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qs 

i t c h i n g  moment pitching-moment c o e f f i c i e n t ,  p 
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gross  t h r u s t ,  l b  

percent  of engine r a t e d  rpm 

free-s t ream dynamic pressure ,  l b / f t 2  

wing area, f t 2  

angle  of  a t t a c k ,  deg 

e l e v a t o r  d e f l e c t i o n  p o s i t i v e  up, deg 

free-s t ream a i r  temperature,  "R 
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Subs c r  i p  t 

uncorrected 

The d a t a  presented a r e  r e f e r r e d  t o  the  wind axis. 

iii 



FULL-SCALE WIND-TUNNEL INVESTIGATION OF A TARGET-TYPE 

THRUST REVERSER ON THE A-37B AIRPLANE 

By Michael D .  Fa l a r sk i  
Army Aeronautical  Research Laboratory 

and 

Kenneth W .  Mort 
Ames Research Center 

SUMMARY 

Fu l l - sca l e  wind-tunnel t e s t s  were conducted t o  determine t h e  aerodynamic 
c h a r a c t e r i s t i c s  of t h e  A-37B a i rp l ane  equipped with t a rge t - type  t h r u s t  revers -  
ers.  Operation of t h e  r eve r se r s  caused l a rge  decreases  i n  longi tudina l  s t a -  
b i l i t y  and cont ro l  and severe  a i rp l ane  b u f f e t t i n g .  
gas plumes caused f a i l u r e  of t h e  f l a p  and r eve r se r  cont ro l  mechanisms and 
caused s k i n  d i s t o r t i o n .  
exhaust gas inges t ion  i n t o  t h e  engine i n l e t s .  

Exposure t o  t h e  exhaust 

Reverser operat ion i n  ground e f f e c t  was l imi ted  by 

INTRODUCTION 

Thrust  r eve r se r s  have shown p o t e n t i a l  f o r  allowing more p r e c i s e  con t ro l  
of a i rcraf t  f l i g h t  path and approach speed through r ap id  modulation of t h r u s t  
(see,  e . g . ,  r e f s .  1 and 2 ) .  A s tudy of t he  app l i ca t ion  of a t a rge t - type  
t h r u s t  r eve r se r  t o  t h e  A-37B a i rp l ane  was made i n  Ames 40- by 80-FOOt Wind 
Tunnel, and t h e  r e s u l t s  a r e  reported he re in .  

MODEL AND APPARATUS 

The A-37B a i rp l ane  used i n  t h e  tests i s  shown i n  f i g u r e  1. The wind- 
tunnel i n s t a l l a t i o n  of t h e  a i rp l ane  i s  shown i n  f i g u r e  2 (a ) ,  and t h e  ground 
plane i n s t a l l a t i o n  used t o  study exhaust i nges t ion  during landing i s  shown i n  
f i g u r e  2(b) .  

The a i rp l ane  was equipped with two 5-85-17A t u r b o j e t  engines with t a r g e t -  
type r eve r se r  assemblies.  The d e t a i l s  of t h e  r eve r se r s  a r e  shown i n  t h e  
sketch and photographs of f igu res  3 and 4 .  



TEST PROCEDURE 

The e f f ec t iveness  of t h e  r eve r se r  was determined by s e t t i n g  a r eve r se r  
door gap and varying engine speed. 
door gaps from 0 ( f u l l  reverse)  t o  17.4 (stowed) inches and f r ee - s t r ea?  
dynamic pressures  from 0 t o  60 ps f .  

This procedure was dupl icated f o r  s eve ra l  

To determine t h e  effect  of t h e  r eve r se r s  on the  longi tudina l  aerodynamic 
c h a r a c t e r i s t i c s  t h e  angle of a t t ack  was var ied  from -3' t o  +16' a t  a constant  
cor rec ted  engine speed and free-stream dynamic p res su re ,  
s eve ra l  speeds a t  each of s eve ra l  r eve r se r  door gaps,  
w a s  va r i ed  from - Z O O  t o  + S o .  
mechanism f a i l u r e .  

