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FOREWORD 

This  Report was o r i g i n a l l y  planned as p a r t  of Volume V I  of t h e  AGARD loose  l e a f  Manual 
on Aeroe la s t i c i ty .  
conta ins  some 47 d i f f e r e n t  a r t i c l e s .  

The loose  l e a f  Manual on Aeroe la s t i c i ty  was s t a r t e d  i n  August 1959 and 

This  and f u t u r e  Reports w i l l  be published as sepa ra t e  AGARD Reports. To ensure t h a t  t h e  
new reader  of each Report is aware of t h e  wide scope of work on t h i s  sub jec t  covered by t h e  
S t r u c t u r e s  and Mater ia l s  Panel of AGARD, each Report w i l l  conta in  a f u l l  list of a l l  Pre- 
v ious ly  p r in t ed  a r t i c l e s .  

B. P. Mullins 

Chairman, E d i t o r i a l  Committee, 
AGARD S t ruc tu res  and Mater ia l s  Panel 

March 1970 
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BIBLIOGRAPHY OF DOCUMENTS C O N T A I N I N G  NUMERICAL 
D A T A  O N  PLANAR LIFTING SURFACES 

R .  Dat 

I N T R O D U C T I O N  

Progress  from t h e  s t r i p  method t o  l i f t i n g - s u r f a c e  theory ,  which is a s i g n i f i c a n t  s t e p  i n  t h e  f i e l d  of aero- 
e l a s t i c i t y ,  has  brought about a complete change i n  c a l c u l a t i o n  procedures. The number of parameters necessary 
t o  de f ine  t h e  planform and t h e  harmonic motion of a l i f t i n g  su r face  is such t h a t  it prevents  t h e  s e t t i n g  up of 
t a b l e s  covering a l l  cases ,  l i k e  t h e  t a b l e s  f o r  two-dimensional c o e f f i c i e n t s .  Because of t h i s ,  t h e  programmes 
f o r  a e r o e l a s t i c i t y  c a l c u l a t i o n s  must be a s soc ia t ed  with non-s ta t ionary  aerodynamics programmes t h a t  c a l c u l a t e  
t h e  aerodynamic inf luence  c o e f f i c i e n t s ,  i n  order  t o  s t o r e  them as soon as a new planform has  been defined. 

Under these  condi t ions ,  it may seem s t r ange  t o  publ i sh  numerical r e s u l t s  s ince  they do not save t h e  user  t h e  
t r o u b l e  of performing t h e  ca l cu la t ions .  Th i s  may be t h e  reason why t h e r e  a r e  few pub l i ca t ions  conta in ing  any 
l a r g e  number of numerical r e s u l t s  presented  i n  r e l a t i o n  t o  parameters t h a t  a r e  being sys t ema t i ca l ly  var ied ;  most 
au thors  genera l ly  confine themselves t o  t h e  pub l i ca t ion  of p a r t i a l  r e s u l t s ,  which they  compare with o the r  da t a ,  
whether t h e o r e t i c a l  or experimental .  

Thus, c a l c u l a t i o n s  l i k e  those  t h a t  r e s u l t  i n  t h e  pub l i ca t ion  of Reference (a) on page 3,  which inc ludes  
r e s u l t s  covering a f a i r l y  wide range o f  planforms and of ca l cu la t ed  cases ,  appears t o  be unique. 

These r e s u l t s ,  however, represent  a r e a l  con t r ibu t ion ,  although they  cannot be appl ied  d i r e c t l y  t o  f l u t t e r  
c a l c u l a t i o n s ,  s i n c e  they  a r e  a c o l l e c t i o n  of d a t a  which f a c i l i t a t e  t h e  choice of methods and t h e  superv is ion  o f  
programmes. 

The r e s u l t s  published ou t s ide  t h i s  Manual a r e  gene ra l ly  fragmentary and unsui ted  f o r  sys temat ic  con t ro l ,  but 
t h e i r  whole neve r the l e s s  c o n s t i t u t e s  a g rea t  con t r ibu t ion  (which should not be ignored) t o  t h e  knowledge of non- 
s t a t i o n a r y  aerodynamic fo rces .  The number of planforms and ca l cu la t ed  cases  d e a l t  with i n  o the r  pub l i ca t ions  is 
such t h a t  t h e  r e s u l t s  could not be included i n  t h e  Manual, and it has t h e r e f o r e  been necessary t o  r e s t r i c t  men- 
t i o n  of them t o  a b ib l iog raph ica l  list. 

The pub l i ca t ions  l i s t e d  m a y  be of use, i n  some cases ,  i n  t h e  superv is ion  of a programme, under s p e c i f i c  condi- 
t i o n s ,  but t h e  main i n t e r e s t  of t h i s  bibliography is t h a t  it w i l l  enable t h e  user  t o  e s t a b l i s h  comparisons and t o  
de f ine  genera l  t r ends .  
experiment, s i n c e  it is important t o  know which are t h e  cases  i n  p r a c t i c e  where t h e  theory  provides  r e s u l t s  t h a t  
a r e  i n  agreement with experiment. 

Great emphasis has been placed on experimental  r e s u l t s  and on comparisons of theory  and 

F ina l ly ,  programme desc r ip t ions  have been presented ,  s ince  they  may be used as models and may prevent e r r o r s .  

A b ib l iog raph ica l  work r e s t r i c t e d  t o  experimental  r e s u l t s  was published i n  1959 by H . H a l 1  (Item 37). I t  
covers  t h e  per iod  1940-1956. 

The present  work covers  t h e  per iod  1951-1968. but i n  some cases  only very b r i e f  information is given on t h e  
conten ts  of works published before  1959, which are mostly of l e s s  i n t e r e s t  than  recent  documents, because t h e  
r e s u l t s  were obtained with experimental  t o o l s  o r  computers t h a t  a r e  now out-dated. 

Documents conta in ing  a l a r g e r  amount o f  va luable  d a t a  than  t h e  present  ones may be published during t h e  next 
few years, because research  is being done i n  seve ra l  coun t r i e s  i n  order  t o  ob ta in  numerical da t a ,  e i t h e r  exper i -  
mentally (measurement o f  non-s ta t ionary  pressures)  or  from t h e  theory  ( f o r  con t ro l  su r f aces  i n  p a r t i c u l a r ) .  For 
t h i s  reason, updating of t h e  present  b ib l iography is of paramount importance. 
t h e  items a r e  arranged i n  chronologica l  s ec t ions .  

I t  involves  no d i f f i c u l t y ,  s i n c e  

F ina l ly ,  t h e  problem of t h e  non-planar wing is being considered i n  va r ious  p l aces  and some r e s u l t s  have 

Advanced conf igura t ions  w i l l  probably be 
a l ready  been published; but t h i s  research  is not mentioned he re  because, t o  t i e  i n  with Reference ( a ) ,  it was f e l t  
necessary t o  r e s t r i c t  t h e  sub jec t  t o  t h e  p lanar  l i f t i n g  sur face .  
considered i n  a subsequent updating. 

L i m i t s  Assigned t o  t h e  Subject 

The purpose of t h i s  chapter is t o  provide  t h e  reader  with sources  of information included i n  Reference (a).  The 
b ib l iography is r e s t r i c t e d  t o  t h e  problem of t h e  p lanar  l i f t i n g  su r face  and it lists documents conta in ing  theo- 
r e t i c a l  or experimental r e s u l t s  as well  as programme desc r ip t ions .  
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Theore t i ca l  r e s u l t s  a r e  r e s t r i c t e d ,  as f a r  as poss ib le ,  t o  ca l cu la t ions  r e s u l t i n g  from t h e  genera l  formulation 
Some works based on less genera l  t h e o r i e s  are mentioned, of t h e  problem: 

however, such as t h e  work of H.R.Lawrence and E.H.Gerber (Item 4). of V.J.E.Stark and M.T.Landah1 (Item U), of 
E.M.de Jager  (Item 41) ,  of D.E.Lehrian (Item 43), of J.P.Benthem and J.G.Wouters (Item 67) and of S.Chopin and 
P.Salaiin (Item 40). 
high aspect r a t i o s  have not been included. 

t h e  i n t e g r a l  equation or  “box” method. 

Ca lcu la t ions  based on t h e o r i e s  t h a t  apply only t o . t h e  l imi t ing  cases  of very low o r  very 

A s  regards  experimental r e s u l t s ,  t h e  s e l e c t i o n  of documents must t ake  i n t o  account t h e  ex i s t ence  of non- 
l i n e a r i t i e s  which are ou t s ide  t h e  present  f i e l d .  It has been agreed t h a t  only t h e  experiments where th i ckness  
and incidence e f f e c t s  may normally be considered as neg l ig ib l e  should be included. This means e l imina t ing  
documents where t h e  au thors  have v o l u n t a r i l y  inves t iga t ed  non- l inear  e f f e c t s ,  i n  p a r t i c u l a r  t h e  e f f e c t  of upper 
su r face  v o r t i c e s  on a low aspect r a t i o  d e l t a  wing with high incidence.  

F ina l ly ,  programme desc r ip t ions  remain scarce  and it is probable t h a t  none o f  them could be used d i r e c t l y  by 
any organisa t ion  o the r  than t h e  o r ig ina to r .  Nevertheless,  t h e i r  usefu lness  as models remains ind isputab le .  

Presenta t ion  of t h e  Documents 

The documents presented  g ive  t h e  following information: 

(a) Name o f  authors,  t i t l e ,  publ i sh ing  organisa t ion ,  and da te .  

(b) A summary genera l ly  provided by I A A  o r  STAR cards  o r  by t h e  author himself.  
information on t h e  na ture  of t h e  r e s u l t s  and t h e i r  importance (number of t a b l e s  o r  diagrams). 

I t  is completed by b r i e f  

(c) F ina l ly ,  i n  a frame. very b r i e f  cap t ions  i n d i c a t e  at a glance t h e  speed range (subsonic,  t r anson ic ,  
supersonic) ,  whether t h e  r e s u l t s  a r e  t h e o r e t i c a l  o r  experimental ,  whether con t ro l  su r f aces  are consi-  
dered and whether pressure  d i s t r i b u t i o n s  are represented .  

These documents are arranged i n  chronologica l  s ec t ions ,  by year  o f  publ ica t ion .  Considering t h e  r e l a t i v e l y  
small number of documents it d id  not appear appropr ia te  t o  break down t h e  c l a s s i f i c a t i o n  f u r t h e r .  

The documents are preceded by a list of au thors  i n  a lphabe t i ca l  o rder .  

Comments 

The documents, being r e l a t i v e l y  few, may be r e fe r r ed  t o  ind iv idua l ly  and t h e  comments on them a r e  very 
b r i e f :  t h e  r eade r ’ s  a t t e n t i o n  is drawn only t o  a few d e t a i l s .  

(a) Systematic Tables and Graphs 

Only a few authors  have been tempted t o  publ i sh  sys temat ic  r e s u l t s ,  probably because they  knew t h a t  t h e  
f i e l d  of app l i ca t ion  o f  t hese  r e s u l t s  would remain r e s t r i c t e d  t o  some spec ia l  cases ,  whatever t h e  volume 
of r e s u l t s .  A few examples a r e  t o  be found, however: supersonic inf luence  c o e f f i c i e n t s  f o r  a rec tangular  
g r i d  (Item 28); func t ions  t h a t  make it poss ib l e  t o  c a l c u l a t e  a rec tangular  wing with deformation i n  super- 
sonic  flow (Item 41); and c o e f f i c i e n t s  r e l a t i v e  t o  r i g i d  rec tangular  and d e l t a  wings with a subsonic 
con t ro l  su r f ace  (Item 40). 

(b) Methods of Calculation 

The c a l c u l a t i o n s  a r e  genera l ly  based on t h e  i n t e g r a l  equation of t h e  normal v e l o c i t y  w 
t h e  pressure  Ap on t h e  wing: 

i n  r e l a t i o n  t o  

W ( X , Y )  = f J  K(x - 5. Y - 77) A P  (5.77) d t d ?  . (1) 
w i n g  

The so lu t ion  is genera l ly  obta ined  by a co l loca t ion  method, a f t e r  t h e  pressure  has been represented  by a 
superpos i t ion  of s p e c i f i c  func t ions .  But t h e  l ea s t - squa res  method may a l s o  be used (Items 35-46). 

The i n t e g r a l  (1) is not  r e a d i l y  ca l cu la t ed  and convergence and accuracy s t u d i e s  a r e  given i n  Items 81,63,88. 

In  supersonic flow, one may use a l s o  t h e  formula r e l a t i n g  t h e  p o t e n t i a l  and i t s  normal d e r i v a t i v e  on t h e  
wing: 

This formula is used by p l ac ing  a rec tangular  o r  diamond-shaped g r i d  i n  t h e  wing plane.  
t h e  wing edges a r e  gene ra l ly  t r e a t e d  as spec ia l  cases ,  which renders  t h e  ca l cu la t ion  programmes more 
complicated while improving t h e i r  accuracy (Item 75). 
cases  and t o  r e l y  on t h e  f ineness  of g r id  t o  obta in  accuracy (Item 99).  

The ca l cu la t ion  methods t h a t  do not start  from Equations (1) and (2) almost always lack  gene ra l i t y ,  at 
least i n  app l i ca t ion  (Items 4,12,40,41,43). 
method (Item 103). which i n  fu tu re  could con t r ibu te  t o  a b e t t e r  knowledge of t h e  subsonic con t ro l  su r f ace  
problem. 

The g r i d s  at 

But it is also poss ib l e  t o  d i s r ega rd  t h e s e  spec ia l  

Spec ia l  emphasis should be placed on t h e  double t  lat t ice 
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Cont ro I Surf aces 

As r ega rds  numerical ca l cu la t ion ,  t h i s  problem is  still not adequately solved i n  t h e  subsonic f i e l d .  I t  
is only i n  recent  documents t h a t  r e s u l t s  a r e  found which t a k e  i n t o  account t h e  logar i thmic  s i n g u l a r i t i e s  
(Items 95-104). In genera l ,  t h e  r e s u l t s  are obtained by represent ing  t h e  con t ro l  su r f ace  de f l ec t ion  by 
a polynomial su r f ace  (Items 78,94,96,107).  

Comparison between Theory and Experiment 

There a r e  many comparisons o f  t h e o r e t i c a l  and experimental r e s u l t s ,  but only a few authors  attempt t o  
deduce co r rec t ions  from them, as H.Bergh and R.J.Zwaan (Item 91), have done. 

Synt hes is Documents 

Per iod ica l ly  documents a r e  found t h a t  summarise t h e  s t a t e  o f  t h e  art i n  non-s ta t ionary  aerodynamics. 
The most recent  ones, conta in ing  s i g n i f i c a n t  r e s u l t s .  a r e  of p a r t i c u l a r  i n t e r e s t  (Items 79-108). 
F ina l ly ,  mention should be made o f  t h e  work of D.L.Woodcock (Item 101), i n  which t h e  author p re sen t s  a 
syn thes i s  of t h e  r e s u l t s  of a broad range of ca l cu la t ions  and experiments. 

ACKNOWLEDGMENTS 
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de r iva t ives ,  t h a t  is  d e r i v a t i v e s  inva r i ab le  with spanwise 
pos i t i on ,  with t h e  v i r t u a l  i n e r t i a s  included i n  t h e  aero- 
dynamic s t i f f n e s s  de r iva t ives ,  Der iva t ives  f o r  o the r  modes 
can be obtained e i t h e r  from t h e s e  o r  from t h e  va lues  of t h e  
r ec ip roca l  i-' of t h e  downwash mat r ix ,  which a l s o  a r e  
t abu la t ed .  

12 diagrams, 13 t a b l e s .  

The Aerodynamic Forces on Low Aspect Ratio Wings Oscillating in an Incompressible' 
Flow. Journal o f  t h e  Aeronautical  Sciences,  Vol. 19, November 1952. 

Theory 

A method f o r  ca l cu la t ing  t h e  aerodynamic fo rces  ac t ing  on 
a harmonically o s c i l l a t i n g  low aspec t  r a t i o  wing i n  incom- 
p r e s s i b l e  flow is presented  f o r  t h e  c l a s s  of planforms 
with s t r a i g h t  t r a i l i n g  edges. The aerodynamic l i f t  and 
moment r e s u l t i n g  from o s c i l l a t o r y  v e r t i c a l  t r a n s l a t i o n  
and r o t a t i o n  a r e  comguted f o r  rec tangular  and t r i a n g u l a r  
wings of aspect r a t i o s  ranging from 0 t o  4 with reduced 
f requencies  from zero  t o  uni ty .  The aerodynamic fo rces  
a r i s i n g  from t h e  harmonic r o t a t i o n  of 25, 37, and 50% 
chord t r a i l i ng -edge  f l a p s  are computed f o r  rec tangular  
wings of aspec t  r a t i o s  1 and 2 f o r  t h e  zero  t o  un i ty  
reduced frequency range. The r e s u l t s  a r e  shown t o  be i n  
accord with t h e  Garrick theo ry  f o r  planforms of very low 
aspec t  r a t i o  and with t h e  i n f i n i t e  aspect r a t i o  theory  
f o r  rec tangular  wings. 
frequency, t h e  r e s u l t s  reduce t o  s t eady- s t a t e  so lu t ions .  
A r ap id  method f o r  so lv ing  t h e  i n t e g r a l  equation is 
developed f o r  cases where t h e  s t eady- s t a t e  s o l u t i o n . h a s  
been expressed i n  mat r ix  form. 

I n  t h e  l i m i t i n g  case  of zero  

6 diagrams, 8 t a b l e s .  

5. Lomax, Harvard Two- and Three-Dimensional Unsteady Lift Problems in High-speed Flight. NACA , 

Heas le t ,  Max A. Report 1077. 1952. 
Ful l e r ,  Franklyn B. 
Sluder.  Loma 

Theory 
I I 

6. Watkins, Charles E. Air Forces and Moments on Triangular and Related Wings with Subsonic Leading Edges 
Berman, J u l i a n  H. Oscillating in Supersonic Potential Flow. NACA Report 1099, 1952. 

Theory 
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7. Scruton, C. 
Woodgate, L. 
Alexander, A. J. 

8.  Beals,  V. 
Targof f ,  W. P. 

Measurements of the Aerodynamic Derivatives for a Swept Wing of Low Aspect Ratio 
Describing Pitching and Plunging Oscillations in Incompressible Flow. ARC R 8 M 
2925, 1953. 

