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1.0 SUMMARY 

Thi r teen  f l a r e d  v a r i a b l e  p i t c h  f a n  t h r u s t  r e v e r s e r  i n l e t  con f igu ra t ions  
were eva lua ted  i n  a 1113th s c a l e  s imula t ion  of QCSEE under-the-wing (UTW) 
n a c e l l e  i n  reverse-pi tch opera t ion .  These included t e n  f l a p  l e n g t h l f l a r e  
angle  combinations, two vee-notch conf igu ra t ions ,  and one un f l a red  f l a p  con- 
f i g u r a t i o n  r ep re sen t ing  t h e  forward t h r u s t  t akeoff  condi t ion .  

A l l  t h e  f l a r e  conf igura t ions  provided a s u b s t a n t i a l  performance b e n e f i t  
over t h e  unf l a r e d  ( re ference)  con£ i g u r a t i o n  through : 

a increased  recovery [from an  i n c r e a s e  of 0.035 a t  20 kmlhr (10.8 k t s )  
t o  0.05 a t  150 kmlhr (81 k t s ) ] .  

a reduced d i s t o r t i o n  (from a decrease  of 0.025 a t  20 km/hr t o  0.06 a t  
150 km/hr . 
reduced t i p  p re s su re  f l u c t u a t i o n s  (from "3% t o  2%). 

Improvement w a s  demonstrated throughout t h e  equiva len t  f u l l - s c a l e  a i r -  
flow range, 180 t o  360 kg l sec  (400 t o  800 l b l s e c ) ,  f o r  nominal landing  speeds 
of 0 ,  80, 115, 160 and 240 km/hr (0 ,  43, 62, 84 and 130 knots ) .  A l l  of t h e  
f l a r e d  conf igura t ions  performed equ iva l en t ly ;  t o t a l  p re s su re  r ecove r i e s  d i d  
n o t  vary more than  0.01 (da t a  bandwidth) over t h e  t e s t e d  landing speed range. 

Vee notches,  s imula t ing  t h e  four  nozz le  leaf- to- leaf  gaps, w e r e  eval- 
uated on t h e  sca led  45.7 cm (18 i n . )  f l a p  a t  a 30' f l a r e  angle  conf igura t ion .  
These few small-extent  vo ids  i n  t h e  f l a r e  degraded recovery performance by 
less than  0.01. Small-extent,  lower-pressure reg ions  i n  t h e  t i p  i nc reased  
t h e  c i r cumfe ren t i a l  d i s t o r t i o n  index by a n  almost n e g l i g i b l e  amount (<0.01) 
below 250 kg/sec f u l l  s c a l e ,  and by up t o  0.025 a t  t h e  maximum flow r a t e  of 
360 kglsec  f u l l  s ca l e .  Local tu rbulence  was increased ,  a s  evidenced from a 
20% inc rease  i n  dynamic t o t a l  p re s su re  f l u c t u a t i o n s .  

The above r e s u l t s  i n d i c a t e  t h e  f l a r e d  v a r i a b l e  p i t c h  f a n  t h r u s t  r eve r se r  
i n l e t  i s  an  accep tab le  des ign  concept f o r  t h e  QCSEE UTW propulsion system. 



2.0 INTRODUCTION 

QCSEE (Quiet ,  Clean Short-Haul Experimental Engine) under-the-wing (UTW) 
design employs a reverse-pi tch f a n  f o r  t h r u s t  r e v e r s a l  upon landing.  This 
r eve r se  fan-flow condi t ion  r equ i r e s  t h e  nozz le  t o  func t ion  a s  an  i n l e t ;  a 
nozzle  t h a t  is designed f o r  r eve r se  flow is c a l l e d  an e x l e t .  The word, e x l e t ,  
c o n s i s t s  of EX from e x i t  and LET from i n l e t .  The b a s i c  purpose of an  e x l e t  
is t o  provide increased  p re s su re  recovery performance over a normal forward 
mode nozz le  conf igura t ion  i n  r eve r se  flow, which i s  e s s e n t i a l l y  equ iva l en t  
t o  a sharp- l ip ,  supersonic  i n l e t  a t  low speeds (Reference 1 ) .  

