf i l -  
tered in  t h i s  paper. In  addi t ion t o  values derived from thermocouple 
meter readings, the  root-mean-square buffet  bending moment w a s  a l s o  
obtained by integrat ing the power-spectral-density plots .  
t o t a l  damping coeff ic ient  

density p lo t s  by the  half-power method. 

Vzlues of 

y + g were obtained from the  power-spectral- 2 
That is ,  the t o t a l  damping 
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coef f ic ien t  was taken as one-half the bandwidth a t  the half-power point 
on the resonance peak divided by the  resonant frequency of the peak. 

Recordings of e lectronic  instrumentation noise and the wing response 
t o  residual building vibrat ion were made.at various t i m e s  throughout the 
invest igat ion with no a i r  flowing over the model. 
mean-square bending moment was approximately 19 inch-pounds. 
considered t o  be a tare which could be subtracted from the  data if 
de sired.  

The equivalent root- 
This w a s  

RESULTS AND DISCUSSION 

The l i f t  charac te r i s t ics  of t he  various configurations which are 
presented i n  reference 3 are repeated here i n  f igures  l 3 ( a )  t o  l 3 ( f )  
f o r  convenience. An indication of the variation of buffet  i n t ens i ty  
with l i f t  coef f ic ien t  f o r  each of the configurations i s  shown i n  f ig -  
ures 14(a) t o  14(g) i n  terms of the root-mean-square values of the  wing 
bending-moment fluctuations.  The d is t inc t ion  between atc and af i s  
discussed i n  the  preceding sect ion on reduction of data. 

Wing buffeting i s  considered t o  be the response of an aerodynam- 
i c a l l y  and s t ruc tu ra l ly  damped l i n e a r  e l a s t i c  system t o  ex terna l ly  
applied random aerodynamic forces. The random wing response i n  the  
form of displacement o r  bending moment i s  thus a function of the struc- 
tural  charac te r i s t ics  of the system, the system damping, and the  ex terna l  
exci t ing forces. 
stall buffe t  o r  shock-induced buffet .  
very low speeds, by the  pressure fluctuations ex is t ing  i n  the separated 
flow over the  wing a t  high angles of attack near the stall. Shock- 
induced buffet ,  on the  other  hand, occurs a t  high subsonic and transonic 
speeds and can be excited a t  low l i f t  conditions depending upon the  
s t rength and extent  of the i n i t i a l  shock-wave formation on the  wing. 
When the  shock-wave-boundary-layer interact ion i s  such that it causes 
the flow t o  separate, then the random f l o w  f i e l d  downstream of the  
shock exc i tes  buffeting vibrat ions which could present a serious s t ruc-  
t u r a l  problem. 

Wing buffeting can be roughly c l a s s i f i ed  as e i t h e r  
The former i s  excited, even a t  

I n  f igure 14 the  buffeting indicated a t  high l i f t  coef f ic ien ts  
f o r  Mach numbers of 0.20, 0.40, and 0.60 i s  considered t o  be primarily 
stall buffeting and appears t o  be roughly proportional t o  the  degree of 
penetration beyond the  buffet-onset boundary. The e r r a t i c  and large 
var ia t ion  of buf fe t  i n t ens i ty  a t  the higher subsonic and transonic Mach 
numbers f o r  configurations 1 and 2 (figs.  14(a) and 14(b))  i s  considered 
t o  be pr imari ly  shock induced. For shock-induced buffeting, the magni- 
tudes of t h e  exci t ing forces  generated on t he  surface of t he  wing depend 
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upon the  increase i n  strength of the i n i t i a l  shock wave with increasing 
Mach number and upon any chordwise o r  spanwise movement of the shock 
pattern with increasing angle of a t tack  and Mach number. Changes i n  
the shock pat tern on the wing produce changes i n  the amount and d i s t r i -  
bution of wing surface area which i s  bathed i n  shock-induced separated 
f low and thus d i r ec t ly  a f f e c t  t h e  resu l tan t  wing buffet  response. The 
detailed flow pat terns  on the  surface of the wing a t  high l i f t  condi- 
t ions were not observed during t h i s  investigation and thus no explana- 
t i o n  i s  avai lable  for the  e r r a t i c  behavior of the  curves of f igures  14(a) 
and 14(b)  with increasing lift coeff ic ient .  However, t he  i n i t i a l  shock 
patterns which develop on r e l a t i v e l y  th ick  (8 t o  12 percent chord) 
transport-type wings s i m i l a r  t o  the  one used i n  t h i s  invest igat ion (see, 
f o r  example, ref. 7) can reasonably be expected t o  produce buffet ing of 
the magnitude indicated i n  f igures  14(a)  and 14(b) with the exception 
of t he  unusually high peaks indicated a t  a Mach number of 0.95. 