This was done f o r  
Elevator  de f l ec t ion  

The f l a p s  were set  a t  0' because of cont ro l  

Exhaust gas inges t ion  s t u d i e s  were performed with the  ground plane 
i n s t a l l e d  under t h e  a i rp l ane  a t  t h e  landing touchdown he ight .  
i nges t ion  was determined with thermocouples mounted i n  the  engine i n l e t ,  
engine speed at which exhaust gas inges t ion  occurred was def ined f o r  s eve ra l  
door gaps by increas ing  engine speed while holding a constant  free-stream 
dynamic pressure  of 30 p s f .  For  these  tests t h e  a i rp l ane  f l a p s  and angle of 
a t t a c k  were set  a t  0'. 

Exhaust gas 
The 

CORRECTIONS 

The following cor rec t ions  f o r  wind-tunnel-wall effects were made t o  t h e  
fo rce  da ta :  

Cm = Cmu + 0.00754 CL, 

The model drag and p i t ch ing  moment were cor rec ted  f o r  t a r e s  obtained f o r  
t he  unshielded s t r u t  t i p s .  
t he re fo re  do not  include t h e  aerodynamic i n t e r a c t i o n  between t h e  model and 
s t r u t  t i p s .  

These tares were obtained without t h e  model and 

ACCURACY OF MEASUREMENTS 

The var ious q u a n t i t i e s  measured i n  t h e  wind tunnel were accura te  wi th in  
t h e  following l i m i t s :  

2 



Angle of attack k0.3' 
L i f t  210 l b  
Drag +3 l b  

Free-stream dynamic pressure  t 0 . 5  percent  
Door gap +1/16 inch 

Pi tch ing  moment 2250 f t - l b  

Elevator  de f l ec t ion  +1. oo 

The fo rce  and moment da t a  were obtained by averaging seve ra l  samples f o r  
each d a t a  po in t .  
c a l i b r a t i o n ,  and recording method. 

The accuracies  include e r r o r s  due t o  cor rec t ion ,  

RESULTS AND DISCUSSION 

The t h r u s t  r eve r se r  e f f ec t iveness  i s  presented i n  f igu res  5 and 6 .  The 
v a r i a t i o n  of gross t h r u s t  with cor rec ted  engine speed f o r  s eve ra l  door gaps a t  
a free-stream dynamic pressure  (9) of 0 psf  i s  presented i n  f i g u r e  5 ?  The 
v a r i a t i o n  of drag c o e f f i c i e n t  with cor rec ted  engine speed f o r  s eve ra l  door 
gaps a t  a q of about 30 psf  i s  presented i n  f i g u r e  6.  A t  a cor rec ted  speed 
of about 77 percent ,  d a t a  f o r  a few add i t iona l  values  of q are shown, 

A s  can be seen i n  f igu res  5 and 6,  t he  engine speed during r eve r se r  
operat ion d id  not  exceed 80 percent  because of hea t ing  problems caused by 
the  r eve r se r  exhaust plumes. Exposure t o  exhaust gases caused engine over- 
heat ing and f a i ly re  of t h e  f l a p  and r eve r se r  cont ro l  mechanisms. The lower 
exhaust plume &attached t o  the  n a c e l l e  and fuse lage  lower sur faces  causing 
d i sco lo ra t ion  and s k i n  d i s t o r t i o n  as shown i n  f i g u r e  7. This occurred with 
and without t he  ground plane i n s t a l l e d .  
attachment was delayed by removal of t h e  r eve r se r  door end p l a t e s ,  
was f u r t h e r  delayed by t h e  addi t ion  of s p o i l e r s  on the  n a c e l l e ,  For a door 
gap of 5-1/4 inches and q = 20 p s f ,  a 1.7-inch-high s p o i l e r  delayed exhaust 
plume attachment from an engine speed of 60 t o  80 percent .  A l l  t h e  d a t a  
presented are f o r  both s p o i l e r  and end p l a t e s  removed. 

