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A SEMLFSIPIRICAL PROCEDURF: FOR  ESTIMATING WING BUFFET 

LOADS I N  THE TRANSONIC REGION 

By T. H. Skopinski and Wilber B. Huston 

Wing buffeting  data  obtained from a flight  loads  investigation of 
two jet-propelled swept-wing airplanes were analyzed  together  with some 
published  wind-tunnel  results on two unswept-wing models to  study  the 
e f fec ts  of Mach  number and reduced  frequency on the wing buffet loBds. 
A s  a r e su l t  of this  analysis,  a  semiempirical  procedure  for  estimating 
wing buffet  loads  in  the  transonic  speed  region was derived which appears 
to   correlate   the  data  from wings of different   thickness   ra t ios ,   s t i f fness ,  
and s i ze   i n   t he  Mach  number range from 0.65 t o  1.0. 

A study of a buffet-intensity-parameter  variation  with  reduced  fre- 
quency indicated  consistent  trends between the   f l igh t   resu l t s  and the 
wind-tunnel results. Including  penetration and wing thickness   ra t io  as 
parameters i n  an  expression  for  the root-mean-square buffet moment at 
the wing root  reveals Mach  number e f fec t  as being  a  systematic  departure 
from a faired curve which represented  the  wind-tunnel  buffet-intensity- 
parameter variation  with  reduced  frequency.  This  departure  appeared t o  
be  fixed by t h e   t r a n s i t i o n   t o   c r i t i c a l  flow and was a function of the 
product of the  fundamental  frequency and mean aerodynamic  chord of the 
wing. 

IPJTRODUCTION 

The concept  of buffeting  as  the  response of a simple e l a s t i c  system 
t o  random forces  associated  with  separated  flow  has been explored i n  a 
number of analyt ical  and experimental  studies  (refs. 1 t o  6).  These 
analyses have indicated  the  val idi ty  of  applying  the methods of gen- 
eral ized harmonic analysis  to  the  study of wing-buffet  loads. For 
example, information  presented i n  reference 5 has indicated a wind-tunnel 
technique  for  scaling  the  buffet  loads  obtained on simple  wind-tunnel 
models t o   t h e  loads expected for  the  airplane.  
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The purpose  of the  present  investigation was t o  study  the  f l ight 
buffet-loads data obtained on  two swept-wing jet-propelled  airplanes and 
the wind-tunnel results  presented  in  reference 5 and t o  examine the  effects  
of Mach  number and reduced  frequency on the wing-buffet loads. As a resu l t  
of this analysis a semiempirical  procedure  for a rough estimation of wing 
buffet  loads which appems to   cor re la te   the  data from wings of various 
thickness  ratio,   st iffness,  and s ize  has been derived. 

SYMBOLS 

w i n g  span, f t  

wing chord, f t  

m e a n  aerodynamic wing chord, f t  

wing chord distribution, f t  

thickness  ratio 

spanwise coordinate from wing center  l ine 

spanwise coordinate from wing center  l ine t o  strain-gage 
location 

dynamic pressure, l b / f t 2  

time,  sec 

increment i n  time,  sec 

airplane normal-force coefficient 

incremental  normal-force  coefficient or penetration above 
buffet boundary 

Cp~(y) buffet  input spectrum at  a  given  value of reduced  frequency 

CLa effective  slope of l i f t  curve for  vibrating wing under con- 
dit ions of separated flow 

M Mach  number 

v airspeed,  ft/sec 
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incremental  buffet moment, f t - l b  

deflection of wing e l a s t i c  axis i n  f i rs t  wing bending,  given 
i n  terms of a unit t ip   de f l ec t ion  

wing mass distribution, slugs/ft 

wing area,   f t2  

effect ive &ea i n  bending, 

effect ive mass of wing i n  bending, 
slugs 

effect ive moment of mass outboard of point yg, 

dimensionless  structural.  factor, 
M1 

physical  factor, q 2  dG ft2-lb112 
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reduced  frequency 