The aerodynamic l i f t  and moment d e r i v a t i v e s  f o r  p i t ch ing  
o s c i l l a t i o n s  i n  incompressible flow have' been measured 
f o r  two axis p o s i t i o n s  on ( i )  a c l ipped  d e l t a  wing of 
aspec t  r a t i o  1 '2 ,  (ii) a complete d e l t a  wing of aspect 
r a t i o  1 '6 .  and (iii) an arrowhead wing of aspec t  r a t i o  
1'32. The r e s u l t s  f o r  t h e  arrowhead wing and t h e  c l ipped  
d e l t a  wing are compared with va lues  pred ic ted  by t h e  
v o r t e x - l a t t i c e  and t h e  Multhopp-Garner methods o f  ca lcu la-  
t i o n .  The r e s u l t s  f o r  t h e  complete d e l t a  wing a r e  com- 
pared with va lues  ca l cu la t ed  by Garner and by Lawrence and 
Gerber. In  each o f  t h e  comparisons a s a t i s f a c t o r y  measure 
of agreement was found between t h e  t h e o r e t i c a l  and exper i -  
mental va lues  of t h e  de r iva t ives .  Calculated va lues  f o r  
t h e  c l ipped  d e l t a  wing based on very low aspec t  r a t i o  
theory  d i d  not accord with those  found by experiment. 

36 diagrams, 13 t ab le s .  

Incompressible 
Theory 

Experiment 

Control Surface Oscillatory Coefficients Measured on Low Aspect-Ratio Wings. 
Wright A i r  Development Center, WADC Technical Report 53-64, Apr i l ,  1953. 

The c e i l i n g  of t h e  t e s t  s e c t i o n  was used as a r e f l e c t i o n  
p lane  f o r  rec tangular  wing models with an e f f e c t i v e  aspect 
r a t i o  o f  1 and 2. Model chord was 5 f t ,  t h e  f l a p  hinge l i n e  
was at 60% of t h e  chord. The a i r f o i l  s e c t i o n  used was 
NACA 0010. The tests were conducted i n  January 1952. 

Static and o s c i l l a t o r y  t e s t s  were c a r r i e d  out  and wing 
moment and l i f t  due t o  f l a p  d e f l e c t i o n  and f l a p  hinge 
moment due t o  f l a p  de f l ec t ion  were measured. Measured 
i n e r t i a  e f f e c t s  of t h e  f l a p  and zero  speed a i r l o a d s  were 
subt rac ted  from t h e  measured loads  and t h e o r e t i c a l l y  
estimated loads due t o  apparent mass of t h e  air were added. 

The Reynolds number of t h e  o s c i l l a t o r y  t e s t s  v y i e d  
from 1 .4  t o  5 .4  mi l l i on  because t h e  a i r speed  was vaxied 
t o  cover a k-range from 2.0 t o  0.28, while r e s t r i c t i q g  
t h e  f requencies  of o s c i l l a t i o n  t o  t h e  two va lues  f = 3 
and 5 c/s.  The Reynolds number of t h e  static t e s t s  
(k = 0)  w a s  approximately 7 mil l ion .  The tunne l  atmo- 
sphere was approximately equal t o  standard sea l e v e l  
atmosphere. The Mach number of t h e  o s c i l l a t o r y  t e s t s  
va r i ed  from M = 0:04 t o  M = 0.15 . For t h e  s t a t i c  
t e s t  M = 0.20. 

\ 

L o w  Subsonic 
Experiment 

Control Sur faces  

9. Watkins, Char les  E. Velocity Potential and A i r  Forces Associated with a Triangular Wing in Supersonic 

General Quadratic Equation. NACA TN 3009, 1953. 
Berman, J u l i a n  H. Flow, with Subsonic Leading Edges, and Deforming Harmonically According to a 

Super son ic  FTheory 
I I 
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10. Laidlaw, W.R. Theoretical and Experimental Pressure Distributions on Low Aspect Ratio Wings 
Oscillating in an Incompressible Flow. 
52-576-c, Bur. Aero. ), Aeroe la s t i c  and S t r u c t u r e s  Research Laboratory, Massachusetts 
I n s t i t u t e  of Technology, September, 1954. 

Technical Report 51-2 (Contract No.NO a(s) 

Rectangular wings of aspect r a t i o  1.0 and 2.0 and d e l t a  
wing of aspec t  r a t i o  2.31 o s c i l l a t i n g  i n  p i t c h  and i n  
plunge. Reduced f requencies  from 0.24 t o  0.66 based on 
root  semi-chord. 

Incompressible 
Experiment I Pressure  

11. Nelson, Herbert  C. 
Rainey, Ruby A. 
Watkins, Char les  E. TN 3076, 1954. 

Lift and Moment Coefficients Expanded to the Seventh Power of Frequency for Oscillating 
Rectangular Wings in Supersonic F l o w  and Applied to a Specific Flutter Problem. NACA 

Theory 

Linear ized  theory  f o r  compressible unsteady flow is  used t o  
de r ive  t h e  v e l o c i t y  p o t e n t i a l  and l i f t  and moment c o e f f i c i e n t s  
i n  t h e  form o f  power s e r i e s  i n  terms of t h e  frequency of 
o s c i l l a t i o n  f o r  a harmonically o s c i l l a t i n g  r ec t angu la r  wing 
moving at a cons tan t  supersonic  speed. Closed express ions  
f o r  t h e  v e l o c i t y  p o t e n t i a l  and l i f t  and moment c o e f f i c i e n t s  
assoc ia ted  with p i t ch ing  and t r a n s l a t i o n  a r e  given t o  t h e  
seventh power of t h e  frequency. These express ions  extend 
t h e  range of usefu lness  of NACA Report 1028 i n  which similar 
express ions  were derived t o  t h e  t h i r d  power of t h e  frequency 
of o s c i l l a t i o n .  For example, at a Mach number o f  10/9 t h e  
expansion o f  t h e  p o t e n t i a l  t o  t h e  t h i r d  power is an accura te  
r ep resen ta t ion  of t h e  p o t e n t i a l  f o r  va lues  of t h e  reduced 
frequency only up t o  about 0.08; whereas t h e  expansion of 
t h e  p o t e n t i a l  t o  t h e  seventh power is an accura te  representa-  
t i o n  f o r  va lues  o f  t h e  reduced frequency up t o  about 0.2,  a 
va lue  o f  t h i s  parameter l a r g e  enough t o  cover most rec tangular -  
wing f l u t t e r  cases l i k e l y  t o  occur at  t h i s  Mach number. 

The sec t ion  and t o t a l  l i f t  and moment c o e f f i c i e n t s  a r e  d i s -  
cussed with t h e  a i d  of s eve ra l  f i gu res .  I n  add i t ion ,  f l u t t e r  
speeds obta ined  i n  t h e  Mach number range from 10/9 t o  10/6 
f o r  a rec tangular  wing of aspect r a t i o  4.53 by using sec t ion  
c o e f f i c i e n t s  derived on t h e  b a s i s  of three-dimensional flow 
a r e  compared with f l u t t e r  speeds f o r  t h i s  wing obtained by 
us ing  c o e f f i c i e n t s  der ived  on t h e  b a s i s  of two-dimensional flow. 

19 diagrams. 

12. Stark ,  Va l t e r  J .E. Determination of Non-Stationary Aerodynamic Forces on a Rectangular Wing with the 
Landahl, Marten T. Aid of an Electrolytic Tank Analogue. KTH Aero Report FL 158, Sweden, 1954. 

Theory 

An e l e c t r i c a l  p o t e n t i a l  tank analogy has been developed f o r  
t h e  determination o f  aerodynamic fo rces  on a r b i t r a r y  
f i n i t e  wings o s c i l l a t i n g  i n  a r b i t r a r y  modes i n  incompres- 
s i b l e  flow. The method was appl ied  t o  a r ec t angu la r  wing 
o f  aspec t  r a t i o  3 and p o t e n t i a l s  were measured f o r  t h e  
symmetric wing modes of r i g i d  t r a n s l a t i o n  and p i t c h ,  
f lapping ,  pa rabo l i c  bending and l i n e a r  t o r s i o n  as wel l  
as f o r  r i g i d  p i t c h  and l i n e a r  t o r s i o n  of a fu l l - span  
con t ro l  sur face .  

(The r e s u l t s  of t h i s  i nves t iga t ion  a r e  p a r t l y  reproduced 
i n  Item 35 and a l s o  i n  Aeroe las t i sches  Kolloquium, Cottingen, 
1957, AVA Ber ich t  No. 18, 1958, pp. 124-155). 
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13; Guyett, P.R. 
Poul te r ,  D. E. G. 

14. Molyneux, W.G. 
Ruddlesden. F. 

15. Cunningham, H.J. 

Measurements of Pitching Moment Derivatives for  a Series of Rectangular Wings at 
Low Wind Speeds. ARC Current Paper 249, 1955. 

Theory 
Experiment 

The d i r e c t  aerodynamic moments f o r  p i t c h i n g  o s c i l l a t i o n s  
have been measured on a series of rec tangular  wings having 
aspect r a t i o s  between 2 and 8 for  a x i s  p o s i t i o n s  at t h e  
wing leading  edges and t r a i l i n g  edges. Two of t h e  wings 
were a l s o  t e s t e d  w i t h  s i n g l e  end p l a t e s  which were aero- 
dynamically e f f e c t i v e  i n  doubling t h e  wing geometric aspect 
r a t i o .  The measurements were made at low speeds i n  an 
open-jet  wind tunnel  and covered t h e  range of  frequency 
parameter (based on wing chord) 0.13 t o  0.39. The r e s u l t s  
a r e  i n  general  agreement with t h e o r e t i c a l  r e s u l t s  due t o  
Lawrence and Gerber. 

Similar tests were a l s o  made on a wing f i t t e d  with two 
end-plates  i n  an at tempt  t o  obta in  r e s u l t s  f o r  two-dimensional 
flow. 
s u l t s  and two-dimensional t h e o r e t i c a l  va lues  and i n d i c a t e  
t h a t  wind tunnel  i n t e r f e r e n c e  is important for  t h i s  test  
conf igura t ion .  

The r e s u l t s  do not agree with o t h e r  experimental r e -  

48 diagrams, 2 t a b l e s .  

Derivative Measurements and Flutter Tests on a Rectangular Wing with a Full Span 
Control Surface Oscillating in Modes of Wing Roll and Aileron Rotation. 
3010, 1955. 

ARC R & M 

Experiment 
new technique was used i n  which a i l e r o n  r o t a t i o n  w a s  geared 

D e t a i l s  a r e  given of t e s t s  t o  measure t h e  aerodynamic co- 
e f f i c i e n t s  f o r  a rec tangular  wing with a fu l l - span  a i l e r o n  
o s c i l l a t i n g  i n  modes of  wing r o l l  and a i l e r o n  r o t a t i o n .  A 

t o  wing r o l l  so t h a t  o s c i l l a t i o n  occurred i n  both degrees  of 
freedom simultaneously. 

The measured c o e f f i c i e n t s  a r e  compared with t h o s e  der ived 
from two-dimensional theory,  and with c o e f f i c i e n t s  es t imated 
by an empirical method. 
but  t h e  est imated c o e f f i c i e n t s  agree wel l  with those  measured. 

The agreement with theory is poor 

F l u t t e r  c a l c u l a t i o n s  f o r  t h e  system were made, using both 
measured and t h e o r e t i c a l  d e r i v a t i v e s .  and t h e  r e s u l t s  are com- 
pared with f l u t t e r  tes t  r e s u l t s .  The c a l c u l a t e d  f l u t t e r  speed 
using measured d e r i v a t i v e s  agrees  c l o s e l y  w i t h  t h a t  measured, 
whereas t h e  agreement is  poor using t h e o r e t i c a l  der iva t ives .  

33 diagrams. 

Total Lift and Pitching Moment on 77th Arrowhead Wings Oscillating in Supersonic 
Potential Flow. NACA TN 3433, 1955. 

Theory 

Expressions based on l i n e a r i z e d  supersonic  p o t e n t i a l  
theory a r e  given f o r  t h e  t o t a l  l i f t  and moment co- 
e f f i c i e n t s  of t h i n  arrowhead wings o s c i l l a t i n g  i n  
p i t c h  and v e r t i c a l  t r a n s l a t i o n .  
as t r e a t e d  here in  inc ludes  a l l  po in ted- t ip  wings; t h e  
d e l t a  planform with an unswept t r a i l i n g  edge is a s p e c i a l  
case. A r e s t r i c t i o n  is t h a t  t h e  component of flow normal 
t o  t h e  t r a i l i n g  edge must be supersonic  or sonic .  The 
t o t a l  c o e f f i c i e n t s  have been obtained by i n t e g r a t i o n  of  
t h e  s e c t i o n  c o e f f i c i e n t s  given i n  NACA Report 1099 f o r  
t h e  subsonic-leading-edge wing ( t o  t h e  f i f t h  power of  
t h e  frequency) and i n  NACA Technical Note 2494 f o r  t h e  
supersonic-leading-edge wing ( t o  t h e  t h i r d  power of t h e  
frequency). The accuracy of t h e s e  expressions extends 
t o  s u f f i c i e n t l y  h i g h  f requencies  t o  make them poten- 
t i a l l y  usefu l  i n  f l u t t e r  appl ica t ions .  

The arrowhead planform 
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15. (Continued) A c o r r e l a t i o n  of c o e f f i c i e n t  no ta t ion  is given f o r  
t h e  present  f l u t t e r  c o e f f i c i e n t s ,  f o r  dynamic s t a b i l i t y  
c o e f f i c i e n t s ,  and f o r  t h e  exact f l u t t e r  c o e f f i c i e n t s  
developed by Miles f o r  t h e  supersonic-leading-edge d e l t a  
planform. For t h e  supersonic-leading-edge d e l t a  wing, 
curves  are given t o  show t h e  comparison of t hese  t h r e e  
types  of c o e f f i c i e n t s .  The r e l a t i v e  importance of higher 
order  frequency terms as compared with t h e  lowest order  
frequency term i n  each f l u t t e r  c o e f f i c i e n t  decreases  
r a t h e r  r ap id ly  with t h e  following parametric changes: 
i nc reas ing  Mach number, increas ing  leading-edge sweep angle 
(except f o r  t h e  supersonic-leading-edge d e l t a  wing), and 
decreas ing  t r a i l i ng -edge  sweep angle. These parametric 
changes have t h e  concurrent r e s u l t  t h a t  t h e  accuracy of 
t h e  approximate c o e f f i c i e n t s  i nc reases  f o r  any given 
reduced frequency. 

18 diagrams, 4 t a b l e s .  

16. Martin, Dennis J. Exploratory Investigation of the Moments on Oscillating Control Surfaces at Tran- 
Thompson, Robert F. sonic Speeds. NACA RM L55E31b, 1955. 
Martz, C. W i l l i a m  

Experiment 
Control Sur faces  

Control hinge-moment d a t a  a r e  presented  f o r  o s c i l l a t i n g  
t r a i l i ng -edge  con t ro l s  on unswept, swept, and d e l t a  
wings through t h e  use of wind-tunnel and rocket  test  
models. A range o f  uns tab le  aerodynamic damping was 
found i n  t h e  t r anson ic  speed range f o r  each of t h e  con- 
f i g u r a t i o n s  t e s t ed .  Examination of t h e  r e s u l t s  i nd ica t e s  
t h e  importance of s eve ra l  parameters. It appears t h a t  
t h e  t r anson ic  con t ro l - su r face - ins t ab i l i t y  problem may be 
a l l e v i a t e d  t o  some exten t  by s t r u c t u r a l  modi f ica t ions  o r  
by aerodynamic conf igura t ion  changes. 

Reviews experimental  hinge-moment d a t a  f o r  a 25% chord 
f l a p  on a s l i g h t l y  tapered  low-aspec t - ra t io  wing a t  Mach 
numbers from 0.6 t o  1.02, f o r  a 25% chord fu l l - span  rudder 
with 35' h inge- l ine  sweep on a tapered  wing with 50' 
leading-edge sweep, and f o r  a constant-chord fu l l - span  
f l a p  on a 60' d e l t a  wing at Mach numbers from 0.3 t o  1.8. 

9 diagrams. 

17. Pines ,  Samuel Aerodynamic Flutter Derivatives for a Flexible Wing with Supersonic and Subsonic 
Dugundj i ,  John Edges. Journa l  of t h e  Aeronautical  Sciences,  Vol. 22, October, 1955, pp. 693-700. 
Neuringer. Joseph 

A box method is developed f o r  ob ta in ing  t h e  generalized 
air  fo rces  on an o s c i l l a t i n g  f l e x i b l e  wing i n  supersonic 
flow with both supersonic and subsonic edges. Essen t i a l ly ,  
t h e  method c o n s i s t s  of represent ing  t h e  wing by a g r i d  of 
square  boxes and determining t h e  inf luence  of one box on 
another. These aerodynamic pressure  inf luence  c o e f f i c i e n t s ,  

. when t abu la t ed ,  permit t h e  f l u t t e r  a n a l y s i s  of an a r b i t r a r y  
wing with a r b i t r a r y  normal modes t o  be c a r r i e d  out i n  a 
rou t ine  way. The c o e f f i c i e n t s  s a t i s f y  t h e  l i n e a r i z e d  
unsteady supersonic flow equations and t h e  downwash 
boundary condi t ions ,  and, i n  add i t ion ,  are formulated i n  
a manner independent of t h e  modal shapes of t h e  s t r u c t u r e .  

Supersonic I- Theory 

The box method is  appl ied  t o  some s impl i f i ed  examples 
involving r i g i d  body modes, and agreement with o the r  
methods is  seen t o  be reasonably good. 

The box procedure appears t o  o f f e r  a simple rou t ine  
manner of analyzing f l e x i b l e  wings f o r  supersonic  f l u t t e r  
ana lyses  which is well adapted t o  programming on com- 
put ing  machinery. However, t h e  square box method as 
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17. (Continued) developed here  f o r  subsonic edges is inapp l i cab le  t o  Mach 
numbers below M = 1.414 without f u r t h e r  modification. 
Some suggested modi f ica t ions  f o r  extending below t h e  
M = 1.414 range are d iscussed  i n  t h e  body of t h e  paper. 

Compares spanwise d i s t r i b u t i o n s  of l i f t  and moment 
ca l cu la t ed  by t h e  “box” method with those  ca l cu la t ed  by 
t h e  method of Watkins (NACA TN 2457) f o r  a 63.4’ d e l t a  
wing i n  p i t ch ing  and plunging motions at  M = 1.414 , 
reduced frequency = 0.11  and 0.075. 

18. Reese, David E. Jr An Experimental Investigation of the Hinge-Moment Characteristics of a Constant- 
Carlson, W i l l i a m  C. A. Chord Control Surface Oscillating at High Frequency. NACA RM A55J24, 1955. 

