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-q SUMMARY 

4 
This paper presents  a comparison of t he  performance of two externa l ly  .:I blown f l a p  (EBF) wind-tunnel models with an engine-exhaust f l a p  impinge- 

ment co r r e l a t ion  parameter. One model was a four-engine EBF t r i p l e -  
s lo t t ed  f l a p  t ransport .  I so la ted  engine wake surveys were conducted t o  
def ine  t h e  wake properties of give separa te  engine configurat ions f o r  which 
performance da t a  were avai lable .  The other  model was a two-engine EBF trans- 
port  f o r  which the  engine wake proper t ies  were estimated. The cc r r e l a t ion  
parameter was a funct ion of engine-exhaust dynamic pressure a t  t h e  f l a p  
locat ion,  a rea  of engine-exhaust f l a p  impingement, t o t a l  exhaust a r ea  a t  t h e  
f l a p  locat ion,  and engice th rus t .  The d i s t r i b u t i o n  of dynamic pressure f o r  
t he  f i r s t  model was measured ; however, t h e  d i s t r i b u t i o n  f o r  t h e  second model 
was assumed t o  be uniform. 

;:.J . , 
-, w . -. --: Numerous concepts have been developed f o r  achieving short-take-off-and- 

.,:.:i landing (STOL) performance. One approach which was se lec ted  f o r  an ~dvanced  
. i  medium STOL t ransport  (AMST) configurat ion,  the  YC--15, i s  the  ex terna l ly  > ' *  .- I 

blown f l a p  (EBF). Most EBF concept development h~.s been achieved with 
experimental inves t iga t ions  ( re fs .  1 t o  8) of var ious engine and airframe 
conf igurat ians.  While very l imited a c d y s e s  ( re fs .  9 t o  11) of these config- 
ura t ions  have been attempted, some work has been done with an empir ical  
ana lys i s  using a co r re l a t ion  parameter (impingement parameter) based on t h e  
v e r t i c a l  d i s tance  t h a t  t h e  f l s ~  t r a i l i n g  edge extends i n t o  the  j e t  exhaust 
from the  engine center  l i n e  and t h e  r ad ius  of t h e  j e t  exhaust a t  the  f l a p  
t r a i l i n g  edge. (See r e f .  12.) 

The present paper descr ibes  t he  r e s u l t s  of a r e l a t i v e l y  simple ana lys i s  
based on an  engine-exhaust f l a p  impingement pe rme te r ,  which is a funct ion 
of t he  engine-exhaust dynamic pressure a t  t h e  f l a p  loca t i cn ,  t h e  a rea  of 
engine-exhaust f l a p  impingement, t he  t o t a l  exex'~aust area a t  t he  f l a p  loca t ion ,  
and the  thrus t .  Isole.ted engine wake surveys were conducted t o  def ine  t h i s  
parameter f o r  one of the  EBF models f o r  which aerodynamic performance de t a  were 
ava i lab le  ( re f .  2). A unif orm dynamic pr eaerae p r o f i l e  was assumed t o  deter- 
mine t h i s  parameter f o r  t he  other EBF model. (See r e f .  13.) 
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SYMBOLS 

t o t a l  a rea  of engine exhaust which impinges on f l a p ,  m - 
incremental a rea  of engine exhaust which impinges on f l a p ,  m 2 

t o t a l  area 3f edgine exhaust a t  f l a p  loca t ion ,  m 2 

L i f t  l i f t  coe f f i c i en t  , - 
qs 

thrust-removed l i f t  coe f f i c i en t  

t h rus t  coe f f i c i en t  , Thrust 
q s 

l o c a l  wlng chord, m 

engine-exhaus t f l a p  impingement 

free-stream dynamic pressure,  N/m 2 

incremental dynamic pressure of engine exhaust which impinges on 
f l a p ,  ~ / m ~  

engine-exhaust dynemic pressure which impinges on f l a p ,  ~ / m  2 

wing area ,  m 2 

s t a t i c  t h rus t ,  N 

v e r t i c a l  dis tance,  m 

angle of a t t ack ,  deg 

nominal f l a p  def lec t ion  angle,  deg 

engine-exhaust de f l ec t ion  (measured from body a x i s ) ,  

-1 Normal fo rce  
tan Axial force  s deg 

J ( N ~ - I  force) '  + (Axial force)  
2 

~ t a t i c - t h r u s t  recovery e f f ic iency ,  T 



Abbr evia t iona : 