buffet-intensity parameter  per unit penetration, 

a 

lllRm,ANE AND INSTRWNTATION 

The f l i g h t  tes t  data of the  present  study were obtained on the North 
American F-%A fighter   a i rplane and on the Douglas D - 3 8 - 1 1  research air- 
plane.  Flight tests on. the F-86A airplane were conducted a t  the Ames 
Aeronautical  Laboratory and those on the D-538-11 airplane, a t  the NACA 
High-speed Fl ight   Stat ion at Edwards, Calif. Both alrplanes have swept 
wings and are  jet-powered. Three-view drawings  of the  airplanes  are 
shown i n  figure 1 and the   a i rp lane   charac te r i s t ics   per t inent   to   the  
present  study are summasized i n   t a b l e  I. 

Wing shear and bending-moment measurements were obtained from elec- 
t r i c a l  wire  resistance  strain gages mounted  on the  spars  near  the wing 
root. For both tes t  airplanes,  standard  strain-gage-calibration pro- 
cedures ( re f .  7) showed that the  bridge mounted near  the  flange of the 
rear  spar responded pr imari ly   to  bending moment and was a re l iab le  measure 
of the  variation of the wing-root  incremental  bending moment. 

The strain-gage  responses were recorded on an lbchannel  oscil lograph 
which used  galvanometer  elements with a natural  frequency of 100 cycles 
per second and which were damped t o  approximately 70 percent of c r i t i c a l .  
Standard NACA recording  instruments  synchronized by a common timer were 
used t o  measure a l l  the  pertinent  quantit ies.  The t rue  Mach  number for  
both  airplanes was determined from a nose-boom airspeed system tha t  meas- 
ured  both s t a t i c  and total   pressure and was calibrated over  the t e s t  Mach 
number range. 

DATA AVAlUBIX FOR  ANALYSIS 

Information on the  correlation between buffeting  intensity and 
penetration at various  alt i tudes and airspeed was obtained from f ive  
selected  f l ights   that  were a part  of  the two fl ight-research programs 

I^_____ 
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conducted  with  the  North American F-%A and the Douglas D-558-11 a i r -  
planes. The f l i gh t s  analyzed were ones i n  which gradual  pull-ups were 
made into  the  buffeting  region. The  Mach numbers f o r  a l l  the runs were 
held  as  constant as possible   unt i l  a maximum acceleration was reached 
a f t e r  which the Mach  number was allowed t o  decrease  gradually at these 
higher  accelerations. 

The gradual  pull-up  data  analyzed  for  the F-%A airplane  included 
nine runs of two f l i g h t s  a t  35,000 f ee t  at Mach numbers from about 0.60 
t o  about 0.95 and six runs of a f l i g h t  a t  an altitude of 45,000 f e e t  
covering a Mach  number range from about 0.30 t o  about 0.90. The two 
f l igh t s  of the D-538-11 airplane which were analyzed  included one run at 
35,000 f ee t  which covered a Mach  number range from about 0.80 t o  about 
0.97 and  one r u n  a t  an a l t i tude  of 25,000 f e e t  which included  buffeting 
data   for  Mach numbers between 0.65 and 0.80. 

Selected  for comparison are data obtained i n   t h e  Langley 2- by &-foot 
f lut ter   research  tunnel   for  two 4-percent-thick unswept semispan models 
with an aspect   ra t io  of  4.0 and a taper   ra t io  of  0.20. A n  angle of a t tack 
was selected  that  was considered t o  be representative of a penetration  of 
approximately 0.30 i n  l i f t  coefficient  for a buffet  boundary. t ha t  was 
f a i r l y  f la t .  The tunnel   t es t s  were l imi ted   to  Mach numbers  below 
about 0.77. 

In order to  indicate  the  general  character of the  flight  records, 
some representative.  time  histories of Mach number, airplane  normal-force 
coefficient,  incremental  buffeting moment, and the root-mean-square  buf- 
fe t ing moment axe shown in   f igure  2. The  Mach  number and normal-force 
coefficient were calculated  every 0.10 second  whereas the  strain-gage 
records were read  every 0.01 second in   o rde r   t o  survey  the  loads from 0 
t o  50 cycle  per second. 