I 

19. Za r t a r i an ,  G. 
Hsu, P.T. 

The r e s u l t s  of an experimental  i nves t iga t ion  of t h e  hinge- 
moment c h a r a c t e r i s t i c s  of a constant-chord con t ro l  su r f ace  
o s c i l l a t i n g  a t  high frequency a r e  presented. The con t ro l  
su r f ace  w a s  mounted on M aspec t - r a t io -2  t r i a n g u l a r  wing. 
The aerodynamic restoring-moment and damping-moment co- 
e f f i c i e n t s  were obta ined  at a frequency of 260 c/s f o r  a 
Mach number range of 0.6 t o  0 .8  and 1 .3  t o  1 .9 ,  corresponding 
t o  reduced f requencies  from 0.189 t o  0.078. A d i scuss ion  
is given i n  t h e  Appendix of a d r ive  motor s u i t a b l e  f o r  
systems where a high-frequency o s c i l l a t o r y  torque  is 
des i red .  

Supersonic 
Experiment 

Control Sur faces  

Resul t s  a r e  compared with l i nea r - theo ry  c a l c u l a t i o n s  
based on s e r i e s  expansion of t h e  v e l o c i t y  p o t e n t i a l  i n  
powers of a frequency parameter; e f f e c t s  of a th i ckness  
co r rec t ion  a r e  a l s o  examined. 

8 diagrams. 

Theoretical Studies on the Prediction of Unsteady Supersonic Air loads on Elastic 
Wings. Part I - Investigations on the Use of Oscillatory Supersonic Aerodynamic 
Influence Coefficients. Wright A i r  Development Center,  WADC Technical Report 
56-97, P a r t  I ,  December, 1955. 

Theory 
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20. Woodcock, D.L. 

21. Woodcock, D.L. 

22. Berman, J u l i a n  H .  

23. Clevenson, S.A. 
Leadbet ter ,  S. A. 

Aerodynamic Derivatives for Tw Cropped Delta Wings and One Arrowhead Wing Oscil- 
lating in Distortion Modes. 
1956. 

RAE Report S t r u c t u r e s  201-1956, ARC Current Paper 268, 

Theory 

Aerodynamic d e r i v a t i v e s  are given f o r  t h r e e  p a r t i c u l a r  
planforms o s c i l l a t i n g  with symmetric d i s t o r t i o n  modes i n  
incompressible flow. The planforms are :  

(i) a cropped d e l t a  wing of  aspect  r a t i o  3 and t a p e r  
r a t i o  1/7; 

( i i )  a cropped d e l t a  wing of  aspect  r a t i o  1 . 2  and t a p e r  
r a t i o  1/7; 

(iii) an arrowhead wing of aspect  r a t i o  1.32, t a p e r  r a t i o  
7/18 and angle of sweep of 63.4' at t h e  q u a r t e r  chord. 

The r e s u l t s  are f o r  modes of t h e  form ,177)" f o r  
n = 0(1)4 , where 77 is a non-dimensional spanwise co- 
ord ina te .  
s u l t s  which D.E.Lehrian had earlier obtained by t h e  vor tex  
la t t ice  method. The r e s u l t s  a r e  compared, f o r  some cases ,  
with t h e  corresponding va lues  given by very-low-aspect- 
r a t i o  theory.  

They have been determined from intermediate  res -  

86 t a b l e s .  

Calculated Aerodynamic Forces on a Sweptback Untapered Wing Oscillating in Incom- 
pressible Flow. RAE Report S t r u c t u r e s  217-1956, ARC Current Paper 411, 1956. 

Theory 

The a i r  f o r c e s  are given f o r  an untapered wing,of aspect  
r a t i o  2 and sweepback 40' o s c i l l a t i n g  with symmetric d i s -  
t o r t i o n  modes i n  incompressible flow. The r e s u l t s  a r e  
f o r  frequency parameters of  O(0.6)l .a .  
both as inf luence  mat r ices  based on t h e  displacement a t  a 
p a r t i c u l a r  set of p o i n t s  and a l s o  as o v e r a l l  d e r i v a t i v e s  
f o r  modes of  t h e  form 1771" f o r  n = 0(1)4 , where 77 is 
a non-di.mensiona1 spanwise co-ordinate .  The method used 
was t h e  vor tex  la t t i ce  method. The s tandard  la t t ice  was 
modified by making t h e  mesh s i z e  ( i n  a chordwise d i r e c t i o n )  
adjacent  t o  t h e  lead ing  edge smaller  than  t h a t  over  t h e  
main p a r t  o f  t h e  wing. Comparison is made with some va lues  
obtained by a v a r i a n t  of t h e  Multhopp method and t h e  agree- 
ment is good. An Appendix shows how t h e  vor tex  la t t ice  
method is modified t o  o b t a i n  t h e  v i r t u a l  i n e r t i a s .  

These are presented 

12 t a b l e s .  

Lift and Moment Coefficients for an Oscillating Rectangular Wing-Aileron Configura- 
tion in Supersonic Flow. NACA TN 3644, 1956. 

Supersonic 
Theory 

Control Surfaces  

Some Measurements of Aerodynamic Forces and Moments at Subsonic Speed on a Wing- 
Tank Configuration Oscillating in Pitch about the Wing Midchord. 
1956. 

NACA TN 3822, 

Subsonic 
Experiment 
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24. Epperson, T.B. Non-Stationary Airload Distributions on a Straight Flexible Wing Oscillating in a 
Pengelley, C. D. Subsonic Wind Stream. Wright A i r  Development Center, WADC Technical Report 55-323, 
Ransleben, G. E. Jr January, 1956. 
Wilson, L.E. 
Younger, D. G. Jr Low speed tests of  a rec tangular  wing of aspect r a t i o  5 

Experiment 
Pressure  

at  reduced f requencies  = 0. 16, 0.25, 0.50, Co. 

25. Martz, C. W i l l i a m  Experimental Hinge Moments on Freely Oscillating Flap-Type Control Surfaces. NACA 
RM L56G20, 1956. 

26. Zar ta r ian .  G. 

Rocket-model t e s t s  of a c l i p p e d - t i p  60' d e l t a  wing- 
fuse lage  with constant-chord fu l l - span  f lap .  0.4 < M < 1.9. Subsonic 

Transonic 
Supersonic 
Experiment 

Control Surfaces  

Theoretical Studies on the Prediction of'llnsteady Supersonic Airloads on Elastic 
Wings. Part II - Rules for Application of Oscillatory Supersonic Aerodynamic 
Influence Coefficients. Wright A i r  Development Center ,  WADC Technical Report 56-97. 
P a r t  11, February, 1956. 

I I 
Supersonic 

Theory 
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27. Bratt, J. B. 
Miles, C. J. W. 
Johnson, R. F. 

Measurements of the Direct Hinge-Moment Derivatives at Subsonic and Transonic Speeds 
for a Cropped Delta with Oscillating Flap. ARC R & M 3163, 1951. 

Measurements of t h e  d i r e c t  hinge-moment d e r i v a t i v e s  at  sub- 
sonic  and t r a n s o n i c  speeds have been made f o r  a cropped 
d e l t a  wing of aspect  r a t i o  1.8 with an o s c i l l a t i n g  f u l l -  
span f l a p .  The measurements were obtained with new d e r i -  
v a t i v e s  apparatus  f i t t e d  t o  t h e  National Physical  Labora- 
t o r y  9% i n  High Speed Tunnel, and some account is given 
of t h e  es t imat ion  of apparatus  e r r o r s .  

The e f f e c t  of amplitude of o s c i l l a t i o n  5, and frequency 
parameter w on t h e  d e r i v a t i v e s  has  been inves t iga ted ,  a 
maximum value for w of 0.25 at M = 1.0 being a t t a i n e d .  

A comparison of t h e  measured d e r i v a t i v e s  with thoery  shows 
s a t i s f a c t o r y  agreement f o r  t h e  damping and reasonable  agree- 
ment for t h e  s t i f f n e s s  at subsonic speeds. A t  supersonic  
speeds (M = 1.1) l a r g e  d iscrepancies  occur. 

12 diagrams, 2 t a b l e s .  

Transonic 
Theory 

Experiment 
Control Surfaces  

28. Voss, H.M. (Edi tor )  A Tabulation of Unsteady Supersonic Aerodynamic Inf luence Coefficients for the 
(USAF A i r c r a f t  Square-Box Grid. Wright Air Development Center ,  W A D C  Technical Report 54-413. 
Labor at  ory) ASTIA Document No.AD 118330, May, 1951. 

sonic  a i r l o a d s  by t h e  box method, employing a square-box gr id .  

This  repor t  p r e s e n t s  a t a b u l a t i o n  of aerodynamfc inf luence  
c o e f f i c i e n t s  f o r  use i n  t h e  determinat ion of unsteady super- 

The c o e f f i c i e n t s  a r e  given f o r  a 20 x 20 g r i d  f o r  Mach numbers 
between 1.2 and 5, and f o r  va lues  of reduced frequency based 
on box dimension from zero t o  0.40. 
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29. Guyett, P.R. 
Curran, J. K. 

30. Cunningham, H . J .  

Aerodynamic Derivative Measurements on a Rectangular Wing of Aspect Ratio 3.3. 
ARC R & M 3171, 1958. 

Low Subsonic 
Theory i Experiment 

A complete s e t  of o s c i l l a t o r y  aerodynamic s t i f f n e s s  and 
damping d e r i v a t i v e s  has been determined f o r  a r ec t angu la r  
wing f o r  rigid-wing modes o f  normal t r a n s l a t i o n ,  p i t c h ,  
and r o l l ,  i n  t h e  range of frequency parameter 0.4 t o  1.3, 
at low subsonic wind speeds. Each ava i l ab le  comparison 
shows t h a t  t h e  r e s u l t s  a r e  i n  s a t i s f a c t o r y  agreement with 
t h e o r e t i c a l  d e r i v a t i v e s  ca l cu la t ed  by W.P. Jones and by 
Lawrence and Gerber. 

30 diagrams, 3 t ab l e s .  

Lift and Moment on Thin Arrowhead Wings with Supersonic Edges Oscillating in Sym- 
metric Flapping and Roll and Application to the Flutter of an All-Movable Control 
Surface. NACA TN 4189, 1958. 

A method based on l i n e a r i z e d  supersonic  poten t ia l - f low 
theory ,  appl ied  previous ly  t o  v e r t i c a l  t r a n s l a t i o n  and 
p i t ch ing  o s c i l l a t i o n s ,  is appl ied  he re in  t o  symmetric 
f lapping  and r o l l i n g  o s c i l l a t i o n s  t o  ob ta in  s e c t i o n  and 
t o t a l  unsteady l i f t  and moment c o e f f i c i e n t s .  Spanwise 
d i s t r i b u t i o n s  a r e  i l l u s t r a t e d  and compared with r e s u l t s  
of a s t r i p - t h e o r y  method. The aerodynamic c o e f f i c i e n t s  
a r e  appl ied  t o  a coupled-mode f l u t t e r  a n a l y s i s  of an 
all-movable con t ro l  su r f ace  f o r  which t h e  f l e x i b i l i t i e s  
a r e  concentrated i n  a supporting s h a f t .  

31. Cunningham, Herbert  J. 
Woolston. Donald S. 

32. Hsu. Pao-Tan 

Sup er son i c 
Theory 

Control Sur faces  

11 diagrams. 

Developments in the Flutter Analysis of General Planform Wings Using Unsteady Air 
Forces from the Kerne 1 Function Procedure. Proceedings of National Spec ia l i s t s ’  
Meeting on Dynamics and Aeroe la s t i c i ty .  Sponsored by t h e  I n s t i t u t e  of t h e  Aero- 
space Sciences,  Fo r t  Worth, Texas, November, 1958. 

Some developments and r e s u l t s  of a procedure f o r  applying 
l i f t i n g - s u r f a c e  theory  t o  a e r o e l a s t i c  problems, both s t a t i c  
and dynamic, a r e  repor ted .  The procedure is based on t h e  
i n t e g r a l  equation t h a t  r e l a t e s  t h e  downwash d i s t r i b u t i o n  
t o  t h e  l i f t  d i s t r i b u t i o n  on a wing. The prepara tory  work 
o f  NACA Reports 1234 and 1257 has made poss ib l e  t h e  numerical 
eva lua t ion  of t h e  kerne l  func t ion  of t h e  i n t e g r a l  equation 
f o r  f i n i t e  wings. The use of modern high-speed d i g i t a l  com- 
pu te r s  makes p r a c t i c a b l e  t h e  app l i ca t ion  o f  t h e  kerne l  
func t ion  procedure on a sys temat ic  and economical bas i s .  
Some r e s u l t s  of such app l i ca t ion  a r e  presented. For sub- 
s o n i c  and supersonic speeds o s c i l l a t i n g  air  fo rces  from t h e  
ke rne l  func t ion  procedure a r e  compared with r e s u l t s  from o t h e r  
t .heories,  and at subsonic speeds with measured air fo rces .  
Comparisons of t h e o r e t i c a l  f l u t t e r  so lu t ions  with f l u t t e r  
experiments a r e  a l s o  presented f o r  both subsonic and super- 
son ic  speeds.  

Subsonic 
Supersonic 

Theory 

17 diagrams. 

Some Recent Developments in the Flutter Analysis of Low-Aspect-Ratio Wings. 
ceedings of National S p e c i a l i s t s ’  Meeting on Dynamics and Aeroe la s t i c i ty ,  sponsored 
by t h e  I n s t i t u t e  of t h e  Aerospace Sciences,  For t  Worth, Texas, November, 1958. 

Pro- \ 

The present  paper desc r ibes  t h e  method of s o l u t i o n  
developed i n  Reference 1 t oge the r  with some numerical 
examples. 
i nves t iga t ions  mentioned above. The main d i f f e r e n c e  
is i n  t h e  spanwise i n t e g r a t i o n  technique. By t h e  

Th i s  method has many s i m i l a r i t i e s  t o  t h e  
Incompressible 

Subsonic 
Theory 

Experiment 
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32. (Continued) 

(Reference 1) 
Hsu, Pao-Tan 

33. Widmayer, E. Jr 
Clevenson, S. A. 
Leadbet ter ,  S. A. 

34. Woolston, D.S. 
Clevenson. S. A. 
Leadbet ter ,  S. A. 

35. Stark ,  V. J.E. 

proper  choice of a s e t  o f  i n t e r d i g i t a t e d  upwash and 
spanwise s t a t i o n s ,  c o r r e c t  in tegra ted  r e s u l t s  can be 
obtained by simply ignoring t h e  second-order singu- 
l a r i t y  i n  t h e  kerne l  funct ion.  I n  t h e  chordwise 
d i r e c t i o n ,  t h e  optimum l o c a t i o n s  of t h e  upwash and 
i n t e g r a t i o n  s t a t i o n s  a r e  found. These l o c a t i o n s  a r e  
i d e n t i c a l  t o  Richardson's f o r  t h e  subsonic case.  The 
number of t h e  chordwise s t a t i o n s  is not l i m i t e d  t o  
two, as i n  t h e  case of Multhopp, and t h e  use of  t h e s e  
s t a t i o n s  is d e f i n i t e l y  a more e f f i c i e n t  approach than 
t h e  method of Falkner used by Runyan and Woolston. 

Includes comparison of spanwise d i s t r i b u t i o n s  of  
l i f t  and p i t c h i n g  moment from kerne l  func t ion  and 
from t h e  experiments of Laidlaw (Item 10) f o r  p i t c h i n g  
and plunging motion of an untapered wing with 45' 
sweepback and aspect  r a t i o  2. k = 0.4 , M = 0 , 0.8. 

12 diagrams, 3 t a b l e s .  

Flutter of Low-Aspect-Ratio Wings. 
for Oscillating Wings of Arbitrary Planform in Subsonic Flow by the Kernel-Function 
Method. Massachusetts I n s t i t u t e  of Technology, Aeroe las t ic  and S t r u c t u r e s  Research 
Laboratory Report 64-1, (Contract No.NO a(s) 55-771-c), October, 1957). 

Part I - Calculation of Pressure Distributions 

Some Measurements of Aerodynamic Forces and Moments. at Subsonic Speeds on a Rectan- 
gular Wing of Aspect Ratio 2 Oscillating about the Midchord. NACA TN 4240, 1958. 

Theory 
Experiment 

Resul t s  a r e  presented f o r  a range o f  Mach number from 
0.15 t o  0.81, a range of  reduced frequency from 0.15 t o  
1.32, and a range of Reynolds number from 0.60 x lo6 t o  
9.21 x lo6. 
f o r c e s  and moments is made with some a v a i l a b l e  publ ished 
da ta .  Comparisons a r e  a l s o  made between t h e  measured d a t a  
and t h e o r e t i c a l  incompressible-flow c o e f f i c i e n t s  obtained 
from t h e  a s p e c t - r a t i o  theory  of Reissner ,  t h e  a s p e c t - r a t i o  
theory  of Lawrence and Gerber, and t h e  two-dimensional-flow 
theory. Some experimental r e s u l t s  p e r t a i n i n g  t o  t h e  in-  
f luence  of wind-tunnel-wall e f f e c t s  on non-steady aero- 
dynamic measurement are included. 

A comparison of  t h e  measured aerodynamic 

Rectangular wing of  aspect  r a t i o  2. 

General motion. 

Overa l l  forces .  

Analytical and Experimental Investigation of Aerodynamic Forces and Moments of Low- 
Aspect-Ratio Wings Undergoing Flapping Oscillations. NACA TN 4302, 1958. 

Experiment 
Control Sur faces  

A Method for  Solving the Subsonic Problem of the Oscillating Finite Wing with the 
Aid of High-speed Digital Computers. SAAB TN 41, 1958. 

Theory 

An attempt is made t o  formulate  t h e  l i n e a r i z e d ,  subsonic 
problem of  t h e  o s c i l l a t i n g  f i n i t e  wing i n  such a way t h a t  
its s o l u t i o n  can be obtained with t h e  a i d  of  high-speed 
d i g i t a l  computers. 
funct ion,  t h e  i n t e g r a t e d  a c c e l e r a t i o n  p o t e n t i a l ,  is formu- 
la ted .  The s o l u t i o n  is approximated by a l i n e a r  combina- 
t i o n  of members i n  a set of  func t ions ,  chosen on t h e  b a s i s  

An i n t e g r a l  equat ion f o r  a s p e c i a l  
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35. (Continued) of two-dimensional theory.  
downwash induced by t h e  pressure  d i s t i i b u t i o n s  p e r t a i n i n g  
t o  each of  t h e s e  func t ions ,  a s t ra ight - forward  method is 
developed by d iv id ing  t h e  f i e l d  of i n t e g r a t i o n  i n t o  a 
r e l a t i v e l y  l a r g e  number of square boxes and expanding 
t h e  func t ions  i n  s e r i e s  of or thogonal  polynomials i n  each 
of t h e s e  boxes. The numerical results presented,  f o r  a 
rec tangular  wing of aspect  r a t i o  3 and incompressible 
flow, were obtained by approximating t h e  given downwash 
by t h e  leas t - squares  method. 
determined a l i n e a r  combination of t h e  func t ions  is 
found, which approximates t h e  s o l u t i o n  of t h e  i n t e g r a l  
equat ion.  