The occurrence of t h i s  exhaust flow 
Attachment 

The longi tudina l  c h a r a c t e r i s t i c s  of the  A-37B a i rp l ane  a r e  presented i n  
f igu res  8 t o  10 f o r  var ious r eve r se r  door gaps and engine speeds,  I t  i s  
evident  t h a t  t he  s t a b i l i t y  and cont ro l  e f f ec t iveness  of t h e  a i r c r a f t  i s  
reduced as the  r eve r se r  door gap is  reduced. For a given door gap t h e  s t a b i l -  
i t y  i s  a l s o  reduced as t h e  engine speed is  increased.  The la rge  scat ter  i n  
the  s t a b i l i t y  d a t a  is due t o  turbulence c rea ted  a t  the  ho r i zon ta l  t a i l  by t h e  
r eve r se r  exhaust plumes. 
bu f fe t  t h a t  increased with reversed t h r u s t ,  

This turbulence was evident  as severe a i rp l ane  

Exhaust i nges t ion  was def ined by a sudden f l u c t u a t i o n  and r i s e  i n  t h e  
I t  occurred when the  exhaust plume from t h e  engine i n l e t  a i r  temperature.  

lower r eve r se r  door was de f l ec t ed  forward under t h e  wing by the  ground plane.  
The exhaust then entered t h e  engine a t  the  lower edge of t he  i n l e t .  The 
r e s u l t s  of t he  inges t ion  s tudy a r e  presented i n  f i g u r e  11. This f i g u r e  shows 
the  cor rec ted  engine speed a t  which inges t ion  occurs as a func t ion  of 
r eve r se r  door gap f o r  a free-stream dynamic pressure  of 30 p s f ,  

3 



CONCLUDING REMARKS 

A s  reversed t h r u s t  was increased,  e i t h e r  by reducing r e v e r s e r  door gap 
o r  inc reas ing  engine speed, l ong i tud ina l  s t a b i l i t y  and con t ro l  was reduced 
because the  reverser exhaust plumes i n t e r f e r e s  with t h e  ho r i zon ta l  t a i l .  
This i n t e r f e r e n c e  a l s o  caused t a i l  b u f f e t t i n g  t h a t  increased with inc reas ing  
reversed t h r u s t .  

Operation of  t h e  t h r u s t  r e v e r s e r s  i n  ground effect  was s e v e r e l y  l i m i t e d  
by i n g e s t i o n  of  t h e  lower p o r t i o n  of  t h e  exhaust plume i n t o  t h e  engine i n l e t s .  

M a x i m u m  engine speed during r eve r se r  operat ion was l i m i t e d  t o  80 pe rcen t  
by n a c e l l e  hea t ing  caused by t h e  r e v e r s e r  exhaust plumes, 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett  F i e l d ,  Calif .  94035, Dec. 10, 1969 
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Figure 1.- Model details; all dimensions in inches. 
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(a) Ground plane removed. 

(b) Ground plane installed. 

Figure 2.- Aircraft installed in wind tunnel. 
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(a) Reverser stowed; door gap = 17.4 inches. 

(b) Full reverse; door gap = 0. 

Figure 4.- Thrust reverser installed on aircraft. 
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Figure 6.- Variation of drag coefficient with changes in corrected engine 
speed f o r  several door gaps; a, = Oo. 

10 



(a) Upper nacelle. 

Figure 7. 

(b) Lower nacelle and fuselage. 

- Discoloration and skin distortion caused by reverser exhai 1s t gas ;es . 
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(b) Door gap = 5-1/4 inches; q = 30 psf. 

Figure 8.- Variation in longitudinal characteristics with changes in corrected 
engine speed; 6, = 0. 
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Figure 8.- Concluded. 
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