In  order  to  obtain  the  root mean square  of  the  incremental  buffet 
moment, the component of the wing bending moment due to   the  a i rplane 
maneuver had t o  be  removed. This was accomplished by f i l t e r ing   ou t   the  
low-frequency component due to   t he  maneuver with a numerical f i l t e r ,   t h e  
de t a i l s  of which are presented i n  reference 6. After a time history of 
the  incremental  buffet moment BM(t) was obtained, it was then  possible 
t o  break this component into a ser ies  of  overlapping  1/2-second  intervals, 
t o  determine the  root mean square  for  each  interval by the formula 

and t o  use it as a measure of intensity.  
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RESULTS AND DISCUSSION , 

Analysis of the  buffet   'data of the 
guided by the  malytical   expression 

= (q J=q)kFs 

present  investigation has  been 

presented i n  reference 5 for  the root-mean-squaze buffet moment a t   t h e  
wing root. The f irst  term in  the  brackets  includes  the  principal  physical 
characterist ics of the wing. The operating  conditions  are  represented by 
the  square  root of the  dynamic pressure. The quantity Fs i s  a dimension- 
less s t ruc tura l   fac tor  which reduces  the  actual  values of wing  area, mass, 
and moment.arm to   t he i r   e f f ec t ive  values in   the  vibrat ing system.  (See 
section on 'lSymbolsll for  expression  defining  these  effective  quantities. ) 
The second  bracketed  term i n  equation (1) represents   the  ra t io  of a buf- 
fe t   input  spectrum t o  the  coefficient of aerodynamic damping. This r a t i o  , 

is  for  a particular  value of  reduced  frequency  corresponding to  the  fun- " .  
damental  bending  frequency,  the  average  chord, and the   f l igh t  speed. Thus, '. 

equation (1) indicates   that  speed changes would affect   buffet   loads  in 
two  ways. A d i rec t   e f fec t  i s  through variations i n  dynamic pressure,  the 
loads  being directly  proportional  to  the  square  root of the dynamic pres- 
sure and thus t o   t h e   f i r s t  power of the  speed  for a system with  aero- 
dynamic  damping. The loads would also be affected  through changes i n  
the   r a t io  of the  input  forces and the damping which were functions of 
reduced  frequency. 

In   addi t ion   to   the  two speed effects  noted  in  equation (l), buffet "..I 

loads at transonic  speeds have been found in  references 4, 3, and 6 t o  
vasy linearly  with  penetration above the  buffet  boundary so that the 
expression  for  the root-mean-square buffet moment a t  the wing root  for 
transonic  speed  can be taken  as , ,  

, .  

, '  
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o r  for  simplicity 

I 

I 
I 

.. - 

7 

where the  principal  physical  characteristics of the wing are  represented 
by the  factor 

and where the aerodynamic forces  are  represented by a buffet-intensity 
parameter 

a 
a Ly=N 

L J 

Wind-tunnel t e s t s  which were run on a family of related  4-percent-thick 
unswept wings have shorn a variation of the  buffeting pasameter 

with  reduced  frequency and have also  indicated  (ref.  5 )  an ef fec t  of Mach 
number a t   t h e  lower  values of reduced  frequency  corresponding t o  Mach 
numbers greater  than  about 0.65. In  the  present  analysis of the  avail-  
able  buffet  data on two swept wings, an  attempt has been made to   separate  
the  effects  of penetration and dynamic pressure  in  order  to examine the  
e f fec ts  of Mach  number and reduced  frequency on the  buffet-intensity 
parameter. 