The exceptionally high peak a t  M = 0.93 f o r  configurations 1 
and 2 was the r e s u l t  of large harmonic vibrat ions of t he  model i n  the  
f i rs t  antisymmetrical wing-bending mode. 
which occurred a t  almost a unique l i f t  coeff ic ient  and angle of a t tack,  
was observed on a cathode-ray oscilloscope and recorded on magnetic 
tape during wind-tunnel tests. It appeared t o  be almost periodic a t  a 
frequency of 81.5 cps and the  condition could be consis tent ly  repeated 
during tes t ing .  Possible causes of the  unusually large response could 
have been (1) large antisymmetrical components i n  the  external  aero- 
dynamic exci ta t ion,  (2)  the f l e x i b i l i t y  of the model and support system 
i n  r o l l ,  and (3) the  r e l a t ive ly  low aerodynamic and s t ruc tu ra l  damping 
of t he  model i n  the par t icu lar  mode of t he  response. 
could not be made t o  occur f o r  configurations 3 t o  7 ( f igs .  14(c)  
t o  14(g))  which incorporated special  bodies added t o  the wing t o  reduce 
shock-induced separation. 

The wave form of the  response, 

This condition 

Frequency Spectrum of Buffet Response 

Shown i n  f igures  15, 16, and 17 a re  typ ica l  power-spectral-density 
plots of the  buffet  response a t  various t es t  conditions f o r  configura- 
t ions 1, 2, and 3,  respectively.  These p l o t s  were obtained by frequency 
analysis of the magnetic-tape data on the  electronic  analog equipment 
described i n  reference 8. 
was approximately 1.5 cps. 

The bandwidth of the  scanning f i l t e r  used 

Approximately 85 percent of the power involved i n  the  e n t i r e  
spectrum was confined t o  f i v e  vibrat ion modes occurring i n  the frequency 
range from 0 t o  100 cps. Of the  three rigid-body modes ( v e r t i c a l  t rans-  
lation, roll, and p i tch)  which occurred a t  frequencies below 30 CPS, 
t h e  r o l l  mode was generally the only one which indicated s ignif icant  



response. 
comparable t o  o r  greater  than that of the two primary wing modes. 
the  two wing-vibration modes involved, the first symmetrical wing- 
bending mode which occurred a t  a frequency of approximately 46 cps w a s  
the  only one which indicated s ignif icant  response, with the exception 
of the unusually high peak response which occurred a t  
configurations 1 and 2. 
n i f i can t  increase o r  decrease i n  buffet  in tens i ty  with l i f t  coef f ic ien t  
f o r  the  various configurations as indicated by the curves of root-mean- 
square bending moment ( f ig .  14)  i s  accompanied by a corresponding 
increase o r  decrease i n  the power involved i n  both the r i g i d  body r o l l  
and f i r s t  symmetrical wing bending modes. 

A t  several  t e s t  conditions the response i n  t h i s  mode was 
Of 

M = 0.93 f o r  
In  general, it w i l l  be observed that any sig- 

Wing hmping Characterist ics 

Q 7 f - 2 Shown i n  figure 18 are the t o t a l  damping coef f ic ien ts  

associated with the  f i rs t  symmetrical wing-bending mode f o r  configura- 
t i ons  1 t o  5. These t o t a l  damping coeff ic ients  were inferred from the 
response power spectra by the use of the one-half power method. 
accuracy of t h i s  method of evaluating the damping from the shape of the 
experimental buffet-response power spectrum depends upon the degree t o  
which the system s a t i s f i e s  the following two assumptions: (1) the  wing 
behaves l i k e  a single-degree-of-freedom system i n  the v i c i n i t y  of the 
na tura l  frequency of the first symmetrical bending mode and (2)  the 
buffet  input i s  independent of the  frequency i n  the range where the 
output i s  s ign i f icant .  
the  response peak associated with the f i r s t  symmetrical wing-bending 
mode a t  approximately 46 cps was reasonably wel l  isolated,  i n  the f r e -  
quency spectrum, from other  modes of s ignif icant  response. Therefore, 
the  f i r s t  assumption above appears t o  be reasonably sa t i s f ied .  
the  model used i n  t h i s  investigation, the frequency range of the f i r s t  
symmetrical-wing-bending-mode peak was so narrow that it i s  believed 
that the second assumption would be substant ia l ly  s a t i s f i e d  by any 
reasonably smooth input spectrum. 