For t h e  c a l c u l a t i o n  of t h e  

With c o e f f i c i e n t s  t h u s  

21 diagrams, 3 t a b l e s .  
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36. Bratt, J .B.  
Raymer, W.G. 
Townsend, J. E. G. 

37. Hal l ,  H. 

Measurements of the Direct Pitching-Moment Derivatives for Two-Dimensional Flow at 
Subsonic and Supersonic Speeds and for  a Wing of  Aspect Ratio 4 at Subsonic Speed. 
ARC R & M 3257, 1959. 

Theory 
Experiment 

Apparatus based on a s e l f - e x c i t a t i o n  technique has  been 
developed f o r  t h e  measurement of d i r e c t  pitching-moment 
d e r i v a t i v e s  at high speeds, and has  proved t o  func t ion  
s a t i s f a c t o r i l y .  

Measurements have been made at subsonic speeds on a 
two-dimensional RAE 104 a e r o f o i l ,  both with and without 
s p o i l e r s ,  and a rec tangular  wing of aspect  r a t i o  4 with 
t h e  same s e c t i o n ;  and at supersonic  speeds ( M  = 1.42 and 
1.61) on two-dimensional biconvex a e r o f o i l s  of i'W0 and 
5% th ickness .  

Comparisons with theory  are made and discussed.  

146 diagrams. 

A Record of Information on Oscillatory Derivative Measurement. 
268. 1959. ARC R & M 3232. 

RAE TN S t r u c t u r e s  

L i s t  of re ferences  and index cards  covering t h e  per iod 
1940-1956. 

38. Moseley, W i l l i a m  C. Jr Effect of Wing mickness and Sweep on the Oscillating Hinge-Moment and Flutter 
Gainer, Thomas G. Characteristics of a Flap-Type Control at Transonic Speeds. NASA ,l'M X-123, 1959. 

F r e e - o s c i l l a t i o n  t e s t s  with 30% chord fu l l - span  f l a p s  on 
untapered wings of  a s p e c t - r a t i o  3. with leading-edge 
sweep of Oo, 30'. and 45'. Thickness r a t i o  = 0.04, 0.06, 
0.08, 0.10 f o r  t h e  unswept wing and 0.06 f o r  t h e  swept 
wings. Models t e s t e d  with and without t i p  s t o r e s .  
0.60 ,< M ,< 1.02. 
on f l a p  chord. 

Reduced frequency = 0.34 t o  0.16, based 

Transonic 
Experiment 

Control Surfaces  

Data presented:  Hinge moments and damping f a c t o r s .  

98 diagrams. 

39. Watkins, Charles  E. A Systematic Kernel Function Procedure for Determining Aerodynamic Forces on Oscil- 
Woolston, Donald S. lating or Steady Finite Wings at Subsonic Speeds. NASA TR R-48, 1959. 
Cunningham, Herbert J. 

Theory 
Experiment 

Details are given of a numerical s o l u t i o n  of t h e  i n t e g r a l  
equat ion which r e l a t e s  o s c i l l a t o r y  or s teady l i f t  and down- 
wash d i s t r i b u t i o n  i n  subsonic'flow. The procedure has  been 
programmed f o r  t h e  IBM 704 e l e c t r o n i c  d a t a  processing 
machine and y i e l d s  t h e  pressure  d i s t r i b u t i o n  and some of  
its i n t e g r a t e d  p r o p e r t i e s  f o r  a given Mach number and f r e -  
quency and f o r  severa l  modes of o s c i l l a t i o n  i n  from 3 t o  4 
minutes. Resul t s  of s e v e r a l  a p p l i c a t i o n s  a r e  presented.  

Theore t ica l  r e s u l t s  and comparison of theory and 
appl  icat ion. 



40. Chopin, S. 
Salaiin, P. 

41. de Jager, E.M. 

Coefficients Akrodynamiques Instationnaires Thkoriques en Rkgime Compressible Sub- 
sonique, pour une Voilure de Faible Allongement. 
1959. 
f a i r e  l ’ o b j e t  d’ une pub l i ca t ion ) .  

M6mo Technique ONERA No. 13, 
(Ce document, qu i  n’ e s t  pas  d i f fus ;  actuellement,  pourra  eventuellement 

18re p a r t i e :  t h e o r i e  
28me p a r t i e :  t a b l e s  

Fasc icu le  1 Aile d e l t a  60’ 
2 Aile d r o i t e  d’allongement 1 
3 Ai le  d r o i t e  d’allongement 2 
4 Aile d r o i t e  d’allongement 3 
5 Aile d r o i t e  d’ allongement 4 
6 Ai le  d e l t a  45’ 

La thkor i e  e s t  une ex tens ion ,  au c a s  du f l u i d e  compressible, 
de  l a  thdor i e  de Lawrence e t  de  Lawrence e t  Gerber. Les 
c o e f f i c i e n t s  akrodynamiques de v o i l u r e  inddformable f igu ren t  
dans des tab leaux  e t  l ’dvo lu t ion  des  c o e f f i c i e n t s  de gouverne 
e s t  prdsentde su r  des courbes. en fonc t ion  de l a  pos i t i on  
d e  l a  charn ihre ,  pour des  gouvernes occupant t o u t e  1’ enver- 

gure,  & Mach 0 , 5  et  0 . 7 .  

Les r e s u l t a t s  du f a sc i cu le  2 f igu ren t  dans l e s  pos t e s  
No.107 e t  90. 

Subsonic 
Theory 

Control Sur faces  

Oscil lating Rectangular Wings in Supersonic Flow with Arbitrary Bending and Torsion 
Modes Shapes. 
Part I : Development of the Theory. 
Part II: Numerical Results. (NLL TR W5). NLL, Amsterdam, 1959. 

(NLL TR W3). 

Theory 

The pressure  d i s t r i b u t i o n  at  t h e  su r face  of rec tangular  
harmonically o s c i l l a t i n g  wings at supersonic speeds is 
determined by t h e  a i d  of Gardner’s method f o r  t h e  so lu t ion  
o f  t h e  p o t e n t i a l  equation. The so lu t ion  is v a l i d  f o r  
a r b i t r a r y  normal v e l o c i t y  d i s t r i b u t i o n s  prescr ibed  a t  t h e  
su r face  of t h e  wing. 

L i f t  and moments have been ca l cu la t ed  f o r  a r b i t r a r y  
bending and t o r s i o n  mode shapes. 

The aerodynamic d e r i v a t i v e s  a r e  given as t h e  sum of 
seve ra l  terms, each of which c o n s i s t s  of two f a c t o r s ,  one 
being a func t ion  of t h e  reduced frequency and t h e  Mach 
number only,  t h e  o the r  conta in ing  t h e  bending o r  t h e  
t o r s i o n  mode shape i n  a very simple form. 
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1960 

42. Bratt, J. B. 

43. Lehrian,  D.E. 

44. Lehrian. Doris  E. 

45. Lessing, Henry C. 
Troutman, John L. 
Menees, Gene P. 

Wind-Tunnel Techniques for the Measurement of Oscillatory Derivatives. 
3319. 1960. 

ARC R & M  

No numerical r e s u l t s ,  but  re ferences  a r e  given. 

Vortex-Lattice Treatment of Rectangular Wings with Oscillating Control Surfaces. 
ARC R & M 3182, 1960. 

Calcula t ion  of  t h e  d e r i v a t i v e s  f o r  rec tangular  wings 
with o s c i l l a t i n g  constant-chord f l a p s ,  by a p p l i c a t i o n  
of t h e  v o r t e x - l a t t i c e  method f o r  simple harmonic motion 
of genera l  frequency. The discont inuous chordwise 
boundary condi t ions  assoc ia ted  with fu l l - span  f l a p s ,  is 
replaced by a continuous equivalent  downwash which is 
determined on t h e  b a s i s  of two-dimensional o s c i l l a t o r y  
theory.  I n  t h e  p a r t i c u l a r  case when t h e  frequency tends  
t o  zero, t h e  equivalent  downwash is obtained on a d i s t i n c t  
quasi-s teady b a s i s ;  s t a b i l i t y  d e r l v a t i e s  are then eva- 
lua ted  by using an a l t e r n a t i v e  form of t h e  v o r t e x - l a t t i c e  
method f o r  low frequency. 
d i s c o n t i n u i t y  due t o  outboard f l a p s ,  a f u r t h e r  adjustment 
is made t o  t h e  boundary condi t ion  by t h e  use of p a r t i a l -  
span downwash f a c t o r s .  
d e r i v a t i v e s  with va lues  obtained by t h e  Multhopp-Garner 
method, i n d i c a t e s  t h a t  t h e  present  t reatment  f o r  low 
frequency is s a t i s f a c t o r y  f o r  fu l l - span  and outboard f l a p s  
on planforms of aspect  r a t i o  2 and 4. 
quencies, r e s u l t s  f o r  aspect  r a t i o  2 with fu l l - span  f l a p s  
compare well with t h e  va lues  f o r  l i f t  and pitching-moment 
d e r i v a t i v e s  obtained by Lawrence and Gerber. 

To allow f o r  t h e  spanwise 

Comparison of t h e  s t a b i l i t y  

For genera l  f r e -  

9 diagrams, 8 t a b l e s .  

Incompressible 
Theory 

Control  Surfaces  

Calculation of Stability Derivatives for Tapered Wings of Hexagonal Planform Oscil- 
lating in a Supersonic Streom. ARC R & M 3298. 1960. 

Theory 
Experiment 

The l i f t  and pitching-moment d e r i v a t i v e s  due t o  slow 
p i t c h i n g  o s c i l l a t i o n s  a r e  evaluated f o r  eleven sym- 
m e t r i c a l l y  tapered  wings. 
l ead ing  and t r a i l i n g  edges of  constant  sweep, but  
varying side-edge rake and aspect  r a t i o .  Der iva t ives  
f o r  Mach numbers J 2  < M < 2.4 
order  i n  frequency by l i n e a r i z e d  thin-wing theory.  
Thickness c o r r e c t i o n s  f o r  a 5% double-wedge s e c t i o n  
a r e  a l s o  est imated by use of two-dimensional a e r o f o i l  
theory;  although t h e s e  c o r r e c t i o n s  a r e  not l a r g e ,  com- 
par i son  with measured pitching-moment d e r i v a t i v e s  is 
thereby  improved. 

The planforms have supersonic  

are c a l c u l a t e d  t o  f i r s t -  

24 diagrams, 9 t a b l e s .  

Experimental Determination of the Pressure Distribution on a Rectangular Wing Oscil- 
lating in the First Bending Mode for Mach Numbers from 0.24 to 1.30. NASA TN D-344, 
1960. 

The r e s u l t s  of an experimental i n v e s t i g a t i o n  i n  a wind 
tunnel  t o  o b t a i n  t h e  aerodynamic pressure  d i s t r i b u t i o n  
on an unswept rec tangular  wing o s c i l l a t i n g  i n  its f i r s t  
symmetrical bending mode a r e  presented.  The wing w a s  
of aspect  r a t i o  3 with 5% t h i c k  bi-convex a i r f o i l  sec t ions .  
Data were obtained at 0' and 5' angle  of  a t t a c k  i n  t h e  Mach 
number range from 0.24 t o  1.30. The experimental d a t a  
a r e  compared with o s c i l l a t o r y  pressure  d i s t r i b u t i o n s  com- 
puted by means of t h e  most complete l i n e a r i z e d  t h e o r i e s  
a v a i l a b l e .  

Subsonic 
Transonic 
Supersonic 

Theory 
Experiment 1 Pressure  
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46. Sta rk ,  V. J.E. Aerodynamic Forces on Rectangular Wings Oscillating in Subsonic Flow. 
1960. 

SAAB l" 44, 

Subponic L Theory 

Extension o f  a previous ly  developed method (Item 35) 
t o  inc lude  a l i n e a r  approximation for t h e  in t eg ra t ed  
acce le ra t ion  p o t e n t i a l  of t h e  reversed flow, t h e  tangency 
condi t ion  being s a t i s f i e d  i n  t h e  l e a s t  square sense. 
Numerical a p l i c a t i o n s  a r e  presented f o r  four  rec tangular  
wings at  Mach number M = 0 and f o r  one rec tangular  
aspect r a t i o  2 wing at Mach number 0.9. Tabulated 
r e s u l t s  are given f o r  high-order modes and seve ra l  
reduced f requencies  i n  both cases. L i f t  d i s t r i b u t i o n s  
a r e  shown f o r  A.R. = 2 and M = 0.9 . The f o r c e s  com- 
puted f o r  r i g i d  modes a r e  compared t o  those  ca l cu la t ed  
by o the r  t h e o r i e s  as well as t o  those  measured i n  a 
number o f  low speed t e s t s .  

15 diagrams, 13 t ab l e s .  
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47. Scruton, C. 
Woodgate, L. 
Lapworth, K. C. 
Maybrey, J. F. M. 

48. Woodgate, L. 
Maybrey. J. F. M. 
Scruton,  C. 

49. Garrick, I .E .  

Measurements of the Pitching-Moment Derivatives for Rigid Wings of Rectangular Plan- 
form Oscillating About the Mid-Chord Axis in Supersonic Flow. 
1961. 

ARC Current Paper 594. 

Experiment 

Resul t s  a r e  given of t h e  measurements of p i t c h i n g  moment 
d e r i v a t i v e s  f o r  wings of rec tangular  planform of aspect 
ratio from 1 t o  5 o s c i l l a t i n g  i n  supersonic  flow. The 
inf luence  of  a body with var ious  nose shapes w a s  a l s o  
inves t iga ted .  It w a s  found t h a t  t h e  genera l  t r e n d  of 
t h e  v a r i a t i o n  of t h e  d e r i v a t i v e s  with aspect  r a t i o  was 
predic ted  by theory.  

13 diagrams. 5 t a b l e s .  

Measurement of the Pitching-Moment Derivatives for Rigid Tapered Wings of Hexagonal 
Planform Oscillating in Supersonic Flow. ARC R & M 3294, 1961. 

Experiment 

Pitching-moment d e r i v a t i v e s  have been measured, using a 
f r e e - o s c i l l a t i o n  technique,  f o r  a series of t h i n  tapered  
wings with both streamwise and raked t i p s .  Wings of  t h r e e  
aspect  r a t i o s  (2.74, 2.00 and 1.25) were t e s t e d  with t h r e e  
p o s i t i o n s  of t h e  p i tch ing  a x i s  (h = 0.4, 0.5 and 0.6). The 
Mach number ranged from 1.38 t o  2.47 and t h e  Reynolds 
number and frequency parameter were less than  1.6 x lo6 
and 0,03 respec t ive ly .  Tunnel boundary-layer e f f e c t s  
were avoided by t h e  use of r e f l e c t i o n  p l a t e s .  A smaller 
t e s t  programme w a s  a l s o  c a r r i e d  out  on t h e  e f f e c t s  of  a 
body (non-osc i l la t ing)  i n  c l o s e  proximity t o  t h e  wing 
with two a l t e r n a t i v e  nose shapes. 

The theory  predic ted  t h e  t r e n d s  of the  d e r i v a t i v e  var ia -  
t i o n  with Mach number. The numerical agreement w a s  much 
improved when allowances were made i n  t h e  theory f o r  
f i n i t e  th ickness  of t h e  wings. 
on t h e  d e r i v a t i v e s  was very small; t h e  only s i g n i f i c a n t  
d i f f e r e n c e  found was i n  t h e  s t i f f n e s s  d e r i v a t i v e  at  
h = 0.4. 

The e f f e c t  of t h e  body 

22 diagrams. 

On the Measurement of Oscillatory Aerodynamic Derivatives, Including a Summary of 
Recent Results. Presented t o  AGARD S t r u c t u r e s  and Materials Panel ,  P a r i s ,  
May 22-26, 1961. 

I 

Supersonic 
Experiment 

General d i scuss ion  of s t a t e  of t h e  art. Compares some 
r o l l - d u e - t o - s i d e s l i p  r e s u l t s  of Clevenson and Leadbet ter ,  
NACA TN 4402, with r e s u l t s  of  Maugler, NACA TM 856, and 
with r e s u l t s  from NACA TN 3245. 

Mach Number: 0.4 t o  1.8 

32 diagrams. 
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50. Muller, A. 

51. Acum, W.E.A. 

52. Davies, D.E. 

53. Miles, C.J.W. 
Bridgman, K. B. 

Zur Programmierung des Laschka'schen Tragflachenverfahrens fir instat ionare 
Unterschallstrijmung fur die IBV 650. 
Munchen, 1962. 

Bericht Nr. 3/62 des  Entwicklungsring Sud, 

Subsonic 
Programme 

The Comparison of Theory and Experiment for Oscillating Wings. 
681, 1962. AGARD Manual on Aeroe la s t i c i ty ,  P a r t  11, Chapter 10. 

ARC Current Paper 

The comparison between experimental  and t h e o r e t i c a l  
va lues  of t h e  aerodynamic d e r i v a t i v e s  f o r  wings and 
c o n t r o l s  i n  o s c i l l a t i n g  motion f o r  subsonic,  t r anson ic  
and supersonic  f l i g h t  i n  two o r  t h r e e  dimensions is 
discussed. The success  o r  f a i l u r e  of theory  i n  pre- 
d i c t i n g  d e r i v a t i v e s  is summarized f o r  t h e  two most 
common experimental  s i t u a t i o n s ,  namely, p i t ch ing  of 
r i g i d  wing and r o t a t i o n  of a r i g i d  t r a i l i ng -edge  cont ro l .  

37 diagrams. 

Subsonic 
Transonic 

Supersonic 
Theory 

Experiment 
Control Sur faces  

The Air Forces on the Low Aspect Ratio Rectangular Wing Oscillating in Sonic Flow. 
RAE TN S t ruc tu res  311, a l s o  ARC R & M 3339, 1962. 

Theory 

Approximate expressions f o r  t h e  genera l i sed  air  fo rces  
ac t ing  on a rec tangular  wing of low aspect r a t i o  o s c i l -  
l a t i n g  harmonically i n  son ic  flow at low f requencies  
a r e  der ived  i n  t h i s  paper. The modes of o s c i l l a t i o n  
considered a r e  r i g i d  modes and a small s e l e c t i o n  of 
f l e x i b l e  modes. Resul t s  are presented  as t h e  f i r s t  
few terms of i n f i n i t e  expansions. 

A b r i e f  desc r ip t ion  of the  modes of o s c i l l a t i o n  and 
of t h e  genera l i sed  air f o r c e s  is given towards t h e  end 
o f  t h e  paper so t h a t  t h e  r e s u l t s  may be  used without 
t h e  main t e x t  of t h e  paper having t o  be read. 

24 diagrams. 