Variation With Penetration and Dynamic Pressure 

In  order t o  analyze  the  variation of buffet  intensity  with  penetra- 
t i on   fo r   t he  Mach  number range covered by the tests, the  buffet  boundaries 

Q__I)_ 



8 It: NACA FM ~ 5 6 ~ 0 1  

of the  tes t   a i rplanes were determined. The buffet  boundaries  for  both 
airplanes  are shown i n  figure 3. From a time  history  of M and CN, 
the  value of penetration KN above the  buffet boundary w a s  obtained 
for   the same time t h a t  w(t) was calculated. The resul t ing  plot  of 
-/fi as a function  of  penetration  for  different Mach numbers i s  shown 
in   f igure  4. Variation  of  buffet  intensity  with  altitude  appears  to be 
accounted fo r  when UM is  divided by fi i n  agreement with  analytical  
resul ts   for   the  case where aerodynamic damping predominates. The resu l t s  
for  both  airplanes  indicate a seasonably  linear  variation of buffet  inten- 
s i t y  with  penetration  beyond'the  buffet boundary for  the  transonic speed 
range  covered,  and s t ra ight   l ines  have been fa i red  from the  origin through 
the  data for  each Mach number. 

Variation With Mach  Number and  Reduced Frequency 

I n  order t o  study  the  effects of Mach  number and reduced  frequency 

( 9  on the  buffet   intensity parameter 0 - , values of the  slope  corre- 

sponding to   the   s t ra ight - l ine   fa i r ings  of figure 4' have been used  together .., 

with  values of ks and Fs for  the two wings. The parameters  used t o  - 
calculate  the  constant ks and the  dimensionless  structural  factor Fs, ' ,  

are  given i n   t a b l e  I f o r  each of the two wings. The assumed shape of 
the  deflection o f  the wing e l a s t i c  axis i n  f i rs t  wing bending used t o  
calculate  the  effective  areas,  masses, and moments in  the  present  study 
is  given by the  expression 

where the  deflection i s  given i n   t e r n  of a uni t   t ip   def lec t ion .  Cal- 
culations made  by using  sl ightly  different first bending mode shapes 
(obtained from refs .  8 and 9) indicate no appreciable  effect of mode 
shape on the  s t ructural   factor  Fs. 

The buffeting-intensity  parameter  calculated by the fOllOwing 
expression: 
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for   the two tes t   a i rplanes i s  shown in   f igure  5 for  diffeEent  values of 
reduced  frequency q./V. Also shown for  comparison in   f igure  5 are   the 
wind-tunnel results  given  in  reference 5 fo r  two unswept 4-percent-thick 
wing models. The  mean line  faired  through  the model data  appears t o  
represent a characterist ic  variation of the  buffet-intensity parameter 
with  reduced  frequency.  Dotted lines  faired  through  both  the  flight and 
wind-tunnel  data  appear to  represent a character is t ic  Mach  number effect ,  
a reduction of intensity  with  increasing  speed.  This  variation  attributed 
t o  Mach  number e f fec t  can be thought of as  being  associated  with a change 
in   the  area exposed to  the  f luctuating  pressures  in  separated flow,  thus, 
as  the shock wave  moves toward the wing t r a i l i n g  edge with  increasing 
Mach  number, the exposed area, and likewise  the  input, become smaller. 
The extrapolation shown in   f igure  5 t o  an  intercept   a t  a reduced  frequency 
corresponding to  sonic  velocity was  made on t h i s  basis. 

Examination  of the  data  in  f igure 5 shows  much higher  values of the 
intensi ty  parameter for  the  thicker wings, a r e su l t  which i s  not i n  con- 
f l i c t  with  the  results of  two-dimensional a i r fo i l   s tud ies  such as   re f -  
erence 10. This  observation  led  to  the  empirical  attempt  to  include  the 
effects  of a i r foi l   th ickness  on buffeting  intensity by simply dividing 
the  intensity-parameter  values  presented  in  figure 5 by the  thickness 
r a t i o  or 

- 

The resulting  thickness-modified  buffeting-intensity-parameter  values 
are shown i n   f i g u r e  6. Since  the  choice  for  the two swept wings was 
arbitrary,  the  root-thickness  ratio  perpendicular  to  the sweep axis was 
selected. The r e su l t s   i n   f i gu re  6 indicate  both agreement with and sys- 
tematic  departure from the  solid  line  representing  the  intensity  varia- 
tion  with reduced  frequency. The reduced  frequency a t  which t h i s  depar- 
ture  occms i s  the  value  corresponding t o  a Mach  number of approximately 
0.65 indicated by the  solid symbols. The departure from t h i s   l i n e  o r  
shape is  perhaps  fixed by the   t r ans i t i on   t o   c r i t i ca l  flow and i s  thus 
a function of the  product q c .  