The 

It can be seen from f igures  15, 16, and 17 that 

For 

An indicat ion of the magnitude of the s t r u c t u r a l  damping coeff i -  
c ien t  g f o r  the various model na tura l  vibration modes w a s  derived 
from vibra t ion  decay records obtained from shake t e s t s  i n  s t i l l  air. 
The value of g 
first symmetrical wing-bending mode was approximately 0.0086. If t h i s  
value fo r  g was subst i tuted in to  the  values of t o t a l  damping coeff i -  

c i en t  7 + a plo t ted  i n  f igure 18 and the aerodynamic damping coeff i -  2 
c i en t  7 was solved for ,  then it would appear that the magnitude of 
the  aerodynamic damping ranged from 2.5 to 8 times that of the  struc- 
t u r a l  damping. 

derived from the decay of harmonic vibrat ions i n  the  
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Figure 18 indicates  that the  addi t ion of wing bodies and fences 
t o  the model generally produced a desirable  increase i n  the  wing t o t a l  
damping a t  those l i f t i n g  conditions where s ign i f icant  buffet  response 
occurred. 
configurations was very small f o r  wind-off tests, it i s  believed that 
the increase i n  damping was primarily of the  aerodynamic o r  viscous 
type. 

Since the var ia t ion i n  s t ruc tu ra l  damping between the  various 

Effects  of Various Configuration Additions 

Presented i n  f igures  19 through 23 are comparison p lo t s  of the 
root-mean-square wing bending moment showing the  changes i n  buf fe t  
in tens i ty  due t o  various configuration additions and modifications 
deemed desirable  from an airplane performance and s t a b i l i t y  standpoint. 
The curves a re  f a i r ed  through points which represent the t o t a l  energy 
involved i n  the e n t i r e  frequency spectrum. Also shown a re  flagged 
symbols which were derived by e lec t ronica l ly  f i l t e r i n g  out the  response 
i n  the r i g i d  body modes and which represent only the energy involved i n  
the wing modes. 
onset boundaries f o r  the  various configurations. These boundaries were 
derived by considering the  l i f t  coef f ic ien t  f o r  buf fe t  onset t o  be the  
point a t  which the  curves of f igure  14 first a t t a ined  a slope of 45'. 
In  order t o  provide a b e t t e r  ifidication of the  areas i n  the Mach number- 
l i f t - coe f f i c i en t  plane where s ign i f icant  buffet ing occurs, contours 
of constant buffet  i n t ens i ty  as indicated by the  root-mean-square wing- 
bending moment are p lo t ted  f o r  the  various configurations i n  f igures  25(a) 
through 25(e). The buffet  i n t ens i ty  contours f o r  configurations 2, 3, 
and 4 a re  compared i n  f igure  26. The buffet  i n t ens i ty  l eve l s  indicated 
on the contour p l o t s  of f igures  25 and 26 have been corrected f o r  elec- 
t ronic  recording instrumentation noise and wing response t o  res idua l  
building vibrat ion recorded after wind-tunnel shutdown. 

A l s o  shown f o r  comparison i n  f igure  24 are buffet-  

Effect  of a fuselage addition.-  By comparing configurations 1 
and 2 i n  figures 19, 24, and 25(a) and (b) ,  it can be seen that no 
consistent e f f e c t  on the  buffet  i n t ens i ty  &s produced by the  fuselage 
addition. Figure 19 indicates  t h a t  various response peaks w e r e  a l t e r e d  
somewhat i n  magnitude but no consistent t rend was discernible.  The 
overal l  shape of the  very e r r a t i c  response curves i n  the speed range 
of shock-induced buffet ing was very similar and indicates  that both 
configurations experienced conditions of ra ther  severe buffet ing a t  
the higher l i f t  coeff ic ients .  
be real ized by the  fuselage addi t ion are l a rge ly  r e s t r i c t e d  t o  the  
inboard sections of the wing, no Large change i n  the buffet  character- 
i s t i c s  was expected. 