BPR bypass r a t i o  

EBF ex terna l ly  blown f l a p  

MODELS 

Two wind-tunnel inves t iga t ions  were conducted t o  determine the  e f f ec t  of 
d i f f e r e n t  engine-exhaust c h a r a c t e r i s t i c s  on t h e  performance of two separa te  
EBF t ranspor t  con£ igura t ions  ( f igs .  1 and 2). 

A four-engine EBF trangport  (model 1, f i g .  1 )  was te s t ed  in  the  Langley 
VIiTOL tunnel. It had a 25 quarter-chord sweep, leading-edge s l a t s  d e i l e c t e  
50 . a$ t r ip l e - s lo t t ed  full-span f l a p s  whose elements were d ~ f l e c t e d  0 . 20 , 
and 40 , respect ively,  f o r  the take-off configuration, and 15 , 35 , and 55O, 
respect ively,  fo r  the landing configuration. The engines were simulated by a  
two-part e j ec to r  s imi la r  t o  that i n  f i gu re  3. Each engine simulator was 
f i t t e d  with f i v e  separate  cowl assemblies intended t o  represent  f i v e  d i f f e r e n t  
engine configurat ions ( f ig .  4) : (1) TF34 engine (BPR 6.2). (2) TF34 with 
noise  suppressor nozzle (daisy nozzle),  (3) c tretched version of the TF34 
(modified BPR 6.2). (4) JT15D engine (BPR 3.2), and (5) hi-gh-bypass-ratio 
engine (BPR 10). The modified BPR 6.2 engine was b u i l t  so t ha t  the  engine 
e x i t  would be a t  the  same chordwise loca t ion  a s  t he  fan  e x i t  on the da isy  
nozzle. The BPR of these engine simulators does not descr ibe i n  any way the  
s i ze ,  horizontal  pos i t ion ,  o r  v e r t i c a l  pos i t ion  of t he  simulator,  but is  only 
intended t o  be a  means of nomenclature. The important aspec ts  of t he  simula- 
t o r  a r e  not the c h a r a c t e r i s t i c s  a t  the  e x i t ,  but the  wake c h a r a c t e r i s t i c s  a t  
the  loca t ion  of t he  f l a p  a s  is evident subsequently i n  t h i s  paper. Since the  
exhaust and wake c h a r a c t e r i s t i c s  of t h e  severa l  fu l l - s ca l e  engines represented 
ere unknown, i t  is  not possible  t o  r e l a t e  t he  present r e s u l t s  t o  the  per- 
formance of t he  fu l l - sca le  engines. For fu r the r  d e t a i l s  of t h i s  model see  
reference 2. 

A two-engine straight-wing EBF t ranspor t  (model 2, f i g .  2) was tes ted  i n  
the  5.18- t e s t  sec t ion  of the  L8ngley 330-MPH 7- by 10-foot tunnel. It had 
a  leading-edge s l a t  def lected 40 , n double-slotted f l a p  d e f l e ~ t e d ~ 4 0 ~  f o r  
the  take-off configuration, and a  t r i p l e - s lo t t ed  f l a p  deflected 60 f o r  t h e  
landing configuration. The engines were simulated by a  two-part e j ec to r  a s  
presented i n  f i gu re  5. The engine v e r t i c a l  pos i t ion  on t h i s  configurat ion 
was varied ( t o  three  posi t ions)  t o  determine i t s  e f f e c t  on the  performance 
of t h e  con£ igurs t ion  ( f ig .  6). 



