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E3y Robert H. B a n e s  

The tests reported heroin Irere made f o r  the purpose of 
determining the high-speed loa& dtstribution on the wing of 
a j/l&scale model of a soout-boaber airplane. Conperisone 
are made between  the r o o t  bendAng-nonent and sec t ion  
torsional-aoment c o e f f i c i e n t s  aa obtained experimentally and 
der ived  analytically. The r e s u l t s  show good c o r r e l a t i o n  f o r  
the ben&ing-moment c o e f f i c i e n t s  but considerable disagreenent  
for the torsional-uoment coefficients, the  measured inoments 
being g r e a t e r  than the ana ly t ica l  moments. The effects of 
Nach number on both the bending-nonent- and torsional-moment 
c o e f f i c i e n t s  were small. 

In orse r  to determine the spnv i se  loading at high 
with landing flaps def l ec t ed ,  e. series of  tests of a 3/l zeeas 
scale nodel of a scout-bomber airplzne w a s  m&e in the Ames 
16-foot high-speea wind tunnel at the request af t h e  Bureau 
of Aeronautics, 'Navy Department. 

In order to compare the experinentd results vith thoso  
that would bo calcurlated according t o  current design specifi- 
oa t lons ,  the spanwise l o a d  distribution calculateC by the 
method of re ference  1. 

A three-view drawing of the eirplme I s  given in 
figure I. The wing of the nodel v m  equipped with plain flaps 
having cz chord of 0.21 t i n e s  the  Iring chord. The geometry of 
the  flaps is given in flgure 2, h-essure orifices were gro- 
Tided at seven spanvise s t a t l o n s  2.s shown in ffgure 3. At 



each of t hese   s t a t ions   t he re   ve re  45 or i f ices   spaced  at in t e r -  
vais o f  5 percent  o f  tho chord except on the forward 10 percent 
vhere  the  spacing tnzs -c?_.oser. 

n a t a s  o f  which a re  given in table I , , - i a  n modified MAGA .65- 
se r i e s   s ec t ion .  The sec t ion  a t  the point of dihedrc.1 reversal  

the section i s  an NA6A 65,2-2515,n = 0,5,b ti I scCttbna _. 

shown i n  figure 4. The f r o n t  struts were 5 percont thick; tho 
r e a  strut was 7 percent thick, 

The a i r f o i l  s ec t ion  at  wing s t e t i o n  $0.102, the  coomi- 

i s  NACA 65,2-251e: 3. = O.5,b = L Ecbtitan, a d  at tho t i p '  ' 

The model W ~ B  mormted on the  three-strut   support   system 

Forces were measured by automntic balancing sc,ales. The 
pressures were measured on  multtple-tube  manometers, the data 
being recorded photographically. Tests were made with the 
flaps deflected Oo LOo and &O0. The Xach number r m g a  of 
the t e s t s  was 0.296 t o  6.77t3. 

N nornal  force, pounds 
t sec t ion  lift,  pounds per foot 

n + sec t ion  norm& f o r m ,  pounds pcr f o o t  

El s e c t i o n   p i t d u n g  moment, foot-2ounds per f o o t  

S 

g 

wing; m-ea, square f e e t  

dynamic. pressure ($pV"), -pounds. per  squme foot 

P mas8 h e n a i t y ,  slugs per cubic foot 
V veloc i ty ,  f e e t  per second 

. 

i 
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ccu : , uncorrected angle of attack, degrees 
Y 

. .  .. 
a !  angle of attack, degrees 

. .  

x :  dis tance  along chord fron Leading edge, feet  
. .  

Y . .  spamie'e dFstance from centee of rnoael, fe 'e t  ... 

b span, f e e t  

x I4ach number . ,  

. J  

P t  
P f r e e - s t r e a n   a t a t i c   p r e s s u r e ,  pounds pe.r square ' foo t  

, l oca l .  s ta t ic  pressure, pamdt3 per  square foot : . 
. L  . 

In  add- i t ion   to   the  standard ITACA ccreff icJents  and eymb,ol& the 
fol lowing are  used: . 

. . .  , . .  
' .  . .. 

GBH root bend-ing-monent coe f f i c i en t  (EH/qbaCs). ' 
Bk . . ; ' root behdtng moment (gb/2c,  cy dy), foot-pounds -: ' 

Ghl~c . ' root to rs iona l -ament   ' coef f ib ien t  (TP:/~E%) ' . 

