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SUMMARY 

A wind tunnel inves t iga t ion  has been conducted t o  e s t ab l i sh  the  flow 
correct ion,  over a la rge  angle of a t t ack  range, necessary t o  co r r ec t  t he  
measurements of an angle of a t t ack  sensor. The sensor was mounted ahead of 
the  wing of a 115-scale model of a general av i a t ion  airplane.  The inves t i -  
gat ion was preliminary, t e s t i ng  the e f f ec t s  of t he  spanwise and chordwfse 
locat ion of the sensor on the flow correction. The t e s t s  were conducted over 
an angle of a t tack  range from -10' t o  110'. 

The t e s t s  showed t h e  flow cor rec t ion  was subs t an t i a l  a t  a l l  of the sensor 
locat ions tes ted ,  reaching over 15O a t  an angle of a t t ack  of 90'. The flow 
correct ion was found t o  increase a s  the sensor was moved c lose r  t o  the wing 
( a t  a fixed spanwise locat ion)  o r  c loser  t o  the fuselage ( a t  a f ixed  chordwise 
location).  The experimentally determined s lope of the  flow cor rec t ion  versus 
the measured angle of a t t ack  below the s t a l l  angle of a t t ack  agreed c lose ly  
with the s lope of f l i g h t  data  from a s imi l a r  f u l l  s c a l e  airplane.  However, 
more t e s t s  should be conducted to  inves t iga te  t he  observed b i a s  between the 
two curves. 

INTRODUCTION 

In f l i g h t  t e s t  invest igat ions,  i t  is  o f t en  des i rab le  t o  reduce the f l i g h t  
data  to  a form tha t  can be compared d i r e c t l y  with wind tunnel r e s u l t s  o r  
theore t ica l  predictions.  An e s s e n t i a l  f l i g h t  quant i ty  f b r  t h i s  comparison is 
the t rue  angle of a t t ack  of the airplane.  One type of angle of a t tack  sensor 
which has had widespread use is a vane which is usua l ly  mounted i n  f ron t  of 
the  wing neat the  wing t i p  (see, e.g., the sensor i n  re f .  1). However, such 
a device only measures the  l o c a l  £].ow d i r ec t ion  a t  the  sensor,  and t o  
determine the t rue  angle of a t t a - .  of the a i rp lane ,  correct ions must be 
applied t o  t h i s  measured loca l  flow Airection (ca l led  the measured angle of 
a t t ack  herein).  One correct ion t o  be applied t o  the measured angle of a t t a c k  
i s  a flow correct ion t o  account f o r  the change i n  the  flow d i r ec t ion  due t o  



the  presence of the  airplane.  Other cor rec t ions  ( fo r  example, t o  account 
f o r  a i rp lane  ro t a t ion )  should a l s o  be applied t o  the  angle of  a t t a c k  measured 
i n  f l i g h t  ( re fs .  2, 3, and 4),  bur these correct ions a r e  not considered i n  
t h i s  paper. 

For airplanes i n  the normal, uns ta l led  f l i g h t  regime t h i s  flow cor rec t ion  
can be and has been determined both experimentally and theo re t i ca l ly  (refs .  2 ,  
3, 5, and 6). Nevertheless, very l i t t l e  work has been done i n  determining the  
flow correct ion f o r  f l i g h t  a t  angles of a t t ack  above the  s t a l l .  However, 
NASA Langley Research Center is inves t iga t ing  the s t a l l l s p i n  problem i n  
general av ia t ion  airplanes and a t  the  la rge  angles of a t t ack  encountered i n  
s t a l l e d  o r  spinning f l i g h t  the flow cor rec t ion  may be subs tan t ia l .  Conse- 
quently,  i f  the flow cor rec t ion  i s  i n  f a c t  large,  i t  should be applied t o  
the data  taken during the s t a l l l s p i n  f l i g h t  t e s t s  t o  enable d i r e c t  comparison 
of the f l i g h t  data  with data  from other  sources (ref.  7). 