TEST 

Both models were mounted on a sting-supported sLc-component strain-gage 
balance f o r  measurements of t h e  t o t a l  forces  and moments. I so la ted  engine 
wake surveys w r e  conducted f o r  each engine configuration on model 1 so t h a t  
t h e  engine-exhaust f l a p  impingement parameter could be determined. Dynamic 
pressure measurements were made with a preesure rake positioned so  that the  
probes were al ined along a r a d i a l  l i n e  from the  geometric center  l i n e .  Four 
r a d i a l  pos i t ions  were chosen f o r  t h e  da i sy  nozzle and tw r a d i a l  pos i t ions  
were chosen f o r  the  o ther  four  engine airnulators. These measurements were 
repeated a t  various downstream loca t ions  t o  obta in  dynamic pressure p r o f i l e  
cha rac t e r i s t i c s .  I so la ted  engine wake surveys were not ava i l ab l e  f o r  t he  
engine simulators on model 2. Since the  game engine was used i n  a l l  th ree  
posi t ions,  it was f e l t  t h a t  assuming a 1 0  spread angle would be s u f f i c i z n t  
t o  de te rn ine  the  r e l a t i v e  inf luence of t he  exhaust f l a p  Impingement parameter. 

Jet de f l ec t ion  angles b j  and s t a t i c - t h r u s t  recovery e f f ic iency  q f o r  
both models were determined from measurements of t he  nonnel and a x i a l  f o rces  
made i n  the  s t a t i c - th rus t  condition with f l a p s  deflected and leading-edge 
slat deployed. 

CALCULATIONS 

Isolated engine wake surveys were ava i l ab l e  f o r  each engine configurat ion 
used on model 1. The f l a p  impingement parameter was computed using the d is -  
t r i b u t i o n  of dynamic pressure a t  the  f l a p  loca t ion  i n  t h e  foll.owing manner: 

A schematic of exhaust impingement on the f l a p  is presented i n  f i gu re  7 .  
The term C q 

i f # i  %,i 
caa be seen a s  a summation of a l l  the  dynamic pressure 

measurements mult ipl ied by the  associated f l a p  a rea  on which they impinge 
In equation ( I ) ,  is  the t o t a l  a rea  of engine exhaust at thz f l a p  impinge- 
ment plane and I)fAjis the nouilnal f l a p  def lec t ion  angle. Since the t e n  

f %,I 4,i is a t h r u s t  o r  force  term, the  parameter was divided by t h r u s t  T 

and nondimensionalized by an a r b i t r a r y  constant S (wing area!. 

Since i s o l s t e d  engine wake surveys were not ava i lab le  f o r  t he  engine 
configuration used on model 2 ,  the dynamic pressure was assumed t o  be uniform 
a t  the f l a p  1oca:ion. The exhaust was aesumed t o  spread a t  an angle of 10' t o  
determine the a rea  of the  exhaust a t  t he  f l a p  locat ion.  The impingement 



- 

parameter i n  t h i s  case is s l i g h t l y  s implif ied i n  t h a t  t he  dynamic pressure is  
assumed constant over t h e  f l ap ;  t h a t  is, 

S 
PA = qj Af sin 6f (2) 

j 

The l i f t  developed by a powered-lift system can be separated i n t o  th ree  
p a r t s  according t o  source: (1) the  l i f t  t h a t  would have been produced by the  
unpowered wing, (2) t he  l i f t  due t o  the  component of t he  jet which has been 
redirected by the  f l a p  system, and (3) the  l i f t  due t o  c i r c u l a t i o n  i n d u ~ e d  
by the  blowing. I f  the port ion of t h e  l i f t  due t o  t he  j e t  is  removed from 
the  t o t a l  l i f t ,  a thrust-removed l i f t  coe f f i c i en t  given by 

- 
'L, tr = CL - s i n  (6 + a) v j 

rc 
remains which can be re la ted  t o  the  f l a p  impingement parameter. 