C 'ne& aerodynamic chord;. feet ' .  

. .  

cs 
0 

r o o t  chord,  f e e t  . .  c . .  

TI4 , root t o r s i o n a l  moment , @ 1 6 / 2 c a  -. cm dy), :foot+pounds 
- , <. . . .  . .  .. . 

Th.e - l i f t  co'eff i c i en tg  used -In t h i e  .r;eport thoses for I - .  . 
the standard model l e s s  tail a8" shah ir$ :f ig~e:. 4. , .  .I - - 

L .  

. . . .  

.. 
c :  :. . . -  . -1: 

REDUCTION AND P-W,SF;JTATION OF DATA 

The data were corredted $ b r  t u n n e l - k I l  effects by the 
.. . - . 

method o f  re fe rence  2. Correctiqne werk -  also rnede:to .'?acount 
for .the c o n s t r l c t t o n  and ' t h e  upflow of  .$he, air stream. .. . . .  

,. . .  . .  . .  
. .  

Typical  chordwise p ~ e s s u r e - . e t i s t r i ~ u ~ i ~ ~ ~  which G ~ O N  the  . '  - 
e f f e c t s  of angle of ettick, Mach number, 'and landing-flap 
d e f l e c t i o n  a r e  shmm i n  figure8'5,-6, and 7 ,  respectively. 

The sec t ion  nompl-f o m e  and pitching-moment c o e f f i c i e n t s  



were obte-ined by in t eg ra t ion  of t h e  pressure d.istribution6. 
The =is f o r   t h e  pitching-moment coe f f i c l en t  a t  each station 
is a l i n e  n0ma.l t o  the c e n t e r   l i n e  of t he  model and passing 
through  the  quarter-chord poir-t  of  the  1 f . A . C . '  It should be 
noted   tha t  no considerat ion or8.s taken of the  chordvise  component 
of the   p ressure   coef f ic ien t  i n  obtaining  the  'pitching-noment 
c o e f f i c i e n t ,  These c o e f f i c i e n t s  were  tben  p1otte.d  against;  the 
model lift coe f f i c i en t   ex i s t ing  when the date, were taken a8 
found i n  f i g u r e  8.  Figures  9 t o  15 shov the  .va . r i a t lons  at 
each   pressure   s ta t ion  of  the sect ion  normal-force  coeff ic ient  . 
w i t h  model l i f t  coe f f io i en t ,  and figures 15  t o  22 shovr t h e  
var ia t ione  o f  sec t ion  pitching-moment c o e f f i c i e n t  with model 
l i f t  coe f f i c i en t .  

7 

" 

The product of  the  section  normal-force  coeffickent  t imes 
the   s ec t ion  chord is an  index of the section  normal-force 
loading  and so in order  t o  present the  span~rl .se   var ia t ions of  
this loading  the  product  con wag p lo t t ed   aga ins t  span. 
Figures 23, 24, ana 25 6how these  var ia t ions '  f o r  t he   t h ree  . 
flap deflect ions  tes ted.   fntegratk 'on of these  plots  yie lded  
t h e  t o t a l  normel-force coe f f i c i en t s  and t h e  correeponding r o o t  
bending-moment coef-ficients  which are p l o t t e d  agafnst lift 
c o e f f i c i e n t  in f igu res  26 and 27, Peapeotively. 

I n  a similar manner the   product  of t he   s ec t fon  pitching- - L 

moment coef f ic ien t   t imes   the   square  of  the  s .ection  chord 
(c"cm> i s  an index o f  the toraional-moment  loading. From 
i n t eg ra t ion  of  spanwiae p l o t s  of  thf8 quantity t he  root . 
torsional-moment c o e f f i c i e n t s  were  obtained. They a r e  p l o t t e d  
against  l i f t  c o e f f i c i e n t   i n   f i g u r e  2$, 

Figures  29,' 30, and 31 present  cornparisone of ,  the   experi-  
mental   and  analytical  values o f  root bending-moment c o e f f i c i e n t  
f o r   f l a p   d e f l e c t i o n s  o f  Oo, loo,  and ko, respec t ive ly ,  

Figures 32, 33, and 34 show a similar comparison f o r  t he  

Figures 35, 36, - and 37 preeent some t y p i c a l  'spanwise 
normal-force  distr9butione ahosring e f f e c t s  of Kach number 
and fIap,defLect$on,  and a oompsrison of  experimental  and 
a n a l y t i c a l  * .  resu l tq .  , 

section  pitchIngAnornent  coefficient. 