Measurements of the Direct Pitching Oscillation Derivatives for Three Cropped Delta 
and Three Arrowhead Planforms at Subsonic and Transonic Speeds. 
1962, a l s o  ARC 23,990. 

ARC R & M 3397, 

Transonic 
Theory 

Experiment 

Measurements of t h e  d i r e c t  p i t ch ing  o s c i l l a t i o n  der iva-  
t i v e  c o e f f i c i e n t s  on t h r e e  cropped d e l t a  and t h r e e  arrow- 
head planforms have been made at  subsonic and t r anson ic  
speeds i n  t h e  NPL 9% i n  High-speed Tunnel. The cropped 
d e l t a  wings had aspect r a t i o s  of 3.0, 2.0 and 1.5, whi l s t  
t h e  arrowheads, of cons tan t  aspect r a t i o  2.575, 
possessed varying degrees of leading- and t r a i l i n g -  
edge sweepback. The measurements were made about 
two model axes f o r  each planform and t h e  e f f e c t s  
of changing amplitude o f  o s c i l l a t i o n  from 2' t o  
1' have been inves t iga t ed  i n  t h e  t r anson ic  region. 
Comparison with subsonic theory  is reasor,ably 
good f o r  t h e  damping and s t i f f n e s s  d e r i v a t i v e  co- 
e f f i c i e n t s  measured about t h e  forward a x i s ,  but 
agreement f o r  t h e  l a t t e r  c o e f f i c i e n t s  is poorer 
f o r  a l l  t h e  rearward a x i s  pos i t i ons .  

32 diagrams, 18 t a b l e s .  
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54. Bond, Reuben A Method for Calculating the Generalized Aerodynamic Forces on Rectangular Wings 
Deforming Symmetrically in Supersonic Flight with Indicial or Sinusoidal Time- Packard, Barbara B. 

Warner, Robert W, Dependence. NASA TN D-1206, 1962. 
Summers, Audrey L. 

Theory 

Generalized fo rces  a r e  derived f o r  prescr ibed  upwash 
i n  l i nea r i zed  p o t e n t i a l  flow. Both t h e  mode shapes 
forced  and t h e  upwash d i s t r i b u t i o n s  a r e  polynomials 
i n  chordwise and spanwise coord ina tes .  I n d i c i a l  and 
s inuso ida l  fo rce  c o e f f i c i e n t s  are repor ted  i n  terms 
of a n a l y t i c a l  s o l u t i o n s  and t a b u l a r  ou tput  samples 
o f  d i g i t a l  computer programs f o r  a wing aspect r a t i o  
4 at a Mach number of 1.2. 

Rectangular wing. 

Reduced frequency: 0.02 t o  2. 

24 t ab le s .  

55. Leadbetter,  S.A. Experimental Investigation of Oscillating Aerodynamic Forces, Moments, and Pressures 
Acting on a Tapered Wing Oscillating in Pitch at Mach Numbers from 0.40 to 1.07. Clevenson, S. A. 

Igoe, W.B. NASA TN D-1236, 1962. 

Data were obta ined  f o r  an  aspec t - ra t io-3 ,  t aper - ra t io-0 .5  
wing o s c i l l a t i n g  f1.5' about mean angles  of a t t a c k  of 
Oo, 5O, and 10'. Resu l t s  of t h e  experimental  inves t iga-  
t i o n  a r e  compared, i n  t h e  subsonic Mach number range, 
with those  obtained by use of a t h e o r e t i c a l  a n a l y s i s  based 
on a numerical s o l u t i o n  of t h e  i n t e g r a l  equation of sub- 
son ic  l i f t i n g - s u r f a c e  theory.  Comparisons with theory  of 
t h e  measured force ,  moment, and pressure  c o e f f i c i e n t s  and 
t h e i r  r e spec t ive  phase angles ,  when t h e  wing w a s  at  a 
mean angle of a t t a c k  of 0'. showed gene ra l ly  good agree- 
ment. 

Subsonic 
Transonic 

Experiment 

37 diagrams. 

56. Destuynder, Roger Dktermination Expkrimentale de Coefficients Instationnaires Transsoniques aux 
Frkquences Rkduites Elevkes et Comparaison avec la Thkorie (Experimental Deter- 
mination of the Transonic Unsteady Coefficients at the Higher Range of Reduced 
Frequencies and Comparison with Theoretical Results). 
September-October, 1962, pp. 53-58. 

Chopin, Suzanne 

La Recherche Adronautique, 

Transonic 
Theory E l  Experiment 

Discussion of t h e  t e s t s  t h a t  have been c a r r i e d  out i n  
t h e  t r anson ic  t e s t - s e c t i o n  of t h e  S-2 Modane wind-tunnel, 
on a rec tangular  w i n g  of a spec t - r a t io  4. 
is described by which t h e  higher range of reduced f requencies  
can be obtained by using t h e  na tu ra l  modes of t h e  s t ruc -  
t u r e  as degrees of freedom. The t e s t  r e s u l t s  a r e  compared 
with p red ic t ions  from Landahl's theory.  

A new device 

For t h e  theory ,  see 
Landahl, Marten T. Theoretical Studies of Unsteady Transonic Flow - IV, The Oscillating Rectangular 

Wing with Control Surface, 
80, 1958. I 

Aeronautical  Research I n s t i t u t e  of Sweden, F F A  Report 
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57. Stark ,  Valter J.E. Applications at hf = 1 of a Method for Solving the Subsonic Problem of the Oscil- 
luting Finite Wing with the Aid of High-Speed Digital Computers. Proceedings of 
t h e  I n t e r n a t i o n a l  Union of Theore t ica l  and Applied Mechanics, Symposium Transsonicum, 
Aachen, West Germany, September 3-7, 1962, Symposium sponsored by t h e  Union of 
Theore t ica l  and Applied Mechanics, Federal  Minis t ry  of  t h e  I n t e r i o r ,  and Deutsche 
Versuchsanstal t  f u r  Luft- und Raumfahrt. Edi ted by Klaus Oswatitsch. Springer ,  
Ber l in ,  1964, pp. 440-455; Discussion, pp. 455-459. 

Descript ion of a method developed e a r l i e r  f o r  solving 
t h e  l i n e a r  subsonic problem of t h e  o s c i l l a t i n g  sur face ,  
and spec ia l ized  f o r  t h e  s o l u t i o n  of  t h e  nonsteady 
l i n e a r  s o n i c  problem. The modif icat ions required are 
descr ibed.  The method a l s o  uses a l i n e a r  approximation 
t o  t h e  l i f t  d i s t r i b u t i o n .  The weight c o e f f i c i e n t s  are 
determined by s a t i s f y i n g  t h e  tangency condi t ion  i n  t h e  
leas t - square  sense.  Some a p p l i c a t i o n s  f o r  rec tangular  
and cropped d e l t a  wings are presented.  I t  is s t a t e d  
t h a t  comparisons with exact  r e s u l t s  f o r  a rec tangular  
wing ind ica ted  t h a t  t h e  method of i n t e g r a t i o n  is accura te  
and t h a t  t h e  set of func t ions  o r i g i n a l l y  employed f o r  
approximation is appl icable  f o r  rec tangular  planform. 
Prel iminary appl ica t ions  a r e  s a i d  t o  have shown t h a t  
a proposed new set may be more expedient f o r  cropped 
d e l t a  wings. 

12 diagrams. 

Transonic 
Theory 
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!58. Laschka, Boris The Potential and the Velocity Field of a Harmonically Oscillating Airfoil in a 
Subsonic Flow. (Das Potential und das Geschwindigkeitsfeld der harmonisch 
schwingenden tragenden Fl'dche bei Unterschal lstrb'mung. 
Mathematik und Mechanik, Vo1.43, July-August, 1963, pp. 325-333. In  German, with 
summaries i n  English and Russian. 

Z e i t s c h r i f t  f u r  Angewandte 

Theory 

Formulation of t h e  p o t e n t i a l  and t h e  v e l o c i t y  f i e l d  f o r  
a wing executing harmonic o s c i l l a t i o n s  normal t o  t h e  
wing plane i n  subsonic flow. The corresponding in f lu -  
ence func t ions  a r e  inves t iga ted ,  and are discussed f o r  
some spec ia l  cases. 

Zur Theorie der harmonisch schwingenden tragenden Fl'ciche bei Vnterschallanstr6mung. 
Z e i t s c h r i f t  f u r  Flugwissenschaft ,  Vol. 11, 1963. % H e f t  7. I li9. Laschka, B. 

Theory 

A l i f t i n g - s u r f a c e  method is derived appl icable  t o  harmo- 
n i c a l l y  o s c i l l a t i n g  wings i n  three-dimensional subsonic 
flow. The s o l u t i o n  of t h e  i n t e g r a l  equation is  obtained 
by a co l loca t ion  method. The method y i e l d s  unsteady 
l i f t i n g  pressure  d i s t r i b u t i o n s .  

Planforms: t r apezo ida l  

Modes: f(X.Y) = 1 ;  X - Xk; Y 2  ; ( X  - X,) Y 2  ; Yk + I Y I  * 

Reduced f requencies :  k = ws/v  = 0 ,  0,5, 1, 2 . 
Mach numbers: 0 , 0 , 6  , 0 , 8 ,  (0.9) . 

Basic concept: The method is based on t h e  i n t e g r a l  equa- 
t i o n  derived by H.G.Kussner' by means of 
t h e  acce le ra t ion  p o t e n t i a l  and f o r  which 
C. E. Watkins, H. L.Runyan and D. S. Woolston' 
developed t h e  ke rne l  func t ion .  

References 

1. Kussner, H. G. A1 lgemeine Tragf luchentheorie. Luftfahrtforschung. Vol. 17, 1940. pp. 370-378. 

2. Watkins, C.E. On the Kernel Function of  the Integral Equation Relating the Lift and Downwash 
Runyan, H.L. Distributions of Oscillating Finite Wings in Subsonic Flow. NACA Report 1234, 1955. 
Woolston, D. S. 

Oscillatory Aerodynamic Forces in Linearized Supersonic Flow f o r  Arbitrary Frequencies, 
Planforms and Mach Number. ARC R & M 3415, January, 1963. , 60. Allen, D.J. 

Sadler ,  D.S.  

A method is described of performing a numerical i n t e -  
g r a t i o n  t o  so lve  t h e  i n t e g r a l  equation connecting down- 
wash and v e l o c i t y  p o t e n t i a l  i n  l i n e a r i s e d  unsteady 
supersonic flow. Supersonic and subsonic leading edges 
and wakes a r e  d e a l t  with,  and some p r a c t i c a l  r e s u l t s  a r e  
given. By using t h i s  approach, a s u f f i c i e n t l y  genera l  
computer programme could dea l  accu ra t e ly  with kinkedd 
and curved edges. 

Theory 

30 diagrams, 4 t ab l e s .  
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61. Lehrian, Doris  E. Theoretical Stability Derivatives for a Symmetrically Tapered Wing at Low Supersonic 
Smart, G i l l i a n  Speeds. ARC Current Paper 736, 1963. 

Pi tch ing  and heaving d e r i v a t i v e s  are ca lcu la ted  t o  
f i r s t  o rder  i n  frequency f o r  a symmetrically tapered  
wing of aspect  r a t i o  4 with streamwise t i p s .  
s t a b i l i t y  d e r i v a t i v e s  a r e  evaluated f o r  e i g h t  Mach 
numbers from 1.017 t o  2.462, on t h e  b a s i s  of  l i n e -  
a r i z e d  o s c i l l a t o r y  theory.  Comparisons are made with 
o s c i l l a t o r y  strip theory and s teady  s o n i c  theory. 

These 
Low Supersonic 

Theory 
I 

7 diagrams, 1 t a b l e .  

62. Wight, K.C. Measurements of the Direct Oscillatory Derivatives for a Linear Bending Mode on 
Four Rigid Half-Span Models at Subsonic and Transonic Speeds, in Closed and 
Slotted Tunnels. ARC R 8 M 3376. 1963. 

Nixon, Miss J . A .  

63. Woodcock, D.L. 

Measurements have been made of t h e  d i r e c t  damping and 
s t i f f n e s s  d e r i v a t i v e s  f o r  four  r i g i d  half-span models 
o s c i l l a t i n g  i n  a l i n e a r  bending mode about an a x i s  
near  t h e  root  i n  high-speed wind tunnels .  A Mach 
number range of 0.6 t o  1.1 was covered and t h e  f r e -  
quency parameter var ied between 0.12 t o  0.04. The 
e f f e c t  of convert ing t h e  s l o t t e d  tunnel  t o  a closed 
tunnel  gave large changes i n  t h e  s t i f f n e s s  der iva-  
t i v e s ,  whi l s t  t h e  damping d e r i v a t i v e s  showed only small 
t o  moderate changes. 
damping d e r i v a t i v e s  showed reasonable  agreement, 
e s p e c i a l l y  under c losed-tunnel  condi t ions.  

Comparison with theory f o r  t h e  

20 diagrams. 

Subsonic 
Transonic 

Theory 
Experiment 

On the Accuracy of Collocation Solutions of the Integral Equation of Linearized 
Subsonic Flow Past an Oscillating Aerofoil. 
Symposium on Analogue and D i g i t a l  Techniques Applied t o  Aeronautics, Liege, 1963, 

Proceedings of t h e  I n t e r n a t i o n a l  

pp. 173-202. 

Theory 

Examination of t h e  accuracy of a p a r t i c u l a r  approximation 
c o l l o c a t i o n  s o l u t i o n  of t h e  Multhopp type of i n t e g r a l  equa- 
t i o n  r e l a t i n g  t h e  aerodynamic loading and upwash on a t h i n  
wing o s c i l l a t i n g  about a p o s i t i o n  of zero  incidence i n  a 
subsonic stream. The o b j e c t i v e  was t o  provide informa- 
t i o n  which would permit t h e  p r e d i c t i o n  of  t h e  number 
and arrangements of c o l l o c a t i o n  p o i n t s  necessary f o r  
some d e s i r e d  accuracy of t h e  ca lcu la ted  loading,  t h e  
wing planform, Mach number, frequency, and mode of 
o s c i l l a t i o n  being taken as a r b i t r a r y  parameters. 
f i v e  ways i n  which accuracy v a r i e s  with t h e  number and 
arrangement of t h e  co l loca t ion  p o i n t s  are assessed.  
The i n v e s t i g a t i o n s  are confined mainly t o  t h r e e  plan- 
forms: (1) t h e  c i r c u l a r  wing, (2)  a rec tangular  wing 
of aspec t  r a t i o  2, and (3) a tapered  swept-back wing 
of  aspect  r a t i o  2. 
deformation of t h e  wing are  considered,  i n  addi t ion  
t o  t h e  r i g i d  body modes. A l l  t h e  c a l c u l a t i o n s  were 
made using d i g i t a l  computer programs i n  Mercury Auto- 
code, a b a s i c  program which determines genera l ized  
f o r c e  c o e f f i c i e n t s  and modified vers ions  t o  give t h e  
loading d i s t r i b u t i o n ,  t h e  upwash d i s t r i b u t i o n  due t o  
t h e  ca lcu la ted  loading, and t h e  two i n t e g r a l s  con- 
s idered.  

The 

Modes of o s c i l l a t i o n  involving 

6 diagrams, 23 t a b l e s .  
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64. Woodgate, L. 
Pugh, P.G. 

Measurements of the Pitching-Moment Derivatives on a Sharp-Edged Delta Wing in In- 
compressible Flow. ARC R & M 3379, 1963. 

O s c i l l a t o r y  pitching-moment d e r i v a t i v e s  me and m i  
were measured by an inexorable  forc ing  method on a 
sharp-edged d e l t a  wing of aspect  r a t i o  1.484. Mean 
incidence was var ied  from 0' t o  15'. frequency para- 
meter from 0 . 2  t o  1.01 and Reynolds number from 
1.28 x l o 6  t o  2.56 x l o 6 .  Steady-force measurements 
were a l s o  made t o  determine Cm , C, and C, . 
The pitching-moment d e r i v a t i v e s  showed l a r g e  v a r i a -  
t i o n s  with incidence.  Reynolds number e f f e c t s  were 
found at  zero incidence and at  15' incidence,  but 
t h e s e  were reduced by boundary-layer t r i p  wires  t o  
g ive  more representa t ive  va lues  f o r  high Reynolds 
number condi t ions.  The r e s u l t s  are compared with 
t h e  nonl inear  theory of Garner and Lehrian f o r  var ia -  
t i o n s  due t o  incidence and with t h e  theory of Lawrence 
and Gerber f o r  v a r i a t i o n s  due t o  frequency parameter. 
I n  general  t h e  r e s u l t s  were i n  b e t t e r  agreement with 
theory  a t  low angles  of incidence and, except f o r  one 
condi t ion  (-me at  h = l .OE),they confirmed t h e  t rend  
of t h e  v a r i a t i o n  with frequency parameter pred ic ted  
by Lawrence and Gerber, but t h e  values  were numeri- 
c a l l y  smaller .  

26 diagrams, 12 tableS.  

Theory 
Experiment 

65. Murrow, Harold N. An Application of a Numerical Technique to Lifting-Surface Theory for Calculation 
of Unsteady Aerodynamic Forces h e  to Continuous Sinusoidal Gusts on Several Wing P r a t t ,  Kermit G. 

Dr i sch ler ,  Joseph A. Planforms at Subsonic Speeds. NASA TN D-1601, 1963. 

Theory 

The technique provides  f o r  t h e  c a l c u l a t i o n  of gust  
f o r c e s  and f o r c e s  d u e , t o  motion and deformation on 
a c o n s i s t e n t  b a s i s .  Resul t s  presented include t h e  
fol lowing complex quant i t ies :  (a )  spanwise d i s t r i b u -  
t i o n  of s e c t i o n  l i f t  c o e f f i c i e n t ,  (b)  t o t a l  l i f t  co- 
e f f i c i e n t ,  and (c) t o t a l  pitching-moment c o e f f i c i e n t .  
Calcu la t ions  were made f o r  two subsonic Mach numbers 
and a reduced-frequency range of 0 t o  1.0. 

66. Ransleben. Guido E. Jr Experimental Determination of Oscillatory Lift and Moment Distribution on Fully 
Abramson, H. Norman Submerged Flexible Hydrofoi 1s. Journal  of Ship Research, Vol. 7, No. 2,  October, 

1963, pp.24-41; a l s o  Southwest Research I n s t i t u t e  Report No.2, Contract  No. 
Nonr-3335(00). 

Tes ts  i n  water of rec tangular  wing of aspect  r a t i o  5 
at reduced frequencies  of 0, 0 .6 ,  0.8, 1 .2 ,  2.0. Incompressible 

Experiment 

67. Benthem, J .P.  The Calculation of Aerodynamic Forces on the Circular Wing in Unsteady Incompressible 
Wouters, J. G. Flow. Nationaal  Lucht- en Ruimtevaartlaboratorium (NLR) (Nat ional  Aero- and Astro- 

n a u t i c a l  Research I n s t i t u t e )  Amsterdam. t h e  Netherlands, NLR-TN W. 25, 1963. 