Severa l  aerodynamic devices  a r e  app l i cab le  t o  nozzles  f o r  a t ta inment  of 
h igher  reversed-flow performance. This test program w a s  an eva lua t ion  of 
only one type,  t he  f l a r e ,  which w a s  chosen f o r  t h e  QCSEE UTW n a c e l l e  appl i -  
ca t ion .  It w a s  decided t h a t  t h e  f l a r e  nozz le  combined acous t i c ,  aerodynamic 
and mechanical performance advantages over o t h e r  devices  such a s  s l o t s  o r  
scoops. The QCSEE UTW f l a r e  concept i s  i l l u s t r a t e d  i n  Figure 1. 

Flap l eng th  and f l a r e  angle  determine t h e  f l a r e  e x l e t ' s  en t rance  a r e a  
and thus  an aerodynamic i n t e r n a l  a rea-cont rac t ion  r a t i o .  A 45.7 cm (18 i n . )  
f l a p  length  at a 30' f l a r e  angle  w a s  s e l e c t e d  f o r  QCSEE, on the  b a s i s  t h a t  i t  
provided a good compromise between mechanical loads ( f l a p  i n t e r n a l  p re s su re  
at c r u i s e  and f l a p  e x t e r n a l  pressures  dur ing  landing deployment) and per- 
formance ( f l a p  b o a t t a i l  drag a t  c r u i s e  and e x l e t  recovery performance a t  
l anding) .  

An i s o l a t e d ,  powered n a c e l l e  was t e s t e d  t o  s imu la t e  QCSEE r e v e r s e  flow 
condi t ions  as p a r t  of NASA's i n v e s t i g a t i o n  of b a s i c  f l a r e  e x l e t  con f igu ra t ion  
performance c h a r a c t e r i s t i c s .  Tes t ing  w a s  conducted a t  NASA-Lewis w i th  a 
General E l e c t r i c  model r ep re sen t ing  t h e  c u r r e n t  QCSEE UTW f a n  d ischarge  
duct and nozz le / ex le t  assembly. A mat r ix  of t h i r t e e n  e x l e t  conf igura t ions  
was eva lua ted  over t h e  expected range of QCSEE reve r se  p i t c h  a i r f l ows  and 
landing  speeds i n  o rde r  t o  make a s e l e c t i o n  of t h e  most optimum f l a r e  config- 
u ra t ion .  This  r e p o r t  summarizes t h e  aerodynamic performance r e s u l t s  i n  terms 
of e x l e t  recovery and d i s t o r t i o n .  



Cruise Configuration 

Reverse-Thrust Configuration 

F i g u r e  1. QCSEE F l a r e  E x l e t  C o n c e p t .  



3.0 TEST DESCRIPTION 

3.1 MODEL AND SETUP 

A 1113th scale model was designed and built to represent the QCSEE UTFT 
fan duct and nozzle/exlet assembly. Figure 2 describes the basic model and 
its detachable flares, while Figure 3 shows the complete nacelle, including 
the NASA hardware, as installed in the NASA-Lewis 9- by 15-Foot V/STOL Wind 
Tunnel. The model's internal contours were matched to QCSEE as seen in the 
comparison of model and full-scale calculated one-dimensional Mach No. distri- 
butions of Figure 4. Small differences between these Mach No. distributions 
were due to the lack of a pylon in the model. An attempt was made to simulate 
the pylon blockage via the acoustic splitter support struts. Other minor dif- 
ferences between this model and the engine are as follows: 

No Outlet Guide Vanes (OGV) at the measurement plane of the model 
(see Figure 2), as the 14 cm (5.5 in.) fan is not a reverse-pitch 
model. 

Not-to-scale maximum nacelle diameter due to model mechanical 
support, fan envelope, external instrumentation leadout. 

Mismatch of radius ratio between model fan and exlet model required 
a transition section (Figure 2). 

No core engine flow representation in model. 

While the above are small differences, the lack of exact duplication of the 
deployed exlet nozzle gaps (leaf-to-leaf) at a larger scale for better Reynolds 
No. and mixing length simulation could have some differences in the final 
values; however, this is a secondary effect relative to the matching of the 
tunnel and fan duct Mach numbers which was accomplished through the variation 
of primary test conditions. 