Calculat ions  vere  nade by t h e  method o f  reference 3 o f  t he  
chordwise p res su re   d i s t r ibu t ion  a t  s t a t i o n  140 for t he   t h ree  
flap def l ec t ions   t e s t ed .   S t a t ion  140 larag chosen  eince i t  was  
on the outboard panel of the vfng where the   sec t fona   a re  

P 



standard NACA s e c t i o n s  f o r  vhich  necessary basic charac te r i s -  
t i c s  a r e  ?nom. Also  this p o s i t i o n  T T ~ S  felt t o  be the beet 
compromise to avoiil f l o v  e f f e c t s  due t o  dfhedml. r e v e r s a l ,  
eupport  struts, and- wing t ips.  

C:e.k~iL&iOns vere  a l s o  Eade  of t'ae epan7-rise normal-force 
d i s t r i k u t i o n  far  t h e - t h r e e  flap def l ec t ion8  by the  method 'of 
re fe rence  1. I= order to use this method. It fs necessery t o  
I'J~oM, emong ot'nsr things, the p ro f  ile-drag c o e f f i c i e n t  and 
the ang le  of zero l i f t  o f  t h e  :<ing. The proflle-drag . . 
coe f f i c i en te  wi3h flaps deflected were obtained by adding 
increments of c o e f f i c i e n t s  teken f r o n  f i g u r e  66  of  re ference  4 
t o  tke   va lue  of the  prof fle-drag coe f f   i o i en t  of the wing with 
f l a p s   n e u t r a l .  The anele  ot attack f o r  zero l i f t  VBE obt;a.ined 
from the fo rce  data f o r  Each number of 0.296 by extre-polating 
the curves of figure E! t o  zero lifB ' coeff icfent .  

The spanvise' load distributions so  obtained were Inte- 
grated t o  obtain the normal-force coefficient and t h e  
correoponding r o o t  bendLng-nonent*coefficfent; 

No c a l c u l a t i o n  was made of th&'analgtical r o o t  t o r s i o n a l -  
moment ooe f f t c i en t  since i t  ~.rould involve calcule,t ing the : 

chordvise pyessure distribution at e e z h   s t a t i b n ,  and it was 
f e l t  that  tne conparieon of the analytf-cal  and  experimental .  
c h a r a c t e r l e t i c s  a% one s t a t i o n   i n d l C ~ ~ t e 8 ' W h a t  can be expected 
f o r  t h e  entire iring.. 

. .  - - . .  . . ., 

There-  are, no unusm1 effects  of angle  6f a t t a c k  upon the 
p res su re   d i a t r lbu t ion .  . ( S e e '  f i g ,  5.1 Eiovever, it should be 
noted that, contrary $0 what is coneidered normal; the local 

I+hg  decre,zee as the ?ach number i n c r e m e s ,  .D.%ta not 'pre- 
sented   here in  f o r ,  the   o ther   p ressure  .s tbi t ions show t h e  s m e  
tendency i n  varying degrees. 

' pressure  coef9icient ' s  oyer 'r;bk': famrmd 10 permmt pf  the 
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CuTVeB for constant; Lift coef f fc ien t .  (See f igs .  23(f) and 
23(g) 1 This e f f e c t  $8  probably due to t h e  shock occurr ing 
on the  ndJacent portions of t he  wing. 

" 

. .  t 

If t h e  f l a p e  a re   de r l ec t cd  10' o r .  4U3 t h e  pa%tern of 
events i o  s i n f l w - f ; ~  that previousiy descr ibed excepz the.% at 
the rnaxinuc: Mach nuraker of the t e a t s  there  is no spreading of 
the l o c a l  lift l o s a e s .  

The f o l l o ? r h g  t a b l e  s m ~ e - r i z e a   t h e   : r e a u i t s  : 

Figure 2g i n d i c a t e s  that t he  r o o t  torsional-moment coeffi- 
cient  remains 'practically con8tant ' f o r  d l  'pos'ftive Efft" 
coeff ' icients up t o  .0,8. . ThLs 1.i .especiaJly true at 'Kach ,numbers 
l e s s  t h a n  0.6S5. ' 1% is to .be noted aLEo that. It.5e. coe f f i c i en t s  I 

f o r  each flap def l ec t ion  remain approxfmetely constant f o r  a l l  
the  t e a t  Mach numbers. 