This paper is a presentat ion of an exploratory inves t iga t ion ,  using a 
1/5-scale model of a low-wing general av ia t ion  airplane,  i n t o  the  natu,: o f  
the s t a t i c  flow correct ions necessary t o  cor rec t  the measurements of a vane 
angle of a t tack  sensor over a la rge  angle of a t t ack  range. These r e s u l t s  
can be used to  obta in  a flow cor rec t ion  t o  be applied t o  the  angle of  a t t a c k  
d a t a  taken on a fu l l - s ca l e  research a i rp lane  during s p i n  maneuvers ( re f .  8). 

In  the present inves t iga t ion  the flow cor rec t ion  f o r  the model was 
determined a t  four spanwise' lbcat ions and a t  two chordwise posi t ions i n  f ron t  
of the  wing ( a t  the outboard spanwise location).  These t e s t s  were conducted 
over a range of angles of a t t ack  from -lo0 t o  110'. 

SYMBOLS 

drag coe f f i c i en t ,  Drag 
qs 

L i f t  
C~ l i f t  coef f ic ien t  , - 

qs  

C~ resu l tan t - force  coe f f i c i en t ,  

c wing chord, m 

9 free-stream dynamic pressure,  Pa 

S wing area ,  m 
2 



v p ,  c l o c a l  flow v e l o c i t y  wi th  t h e  boom and ang le  o f  a t t a c k  sensor  i n  t h e  
c a l i b r a t i o n  r i g ,  m/sec 

v p ,  m l o c a l  flow v e l o c i t y  with t h e  boom and ang le  o f  a t t a c k  sensor  uounted 
on t h e  model, m/sec 

rm measured ang le  o f  a t t a c k ,  deg 

"t 
t r u e  angle  of a t t a c k ,  deg 

B flow c o r r e c t i o n ,  deg 

OS 
angle  o f  wind-tunnel mounting s t r u t ,  deg 

TEST EQUIPMENT 

Wind Tunnel 

The i n v e s t i g a t i o n  was conducted i n  t h e  12-Foot Low-Speed Wind Tunnel a t  
t h e  Langley Research Center. The tunnel  has  a 3.66-meter octagonal  t e s t  
s e c t i o n  and a v a r i a b l e  speed e l e c t r i c  motor-driven fan. The tunnel  is 
equipped wi th  a movable mounting s t r u t  t h a t  can p o s i t i o n  models over  a wide 
range o f  angles  o f  a t t a c k  and angles  of s i d e s l i p .  

Mode 1 

The model t e s t e d  ( f i g .  1) was a f i f t h  s c a l e  model o f  a low-wing genera l  
a v i a t i o n  a i rp lane .  The model dimensions a r c  s h o ~ m  i n  f i g u r e  2. The model 
had a wing a rea  of .36 m2 and an aspect  r a t i o  o f  6.1. The wing had a 
NACA 64 - 415 a i r f o i l  s e c t i o n  and was untapered and untwisted wi th  5' 

2 geone t r l c  d i h e d r a l  per wing panel. The r e a r  fuse lage  s e c t i o n  con ta in ing  
the  h o r i z o n t a l  and v e r t i c a l  t a i l s  was removed f o r  a l l  of  t h e  t e s t s .  Also,  
the model was unpowered and d i d  no t  have landing gear. 

A 6.6 nun diameter c y l i n d r i c a l  boom holding a vane ang le  o f  a t t a c k  sensor  
wzs a t t ached  t o  t h e  l e f t  wing of the  model ( f i g .  1).  The ang le  of a t t a c k  
sensor  ( f i g .  3)  was s i m i l a r  t o  t h e  one repor ted  i n  r e f e r e n c e  1. 

Almost a l l  o f  the  t e s t s  were conducted wi th  t h e  a n g l e  o f  a t t a c k  sensor  
located 1.06 c ahead of t h e  wing leading edge. With t h i s  l eng th  boom four  
spanwise boom loca t ions  on the  l e f t  wing were t e s t e d  ( f i g .  2 ) .  For one o f  t h e  
t e s t s ,  the  boom was shor tened t o  l o c a t e  t h e  sensor  .58 c ahead of t h e  wing 
a t  t h e  l e i  t wing t i p .  The outboard loca t ion ,  l o c a t i o n  aumber 1, ,corresponds 
t o  t h e  boom l o c a t i o n  on the  f u l l - s c a l e  a i r p l a n e  involved i n  t h e  s t a l l - s p i n  
t e s t  program repor ted  i n  re fe rence  9. 