Primary model instrumentation, Plane 15 (Figure 2), was located at the 
simulated QCSEE outlet guide vane discharge plane, engine station = 508 cm 
(200 in.). Plane 15 was used for the measurement of recovery, distortion, 
airflow, and total pressure fluctuations (Figure 5). A series of axially 
aligned static pressure (Ps) taps on the basic model's cowl and plug plus 
four internal and four external Ps taps on three of the detachable flares were 
provided for mechanical load determinations. 

3.2 MATRIX TESTED 

A basic matrix of ten combinations of nozzle flap length and flare 
angle, as shown in Figure 6, was selected to span the reasonable mechanical 
and aerodynamic design limits for the QCSEE UTW nozzle. Two other configura- 
tions were included: A 0' flare angle representing the takeoff flap position 



DETACHABLE 
QCSEE ENGINE OGV DISCHARGE AND FLARES 
MODEL MEASUREMENT PLANE (15) --, \ 

MODEL - TO - FAN QCSEE AFT CORE EXHAUST 
TRANSITION SECTION REPRESENTATION PLUME 

S IMULATION 

Figure 2.  QCSEE 14 c m  ( 5 . 5  i n . )  Exlet Model. 





F i g u r e  4 .  QCSEE Fan Duc t  Mach Ni~mber Dis t r i ln? .1 t ion ,  Reverse-Thrus t /F low 
O p e r a t i o n .  



Plane 15 

1.80 O 

O 
P~ 

0 XP, 

Ps 

Radia l  dimensions - model annulus.  and t o t a l  Dressure rakes .  
- 

r i  (Hub) 4.05 cm (1.595 i n . )  r1 4.37 c m  (1.722 i n . )  

r l  x 4.30 (1.692) 1-2 4.95 (1.950) 
'2 x 5.23 (2.061) r 3  5.47 (2.155) 
=-3x 5.97 (2.351) r 4  5.95 (2.342) 
r4x 6.60 (2.598) rg  6.39 (2.515) 
r o  (Tip)  7.00 (2.754) r6 6.80 (2.677) 

F igure  5.  Recovery/Distortion/Airflow Measurement Plane.  



F i g u r e  6 .  QCSEE E x l e t  T e s t  Matrix. 



was used as  a performance reference and a vee-notched modification t o  t h e  45.7 
cm (18 in . )  f lap/30° f l a r e  configurat ion t o  evaluate t h e  e f f e c t  of t h e  major 
gaps between the  nozzle leaves i n  the  f l a r e  deployment configurat ion.  This 
vee'd f l a r e  was a l s o  ro ta ted  r e l a t i v e  t o  t h e  bas ic  instrumentation plane s o  a s  
t o  provide evaluation of the  vee-notch flow's d i r e c t  impingement upon t h e  
dynamic pressure rakes a s  w e l l  a s  the  steady-state t o t a l  pressure rakes. Thus 
a t o t a l  of 13  model f l a p l f l a r e  configurat ions were t e s ted .  

Each f l a r e  was evaluated in a matrix of four model flows spanning the  
sca led  180 t o  360 kg/sec (400 t o  800 l b l s e c )  QCSEE reverse-airflow range. 
These four airf lows were obtained a t  t h e  sea  l e v e l  s t a t i c  condition i n  
addi t ion  t o  the  four tunnel  v e l o c i t i e s :  simulated landing speeds of approxi- 
mately 80, 115, 160 and 240 h / h r  (43, 62, 84 and 130 knots) .  Crosswind con- 
d i t i o n s ,  while not a QCSEE design requirement, were a l s o  evaluated by model 
ro ta t ion  t o  a yaw angle t h a t  provided an approximate 65 kmlhr (35 knot) 
ve loc i ty  component normal t o  the nacel le .  Crosswind e f f e c t s  were evaluated 
f o r  a l l  configurat ions.  