Theory 

The c i r c u l a r  wing is i n  t h e  xy-plane. Four symmetrical 
modes o f  v e r t i c a l  v i b r a t i o n  are considered H = c  ( 1 , x , x 2 , y 2 )  
exp i v t .  The range of  inves t iga ted  reduced frequencies  
is from 0 t o  1. Forces, p ressures  and l i f t  d i s t r i b u t i o n  
are given i n  t a b l e s  or diagrams. The c a l c u l a t i o n s  are 
based on t h e  exact  theory of van Spiegel .  

20 diagrams, 4 t a b l e s .  
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1 9 6 4  

68. Laschka. Bor is  

I 69. Harris, G.Z. 
I 

I 
70. Lehrian,  Doris E. 

71. Baines, D. J. 
Rockl i f f ,  R. J. 

Pressure, Lift, and Moment Distributions on a Harmonically Oscillating Low-Aspect 
Swept 1Vin.g in the Lower Subsonic Range (Die Druck- Auftriebs- und Momentenver- 
teilungen an einem harmonisch schwingenden Pfeilflugel kleiner Streckung im 
niedrigen Unterschal lbereich - Vergleich zwischen Theorie und Messung). Pro- 
ceedings of t h e  4 th  In t e rna t iona l  Congress of t h e  Aeronautical  Sciences,  AIAA 
Paper 64-572, 1964. Spartan Books, Washington, and Macmillan, London. 

Wind-tunnel i nves t iga t ion ,  at low subsonic Mach numbers, 
of t h e  p re s su re  d i s t r i b u t i o n s  on a harmonically o s c i l -  
l a t i n g  swept wing ( V J  1 0 1 4  a i r c r a f t ) ,  with and without 
ex te rna l  nace l les .  The pressure ,  l i f t ,  and moment d i s -  
t r i b u t i o n s ,  obtained at r e l a t i v e l y  high reduced f requencies .  
a r e  compared with t h e  theory.  

Experimental r e s u l t s  and comparison with numerical 
va lues .  Additional r e s u l t s  a r e  co l l ec t ed  i n  two company 
r e p o r t s  of t h e  Entwicklungsring Sed, Munchen, namely 
EM-Bericht N r .  116/63 (1963) and Em-Bericht Nr. 56/64 
(1964). 

Low Subsonic 
Theory 

Experiment 
Pressure  

Mercury Programmes for Lifting Surface Theory Calculations on Wings Oscillating in 
Supersonic Flow. RAE TR 64064, 1964, ARC 26,839, ARC Current Paper 851. 

Programme 

Programmes f o r  l i f t i n g - s u r f a c e  theory  c a l c u l a t i o n s  on 
wings o s c i l l a t i n g  i n  supersonic flow a r e  described. The 
computation f a l l s  i n t o  two pa r t s :  one f ind ing  t h e  com- 
p l ex  inf luence  mat r ices  connecting l i f t  and downwash, 
and t h e  o t h e r  f ind ing  t h e  genera l ized  fo rces  when t h e  
inf luence  mat r ices  a r e  given as da ta .  The numerical 
method is descr ibed ,  and va lues  of cons t an t s  used i n  
t h e  c a l c u l a t i o n s  a r e  given. 

(Describes programmes but  does not g ive  coding d e t a i l s )  

The Theoretical Stability Derivatives for a Symmetrically Tapered Wing of Aspect- 
Ratio 3 at Supersonic Speeds. ARC Current Paper 855, 1964. (Supersedes NPL Aero 
1026). 

and Supersonic 
Theory 

Experiment 

Heaving and p i t ch ing  d e r i v a t i v e s  are ca l cu la t ed  t o  
first order  i n  frequency on t h e  b a s i s  of l i nea r i zed  
o s c i l l a t o r y  theory .  Der iva t ives  are t abu la t ed  f o r  
s i x  Mach numbers i n  t h e  range 1.031 < M 6 1.875. 
Some comparisons are made.with t r anson ic  and super- 
son ic  experimental  r e s u l t s  and with o the r  t h e o r e t i c a l  
values.  

4 diagrams, 1 t a b l e .  

Results of a Programme of Unsteady Aerodynamic Wing Force Derivative Measurement 
Using Ground Launched Rocket Boosted Test Vehicles. 
Aus t ra l i a ,  Report HSA 15, Apri l ,  1964. 

Weapons Research Establishment,  

Unsteady aerodynamic fo rce  and moment d e r i v a t i v e s  
f o r  e i g h t  wing planforms have been measured at 
frequency parameters near 0 . 1  i n  t h e  Mach number 
range 0 . 9  t o  2.1 .  using a f r e e  o s c i l l a t i o n  technique 
with ground-launched, rocket-boosted, t e s t  vehic les .  
Br ie f  desc r ip t ions  of t h e  veh ic l e  and technique a r e  
given with an assessment o f  accuracy. 
mental r e s u l t s  a r e  presented  and compared with some 
t h e o r e t i c a l  r e s u l t s .  

The exper i -  

These r e s u l t s  are r e fe r r ed  t o  i n  Item 101. 

78 diagrams. 

Transonic 
Supersonic 

Theory 
Experiment 
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72. Loiseau. Henri 

73. van Gennip, M. J. M. G. 
Wouters, J. G. 

74. Zwaan, R. J. 

Measurements of Coefficients of Small Aspect-Ratio Ailerons at Transonic Speeds 
(Mesure de Coefficients d’Ailerons de Faible Allongement en Transsonique). ONERA 
TN-75, May, 1964. 

Experimental r e s u l t s  i n  t h i s  f i e l d  a l ready  published 
concerned t r anson ic  measurements on two- and th ree -  
dimensional a i l e r o n s  extending a l l  along t h e  span. 
More recent  measurements have provided experimental 
r e s u l t s  i n  t h e  case  of very small a spec t - r a t io  a i l e r o n s  
(same order  of magnitude as i n  t h e  case  of real aero- 
p lanes)  working c l o s e  t o  each o the r  and mounted on 
t h e  same a x i s  o f  ro t a t ion .  The d i r e c t  and t h e  coupling 
terms between t h e  two a i l e r o n s  have been obtained. They 
are compared with those  given by a simple method appl ic -  
ab le  t o  supersonic  speeds. 

Rectangular wings 

18 diagrams. 

Transonic 
Experiment 

Control Sur faces  

An Algol Programme for the Calculation of Aerodynamic Forces on Wings Oscillating 
Harmonica1 ly in Subsonic, Compressible Flow, Using Laschka’s Method. Nationaal 
Lucht- en Ruimtevaartlaboratorium (NLR) (National Aero- and Ast ronaut ica l  Research 
I n s t i t u t e ) ,  Amsterdam, Netherlands, NLR TN W. 28, 1964. 

Subsonic I Programme 

I t  was decided t o  develop a universa l  programme f o r  t h e  
ca l cu la t ion  of aerodynamic fo rces  using Laschka’s theory.  
Because of t h e  s to rage  capac i ty  of t h e  computer i n  use 
at  t h e  NLR t h e  programme has been s p l i t  up i n t o  t h r e e  
parts. The f i r s t  and t h i r d  pa r t  a r e  presented  i n  t h i s  
r epor t  i n  t h e  form of an Algol programme; t h e  second 
part, determining t h e  so lu t ion  of a set of l i n e a r  equa- 
t i o n s ,  is not presented  because an autocode programme 
was used. The r e s u l t s  of some ca l cu la t ions  c a r r i e d  out  
with these  programmes have been published i n  Item 74. 

The method is l imi t ed  t o  subsonic flow, but has no r e s t r i c -  
t i o n s  as t o  planform conf igura t ion ,  reduced frequency or 
v ib ra t ion  mode. 

Some Comparative Calculations with the Lifting-Surface Theory of Laschka for Circular 
and Elliptic Wings Oscillating in Subsonic Flow.  
laboratorium (NLR) (National Aero- and Ast ronaut ica l  Research I n s t i t u t e ) ,  Amsterdam. 
Netherlands,  NLR TN F.281, 1964. 

Nationaal Lucht- en Ruimtevaart- 

I n  o rde r  t o  check Laschka’smethod t o  determine 
unsteady p res su re  d i s t r i b u t i o n s  on wings o s c i l l a t i n g  
i n  subsonic flow, pressure  d i s t r i b u t i o n s  have been 
ca l cu la t ed  f o r  c i r c u l a r  and e l l i p t i c  wings o s c i l l a t i n g  
i n  t r a n s l a t i n g  and p i t ch ing  modes up t o  M = 0.9 and 
k = 0 . 9  ( r e l a t e d  t o  ha l f - span) .  In  some cases  com- 
pa r i sons  with r e s u l t s  of more a n a l y t i c a l  t h e o r i e s  have 
been made. Also t h e  inf luence  of t h e  loca t ion  of 
co l loca t ion  p o i n t s  i n  t h e  chordwise d i r e c t i o n  has been 
inves t iga ted .  It appeared t h a t  t h e  pressure  d i s t r i -  
bu t ions  depended h ighly  on t h e  loca t ion  of t h e  co l lo -  
ca t ion  po in t s  when va lues  of both M and k were 
large. 

Subsonic 
Theory 

9 1  diagrams, 2 t a b l e s .  
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75. Sta rk ,  Valter J . E .  Calculation of Aerodynamic Forces on Two Oscillating Finite Wings ut Low Supersonic 
Mach Numbers. SAAB TN 53, February, 1964. 

A box method employing a c h a r a c t e r i s t i c  g r i d  and 
based upon t h e  source superpos i t ion  method of t h e  
l i n e a r  theory  is used t o  c a l c u l a t e  non-steady aero- 
dynamic fo rces  on one rec tangular  and one cropped 
d e l t a  wing. Allowance is made for  t h e  downwash 
s i n g u l a r i t y  at  t h e  subsonic lead ing  edge of t h e  
cropped d e l t a  wing. Resu l t s  a r e  shown f o r  t h e  re -  
duced frequency 0 .9  (based on t h e  semi-span) and 
f o r  Mach numbers i n  t h e  range 1.05 b M < 1.42 . 
14 diagrams, 3 t a b l e s .  

I 1 
Low Supersonic 

Theory 
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1 0 6 5  , 76. B r a t t ,  J. B. 
Raymer, W.G. 
Townsend, J. E. G. 

~ 

I 
I 

1 77. Harr i s ,  G.Z. 

I 78. Lehrian, Doris  E. 
Garner, H.C. 

Measurements of the Direct Pitching-Moment Derivatives for 7'hree Wing Planforms at 
High Subsonic Speeds. ARC R & M 3419. ARC 16,267. 1965. 

Measurements of  t h e  d i r e c t  p i tch ing  damping and 
s t i f f n e s s  d e r i v a t i v e s  f o r  a d e l t a  and two swept 
wing planforms made i n  t h e  NF'L 9Min High Speed 
Tunnel are discussed,  and r e s u l t s  f o r  t h e  d e l t a  
are compared with theory.  
g a t e  t h e  cause of loss of  damping at  low frequencies  
obta ined  i n  e a r l i e r  t e s t s  are a l s o  descr ibed,  and 
t h e  e f f e c t  on d e r i v a t i v e  measurements of random 
o s c i l l a t o r y  flow d is turbances  is examined. 

Experiments t o  i n v e s t i -  

Experiment 

Planforms: Cropped d e l t a  and swept wings. 

82 diagrams. 

"he Calculation of Generalized Forces on Oscillating Wings in Supersonic Flow by 
Lifting-Surface Theory. ARC RBM 3453. 1965. (Supersedes RAE TR 65078). 

A numerical method of  so lv ing  t h e  i n t e g r a l  equat ion 
connecting t h e  l i f t  and downwash on a wing o s c i l l a t i n g  
harmonically i n  a supersonic  flow of any Mach number 
is descr ibed.  The i n t e g r a l  equat ion is replaced by a 
matr ix  equat ion connecting t h e  values  of t h e  l i f t  and 
downwash at sets of  p o i n t s  on t h e  wing, and t h e  
genera l i sed  aerodynamic f o r c e s  a c t i n g  on t h e  wing 
a r e  found simply as a matr ix  product. Comparisons 
a r e  made between aerodynamic d e r i v a t i v e s  c a l c u l a t e d  
by t h i s  method, and t h e o r e t i c a l  and experimental 
d e r i v a t i v e s  from o t h e r  sources. 

Theory 

Comparative Numerical Applications of the Reverse-Flow "heorem to Oscillating 1Ying.s 
and Control Surfaces. ARC R & M 3488, 1965. 

Subsonic 
Transonic 

Theory 
Control  Surfaces  

The reverse-f low theorem g i v e s  a l t e r n a t i v e  expres- 
s i o n s  f o r  genera l i sed  f o r c e s  on o s c i l l a t i n g  wings. 
Rela t ions  f o r  plunging and p i tch ing  d e r i v a t i v e s  a r e  
deduced f o r  genera l  and low frequencies .  By a 
reverse-f low approach, wings with o s c i l l a t i n g  con- 
t r o l  sur faces  a r e  represented by smooth equivalent  
upwash func t ions .  I l l u s t r a t i v e  examples i n d i c a t e  
t h e  r e l i a b i l i t y  of s o l u t i o n s  by numerical l i f t i n g -  
sur face  methods f o r  var ious  Mach numbers, f requencies ,  
and wing-control-surface configurat ions.  

Wings examined: Rectangular, tapered,  swept and d e l t a .  

For general  frequency, t h e  t reatment  of o s c i l l a t i n g  
c o n t r o l  sur faces  by smooth equivalent  upwash func- 
t i o n s  is considered by means of reverse  flow, with 
p a r t i c u l a r  re ference  t o  rec tangular  wings with f u l l -  
span cont ro ls .  

Comparison of numerical r e s u l t s  obtained by d i f f e r e n t  
methods. 

Mach number: 0 and 0 t o  1.2.  

19 diagrams, 4 t a b l e s .  
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79. Ashley, Holt 
Widnall, S h e i l a  
Landahl, Marten T. 

80. Rodemich, E.R. 
Andrew, L.V. 

New Directions in Lifting-Surface Theory. AIAA Journal ,  Vo1.3, No. 1, January, 1965, 
pp. 3-16. 

Includes comparison of spanwise l i f t  d i s t r i b u t i o n s  
from kerne l  func t ions  and from t h e  experiments of 
Ransleben and Abramson (Item 66) f o r  a cant i levered  
rec tangular  wing of aspect  r a t i o  5 i n  bending o s c i l -  
l a t i o n  i n  water. Reduced frequency = 0.6 ,  0.8, 1.2. 
2.0. 

Incompressible 
Theory 

Experiment 

Unsteady Aerodynamics for Advanced Configurations, Part II, A Transonic Box Method 
for Planar Lifting Surfaces. 
Par t  11, 1965. 

USAF F l i g h t  Dynamics Laboratory, FDL TDR 64-152, 

Theory 
Programme 

A sonic  box procedure is developed f o r  square box patches 
of  v e l o c i t y  p o t e n t i a l  doublets .  
a t  each successive downstream s t a t i o n  are matched by 
so lv ing  a set of simultaneous equations. 
f o r  t h e  e n t i r e  sur face  a re  f i t t e d  i n  t h e  leas t - square  
sense by a sur face  with t h e  proper edge condi t ions.  
Generalised f o r c e s  a r e  computed from these  f i t t e d  poten- 
tials. 

The set of downwashes 

The p o t e n t i a l s  

Contains a complete summary of t h e  development of t h e  
equat ions and a r e s u l t i n g  FORTRAN I V  computer programme. 

81. Rowe, W i l l i a m  S. Collocation Method for Calculating the Aerodynamic Pressure Distributions on a 
Lifting-Surface Oscillating in Subsonic Compressible Flow. AIAA Symposium on 
S t r u c t u r a l  Dynamics and Aeroe las t ic i ty ,  Boston, August 30-September 1, 1965. 

Theory 
Experiment 

Development of a method f o r  i d e n t i f i c a t i o n  and evalua- 
t i o n  of t h e  major parameters a f f e c t i n g  t h e  s o l u t i o n  
accuracy of t h e  i n t e g r a l  equat ion t h a t  r e l a t e s  pressure  
and downwash d i s t r i b u t i o n s  i n  subsonic flow. Resul t s  of 
s e v e r a l  planform analyses  are presented t o  i d e n t i f y  t h e  
c r i t i c a l  parameters and t o  show t h e i r  e f f e c t s  on solu-  
t i o n  accuracy. Comparisons of t h e o r e t i c a l  and experi-  
mental r e s u l t s  f o r  both t h e  s teady-s ta te  and o s c i l l a t o r y  
condi t ions  are presented t o  demonstrate t h e  v a l i d i t y  of  
t h e  a n a l y s i s  method. 

Planforms examined: Swept and d e l t a  wings 

82. Darovsky, L. 
Dat, R. 

Data presented:  Overal l  c o e f f i c i e n t s  and pressure  d i s t r i b u t i o n s  

20 diagrams, 1 t a b l e .  

Dktermination des Forces Akrodynamiques Instationnaires Tridimensionnelles. 
Report 512, Ju in ,  1965. 

AGARD 

Ce document indique les mdthodes u t i l i s d e s  par l e  
Constructeur  Sud-Aviat ion pour r6soudre les t r o i s  
problhmes su ivants :  

1. Aile sans gouvernes en dcoulement subsonique. 

2. Aile sans gouvernes en dcoulement supersonique, 
avec bord d’a t taque  subsonique et  bord de f u i t e  
supersonique. 

3. Gouvernes en dcoulement supersonique. 

La v a l i d i t 6  de ces m6thodes e s t  j u s t i f i 6 e  par des 
comparaisons th6orie-experience por tan t  sur  des  ai les 
r e c t a n g u l a i r e s ,  une a i l e  d e l t a  de 60’ e t  une gouverne 
t rapdzdida le  n’ occupant qu‘ une f r a c t i o n  de 1’ envergure. 

Subsonic 
Supersonic 

Theory 
Experiment 

Control  Surfaces  

Grandeurs f igurdes :  Press ions  e t  c o e f f i c i e n t s  globaux. 

31 graphiques. 
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84. Laschka, B. 
Bohm, G 
Schmid. H. 

83. Bahm, G. 
Ebeling. P. 
Wolf, R. 

85. Schmid, H. 

86. Garner, H.C. 
Fox, D.A. 

Ein FORTRAN-Programm zur Berechnung der instationaren Luftkrafte f%r den in 
Vberschal lstrijmung schwingenden Tragf luge1 nach den Verfahren von V. J. E.Stark. 
Bericht  der  Vereinigten Flugtechnischen Werke (VFW), Miinchen, Nr. M-74/66, 1966. 