RESULTS AND DISCUSSION 

AS a t e  The f l a p  s t a t i c  turning ef fec t iveness  parameters f o r  both mode1 
presented i n  f i gu re  8 i n  polar coordinate form. These parameters f o r  t he  f i v e  
engine simulators on model 1 and the  three  pos i t ions  of the  engine simulator 
on model 2 i n  the  take-off and landing configurat ions a r e  presented a t  a par- 
t i c u l a r  l e v e l  of th rus t .  This was the t h r u s t  l e v e l  used t o  obta in  a t h rus t  
coef f ic ien t  of 2 i n  the wind-tunnel t e s t  f o r  each configuration. 

The perpendicular d i s tance  from a da t a  point i n  f i gu re  8 t o  the  horizontal  
axisowould represent  the  l i f t  component due t o  t h r u s t  a t  an  angle of a t t a c k  
of 0 . If  it were assumed t h a t  with zero power a l l  engine simulator configu- 
r a t i ons  had iden t i ca l  cha rac t e r i s t i c s  and that the  only addi t ions  t 9  t he  
aerodynamic c h a r a c t e r i s t i c s  a t  an angle of a t t a c k  of O0 were those components 
i n  f i gu re  8, an assessment could be made ss t o  the  r e l a t i v e  meri t  of t>e 
configurations.  A s  discussed i n  reference 2, t h i s  assesument of t he  aero- 
dynamic c h a r a c t e r i s t i c s  of an engine model configurat ion is not necessar i ly  
true. A more pert inent  comparison based on the  engine-exhaust f l a p  impinge- 
ment parameter is presented i n  t h i s  paper. 

' i .  
The f l a p  impingement parameter is  a co r r e l a t ion  parameter which r e l a t e s  I ,  I A: 

the engine-exhaust proper t ies  t o  t he  performance of t he  engine .sodel configu- 1 ; 
I .  # . .  

ra t ion .  The l i f t  coef f ic ien t  performance and impingement parameter a r e  I . :  
! .  , presented f o r  several  model f l a p  combinations a t  an angle of a t t a c k  of 0' a s  

f 0 llow3 : I .  

I .  '. 
I . .* 



The e f f e c t  of engine configurat ion f o r  landing f l a p  de f l ec t i on  on model 1 
(f ig .  9) i nd i ca t e s  t h a t  the  engine s imulators  which produce the  l a r g e s t  im- 
pingement parameter (BPR 6.2 and modified BPR 6.2; provide t h e  l a r g e s t  l i f t  
coef f ic ien t .  The simulator which produces t he  smallest  impingement parameter 
(BPR 3.2) provides t h e  smallest  lift coe f f i c i en t .  This impingement parameter 
is r e a l l y  a measure of t he  proportion of q A o r  momentum, which impinges on J 1' t h e  f l a p  and, i n  tu rn ,  is def lec ted  and induces c i r cu l a t i on .  This would 
i nd i ca t e  that the  more momentum captured by the  f l a p  system, t h e  b e t t e r  t h e  
combination w i l l  perform. The e f f e c t  of engine configurat ion f o r  take-off 
f l a p  de f l ec t i on  on model 1 (f ig .  10) is s imi l a r  except f o r  t h e  r e l a t j v e  per- 
formsnce and magnitude of impingement parameter f o r  t h e  da isy  nozzle. The 
da isy  nozzle has  e igh t  fan  lobes and nine gas generator lobes.  Since t h e  wake 
survey f o r  t h i s  engine included only two fan  lobes and two gas  generator 
lobes,  i t  was not  comprehensive enough t o  adequately de f ine  t he  p ro f i l e .  