4.0 DISCUSSION OF RESULTS 

A l l  d a t a  have been presented  a s  a func t ion  of f u l l - s c a l e  QCSEE reve r se  
a i r f l o w  by s c a l i n g  t h e  model a i r f l o w  by a 166.64 f a c t o r  which is t h e  model 
s c a l e  f a c t o r  squared. Current QCSEE engine e s t ima te  of maximum reverse-  
th rough-s ta l l -p i tch  a i r f l o w  is 254 kg/sec (560 l b / s e c ) .  Herea f t e r ,  t h i s  
a i r f l o w  l e v e l  w i l l  be  r e f e r r e d  t o  a s  "maximum reve r se  airf low".  Furthermore, 
t h e  45.7 cm (18 i n . )  30' f l a r e  con f igu ra t ion  w i l l  be  r e f e r r e d  t o  a s  t h e  "base 
f l a r e .  " 

4.1 TOTAL PRESSURE RECOVERY 

A l l  f l a r e d  conf igura t ions  performed equ iva l en t ly  w e l l  as they provided 
a s u b s t a n t i a l  performance b e n e f i t  (0.035 t o  0.05 i n c r e a s e  i n  recovery i n  t h e  
0 t o  150 km/hr range) over t h e  un f l a r ed  conf igu ra t ion  (Figure 7 ) .  I n t e r p o l a t e d  
recovery va lues  a t  t h e  Maximum Reverse Airflow a r e  presented  a s  a func t ion  of 
s imulated landing speed. Recovery f o r  a l l  t h e  f l a r e d  conf igu ra t ions  d i d  n o t  
vary  more than  0.01 ( i . e . ,  d a t a  bandwidth) over a s imulated landing speed 
range 0 t o  240 km/hr. Typical  f l a r e  recovery l e v e l s  f o r  0 and 150 km/hr were 
0.992 and 0.975 r e s p e c t i v e l y ,  whereas t h e  corresponding l e v e l s  of t h e  unf la red  
conf igu ra t ion  were about 0.958 and 0.925. Area r a t i o s  g r e a t e r  than  1.75 (base 
f l a r e  conf igura t ion)  d id  no t  improve t h e  recovery c h a r a c t e r i s t i c  by any s i g -  
n i f i c a n t  amount (-0.002) ( s ee  Figure 7 ) .  Increas ing  angle  beyond 30' pro- 
vided no b e n e f i t  i n  recovery c h a r a c t e r i s t i c s .  

Recovery d a t a  f o r  t h e  s e l e c t e d  base f l a r e  i n  t he  t h r e e  con f igu ra t ions  
t e s t e d  a r e  presented  i n  Figures  8 through 10;  t h e  un f l a r ed  conf igu ra t ions  
recovery performance (Figure 11)  i s  provided f o r  improvement comparison. 
Recovery d i f f e r ences  between t h e  vee-notched and t h e  r o t a t e d  vee-notched 
base f l a r e  a r e  a t t r i b u t a b l e  t o  t h e  d i r e c t  impingement of two of t h e  vee 
notch wakes on t h e  s t eady- s t a t e  rakes f o r  t h e  nonro ta ted  vee'd f l a r e  con- 
f i g u r a t i o n .  Crosswind d a t a  w i l l  be d iscussed  i n  t h e  "Crosswind E f f e c t s q q  
s e c t i o n .  

4.2 TOTAL PRESSURE DISTORTION 

As would normally be expected of h igh  recovery performance, d i s t o r t i o n  
was low (Figures  12  and 13) i n  t h e  0 t o  240 km/hr speed range inves t iga t ed .  

Ci rcumferent ia l  d i s t o r t i o n  a t  maximum r e v e r s e  a i r f l o w  (Figure 12)  was 
extremely low f o r  f l a r e  con f igu ra t ions  wi thout  vee-notches o r  crosswind. A s  
shown i n  F igu re  12,  t h e  I D C  (Section 6.0, Nomenclature) va lues  without  c ross -  
wind gene ra l ly  f e l l  i n  a range  between 0.005 and 0.01, w i t h  except ions  showing 
va lues  i n  t h e  0,014 t o  0.019 range. A comparison of IDC va lues  f o r  t h e  va r ious  
f l a r e s  shows t h e  base  con f igu ra t ion  t o  have t h e  lowest  d i s t o r t i o n .  Circun- 
f e r e n t i a l  d i s t o r t i o n  f o r  un f l a r ed  and vee-notched f l a r e  con f igu ra t ions  showed 
some i n c r e a s e  i n  I D C ,  w i t h  a peak v a l u e  of 0.026 ind ica t ed .  Crosswind e f f e c t s  
upon d i s t o r t i o n  a r e  covered i n  t h e  l a s t  s ec t ion .  