Supersonic 
Programme 

Generalised Aerodynamic Forces for Some Wing Planforms According to the Unsteady 
Three-Dimensional Lifting-Surface Theory in Subsonic and Supersonic Flow. 
P r o j e c t  SGVA 227). Vere in ig te  Flugtechnischen Werke. Report N-75/66, 1966. 

( A G M  

Generalised aerodynamic f o r c e s  on o s c i l l a t i n g  f l a t -  
p l a t e  wings i n  three-dimensional flow a r e  ca lcu la ted .  
The flow may be subsonic, s o n i c  o r  supersonic .  

Planforms: E l l i p t i c ,  t rapezoida l  

Modes: f ( x , y )  = 1 ,  x ,  x 2 ,  y 2 ,  y ,  x y ,  (x2  y2)  
and f l a p  r o t a t i o n s  f o r  t h e  sonic  and super- 
sonic  cases 

Reduced frequencies:  k = ws/v = 0 ,  0. 1 , 0.3  , 0 . 5 ,  
0 . 6 ,  1 . 2 ,  1 . 4 , ' 2 ,  4 

Mach numbers: .O < M < 2 

Transonic 
Supersonic 

Theory 
Control  Surfaces  

Basic concept: For t h e  subsonic case s e e  Item 59. 
For t h e  sonic  or supersonic  case  s e e  
Item 75. 

Ein KBlBAh'-Programm zur Berechnung der instationaren Luftkrafte schwingender 
Tragf lachen bei Unterschal lanstromung nach dem Verfahren von B. Laschka. 
der  Vereinigten Flugtechnischen Werke (WW) , Munchen. N r .  M-73/66, 1966. 

Bericht  

Programme 

ALCOL 60 Programme for Multhopp's Low-Frequency Subsonic Lifting-Surface Theory. 
ARC R & M 3517, Apr i l ,  1966. 

Programme 

An improved programme f o r  t h e  KDF9 d i g i t a l  computer 
is descr ibed and i l l u s t r a t e d .  The mathematical equa- 
t i o n s ,  genera l  flow diagrams and t h e  ALGOL t e x t  are 
presented.  The improvements incorporate  a new pro- 
cedure f o r  eva lua t ing  t h e  inf luence  func t ions  and a 
scheme f o r  more accura te  spanwise i n t e g r a t i o n  without 
increase  i n  t h e  number of  co l loca t ion  sec t ions .  Up 
t o  four  chordwise terms are included, but t h e  extension 
t o  f i v e  o r  more terms should be s t ra ight forward  i n  
pr inc ip le .  

No numerical r e s u l t s .  
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87. Harr i s ,  G.Z. Supersonic Flutter Derivatives for a Series of Swept and Cropped Delta Wings. 
Current Paper 920, 1966. 

ARC 

Theory 
Experiment 

A programme f o r  t h e  experimental and t h e o r e t i c a l  
determinat ion of f l u t t e r  d e r i v a t i v e s  f o r  a s e r i e s  of 
swept and cropped d e l t a  wings was i n i t i a t e d .  This  
repor t  g ives  values  of  t h e  p i tch ing  and heaving 
d e r i v a t i v e s  f o r  a number of these  planforms i n  t h e  
intermediate  supersonic  speed range. The d e r i v a t i v e s  
have been found using supersonic  l i f t i n g - s u r f a c e  
theory. 

Resul t s  reproduced i n  Item 101. 

88. Cunningham, Herbert J. Improved Numerical Procedure for Harmonically Deforming Lifting Surfaces from the 
Supersonic Kernel Function Method. AIAA Journa l ,  Vol. 4, No. 11, November, 1966. 

Theory 

The planform t r e a t e d  has subsonic leading and supersonic  
t r a i l i n g  edges. 
theory t h a t  r e l a t e s  s ta t ic  or  o s c i l l a t o r y  d i s t r i b u t i o n s  
of known downwash t o  unknown l i f t i n g  pressure ,  t h e  lift 
is approximated by a series of terms, and a co l loca t ion  
procedure is employed. L i f t  series used earlier proved 
inadequate f o r  general  wing deformations such as those  
r e p r e s e n t a t i v e  of n a t u r a l  v i b r a t i o n  modes of root -  
can t i levered  wings. A l i f t  s e r i e s  now has been 
developed f o r  which genera l ly  good agreement has 
been obtained between t h e  approximate and t h e  pre-  
sc r ibed  d i s t r i b u t i o n s  of downwash f o r  s e v e r a l  
r e p r e s e n t a t i v e  cases. Comparisons are presented 
f o r  modes 1 t o  3 of t h e  45O-delta model and with 
modes 1 and 2 of  t h e  70°-delta model 1A. 
term of  t h e  l i f t  series provides  a continuous 
d i s t r i b u t i o n  of downwash on t h e  wing. 
c h a r a c t e r i s t i c  is important f o r  low-aspect-rat io  
wings, e s p e c i a l l y  where co l loca t ion  p o i n t s  a r e  
d e s i r e d  i n  the- plane of  symmetry because of motion 
o r  f l e x i b i l i t y  there .  The results obtained were 
with 16 terms i n  t h e  l i f t  s e r i e s ,  and from 35 t o  
46 c o l l o c a t i o n  p o i n t s  on t h e  half-span.  Solu t ions  
f o r  t h e  weighting f a c t o r s  i n  t h e  l i f t  s e r i e s  were 
made by a leas t - square-er ror  process. 

I n  t h e  i n t e g r a l  equat ion from l i n e a r  

Each 

This  

' 

Mach numbers: 1 .4  and 2. 

Reduced frequency: 0.5. 

Data presented:  D i s t r i b u t i o n  of angle of incidence. 

10 diagrams. 

89. Olsen, James J. 

Theory 
Experiment 

The repor t  p r e s e n t s  and i n t e r p r e t s  t h e  p r e d i c t i o n s  
of an unsteady aerodynamic p r e d i c t i o n  method known 
as t h e  Sonic Box method. I l l u s t r a t i o n s  a r e  given 
on how t h e  program i n t e r p r e t s  input  model d a t a ,  t h e  
programs techniques f o r  smoothing c e r t a i n  input  and 
output  da ta ,  convergence of t h e  numerical r e s u l t s ,  
and comparisons of pred ic ted  r e s u l t s  with experiments. 
It is shown how t h e  present  program r e q u i r e s  t h e  user  
t o  devote some care  t o  def in ing  .input mode shapes; 
however, t h i s  problem can be removed by a simple modi- 
f i c a t i o n .  General ly  speaking, t h e  programs' cur ren t  
l i m i t  o f  f i f t y  boxes i n  any one d i r e c t i o n  is s u f f i c i e n t  
t o  o b t a i n  s a t i s f a c t o r y  convergence, with t h e  except ion 
of p i t c h i n g  moments on cropped d e l t a s .  I n  t h i s  respec t  

Demonstration of a Transonic Box Method for Unsteady Aerodynamics of Planar Wings. 
USAF F l i g h t  Dynamics Laboratory, AFFDL TR 66-121, October, 1966. 
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89. (Continued) 

I 
90. Dat, R. 

Lec 1 e r c  , J. 
Akamatsu, Y. 

91. Bergh, H. 
Zwaan. R . J .  

o the r  modi f ica t ions  are apparent which could improve 
convergence at t h e  c o s t  of increased  complexity. Agree- 
ment with experiment w a s  gene ra l ly  q u a l i t a t i v e l y  good, 
but i l l u s t r a t e d  t h e  need f o r  f u r t h e r  op t imiza t ion  of 
t h e  method as wel l  as t h e  l ack  of experimental  d a t a  of 
t h e  type  and q u a l i t y  des i r ed  f o r  co r re l a t ion .  

The purpose is t o  demonstrate t h e  app l i ca t ion  and 
usefu lness  of t h e  computer program of Item 80. 

64 diagrams, 12 t ab l e s .  

Optimisation de 1’Emploi de la The‘orie de la Surface Portante en ACroClasticitC 
Subsonique. Recherche Ahrospatiale,  No. 113, J u i l l e t  Aout, 1966, PP. 37-52. 

Cet a r t i c l e  comporte une d iscuss ion  e t  des  r d s u l t a t s  
thdoriques.  On prdsente  des  c o e f f i c i e n t s  d’ a i l e  
r ec t angu la i r e  d’ allongement 1, munie d’ une gouverne 
occupant t o u t e  1’ envergure. Les c a l c u l s  on t  d td  
e f f e c t u e s  avec un programme du Constructeur Sud- 
Aviation, en dcoulement d i r e c t  e t  en dcoulement 
inverse ,  en reprdsentan t  l a  r d p a r t i t i o n  d’ angle 
d ’a t t aque  correspondant aux o s c i l l a t i o n s  de gouvernes 
par des  polyn&es “dquivalents”. Les r d s u l t a t s  
numdriques sont  prdsentds  su r  des  courbes, en 
fonc t ion  de l a  pos i t i on  de l a  charn ihre ,  e t  
comparks aux va leu r s  f igu ran t  dans l e  pos t e  N0.40. 

Subsonic I Theory I 
Control Sur faces  

Nombre de Mach: 0 , 5  

Les c o e f f i c i e n t s  f igu ran t  dan c e t  a r t i c l e  on t  
6t.6 ca l cu lds  avec un programme amdliork 
0 , 7  - Voir pos t e  No. 107. 

Mach 

A Method for Estimating Unsteady Pressure Distributions for Arbitrary Vibration 
Modes from Theory and from Measured Distributions for One Single Mode. Nationaal 
Lucht- en Ruimtevaartlaboratorium (NLR) (National Aero- and Ast ronaut ica l  Research 
I n s t i t u t e ) ,  Amsterdam, Netherlands,  NLR TR F.250, 1966. 

A method is  proposed f o r  es t imat ing  t h e  pressure  
d i s t r i b u t i o n s  f o r  a l i f t i n g  su r face  requi red  f o r  
arbitrary v ib ra t ion  modes, by t h e  a i d  of theory  
and measured d i s t r i b u t i o n s  f o r  one s i n g l e  mode. 
Its usefu lness  is demonstrated by t h e  case of two 
swept wings of small aspect r a t i o  o s c i l l a t i n g  i n  
f l app ing  and p i t ch ing  mode i n  incompressible flow. 
Due t o  i n s e n s i t i v i t y  t o  reduced frequency v a r i a t i o n s  
of t h i s  method it appears t o  be poss ib l e  t o  predict 
experimental  p ressure  d i s t r i b u t i o n s  f o r  reduced 
f requencies ,  somewhat d i f f e r e n t  from t h e  va lues  
used i n  t h e  measurements. 

Incompressible 1 Theory I 
Experiment 

60 diagrams. 
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I 92. Her t r i ch ,  H. 

93. Garner, H.C. 
Lehrian,  Doris E. 

94. Lehrian,  Doris E. 

Zur experimente 1 len Priifung instationarer dreidimensionaler Tragflachentheorien bei 
inkompressibler Stromung. AVA-Bericht 67 J 02, 1967. Disse r t a t ion ,  Technische 
Hochschule Braunschweig, 1967. 

Pressure  d i s t r i b u t i o n s  on harmonically o s c i l l a t i n g  
r i g i d  wings i n  incompressible flow have been measured. 
The l o c a l  unsteady a i r l o a d s  at  t h e  model sur face  a r e  
t r ansmi t t ed  by pressure  l eads  t o  a c e n t r a l  p ressure  
t ransducer  ou t s ide  t h e  model. The dynamic response 
of a l l  l eads  is i d e n t i c a l .  The process  o f  measurement 
and t h e  record ing  d a t a  a r e  au tomat ica l ly  con t ro l l ed  by 
a s p e c i a l  e l e c t r o n i c  measuring system. 
mental r e s u l t s  a r e  compared with corresponding r e s u l t s  
of s eve ra l  d i f f e r e n t  l i f t i n g  su r face  theo r i e s .  

These exper i -  

P r o f i l e :  NACA 0012. 

Theore t ica l  re fe rence :  Item 59. 

Planforms: Trapezoidal.  Aspect r a t i o s  3. 1 and 2.5. 

Modes: f ( x , y )  = x - xk and f l a p  r o t a t i o n  

Reduced frequencies:  U* = 0 and 0.13 < w* ,< 0.76. 

Mach numbers: Incompressible 

Incompressible 
Theory 

Experiment 
Control Sur faces  

Pressure  

Comparative Theoretical Calculations of Forces on Oscillating Wings Through the 
Transonic Speed Range. NPL Aero Report 1246, ARC 29,367, 1967. 

Numerous l i n e a r i s e d  t h e o r i e s  a r e  appl ied  t o  
plunging and p i t ch ing  r ec t angu la r ,  d e l t a  and 
symmetrical t apered  wings i n  subsonic,  sonic  
and supersonic flow. P i t ch ing  moments a r e  
presented  as continuous curves aga ins t  Mach 
number f o r  f ixed  frequency parameter. General 
t h e o r i e s  are appraised bes ide  exact t h e o r i e s  
f o r  p a r t i c u l a r  wings. Comparisons with exper i -  
ment are s a t i s f a c t o r y ,  except i n  t r anson ic  flow 
where uncer ta in  wall in t e r f e rence  masks t h e  t r u e  
d iscrepancies .  

Transonic I Theory 

Planforms: Rectangular with aspect r a t i o  2, d e l t a  
with aspec t  r a t i o  1.5, symmetrical 
tapered  with aspec t  r a t i o  4.33. 

General motion ana o v e r a l l  c o e f f i c i e n t s .  

Mach.Number: 0.9 t o  1.15. 

Reduced frequency: 0 t o  0.63 

37 diagrams, 22 t a b l e s .  

Calculation of Subsonic Flutter Derivatives for an Arrowhead Wing with Control 
Surfaces. NPL Aero Report 1230, ARC 29.047, 1967. 

Subsonic l i f t i n g - s u r f a c e  theory  is appl ied  with 
d i r e c t  and reverse-flow methods t o  c a l c u l a t e  
f l u t t e r  d e r i v a t i v e s  f o r  an arrowhead wing with 
t r a i l i ng -edge  con t ro l s .  By a reverse-flow 
t rea tment ,  equiva len t  upwash func t ions  a r e  con- 
s t r u c t e d  f o r  con t ro l  o s c i l l a t i o n s .  Except f o r  
t h e  d i r e c t  con t ro l  d e r i v a t i v e s ,  comparison with 
o t h e r  t h e o r i e s  f o r  genera l  and low f requencies  
is s a t i s f a c t o r y .  
agreement with low frequency measurements. 

P i t ch ing  d e r i v a t i v e s  show good 

I Subsonic 
Theory 

Control Sur faces  

24 diagrams. 8 t ab l e s .  
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95. Cur t i s ,  A.R. 
Gikas, X.A.  
Hassig. H . J .  

96. Hassig, H . J .  

97. Olsen, James J. 

Osci 1 latory Flap Aerodynamics - Comparison between Theory and Experiment. Presented 
at Aerospace F l u t t e r  and Dynamics Council Meeting, Cocoa Beach, 
1-3. 1967. 

Wing l i f t ,  pitching-moment and f lap-h inge  moment due t o  
o s c i l l a t o r y  f l a p  d e f l e c t i o n  were computed and compared 
with experimental  d a t a  f o r  two rec tangular  wings, of 
aspect r a t i o s  1 and 2, with f u l l  span 40% chord f l a p s .  

Lockheed's Subsonic Kernel Function program with 
e igh t  chordwise and e igh t  spanwise co l loca t ions  po in t s  
w a s  used f o r  t h e  computations. Two vers ions  of t h e  
program were used and compared: t h e  r egu la r  program, 
which does not account f o r  t h e  s i n g u l a r i t y  of t h e  hinge, 
and a program t h a t  inc ludes  a chordwise pressure  d i s -  
t r i b u t i o n  with an i n f i n i t e  pressure  at t h e  hinge. 

The experimental d a t a  were obtained from t e s t s  per -  
formed i n  t h e  Cornel1 Variable Density Tunnel i n  1952 
(Item 8). 

Computed magnitude and phase of t h e  l i f t  due t o  
f l a p  d e f l e c t i o n  a r e  i n  good agreement with experiment. 
For t h e  t o t a l  moment due t o  f l a p  de f l ec t ion  t h e  agree- 
ment is f a i r  t o  good. The computed phase of t h e  hinge 
moment shows good agreement with t h e  experimental r e s u l t s .  
A t  s teady  state t h e  computed magnitude of t h e  
hinge moment is cons iderably  l a r g e r  than t h e  
experimental value. For t h e  o s c i l l a t o r y  case  
t h e  agreement is f a i r  t o  good. 

The two vers ions  of t h e  program give  very  
similar r e s u l t s  and no conclusion regarding the i r  
r e l a t i v e  merit has been reached. 

Mach number: 0.2 

Reduced frequency: 0 t o  1.5 

15 diagrams. 

. .  . . .  

Flo r ida ,  November 

~ 

Subsonic 
Theory 

Experiment 
Control Sur faces  

Symmetric Airloads on a Wing with Ailerons Obtained with the Subsonic Kernel Function 
Program using Differing Nmbers of Collocation Points. 
space F l u t t e r  and Dynamics Council Meeting, Cocoa Beach, F lo r ida .  November, 1967. 

Paper presented  at  t h e  Aero- i 
I 

Lockheed's subsonic kerne l  func t ion  program w a s  
used t o  determine t h e  e f f e c t  of varying t h e  
number of co l loca t ion  po in t s .  
i n  connection with t h e  L-1011 ( a i rbus )  program 
was used f o r  t h i s  inves t iga t ion .  The spanwise x 
chordwise a r r ays  of co l loca t ion  po in t s  used are:  
9 x 9, 8 x 8 ,  7 x 7, 6 x 6, 9 x 4. The following 
symmetric angle of a t t a c k  d i s t r i b u t i o n s  were 
considered: Uniform U,  l i n e a r  U, inboard a i l e r o n  
de f l ec t ion ,  outboard a i l e r o n  d e f l e c t i o n ,  both 
a i l e rons .  

A planform s tudied  

Cases examined: Swept wing with con t ro l  su r f aces ,  
o v e r a l l  forces .  

75 diagrams. 

Theory 
Control Sur faces  

Recent AFFDL Research in Unsteady Aerodynamics. 
S t r u c t u r e s  and Materials Panel,  Ottawa, 25-29 September, 1967. 

Presented by W. J.Mykytow t o  AGARD 

This paper summarizes and g ives  re ference  t o  some 
US A i r  Force sponsored research. 
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98. Stenton.  T.E. 
Andrew, L.V. 