Since the  aerodynamic improvements t o  



Effect  of adding special  bodies t o  the wing.- Comparison of the 
buf fe t  response of configurations 2 (without wing bodies) and 3 (with 
wing bodies) i n  f igures  20, 24, and 26 indicates that a marked reduc- 
t i o n  of buf fe t  i n t ens i ty  and a delay of buffet  onset a t  transonic speeds 
w a s  achieved by the addition of specially contoured wing bodies. Fig- 
ure 20 ind ica tes  that the rather  large buffeting in t ens i t i e s  fo r  con- 
f igurat ion 2 a t  Mach numbers from 0.90 t o  1.03 were e s sen t i a l ly  e l i m i -  
nated by the incorporation of th ree  inboard wing bodies on each wing 
panel. The unusually large peak response which occurred a t  M = 0.93 
f o r  configurations 1 and 2 (without wing bodies) could not be made t o  
occur f o r  any of the remaining configurations, a l l  of which incorporated 
wing bodies. 
f r o m  t he  data (flagged symbols) f o r  the  configurations with wing bodies,. 
then the  remaining l i g h t  buffeting i s  considered t o  be completely to le r -  
ab le  from t h e  standpoint of s t rength considerations. It i s  believed 
that the marked improvement accomplished by the  addition of the  wing 
bodies w a s  due t o  a large reduction i n  the magnitude of the external  
aerodynamic exci t ing forces caused by shock-induced separated flow and 
by an increase i n  the aerodynamic damping of the  wing. 

If the response i n  the rigid-body-roll mode is  removed 

It i s  shown i n  f igure  2 1 t h a t  the  addition of a fourth wing body 
t o  the  t i p  of each wing panel ( i n  the presence of the three inboard 
wing bodies) produced no fur ther  improvements i n  the  buffet  
charac te r i s t ics .  

Effect  of adding wing fences.- Figures 22, 24, and 26 indicate  
that the  fences produced substant ia l  increases i n  buffet-onset l i f t  
coeff ic ients  a t  &ch numbers up t o  0.90 and reduced the  in t ens i ty  of 
the  stall buffet ing which occurred a t  the high l i f t  coeff ic ients .  
the  higher transonic Mach numbers, however, a s l i g h t  increase i n  the  
low-level buf fe t  response w a s  produced by the  fences. 
The improvement i n  buffet  character is t ics  rea l ized  by fences as used 
i n  t h i s  invest igat ion was, therefore,  limited t o  the  s t a l l  buffet ing 
regime. 

A t  

(See f ig .  22. ) 

Effec t  of wing trail ing-edge flaps.-  Figure 23 shows the  e f f e c t s  
of adding 33- and 57-percent-semispan f laps  t o  the  wing t r a i l i n g  
edges. 
dicular  t o  the  wing t r a i l i n g  edge. 
of f l aps  increased the  l i f t  coeff ic ients  a t  which s ta l l  buffet  occurred. 
Essent ia l ly  no change i n  the low-l i f t  response of t he  wing was produced 
by the  def lected f laps .  

The f l a p s  were deflected 30' w i t h  respect t o  a plane perpen- 
It can be seen that the  addi t ion 

SUMMARY OF RESULTS 

The experimental wing buffet  response of a transport-type air- 
plane model with and without wing bodies, fences, f laps ,  and a fuselage 
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addition has been investigated a t  Mach numbers f r o m  0.20 t o  1.03.  The 
wing had NACA 64A-series a i r f o i l  sections incl ined 5' t o  t he  free-stream 
direction. The quarter-chord l i n e  of t he  wing w a s  swept back 4 5 O ,  the  
aspect r a t i o  w a s  7, t he  taper  r a t i o  was 0.3, and the  thickness r a t i o  
varied from 0.115 a t  the  root  t o  0.073 a t  the  midsemispan and w a s  con- 
stant f r o m  that s t a t ion  t o  the  t i p .  The wing w a s  twisted and cambered 
for a design l i f t  coeff ic ient  of 0.3. 

The r e s u l t s  of t h i s  invest igat ion can be summarized as follows: 

1. A marked reduction of buffet  i n t ens i ty  and a delay of buffet  
onset a t  transonic speeds was achieved by the addi t ion t o  the wing of 
special  bodies designed t o  reduce shock-induced separation. 

2. The fu r the r  addi t ion of wing fences produced subs tan t ia l  
increases i n  buffet-onset l i f t  coeff ic ients  a t  Mach numbers up t o  0.90. 