Landing Speed, kno t s  

A l l  Data a t  - = 254 kg/sec ff 
Conf igu ra t ion  

25 .4  cm, 0.628 r ad  F l a r e  
(10 i n . )  (36") 

b 40.6 cm, 0.349 r a d  F l a r e  
(16 i n . )  (20°) 

40.6 cm, 0.628 rad  F l a r e  
(16 i n . )  (36O) 

I 40.6 cm, 0 .524 rad  F l a r e  
(16  i n . )  (30') 

0 45.7 cm, 0 r ad  F l a r e  
(18  i n . )  (0') 

lo 45.7 cm, 0.436 r ad  F l a r e  
(18 i n . )  (25') 

0 45.7  cm, 0.524 r ad  F l a r e  
(18 i n . )  (30') 

I 0 45.7 cm, 0.524 r a d  F l a r e  Vee 
(18 i n . )  (30') 

C] 45.7 cm, 0.628 r ad  F l a r e  
(18 i n . )  (36') 

0 55.9 cm, 0.349 rad  F l a r e  1 (22 i n . )  (20°)  

1 o 
55.9 cm, 0.436 r ad  F l a r e  
(22 i n . )  (25') 

I 55.9 cm, 0.524 rad  F l a r e  
(22 i n . )  (20') 

Flagged Symbols: Rota ted  Vee 

V, - Landing Speed, km/hr 

F i g u r e  7. A l l - F l a r e  Recovery Performance Summary. 





Reverse Fan Flow, lb/sec 

Figure 9. Recovery Character is t ic  with a  Scaled Vee'd 45.7 cm (18 i n . )  
30' Flare.  



Reverse Fan Flow, lb/sec 

Figure  10. Recovery C h a r a c t e r i s t i c  wi th  a  Scaled Vee'd and Rotated 678r0 
45.7 c m  (18 i n . )  30' F l a r e .  



Reverse Fan Flow, lb / sec  

Reverse Fan Flow - ~ & / 6  1 15, kg/sec 

Figure 11. Recovery C h a r a c t e r i s t i c  wi th  a  Scaled 45.7 cm (18 i n . )  o 0  Unflared 
Takeoff F lap  Pos i t i on .  



V, - Landing Speed, km/hr 

Figure 12. Circumferential Distortion Vs. Landing Speed. 



I I I I I . Acous t i c  S p l i t t e r  Wake E f f e c t  
Not Included 

0  40 80 120 160 200 240 2  80 
Vm - Landing Speed, km/hr 

Conf igu ra t ion  

25.4 cm, 0.628 r ad  F l a r e  
(10 i n . )  (36') 

1 40.6 cm, 0.349 r ad  F l a r e  
I (16 i n . )  (20') 

0 40.6 cm, 0.628 red  F l a r e  
(16  i n . )  (36') 

A 40.6 cm, 0.524 r ad  F l a r e  
(16  i n . )  (30') 

0 45.7 cm, 0  r ad  F l a r e  
(18 i n . )  (0°)  

0 45.7 cm, 0.436 r ad  F l a r e  
(18 i n . )  (25') 

0 45.7 cm, 0.524 r ad  F l a r e  
(18 i n . )  (30') 

0 45.7 cm, 0.524 r a d  F l a r e  Vee'd 
(18 i n . )  (30') 

0 45.7 cm, 0.628 r ad  F l a r e  
(18 i n . )  (36') 

0 55.9 cm, 0.349 r ad  F l a r e  
(22 i n . )  (20') 

0 55.9 cm, 0.436 rad  F l a r e  
(22 i n . )  (25') 

b 55.9  c m ,  0 .524 rad  F l a r e  
(22 i n . )  (20') 

\? Flagged Symbols: Rota ted  Vee . 

F i g u r e  13. R a d i a l  D i s t o r t i o n  V s .  Landing Speed.  