In view  of the marked differences  in  plan form and thickness  ratio 
of the wings and the models of the  present  study,  the  consistency of the 
two se t s  of data shown in   f i gu re  6 is  surprising and perhaps fortuitous.  
In  particular,   the  indicated unimportance'  under separated  flow  conditions 
of sweep, taper,  and aspect  ratio  as compared with  thickness i s  i n  marked 
cont ras t   to   the   s ta te  of affairs for   potent ia l  flow and ver i f icat ion by 
a sui table   ser ies  of systematic  tests  including  higher  values of sweep 
angle would be desirable.  Yet the  consistency shown in   f igure  6 i s  such 
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as t o  encourage a hope that   these data together  with  equation ( 5 )  would 
permit a rough estimate i n   t h e  design  stages  of  the  buffet  loads for a 
given wing i n   t h e  Mach  number range 0.65 t o  1.0. For such  application, 
it i s  believed  that  the l ineas  dependence on thickness   ra t io  should  not 
be expected t o  hold for thickness   ra t ios   less  than 4 percent. 

Estimation of Wing Buffet Loads 

I n  order to   i l lustrate   the  empir ical   procedure  out l ined  in   this  
paper the  variation of buffet  load  with Mach  number has  been estimated 
for  the  4-percent- and the  10-percent-thick wings of the X-1 ser ies  air- 
planes. The areas of these two  wings are  the same but, in   addi t ion  to  
the  difference  in  wing thickness  ratio,  the wing natural  frequency, mean 
aerodynamic chord, aspect  ratio, and mass differ;  thus, a change of a l l  
the  parameters i n  equation ( 5 )  is  involved.  Since a l imited amount of 
experimental  wing-buffet-load  data  (ref. 11) were available  for  the 
10-percent  thick wing at  an a l t i tude  of approximately 20,000 fee t ,   es t i -  
mates of the  variation  per  unit  thickness of the  buffet   intensity param- 
eter  with reduced  frequency were mad-e for  this  al t i tude.   Figure 7 is  
presented t o  show the  estimated  reduced-frequency  variation of the  inten- 
s i t y  parameter which departs from the  basic  curve.at a value of reduced 
frequency  corresponding t o  a Mach  number of  0.65  and then  decreases  rapidly 
t o  zero a t  a reduced  frequency  corresponding t o  sonic  velocity.  After 

@($) 
the  estimated  values of together  with  the  necessary  parameters 

i n  equation ( 5 )  were known, it was possible  to  calculate  the  variation 
of  root-mean-square buffet  moment per  unit  penetration  with Mach number. 
The calculated  values of CIM/&!N shown in   f i gu re  8 for   the two wings 
indicate a much smaller wing root  buffet moment for   the  thinner  wing at 
a  given  penetration  into  the  buffet  region. On the basis of the  effective ,!. 
areas, masses, and moments calculated  for  the two wings, the  physical 
factor  influences  the magnitude of the  buffet  load more than does 
the  s t ructural   factor  Fs. 

., , 

( t /c>  

,, , i  

1 ,  

I n  order to   ob ta in  some indication of the  accuracy of the  estimated 
buffet loads for  the  10-percent-thick X - 1  wing the  published  f l ight  results .; 

of the X - 1  airplane were analyzed. The wing-root buffeting  shear  loads 
presented in  reference 11 are one-half  the maximum peak-to-peak shear 
fluctuations  in  t ime  intervals of approximately 1/2 second. From ref-  
erence 4 the  root mean square fo r  a  1/2-second sample and a wing natural  , ' 

frequency of 14 cycles  per second i s  estimated t o  be approximately one- 
half  the maximum value. A n  assumption that   the  wing la teral   centers  of 
l i f t  presented in   reference ll were approximately  &qua&->.to.the centers 
of-the buffeting  .load was made to   obtain a  value of the root-mean-square 
buffet moment.  The da ta   for  Mach numbers of approximately 0.76 and 0.79 

. ,  
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a t  an a i rp lane   l i f t   coef f ic ien t  of approximately 0.82 give  the  values of 
G~/LXN shown as symbols in   f igure  8. The f l i gh t - t e s t   r e su l t s  agree 
reasonably  well  with  the  semiempirical  procedure  for  obtaining an estimate 
of the wing buffet moment. 