Transonic Unsteady Aerodynamics for Wings with Control Surfaces. 
Method for Planar Lifting Surfaces with Trailing Edge Flaps. 
Report NA-67-1054. November, 1967, a l s o  US A i r  Force F l i g h t  Dynamics Laboratory, 

A Transonic Box 
North American 

AFFDL TR 67-180. 

The t ransonic  box method has  been extended t o  
include t h e  e f f e c t s  of a swept t r a i l i n g  edge and 
a t r a i l i n g - e d g e  f l a p .  The method is based on 
t h e  representa t ion  of t h e  v e l o c i t y  p o t e n t i a l s  by 
a doublet d i s t r i b u t i o n .  Thickness e f f e c t s  are 
not included, and t h e  free-s t ream Mach number 
is assumed t o  be 1.0. 

Transonic 
Theory 

Programme 
Control Surfaces  

A d i g i t a l  computer program w r i t t e n  i n  
FORTRAN I V  is presented.  
f o r  a swept t r a i l i n g  edge with two s e c t i o n s ,  and 
as many as t h r e e  sweep angles  on t h e  leading edge: 
Provis ion  is  made f o r  t r e a t i n g  a t r a i l i n g - e d g e  
a i le ron .  For a maximum of t e n  modes of o s c i l l a -  
t i o n ,  t h e  program computes t h e  o s c i l l a t o r y  
p o t e n t i a l s  and pressures  and a genera l ized  aero-  
dynamic f o r c e  matrix. 

The progran provides  

The procedure is similar t o  t h a t  used i n , I t e m  106. 
I t  w i l l  handle a subsonic  t r a i l i n g  edge. 

99. Fenain. M. Calcul Numkrique des Ailes en Rkgirne Supersonique Stationnaire et Instationnaire. 
Guiraud Vallde, D. 2kme partie: Ecoulement Instationnaire. Recherche Adrospat ia le  NO. 116, Janvier -  

Fdvr ie r ,  1967, pp. 23-33. 

Les c a l c u l s  sont  fondds sur une mdthode des  “bai tes” ,  
avec uh mail lage su ivant  des  l i g n e s  c a r a c t d r i s t i q u e s .  

Les r d s u l t a t s  numdriques concernent des  a i l e s  
r e c t a n g u l a i r e s  et  une a i l e  d e l t a  en battement e t  
r o t a t i o n ,  Mach 2. Les tableaux e t  courbes donnent 
l a  comparaison avec l a  s o l u t i o n  exacte  de de Jager 
(pos te  No.41). pour 1’ ai le  rec tangula i re ,  e t  avec 
des  rdsultats f o u r n i s  par  l e  programme du pos te  
No.82, pour 1‘ a i le  d e l t a .  

Supersonic 
Theory 

100. van de Vooren, A. I. Some Modifications t o  Lifting-Surface Theory. Journa l  of Engineering Mathematics, 
Vol. 1, Apri l ,  1967, pp. 87-101. 

Calcu la t ion  of t h e  pressure  d i s t r i b u t i o n s  i n  a 
subsonic flow f o r  a v e r t i c a l  s t a b i l i s e r  by using 
t h e  theory of or thogonal  funct ions.  I n  addi t ion ,  
t h e  procedure o f f e r s  advantages when c a l c u l a t i n g  
t h e  pressure  d i s t r i b u t i o n  due t o  a symmetrical 
loading f o r  a swept wing near its c e n t r a l  sec t ion .  
I n  t h i s  case t h e  assumption of a zero d e r i v a t i v e  
of t h e  pressure  i n  t h e  re levant  d i r e c t i o n  does 
not need t o  be introduced and a p o t e n t i a l - t h e o r e t i c a l  
s o l u t i o n ,  which is more accura te  near t h e  mid-section, 
can be obtained.  It is pointed out t h a t  an ALGOL 60 
program f o r  symmetrical loading of a swept wing i n  
incompressible flow is ava i lab le .  

Subs on i c 
Theory 

Progr amme 
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1 9 6 8  

101. Woodcock, D.L. 

102. Woodgate, L. 

i 

103. Albano, E. 
Rodden, W.P. 

Coordinated Experimental and Theoretical Research on the Oscillatory A i r  Forces for 
Selected Planforms at Subsonic and Supersonic Speeds. 
February, 1968. 

RAE Technical Report 68033, 

Osc i l l a to ry  heave and p i t c h  de r iva t ives  have been 
determined experimentally and t h e o r e t i c a l l y  f o r  a 
s e t  of e igh t  planforms - t h r e e  cropped d e l t a  wings, 
t h r e e  arrowhead wings, and two unswept tapered  
wings. 
d i f f e r e n t  type  were used. These were a f r e e  
o s c i l l a t i o n  technique f o r  wall-mounted ha l f - span  
wind-tunnel models, a similar technique f o r  
models mounted on rocket-boosted t e s t  veh ic l e s  
and an inexorable forc ing  technique of t h e  i n t e r n a l  
r i g i d  d r i v e  type appl ied  t o  half-span wind-tunnel 
model wings. 
by var ious  form of l i f t i n g - s u r f a c e  theory.  A l l  
t h e s e  r e s u l t s  a r e  t abu la t ed  and compared. They 
cover a Mach number range of approximately 0.8 t o  
2.5. Some t h e o r e t i c a l  va lues  of con t ro l  su r f ace  
d e r i v a t i v e s . a r e  included i n  tiie t a b l e s ,  and a few 
o the r  miscellaneous experimental o r  t h e o r e t i c a l  
r e s u l t s  a r e  a l s o  described. 

Three experimental procedures of widely 

The t h e o r e t i c a l  va lues  were obtained 

Supersonic 
Theory 

Experiment 

67 diagrams, 64 t ab l e s .  

Measurements of the Osci 1 latory Pi tching-Moment Derivatives on a Slender Sharp-Edged 
Delta in Incompressible Flow. NPL Aero Report 1274, ARC 30,357, 1968. 

, 

Experiment 

The de r iva t ives ,  mg and m i  , were measured on a wing 
of aspec t  r a t i o  0.654. Mean incidence w a s  va r i ed  from 
0' t o  15'. frequency parameter from 0.2 t o  1.0 and 
Reynolds number (based on E) from 1.28 x ln6 t o  2.56 x lo6. 
Comparisons are made with similar measurements on a 
d e l t a  wing of aspect r a t i o  1.484. The e f f e c t s  on t h e  
d e r i v a t i v e s  of incidence,  frequency and Reynolds 
number was smal le r  f o r  t h e  more s lender  wing. 

16 diagrams, 6 t a b l e s .  

A Doublet Lattice Method for Calculating Lift Distributions on Oscillating Surfaces 
in Subsonic Flows. AIAA Paper No.68-73, 1968. 

Approximate so lu t ions  from t h e  l i nea r i zed  formulation 
are obtained by s imula t ing  t h e  su r face  by a set of 
l i f t i n g  elements which a r e  sho r t  line-segments of 
acce le ra t ion  p o t e n t i a l  doublets.  
induced by an element of un i t  s t r e n g t h  is given by 
an i n t e g r a l  of t h e  subsonic kerne l  function. . The 
load on each element is determined by s a t i s f y i n g  
normal v e l o c i t y  boundary condi t ions  at  a s e t  of 
po in t s  on t h e  sur face .  It is seen a posteriori t h a t  
t h e  l i f t i n g  elements and co l loca t ion  s t a t i o n s  can be 
loca ted  such t h a t  t h e  Kut ta  condi t ion  is s a t i s f i e d  
approximately. The method obvia tes  t h e  p r e s c r i p t i o n  
of s i n g u l a r i t i e s  i n  l i f t  d i s t r i b u t i o n  along l i n e s  
where normal v e l o c i t y  is d iscont inuous  and is r e a d i l y  
adapted f o r  problems of complex geometries. 
compare c l o s e l y  with those  from methods which p resc r ibe  
l if t-mode series and from pressure  measurements 

The normal v e l o c i t y  

Resu l t s  

Theory 
Control Sur faces  

The method is a gene ra l i za t ion  of t he  work of 
S.G.Hedman, Swedish FFA Report 105 (1965), f o r  
s teady  flow. Some r e s u l t s  a r e  compared with o the r  
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103. (Continued) 

104. Berman, J. H. 
Shyprykevich, P. 
Smedfjeld, J. B. 

t h e o r i e s  and experiments f o r  s eve ra l  wings, inc luding  
a swept tapered  wing with pa r t i a l - span  f l aps .  

Cases examined: Incidence and con t ro l  su r f ace  e f f e c t s  
f o r  s teady  flow. 

Mach number: 0 .6  t o  0.8. 

Overall  forces  and pressure  d i s t r i b u t i o n .  

8 diagrams. 

Unsteady Aerodynamic Forces for General Wing/Control -Surface Configurations in 
Subsonic Flow. 
US A i r  Force F l igh t  Dynamics Laboratory,  AFFDL TR 67-117. May, 1968. 

I - Theoretical Development. I I  - Digital Computer Programs. 

This r epor t  p re sen t s  a FORTRAN I V  computer program which 
is based on t h e  subsonic-kernel-function procedure f o r  
f i n i t e - a s p e c t - r a t i o  wings with pa r t i a l - span  con t ro l  
sur faces .  The bas i c  wing p res su re - se r i e s  func t ions  used 
i n  previous kerne l - func t ion  app l i ca t ions  have been aug- 
mented i n  t h i s  r epor t  t o  include t h e  logar i thmic  s in -  
g u l a r i t y  at  t h e  cont ro l - sur face  lead ing  edge, and t o  
account f o r  gap e f f e c t s  at t h e  con t ro l  su r f ace  s i d e  
edges. The procedure employs e i t h e r  a conventional 
p lanar  kerne l  func t ion ,  o r ,  on an opt iona l  b a s i s ,  a non- 
p lanar  kerne l  func t ion  which cons iders  t h e  e f f e c t  of an 
i n i t i a l l y  de f l ec t ed  con t ro l  sur face .  The so lu t ion  f o r  
t h e  unknown c o e f f i c i e n t s  of t h e  p re s su re - se r i e s  func t ions  
is performed i n  a l eas t - squa res  sense ,  based on downwash 
va lues  a t  loca t ions  chosen by t h e  program user.  The 
f i n a l  r e s u l t s  obtained a r e  i n  t h e  form of pressure  
d i s t r i b u t i o n s  and genera l ized  forces .  A l imi t ed  
c o r r e l a t i o n  of program c a l c u l a t i o n s  with ava i l ab le  
experimental  d a t a  is presented. 

P a r t  I shows ca l cu la t ed  pressure  d i s t r i b u t i o n s  
assoc ia ted  with con t ro l - ro t a t ion '  mode f o r  a low- 
a s p e c t - r a t i o  swept wing with outboard f l a p ,  M = 0.8, 
k = 0.404, f o r  a rec tangular  wing of aspect r a t i o  
1 with fu l l - span  f l a p ,  M = 0.0394 w i t h  k = 1.0 .  
M = 0. 151 with k = 1/3.5, f o r  a rec tangular  wing of 
aspec t  r a t i o  4 with pa r t i a l - span  f l a p ,  M = 0.5,  
k = 0.5, and compared with experiment f o r  an unswept, 
t apered ,  h igh-aspec t - ra t io  wing with outboard f l a p ,  
M = 0.6, k = 0. 

P a r t  I1 g ives  in s t ruc t ions ,  a sample problem, and 
complete l i s t i n g  of t h e  For t ran  I V  computer program. 

Subsonic 
Theory 

Experiment 
Programme 

Control Sur faces  
Pressure  

105. C u r t i s ,  Alan R. Unsteady Aerodynamic Distributions f o r  Harmonica1 ly Deforming Wings in Supersonic 
Lingard, Robert W. Jr Flow. A I A A  Paper No.68-74, 1968. 

I L_I Theory 

1 Subsonic 
A co l loca t ion  method is used t o  so lve  t h e  i n t e g r a l  
equation r e l a t i n g  t h e  downwash t o  t h e  pressure  
d i s t r i b u t i o n  over t h i n  p lanar  wings with a r b i t r a r y  
planforms i n  supersonic  flow. In p a r t i c u l a r ,  t h i s  
method is appl ied  t o  wings with subsonic leading 
and supersonic t r a i l i n g  edges. For planforms with 
o the r  edge condi t ions ,  such as streamwise s i d e  
edges, a technique is presented where a s e t  of 
par t ia l ly  coupled i n t e g r a l  equations is used. ~ 

~ 

Resu l t s  compared with t h e o r i e s  of Watkins.and 
Berman (Item 6) and of Za r t a r i an  and Hsu (Item 19). 
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105. (Continued) 
I 

Cases examined: Cropped d e l t a  wing, angle of 
sweep 60’. 

Mach number: 1.5. 

Reduced frequency: 0 . 2 .  

Del ta  wing with aspec t  r a t i o  3. 

Mach number: 1.054 - s teady .  

Data presented: Overall  fo rces  and spanwise 
d i s t r i b u t i o n .  

18 diagrams. 

106. Donato, Vincent W. Supersonic Unsteady Aerodynamics for  Wings with Trailing Edge Control Surfaces and 

Dynamics Laboratory,  AFFDL TR-68-30. 
Huhn, Charles R. Jr Folded Tips. North American Report NA-68-92, January,  1968. US Air Force F l igh t  

107. Dat, R. 
Darovsky, L. 
Darras, B. 

A Mach box d i g i t a l  computer program has  been developed 
and wr i t t en  i n  FORTRAN I V  f o r  su r f aces  with t r a i l i n g  
edge con t ro l  sur faces .  I t  is a method f o r  ob ta in ing  
s t eady  and unsteady supersonic aerodynamic c o e f f i c i e n t s ,  
and at  t h e  opt ion  of t h e  use r ,  l i f t i n g  pressure  d i s t r i -  
bu t ions .  Wing conf igura t ions  can include those  with 
folded t i p s ,  cranked leading  and t r a i l i n g  edges, and 
supersonic  o r  subsonic leading and t r a i l i n g  edges. 

The program is based on t h e  supersonic  Mach box 
procedure which employs Evvard’s diaphragm concept t o  
e s t a b l i s h  a s e t  of source pa tches  (Mach boxes), with 
s t r e n g t h s  t h a t  match t h e  t a n g e n t i a l  flow condi t ion  or ,  
i f  on t h e  diaphragm, t h e  zero  pressure  condi t ion  at  
t h e  box cen te r .  Veloc i ty  p o t e n t i a l  in f luence  co- 
e f f i c i e n t s  a r e  used here  r a t h e r  than  p res su re  
inf luence  c o e f f i c i e n t s  because t h e  v a r i a t i o n s  o f  
t h e  p o t e n t i a l s  a r e  usua l ly  l e s s  severe  i n  t h e  
reg ion  of i n t eg ra t ion .  

A l l  boxes are t h e  same s i z e  and source s t r eng ths  
on boxes t h a t  l i e  p a r t i a l l y  on t h e  primary su r face  
p a r t i a l l y  on t h e  f l a p  and p a r t i a l l y  i n  t h e  wake 
a r e  l i n e a r  i n t e rpo la t ions  based on t h e  percentage 
of t h e  box area i n  those  regions.  

Theory 
Programme 

Control Sur faces  

Considkrations sur la Solution Matricielle du Problhe Portant Instationnaire en 
Subsonique et Application auz Guuvernes. Note technique ONERA NT N0.135, 1968. 

Cet a r t i c l e  reprend. en l e s  p rec i san t .  l e s  
cons idera t ions  developpees dans un art icle 
precedent sur “1’ Optimisation de 1’ m p l o i  de  
l a  Theorie de l a  Surface  Por tan te  en Aero- 
Qlasticitk”.  La d i scuss ion  po r t e  s u r  l a  mise 
en oeuvre p ra t ique  de 1’ Bquation i n t e g r a l e  
gui  l i e  l a  pe r tu rba t ion  et  l a  p res s ion  s u r  
1’ a i le ,  e t  s u r  l a  formulation matricielle obtenue 
en representan t  l a  p res s ion  dans une base de 
fonctions.  On montre l e  s ens  de l’approximation 
e f fec tuke .  

Subsonic 
Theory 

Control Sur faces  

L’ app l i ca t ion  aux gouvernes l imi t ees  en envergure 
est examinbe. 
logarithmiques,  qu i  sont  maintenant connues, 
peuvent d t r e  i n t r o d u i t e s  s ans  t r o p  de complication. 

11 appa ra l t  que les s i n g u l a r i t d s  
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107. (Continued) 

108. Landahl, M.T. 
Stark .  V.J.E. 

Les c o e f f i c i e n t s  a&odynamiques de  1' a i l e  ca r rbe  
avec gouverne ont  d t 6  ca l cu lds  par  l a  mdthode des  
pe r tu rba t  ions Qpuiva len tes  e t  sont  compares aux 
r e s u l t a t s  du pos t e  No.40. 

Nombre de  Mach: 0,7 

24 graphiQues. 

Les mbmes c o e f f i c i e n t s  sont prdsentds pour Mach 0 , 5  dans 
l e  pos te  No.90. 

Numerical Lifting-Surface 7heory - Problems and Progress. 
Aeronautics and Ast ronaut ics ,  Aerospace Sciences Meeting, 6 th ,  New York, N . Y . ,  
January 22-24, 1968. paper 68-72. 

American I n s t i t u t e  of 

Progress  r epor t  on t h e  s t a t u s  of so lu t ions  t o  t h e  
unsteady l i f t i n g - s u r f a c e  problem, f o r  p lanar  o r  non- 
p lanar  conf igura t ions .  
problem is considered i n  d e t a i l ,  and a major po r t ion  
of t h e  s tudy  is concerned with t h e  subsonic case.  
Several  d i f f e r e n t  ways of formulating t h e  unsteady 
l i f t i n g - s u r f a c e  problem are descr ibed ,  t h e  na ture  of 
t h e  formulation being dependent upon t h e  func t ion  upon 
which t h e  formulation is based - i . e . .  t h e  v e l o c i t y  
p o t e n t i a l ,  p ressure ,  o r  any other  r e l a t e d  func t ion .  

Only t h e  l i nea r i zed  thin-wing 
Subsonic 

Transonic 
Supersonic 

Theory 
Experiment 

Pressure  

Several  procedures f o r  t h e  eva lua t ion  of t h e  su r face  
i n t e g r a l  occur r ing  f o r  each loading func t ion  a r e  described. 

Some t h e o r e t i c a l  r e s u l t s  and comparison of theory  and experiment. 

Rectangular wing at Mach numbers of 1 and 0.8.  

De l t a  wing (45') at Mach numbers of 1.054 and 2 

Data presented: Pressure ,  p o t e n t i a l ,  o v e r a l l  forces .  

15 diagrams. 
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VOLUME V I  

W. J. Duncan 
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CHAPTER 2 

CHAPTER 3 
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CHAPTER 6 
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Ihe dates given re la te  t o  the acceptance of the manuscript by AGARD 
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