The f l a r e  reduced t h e  predominately r a d i a l  d i s t o r t i o n  (Figure 13). The 
r a d i a l  d i s t o r t i o n  index, IDR (Sect ion 6.0, Nomenclature), ranged from 0.025 t o  
0.008 a t  t h e  maximum r e v e r s e  a i r f l o w  f o r  a l l  t h e  f l a r e d  e x l e t  con f igu ra t ions ,  
whi le  t h e  un f l a r ed  conf igu ra t ion  va r i ed  from 0.045 t o  0,068. Area r a t i o s  
above 1.75 and f l a r e  ang le s  above 30" d i d  no t  reduce the d i s t o r t i o n  charac te r -  
i s t i c s  below those  of t h e  s e l e c t e d  f l a r e  con f igu ra t ion .  

A s  shown i n  F igure  13 ,  t h e r e  i s  a  s l i g h t  reduct ion  of I D R  wi th  inc reas ing  
landing  speed f o r  a l l  f l a r e s .  The decreas ing  I D R  e f f e c t  was a  r e s u l t  of f a c e  
average-pressure decreas ing  more r ap id ly  than t h e  minimum r i n g  average pres-  
s u r e  i n  t h e  sepa ra t ed  flow reg ion .  Rapid r a d i a l  growth of t h e  sepa ra t ed  
r eg ion ' s  r a d i a l  ex t en t  wi th  inc reas ing  tunne l  v e l o c i t y  w a s  t h e  primary cause. 
Another c o n t r i b u t i n g  f a c t o r  was t h e  decreas ing  hub recovery. The r a d i a l  
p r o f i l e s  i n  Figure 14 h e l p  t o  i l l u s t r a t e  t h e s e  e f f e c t s .  The agreement of 
i nne r  and o u t e r  w a l l  s t a t i c  average p re s su res  i n d i c a t e s  a  good p o s s i b i l i t y  of 
a  f l a t  r a d i a l  s t a t i c  p re s su re  p r o f i l e .  These p r o f i l e s  provide q u a l i t a t i v e  
i n d i c a t i o n  of t h e  r a d i a l  v e l o c i t y  p r o f i l e .  The un f l a red  f l a p  (Figure 15) has  
very poor agreement between t h e  inne r  and o u t e r  w a l l  s t a t i c s ,  i n d i c a t i n g  a  
s u b s t a n t i a l  v e l o c i t y  d i s t o r t i o n  wi th  a  h ighe r  v e l o c i t y  i n  t h e  hub region.  
Thus, t h e  f l a r e  e x l e t  provides a  more uniform v e l o c i t y  p r o f i l e .  

Because of t h e  a c o u s t i c  s p l i t t e r  wake and t h e  s i x  r i n g s  of probes a t  
t h e  measurement p lane ,  t h e  d e f i n i t i o n  of IDR used h e r e i n  d i f f e r s  s l i g h t l y  
from the  s tandard  General E l e c t r i c  d i s t o r t i o n  methodology d e f i n i t i o n .  The 
maximum IDR value  of only f i v e  of t h e  s i x  r i n g s  was used. The th i rd - r ad ius  
r i n g  IDR was omit ted because it had l i t t l e  v a r i a b i l i t y  among the  va r ious  
f l a r e  conf igura t ions  s i n c e  it was always t h e  h ighes t  of t h e  6-ring IDR 
va lues ;  t h a t  r i n g  was p a r t i a l l y  immersed i n  t h e  a c o u s t i c  s p l i t t e r  wake, 
which w a s  a  smal l  rad ia l -ex ten t  p re s su re  d e f e c t  of an est imated peak-value 
I D R  of approximately 0.07 a t  maximum reve r se  a i r f low.  Hence the  3rd-ring 
IDR precluded d e t e c t i o n  of r a d i a l  d i s t o r t i o n  e f f e c t s  by t h e  va r ious  f l a r e  
conf igura t ions .  

Figures  16 and 17  show the  e x c e l l e n t  low r a d i a l  d i s t o r t i o n  vs .  a i r f l ow 
c h a r a c t e r i s t i c  of t h e  base f l a r e  con f igu ra t ion ,  whi le  Figure 18  shows t h e  
high r a d i a l  d i s t o r t i o n  of t h e  unf la red  f l a p  s e t t i n g .  