Figure 

9 
1 0  
11 
1 2  

The comparisons of performance and impingement parameter f o r  model 2 with 
landing and take-off f l a p  de f l ec t i ons  are presensed i n  f i gu re s  11 and 12,  
The r e s u l t s  f o r  t h e  landing configurat iqn ind i ca t e  that moving t h e  engine 
exhaust v e r t i c a l l y  toward t h e  wing lower sur face  increases  t h e  proportion of 
qjAjr o r  momentum, which is captured by t h e  f l a p  system and, i n  tu rn ,  generates 
increased l i f t .  Figure 1 2  f o r  t h e  take-off configurat ion ind ica tes  t h e  same 
t rend,  although a t  a somewhat lower va lue  because there  is  l e s s  f l a p  pto- 
j e c t i on  t o  capture  t h e  exhaust. 

To fu r the r  r e l a t e  t h i s  f l a p  impingement parameter t o  t h e  l i f t  performance 
of the  models, t he  thrust-removed l i f t  coef f ' l en t  a t  an angle  of a t t a c k  of 0' 
was computed f o r  each configurat ion and is presented i n  f i gu re  13  a s  a funct ion 
of t he  impingement parameter, It is evident that t he  thrust-removed l i f t  
coe f f i c i en t  is  the  prime aerodynamic f ac to r  which can be r e l a t ed  t o  t he  im- 
pingement parameter, because t h e  da ta  f i t  a s t r a i g h t  l i n e  which i n t e r c e p t s  
PA = 0 a t  t h e  value of (+, which corresponds t o  the  power-off condition. 
( In  t h i s  case,  PA should be zero.)  I f  t he  blowing d id  not  induce super- 
c i r c u l a t i o n  l i f t ,  these  da t a  poi,its would be on hor izonta l  l i n e s .  I n  each 
model, i t  can be seen tha t  t h e  landing configurat ion d a t a  descr ibe  a Line with 
a l a r g e r  s lope  than that f o r  t he  take-off configurat ion.  This  is more 
evidence t h a t  s i nce  t h e  landing f l a p s  capture  more of t he  e x h a u ~ t  flow, more 
c i r c u l a t i o n  l i f t  is induced. This again emphasizes the  f a c t  t h a t  t he  engine- 
exhaust f l a p  impingsment parameter 's a measure of t he  proportion of momentum 
captured by the  f l a p  and provides a method t o  a s se s s  t h e  r e l a t i v e  performance 
of engine-wing combinations. 

Model 

1 
1 
2 
2 

Flap configurat ion 

Landing 
Take-of f  
Landing 
Take-o f  f  



,=- This  paper provides a technique t o  a s se s s  t h e  r e l a t i v e  performance of 
ex t e rna l ly  blown f l a p  (EBF) conf igura t ions  by means of an engine-exhaust 
f l a p  impingement parameter. This  parameter was determined t o  be a funct ion 
of t he  proportion of momentum which is captured by t h e  f l a p  system. 

The l i f t  produced by an EBF configuret ion can be r e l a t ed  t o  t he  propor- 
t i o n  of momentum captured by t h e  f l a p  system. Furthermore, It has been shown - t h a t  t h e  thrust-removed-lift  coeff i c f e n t  can be d i r e c t l y  r e l a t ed  t o  t h i s  
captured momentum, defined by t h e  engine-exhaust f l a y  impingement parameter. 
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figure 4.- Engine confiprationa w e d  on model 1. 
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Flmrc 5.- Two-part engine s m l a t o r  for mdel 2. 
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Figure 6.- Engfae poeitions u a d  on mdel 2. 
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Figure 10.- Performance and impingement Farameter for model 1 with 
take-off flap deflection. a = 0". 
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Figure 11.- Performance and impingement parameter for model 2 with 
landing flap deflection. a = 0'. 



Figure 12.- Performance and impingement parameter for model 2 with 
take-off flap deflection. a = 0'. 
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Figure 13.- Thrust-removed lift coefficient as a function of impinge- 
ment parameter. a = 0'. 