- .  , I  

Conparison of' Experimentel a n d  Analy t ica l  Resu l t s  

The compmiaona given in f igu re& 29,. 30, a<d 31 shov that 
. .  

t he   ca l cu la t ed  m d  e x p e r h e n t a l  rootLb,end~ng-monent   coeff ic ients  
are i n  good agreement and i n  some cm'es in ' 'prao.tioally exac2; 
agreement. ' 

a .  . .  . .  

Figures 32, ' 3 3 ,  and 34 sho~4r'tha.t; the ' experimentel   sect ion 
. L .  

pitching-nomen% coe f f i c i en t s .   a r e  more negative'  than the.' ' ' 

a n a l y t ' i c d  values.  That is, the  analytical rnetllod under- 
estimates the  loads. It 'brill be Been that the  m o u n t  of  e r r o r  
i s  approxinately constant at each Hach number and tends t o  
increase with Mach number. Also, the   percentage e r r o r  based 
on the  a n a l y t i c a l  value i s  g r e a t e a t  for the  condi t lon o f  flaps .. 
neu t ra l  o r  def lec ted  4-0' and least T-rith f laps  def lec ted  l o o ,  
For example, wi.th neutral flaps t h e   e r r o r  v ~ ~ i e s  from 30 percent 
at 0.296 Mach number t o  100 percent at 0.77g l!ach number. Also, i- 
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It has been seen   t ha t  %he d ihedrd  r e v e r s d  of the wing 
aff ec ta   the  spm~rise normal-f orce   d i s t r ibu t ion .  Theref ore, 
the  results of these t e s t s  should be considered txppliccble 
only to similar wings. 

The c o r r e l a t i o n  between experfnentd.  and e n a l y t i c d  
v a r i a t i o n  of  root bending-moment c o e f f i c i e n t  vith wing 
normal-f oroe coef f l o L e n t  is good. 

The root torsional-moment coefficient for each f l a p  
d e f l e c t i o n  remains approximately c o n s t m t  throughout; the  
lif t - coe f f i c i en t  and. Yach number range of the t e s t s .  

The experfmental value of the  sect lon pitching-moment 
c o e f f i c i e n t  w m  i n  all w s e s   g r e a t e r  than t h e   a n a l y t i c a l  
value. The discrepancy voried from 20 to 3-00 percent of the 
anal y t i c Et3 value . 
Ames Aeronautical  Lc?lbora,ttrory, 

National. Advisory Cornittee f o r  Aeronautics, 
. KofPett Field, G d i f .  
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2. 

3. 
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TAB= I 

ORDINATES FOR STATTON 40.102 

STATION 

0 

- 1.25 
2.5 

5 

7 . 5  

10 

15 

20 

30 

40 

50 

60 

70 

80 

90 

95 

100 

UPPER 
SURFACE 

0 

2.530 

3 . 527 

4.912 

5.92 

6 .?4 

8.07 

9.05 

10 -08 

10.34 

9.93s 

8.67 

6.72 

4.33 

1.78 

. 665 

0 

LOWER 
SURFACE 

0 

-2.123 

-2.874 

-3.947 

-4 a 7 2  

-5.36 

-6 37 

-7 06 

"7.68 

-7.68 

-7.165 

-6.01 

-4 . 355 
-2.424 

- 0037 
- 0300 

0 

ALL COORDTNATES ARE TH' PERCENT CHORD 

NATIONAL ADVISORY 

GOMMITTEE FOR AERONAUnGS 
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Fig. 3 NACA RM No. Am23 
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Figure 4.- The model mounted in the l6-foot wind 
tunnel. For  these tests the propeller was 
replaced by a dummy spinner. 

Fig. 4 
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Fig. 15b NACA RM No. A7D23 
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Fig. 31a NACA RM No. Am23 
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Fig. 32 NACA R.M No. Am23 
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Fig. 36c NACA RM No. Am23 

J- 



c 

L 

NACA RM No. A m 2 3  Fig. 37 

.2 

-2 



# 