Data System 

Flow direct ion.-  The angular pos i t ion  of the sensor  was recorded using 
a prototype data  system which is used i n  radio-controlled model tests a t  the 
Langley Research Center. In  t h i s  systen. a potentiometer on the  sensor  
produced a voltage t h a t  was proportional t o  the sensor posi t ion.  This vol tage 
was then used t o  modulate a hobby-type radio-controlled t ransmi t te r  i n  the 
model. The transmitted s igna l  was picked c p  by a rece iver  outs ide the t e s t  
sec t ion  which drove a hobby type servo to  produce a meter def lect ion.  This 
def lec t ion ,  which was proportional t o  the sensor angle, was recorded manually 
a t  the d i f f e r en t  t e s t  conditions. The sensor was ca l ib ra t ed  i n  t h e  laboratory 
using a cal-ibration f ix tu re  and was general ly  repeatable  within 2'. When the 
sensor was used t o  measure the flow d i r ec t ion  i n  the tunnel, the r e p e a t a b i l i t y  
was a l s o  within 2' and was usual ly l e s s  than lo. 

Model force.- A three component s t r a i n  gauge bdlance was used t o  obta in  
normal and ? x i a l  forces and p i tch ing  moment f o r  the  model. 

PROCEDURE 

Wind Tunnel Tests  

A l l  of the wind tunnel t e s t s  were run a t  a dynamic pressure of 191.5 Pa. 
A t  standard sea l eve l  densi ty  t h i s  pressure corresponds t o  a ve loc i ty  of about 
17.7 mlsec and a Reynolds number, based on the  wing chord, of about . 3  X lo6. 
The t e s t  conditions a r e  summarized i n  the following t a b l e  (see f ig .  2 f o r  the  
sensor locat ions) :  

.*. 
The angle of s i d e s l i p  was zero fo r  a l l  of the  t e s t s  
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Wind Tunnel Flow Cal ibra t ion  

To account for  flow i r r e g u l a r i t i e s  i n  the  region of the  tunnel i n  which 
the  model was t e s t ed  a c a l i b r a t i o n  was conducted. To accomplish t h i s ,  an 
apparatus was made t o  pos i t ion  the  i so l a t ed  boom and sensor  i n  t h e  tunnel 
with the model removed. The apparatus was constructed s o  t h a t  a s  the wind- 
tunnel s t r u t  was swept through i t s  angle of  a t t a c k  range, t he  sensor was swept 
through the same region of the tunnel a s  when the  sensor was mounted on the  
model. With the boom and sensor i n  t h i s  c a l i b r a t i o n  r i g ,  the sensor angle  was 
assumed t o  be equal t o  t h e  t r u e  angle of a t tack  (!!ig. 4 (a ) ) .  

Using t h i s  equipment two t e s t s  ( t e s t s  6 and 7 In  the  t ab l e )  were made 
with the sensor  and boom held i n  pos i t ions  corresponding t o  sensor  loca t ions  
numbers 1 and 4. Because the data  showed l i t t l e  d i f fe rence  between the  two 
posi t ions t he  da ta  f o r  t he  boom and sensor  a lone i n  pos i t i on  number 1 was 
used as  the  ca l ib ra t ion .  This c a l i b r a t i o n  is presented a s  a p l o t  of the  t r u e  
angle of a t t ack  as  a funct ion of the  s t r u t  angle ( f ig .  5). 

Data Reduct ion 

With the  boom mounted on the  model the sensor angle  ( the  measured angle  
of a t t ack )  was measured fo r  the var ious t e s t  conditions ( f ig .  4(b)) .  The flow 
cor rec t ion ,  E, is defined as the d i f fe rence  between the  measured angle of 
a t t a c k  and the t rue  angle of  a t t ack  (determined from the  tunnel  c a l i b r a t i o n ,  
f ig .  5)  a t  a p a r t i c u l a r  s t r u t  angle ( f ig .  4 (c ) ) ,  t h a t  is 

To a id  the experimenter, i n  t h i s  repor t  t he  flow cor rec t ion  is  p lo t t ed  aga ins t  
the  experimentally determined quant i ty ,  t he  measured angle  of  a t tack .  