3. The addi t ion of wing-trailing-edge f l a p s  def lected 30' 
increased the l i f t  coeff ic ients  a t  which low-speed stall buffet ing 
occurred. 

4. An addi t ion t o  the fuselage near the  upper forward portion 
produced no consistent change i n  the  buffet  character is t ics .  

langley Research Center, 
National Aeronautics and Space Administration, 

h n g l e y  Field, Va. ,  September 26, 1960. 
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TABU I.- COORDINATES OF B A S I C  FUSELAGE AND FUSELAGE ADDITION 

[All dimensions a r e  i n  inches. (See f ig .  3. )] 

X 

0 
.loo 
,200 
.400 
.600 
.800 
1.000 
1.500 
2.000 
2.500 
3.000 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 

10.000 
11.000 
12.000 
12.500 
13. ooo 
13.500 
14.000 
14.500 
15.000 
15* 500 
16. ooo 
16.500 
17. ooo 
18. ooo 
19.000 
20.000 

%sic 
fuselage 

r 

0 
.230 
* 350 
550 

.690 
,800 
.g10 

1.100 
1.260 
1.30 
1.480 
1.630 
1.750 
1.840 
1.910 
1.950 
1.990 
2.010 
2.020 
2.030 
2.030 
2.030 
2.030 
2,030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 

Fuselage 
addi t ion 

a 

0 
.220 
.250 
.320 
.400 
.480 
.560 
655 

.830 

.870 

.920 
960 

1.050 

' 945 
.goo 
.850 
' 750 
.650 - 595 

.740 

1.005 

1.045 
1.000 

r a 

1.300 
1.460 
1.570 
1.660 
1.720 
1.765 
1.810 
1.830 
1.855 
1.860 
1.860 
1.860 
1.860 
1.860 
1.855 
1.850 

1.835 
1.825 
1.810 
1.765 

1.690 

1.845 

1.740 

X 

21.000 
22.000 
22.500 
23. ooo 
23.500 
24.000 
24.500 
25. ooo 
26.000 
27. ooo 
28.000 
29. ooo 
30. ooo 
31.000 
32. ooo 
33.000 
34.000 
35.000 
y5.000 
37.000 
39.000 
39. cm 
40.000 
41.000 
42.000 
43.000 
44.000 
45.000 
46. OOO 
47. OOO 
47.140 

%sic  
fuselage 

r 

2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.030 
2.028 

2.019 

1.980 
1.963 
1.933 
1.896 
1.849 
1.788 
1.710 
1.618 
1.502 
1.375 
1.261 
1.176 
1.130 
1.128 

2.024 

2.012 
2.000 

Fuselage 
addi t ion 

a 

0.510 

* 360 
.415 

0 

ra 

1.690 
1.710 
1.740 
1.770 



TABLE 11.- COORDINATES OF BODIES ADDED TO W WING 

[All dimensions are in inches. (See fig. 5. )] 

X 

0 . 100 
.203 
.268 
500 

.781 
1.000 
1.250 
1.500 
2. OOO 
2.500 
3.000 
3.500 
3.750 
4.000 
4.500 
5.000 
5- 150 
5.500 
5.750 
6. ooo 
6.500 
7.000 
7.500 
8. ooo 
8.061 
8.500 
9.000 
9.350 
9.500 

10.000 
10.500 
11. OOO 
11. 100 

b 0.33 5 
~ ~~ 

r 

0 
.188 
.212 
.244 
.274 
* 337 
.400 
* 462 
525 
555 
587 

.650 

.TO4 

.718 
748 

9 763 
778 - 791 

* 799 
.800 
795 
794 

.782 
,761 
.740 
729 

.686 
,630 
.565 - 550 

~ 

b 0.57 2 

r 

0 
.124 
.172 - 239 
.282 - 336 
.387 
.482 
570 

.644 

.TO4 
' 725 
.741 
' 767 
' 783 
787 
790 
790 
789 

.780 
' 765 

.700 
,660 
.601 

.740 
705 

* 550 

0.80 b 
2 

r 

0 
.060 
.068 
. lo2 
.149 
.178 
.215 
.252 
* 327 
.400 
469 

.524 

.540 
549 - 549 - 533 
515 

.500 - 475 

.446 
375 

.282 

.166 

.022 
0 

0.986 

r 

0 
.034 
. 6 5  
085 
,150 
.220 
,267 
.310 
* 345 
.96 
.400 
.380 - 332 
-298 
* 255 
.158 
0% 