CONCLUDING REMARKS 

The semiempirical  procedure for  estimating wing buffet  loads sug- 
gested by the  present  analysis  appears  to  correlate  the  data from wings 
of various  thickness  ratio,  stiffness, and s ize .  It is intended t o  pro- 
vide  a  simple  engineering method of obtaining a rough estimate i n   t h e  
design  stages of the  buffet   loads  for a given wing in   t he  Mach  number 
range from 0.65 t o  1.0. 

The following remarks may  be  made with  regards  to  the  analysis of 
the  available wing buffet   data  to  study  the  effects of Mach  number and 
reduced  frequency on the wing buffet  loads.  Including  penetration and 
wing thickness   ra t io  as parameters i n  an expression  for  the root-mean- 
square  buffet moment a t  the wing root  revealed Mach  number e f fec t  as 
being  a  systematic  departure from a fa i red  curve which appeared to   r ep re  
sent a character is t ic   var ia t ion of the  buffet   intensity parameter  with 
reduced  frequency. The departure from the curve representing  reduced- 
frequency ef fec t  was perhaps  fixed by t h e   t r a n s i t i o n   t o   c r i t i c a l  flow 
and was,a function of the  product of the first bending  frequency and 
average  chord q c .  In  view of the marked differences  in  plan form and 

thickness  ratio of the wings and the models of the  present  study,  the 
consistency of the two se t s  of data was surprising and perhaps for tui tous.  
Verification by a sui table   ser ies  of systematic  tests  including  higher 
values of sweep angle would be  desirable. 

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., April 19, 1956. 
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TABU I. - PHYSICAL CHARACTERISTICS OF TEST AIRPLANES 

13 

Item 

Root a i r foi l   sect ion . . . . . . . .  
Tip a i r fo i l   sec t ion  . . . . . . . .  
Dihedral angle, deg . . . . . . . .  
Geometric twist, deg . . . . . . . .  
Sweep, deg . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . .  
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Figure 1.- Three-view  drawings of test   airplanes.  
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Figure 2.- Typical time  history  of  pasameters used in present  analysis 
of  wing  buffeting. 
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(a) North American F-%A airplane. 
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(b) Douglas D-558-11 airplane. 

Figure 3.- Buffet  boundaries of test airplanes. 
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(a) North American F-%A airplane. 

Figure 4.- Variation of oM ql/2 with  penetration a t  different  Mach  num- I 
bers for   the two tes t   a i rplanes.  
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(b) Douglas D-558-11 airplane. 

Figure 4. - Concluded. 
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Figure 5.- Variation of buffeting-intensity  parameter  with  reduced  fre- 
quency for test  airplanes  and  wind-tunnel  wing  models. 



20 

lC 
- 

31 8 

406 

424 

571 

NACA FiM L56E01 

Wing model 
0 Wing model 
A F-86A airplane 
0 D-558-51 airplane 

I 

I 
I " I 
I I  I 

I I II It I I I 1 

0 .2 .4 .6 .8 1.0 1.2 1.4 
1 

- 
wlc - v 

Figure 6.- Variation per  unit  thickness  ratio  of  buffeting-intensity 
parameter  with  reduced  frequency. 
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Figure 7.- Estimated  variation  with  reduced  frequency of a buffet- 
intensi ty  parameter  per  unit  thickness r a t io   fo r   t he  wings of the 
Bell X - 1  and X-TE airplanes. hp = 20,OOO fee t .  
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Figure 8.- Comparison between the  estimated  buffet moment per unit pen- 
e t ra t ion of the 4- and the  10-percent-thick wings a t  various Mach 
numbers and two values  obtained from the   f l igh t   resu l t s   wi th   the  
10-percent-thick wing. hp = 20,000 fee t .  
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