RESULTS AND DISCUSSION 

An example of the angle of a t t a c k  da ta  taken when the  model was i n  t he  
tunnel (from t e s t  1 )  is shown i n  f i gu re  6. The measured angle  of a t t a c k  a t  
a given s t r u t  angle (from f ig .  6) is  p lo t ted  against  the  t r u e  angle  of  a t t a c k  
a t  the same s t r u t  angle (from f ig .  5)  t o  y i e ld  a p lo t  of the  t r u e  versus the 
measured angles of a t t ack  ( f ig .  7). This f i gu re  can be used by a f l i g h t  t e s t  
engineer t o  obtain the t r u e  angle  of  a t t a c k  from h i s  i n - f l i g h t  measurements 
of the angle of a t tack.  

I n  c t d e r  t o  show the ac tua l  flow cor rec t ion  more c l e a r l y ,  the tunnel  flow 
c a l i b r a t i o n  data  ( f ig .  5) were combined with the da ta  i n  f i g u r e  6 (as w e l l  as  
the  data  from t e s t s  2-5) using equation 1. In f i gu re  8, t h e  flow co r r ec t i on  
f o r  both sensor posi t ions i n  f ron t  of the wing, a t  the  outboard spanwise 
locat ion,  is presented. These data  i nd i ca t e  t ha t  there  is a smaller  flow 
cor rec t ion  fo r  the sensor pos i t ion  fu r the r  from the  wing. This r e s u l t  i s  
probably due t o  the f a c t  t ha t  the sensor is i n  a region of flow which is l e s s  



inf luenced by t h e  wing. Figure  9 shows t h e  flow c o r r e c t i o n  a t  four  spanwise 
sensor  loca t ions  ( a l l  four  wi th  t h e  ang le  o f  a t t a c k  sensor  l o c a t e d  1.06 c 
ahead of the  wing), demonstrating t h a t  t h e  flow c o r r e c t i o n  inc rzases  a s  t h e  
sensor  is moved inbosrd. This  r e s u l t  is  l i k e l y  due t o  t h e  v a r i a t i o n  of the  l i f t  
d i s t r i b u t i o n  over the  wing and t o  t h e  inc reas ing  e f f e c t  o f  t h e  fuselage.  A t  
a11 o f  t h e  sensor  loca t ions  t e s t e d ,  the  flow c o r r e c t i o n  was s u b s t a n t i a l ,  va ry ing  

0 from about 2' a t  a  measured angle  o f  a t t a c k  of o0 t o  over  1 5  a t  a  measured 
angle  o f  a t t a c k  of 90°. 

I n  an a t tempt  t o  c o r r e l a t e  t h e  flow c o r r e c t i o n  w i t h  t h e  aerodynamic 
c h n r a c t c r i s t i c s  of the  model, t h e  flow c o r r e c t i o n  d a t a  ( f i g s .  8 and 9 )  have 
been compared wi th  t h e  l o n g i t u d i n a l  f o r c e  data .  The l i f t ,  drag and r e s u l t a n t -  
f o r c e  c o e f f i c i e n t s  a r e  p l o t t e d  a g a i n s t  t h e  s t r u t  ang le  ( f i g .  l o ) ,  which i s  
s i m i l a r  t o  the  t r u e  angle  o f  a t t a c k  ( f i g .  5). These d a t a  fol low t h e  genera l  
t r ends  of the  l i f t  and d rag  curves of t y p i c a l  genera l  a v i a t i o n  a i r p l a n e s  
( re f .  10). Comparison o f  the  f o r c e  d a t a  i n  f i g u r e  10 with t h e  flow c o r r e c t i o n  
d a t a  i n  f i g u r e s  8 and 9 seems t o  i n d i c a t e  t h a t  t h e  f low t o r r e c t i o n  is  no t  
d i r e c t l y  r e l a t e d  t o  any one of t h e  drag,  l i f t ,  o r  r e s u l t a n t - f o r c e  c o e f f i c i e n t s  
ind iv idua l ly .  However, a t  measured angles  o f  a t t a c k  above 20' t h e  flow 
c o r r e c t i o n  is most n e a r l y  l i k e  t h e  drag c o e f f i c i e n t .  A t  t he  same time, t h e  
change of s l o p e  i n  t h e  flow c o r r e c t i o n  curves  between 10' and 20' measured 
angle  o f  a t t a c k  may be r e l a t e d  t o  t h e  drop i n  l i f t  a t  lop s t r u t  ang le  i n  
f i g u r e  10. 