0 
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TABLE 111.- WEIGHTS OF MODEL COMPONENTS 

~~ 

Component 

Basic fuselage and tail surfaces 
Fuselage addition (mahogany and p l a s t i c )  
Strain-gage balance 
One basic wing panel (s teel) :  

Inside fuselage 
Outside fuselage 

0.33 semispan 
0.57 semispan 
0.80 semispan 
Wing t i p  

0.33 semispan 
0.57 semispan 
0.80 semispan 

0.077-semispan s ta t ion  to: 
0.33- semispan s ta t ion  
0.57- semispan s t a t ion  

One wing body (mahogany) located at: 

One wing fence (brass) located at: 

One wing f l a p  (brass) extending f r o m  

Weight, lb 

36.14 
.64 

4.25 

2.03 
13.81 

' 29 
25 
.10 - 03 

. o n  
ow 
.008 

*38 
70 
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2 -  

Section A-A Section B-B 
I 

1 

Distance from nose,in. 

Figure 1.- Sketch of de ta i l s  of fuselage addition. 



24 

c .. 
tn 
tn 
a, c 
Y 
0 .- 
f 

8 

6 

4 

2 

0 

Percent semispan station, - Y 
b/2 

Figure 4.- Model wing twist and thickness distributions. 
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,':Iage g parallel to plane of symmetry 

b .eo - 
2 Wing body arrangement 

r 

AI; Lain.--.\ \ 
Chord line T.E. 

I 
L.E. 

Station 0.33 a 
2 

T.E. k4in*4\ Chord line 
I 
L.E. 

Station 0.57 a 
2 

----A 

Sectlan A-A(typica1) 
Not to scale 

Gofence angle at L.E. 

b -986 - 
Wing bodies and fences 

r F e n c e  

k a i n . 4  
L. I E. T.E. \Chord line 

Station 0.80b 
2 

B? 

L.E. T.E. Chord line 

Station 0.986 
2 

.8r T"Js3 
Section B-B 
Not to scale 

Figure 5.- Details of added wing bodies and fences. 
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I 

\ 
\ I \ 

1.. 
I 

\ 

‘\ 

I 
1 
I 

1 

I 

Lower surface trailing - 
edge reference plane 

Section A-A (typical) 4 

- Fuselage 

I 

Figure 6. - Details of wing trailing-edge-f lap installation. 
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input 
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Power supply 8 

\ 
Strain aaaes 4 

voltage 
oscillator 

r Carrier amplifier 

output - ’ ’\ /’ voltage 

, Calibrate signal 

osci 1 la tar 

pq 
voltmeter 

millivolt meter J 
Linear amplifier 

I 

Thermocouple 

mean-square 

meter 

Magnetic 

recorder 

Figure 7.- Block diagram of instrumentation used t o  record buffet data. 
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Strain gages Plastic filler 

Perpendicular *-, c tine 

Section A-A (enlarged) 

Effective bending- /- moment axis >\\, / 

Strain 

Geometric o f i n : ; : l i ; ; ,  center 

.-1 / '  / 

47.32O 

/ 

Figure 8.- Details of wing strain-gage installation and location of the 
effective bending axis. A l l  linear dimensions are in inches. 

t 
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v First symmetrical 
wing bending(46 cps) wing bending (79cps) 

wing bending (124 CPS) wing bending (205cps) 

Area 

Figure 9.- Sketch of the node l i n e s  associated w i t h  the  various wing 
vibrat ion modes. 
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bft cwfficient,CL 

(a) Configuration 1 (W + F + VT -i- HT) . 
Figure 13. - Lift characteristics of the various configurations (from 

ref. 3). pt'= 0.4 atm except as indicated. 
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Llft cwfficient ,CL 

(b) Configuration 2 (W + F + FA + VT + HT). 
Flagged symbols indicate  data taken a t  p t  = 0.8 atm. 

Figure 13. - Continued. 
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Lift coefftcenf.CL 

( c )  Configuration 3 (d) Configuration 4 
( W + W B ( l f ,  2f, 3f , )+ F+FA+W+HT). (W+ m(1, 2, 3 )  + F + F A + W + H T ) .  