F i n a l l y ,  the  flow c o r r e c t i o n  ( a t  p o s i t i o n  number 1) below t h e  s t a l l  a n g l e  
o f  a t t a c k  i s  compared v i t h  flow c o r r e c t i o n  d a t a  f o r  a  s i m i l a r  f u l l  s c a l e  
a i r p l a n e  i n  f l i g h t  ( r e f .  2 ) .  F igure  11 shows t h a t  t h e  s lope  of the  exper i -  
mental ly  determined flow c o r r e c t i o n  agrees v i t h  t h e  s l o p e  determined i n  f l i g h t .  
However, the re  i s  a  b i a s  of about 1.5O i n  t h e  flow c o r r e c t i o n  a t  a  given v a l u e  
o f  the  measured angle  o f  a t tnck .  This o f f s e t  is probably p a r t i a l l y  due t o  a  
di-fference i n  t h e  re fe rence  l i n e  bctwecn the  a i r p l a n e  and t h e  model. I2 f a c t ,  
the  re fe rence  l i n e  on the  model was cIlosen a r b i t r a r i l y .  FIore t e s t s  i n  both  
t h e  wind tunnel  and f l i g h t  w i l l  be needcd t o  determine t h e  t r u e  r t ? a t i o n s h i p  
between the  two s e t s  o f  measurements. 

CONCLlIDING REMARKS 

A wind tunnel  s tudy has been undertaken t o  determine the  n a t u r e  o f  t h e  
flow c o r r e c t i o n  f o r  an angle  of a t t a c k  sensor .  The sensor  was mounted i n  
f r o n t  of a  115-scale model o f  a  genera1 a v i a t i o n  a i rp lane .  It was shown t h a t  
the  flow c o r r e c t i o n  is s u b s t a n t i a l ,  varying from 2O a t  0' atlgle o f  a t t a c k  t o  
over 15O a t  90' angle o f  a t t ack .  The flow c o r r e c t i o n  was found t o  be a  
funct ion o f  the  spanwise and chordwise l o c a t i o n  o f  t h e  sensor .  The c o r r e c t i o n  
increased a s  t h e  sensor  was moved c l o s e r  t o  t h e  wing o r  c l o s e r  t o  t h e  fuselage.  
The exper imental ly  determined s l o p e  of t h e  f low c o r r e c t i o n  versus  t h e  measured 
angle  of a t t a c k  ( a t  angles  of a t t n c k  below t h e  s t a l l )  ag rees  c l o s e l y  wi th  t h e  
s l o p e  of f l i g h t  d a t a  from a  f u l l - s c a l e  a i r p l a n e .  However, more t e s t s  should  be  
conducted t o  i n v e s t i g a t e  t h e  observed b i a s  between the  two curves.  
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Figure 1. - Photograph of the model. 



Sensor locations \--.4nple of 
attack 
sensor 

Figure 2,- Three-view dlawing of the model showing the  sensor locations tested. 
All dimensions a r e  in meters. 



(a) Photograph of the angle of attack sensor. 

(b) Dimensions (in cm) of the angle of zttack sensor. 

Figure 3. - Photograph and di: I ?nsions o' the angle of attack sensor. 
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(a) Tunnel flow calibration. 

(b) Flow direction measurement. 

Center line 
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(c) Definition of flow correction. 

Figure 4.- Definitions of the angles measured to determine ?he flow correction. 
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