Figure 13. - Continued. 
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- L  

-4  

-6 

-8 

-I Q 

16 

14 

. -  
Lift mfficlent ,CL 

( e )  Configuration 5 (f) Configuration 6 (w+wB(~~, 2f, 3f) 
+ WF( .33 semispan) f F + FA + VT + HT) . 
symbols.) Configuration 7 (W+WB(lf, 2f, 3f) 
+ WF(.57 semispan)+F+FA+VT+HT). (Flagged 
symbols. ) 

(W+WB(lf, 2f, 3f, 4) 
+ F+ FA+ vT+ HT). 

(Plain 

Figure 13. - Concluded. 
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(a )  Configuration 1 ( W  + F + VT + HT). 
Figure 14. - Root-mean- square wing bendingmoment f luc tua t ions  due t o  buf- 

f e t i n g  versus l i f t  coef f ic ien t  f o r  the various configurations. 



1 . 

(b) Configuration 2 (W + F + FA + VT + HT). 

Figure 14. - Continued. 

2 
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2 
Lift ccefficient,CL h f t  ccefflcient,CL 

( c )  Configuration 3 (w + m(1, 2, 3)  + F + FA + VT + HT). 
Figure 14. - Continued. 
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(d) Configuration 4 ( W  + WB(lf, 2f, 3f) + F .f FA + VT + HT). 
Figure 14. - Continued. 
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I 
( e )  Configuration 5 (W + WB(lf, 2f, 3f, 4)  + F + FA + VT + HT). 

I Figure 14. - Continued. 
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(f) Configuration 6 (W + WB( If, 2f, 3f) + WF(. 33 semispan) + F + FA 
+ VT + HT). 

6 

(g) Configuration 7 ( W  + WB(lf, 2f, 3f) + WF(. 57 semispan) + F + FA 
+ VT + HT). 

Figure 14. - Concluded. 



43 

Rigid body 
““tlCDI tr.ns1atian 

/ I  r R ~ ~ i d  body pithing I !  

CL ob,in-lb qp- lb 

-0.701 1600 1639 
- _-  ,716 90.5 95.3 

(a) M = 0.90; pt = 0.4 atm. . 
Figure 15.- Power spectral density of.buffet response at various test 

conditions for configuration 1 (W + F + VT + HT). 
width of scanning bandpass filter was approximately 1.5 cps. ) 

(Effective band- 

. 
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~ 0.608 75.1 78.5 
.7 I I 423.3 439.0 
,715 61.2 59.1 
,757 96.0 90.1 
,790 35.8 29.8 

~ ~ _ _  _ _  

I 

1 E 1  
1 ;- I 

I 
I 
I 

I I 
I I 
1 I 
I I 

I I 
1 I 
I I 
I I 
I I 
I I 
I I 
I I 

I 
I 
I 
I I 

I I 

- Rrsf rymmetncd wing bendmg I 
1 
I 

,,-Rigid bady roll I I I n I 
I 

I 

(b) M = 0.93; pt = 0.4 atm. 

Figure 15. - Continued. 
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-0.602 61.2 5 6 8  
,669 93.3 85.9 
,739 33.9 27.3 
,774 117.6 127.6 

_ _ _  _- 

(c)  M = 0.96; pt = 0.4 atm. 

Figure 15. - Continued. 
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-0.672 37.5 32.3 
,732 87.6 770 
.764 44.9 41.5 

-__  - _  
a35 30.5 78.4 

(d) M = 0.98; pt = 0.4 atm. 

Figure 15. - Continued. 
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-0,670 29.6 23.6 
.775 87.6 782 _ _  .8 16 44.9 42.0 
.926 77.8 71.5 

- _ _  

( e )  M = 1.00; pt = 0.4 a t m .  

Figure 15. - Continued. 
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First wing 

C, 4 n - 0  q. in4b 

-0.671 32.7 250 _ _ _  .79C 84.7 81.3 

(f) M = 1.03; pt = 0.4 atm. 

Figure 15. - Concluded. 
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cL c,,,in-lb c,,#n-lh 

-0.581 '386 1029 
.684 127.0 1373 
./I I 635 642 

_ _ _  _ _  

(a) M = 0.90; pt = 0.4 atm. 

Figure 16.- Power spectral density of buffet response at various test 
(Effective conditions for configuration 2 (W + F + FA + VT + HT). 

bandwidth of scanning bandpass filter was approximately 1.5 cps.) 
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(b) M = 0.93; pt = 0.4 a t m .  

Figure 16. - Continued. 
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CL qc.'*lb r, ,In-lb 

-0.635 29.9 2 2 0  
,690 1440 130.0 
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_ _ ~  __ 

( e )  M = 0.98; pt = 0.4 atm. 

Figure 16. - Concluded. 
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Figure 17.- Power spectral density of buffet response for configuration 3 
(W + WB (1, 2, 3 )  + F + FA + VT + HT). 
(Effective bandwidth of scanning bandpass filter was approximately 

M = 0.93; pt = 0.4 atm. 

1.5 cps.) 
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Figure 18.- 

Configuration 
0 I W+F+VT+HT 
0 2 W+F+FA+VT+HT 
0 3 W+ WB ( I  ,2,3)+F+FA +VT+ HT 
A 4 W+WB(lf92f,3f)+F+FA+VT+HT 
b 5 W+ WB(lf,2f,3f,4)+F+FA+VT+HT 

_ - - _ _ _  

Lift coefficient, CL 

Variation of t o t a l  damping coeff ic ient  w i t h  l i f t  coef f ic ien t  
f o r  configurations 1 t o  3. pt = 0.4 a t m .  
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4 40 

400 

3 6 0  

3 2 0  

280 

240 

200 

160 

120 

8 0  
Configuration 

0 I (without fuselage addi t ion) 
0 2 (wi th  fuselage addi t ion) 40 

2 
L i f t  coefficient ,CL 

Figure 19. - Effect of fuselage addition upon the root-mean-square wing 
bending-moment fluctuations obtained from thermocouple-meter 
readings. 
model-support system has been filtered out. ) 

(Flagged symbols indicate that the contribution of the 
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Configuration 
o 2 (wi thout inboard wing bodies) 
o 3 (wi th  inboard wing bodies) 

Lift coefficient,CL 

Figure 20.- Effect of three inboard wing bodies upon the root-mean-square 
wing bending-moment fluctuations obtained from thermocouple-meter 
readings. (Flagged symbols indicate that the  contribution of the 
model-support system has been f i l t e r e d  out. ) 
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2 
Llft ccefficient,CL 

F i g u r e  21.- Effect  of wing-tip bodies upon the  root-mean-square wing 

(Flagged symbols indicate  that the contribution of t he  
bending-moment f luctuat ions obtained from thermocouple-meter 
readings. 
model-support system has been f i l t e r e d  out . )  
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2 
Lift  coefficient ,CL Lif t  coefficient, CL 

Figure 22.- Effect  of wing fences upon the  root-mean-square wing bending- 
, moment f luctuat ions obtained from thermocouple-meter readings. (Flag- 

ged symbols indicate  that the contribution of the  model-support system 
has been f i l t e r e d  out. ) 
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Configuration 
W+F+VT+HT 
W + F +FA +V T+HT 
W +W B ( I ,2,3 + F + FA+VT+ H T 
W + W 8 ( If ,2f,3f )+ F +FA+VT+ HT 
W + W B ( I f ,2f ,3f ,4) +F+FA+V T + H T 
W + W B (I f,2f ,3f +W F(.33semi spa n) +F+FA+VT+H T 
W + WB(lf,2f,3f )+WF(.57semispan)+F+FA+VT+HT 

I 

I 

I t 
c 
Q) 

0 
.- 
.- 
Y- 
Y- 
Q) 
0 
0 
t 
Y- .- - 
t 
Q) 
cn 
c 
0 
t 
Q) 
rc 
Y- 
3 
m 

Mach number 

Figure 24.- Buffet onset boundaries for the various configurations. 
(pt = 0.4 atm.) 
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r i c , i n  -Ib 
60 

0 .95 1.00 I I5 
Mach number, M 

(a )  Configuration 1 (W + F + VT + HT). 

Figure 25.- Variation with b c h  number of boundaries f o r  constant bu f fe t  
i n t e n s i t i e s  f o r  various configurations. 
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(b) Configuration 2 (W + F + FA + VT + RT). 

Figure 25. - Continued. 
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Mach number, M 
3 I ,  

( c )  Configuration 3 ( W  + WB(1, 2, 3 )  + F + FA + VT + HT). 

Figure 25. - Continued. 
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Mach number, M 

(e) Configuration 3 (W + WB(If, 2f, 3f, 4) + F + FA + VT + HT). 
Figure 23. - Concluded. 
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