4.3 TOTAL PRESSURE FLUCTUATION 

Waveforms of t h e  e i g h t  dynamic t o t a l  p re s su re  measurements were obta ined  
by osc i l l og raph  t r a c e s  recorded on-line. These on-l ine observa t ions  ind ica t ed  
t h e  f l a r e  e x l e t s  reduced p re s su re  f l u c t u a t i o n  l e v e l s  by 2/3 from t h e  un f l a r ed  
conf igura t ion .  The inne r  flowpath (hub reg ion)  showed q u i t e  low-level 
a c t i v i t y ,  about 1% APRMSIP f o r  a l l  f l a r e  e x l e t s .  The ou te r  flowpath ( t i p  
region)  of t h e  f l a r e  e x l e t s  had about t h e  same low f l u c t u a t i o n  l e v e l  up t o  
around 225 kg/sec (500 l b l s e c ) .  A s  a i r f l o w  inc reased ,  an i n t e r m i t t e n t  separa-  
t i o n  which w a s  no t  c i r cumfe ren t i a l l y  uniform, produced a l t e r n a t i n g  p re s su re  
f l u c t u a t i o n s  l e v e l s  of about 1% and 2-112% APRMSIP. Ind iv idua l  probes a t  
opposing c i r cumfe ren t i a l  l o c a t i o n s  exh ib i t ed  t h i s  through an out-of-phase 







0 50 1-00 150 200 250 300 350 
Reverse Fan Flow - W& A Il5, kg/sec 

Figure 16. Distortion Characteristics with a Scaled 45.7 cm (18 in.) 30' Flare. 



Figure 17. Distortion Characteristics with a ~cal'ed Vee'd 45.7 cm (18 in.) 
30" Flare. 
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Reverse Fan Flow - ~ & / 6  ( 15, kg/sec 

F igure  18. D i s t o r t i o n  C h a r a c t e r i s t i c s  w i th  a  Scaled 45.7 cm (18 i n . )  
O 0  Unflared Takeoff Flap P o s i t i o n .  



pres su re  f l u c t u a t i o n  which was accompanied by an a l t e r n a t i n g  temporal-mean 
("steady-state") l e v e l  of pressure .  Previous i n l e t  tests, f o r  which dynamic 
d i s t o r t i o n s  were c a l c u l a t e d ,  exh ib i t ed  dynamic d i s t o r t i o n  l e v e l s  3 t o  4 t imes 
t h e  s t eady- s t a t e  l e v e l  i n  t h e  reg ions  of i n t e r m i t t e n t  s epa ra t ion  ( r e f e rence  2) .  
Dynamic d i s t o r t i o n s  could no t  be obtained on t h i s  t e s t  because of i n s u f f i c i e n t  
dynamic instrumentat ion.  A t  t he  h igher  a i r f l o w s ,  about 295 kg l sec  (650 
l b / s e c ) ,  t h e  s epa ra t ion  phenomena s t a b i l i z e s  i n t o  more homogeneous turbulence  

t& of moderate l e v e l  ( a s  i nd ica t ed  by p re s su re  f l u c t u a t i o n s  of about 2%), which 
reduces t h e  r a t i o  of dynamic-to-steady-state d i s t o r t i o n  l e v e l s  prev ious ly  
mentioned. 

4.4 VEE-NOTCHED EFFECT 

Four smal l  vee notches were c u t  i n  t h e  base  f l a r e  con f igu ra t ion  t o  simu- 
l a t e  t h e  open a r e a  between t h e  nozz le  f l a p  leaves  i n  t h e  deployed f l a r e  con- 
f i g u r a t i o n  ( see  Figure 19) .  These notches r e s u l t e d  i n  a recovery l o s s  of 
l e s s  than 0.01 based on r e s u l t s  of t h e  two vee 'd  f l a r e  r o t a t i o n  p o s i t i o n s  
(Figures  8 ,  9 and 10 ) .  

The vee notches had no no t i ceab le  e f f e c t  upon r a d i a l  d i s t o r t i o n .  Further-  
more, vee notching changed t h e  d i s t o r t i o n  p a t t e r n  from a predominately r a d i a l  
t o  a combined c i r cumfe ren t i a l  and r a d i a l  p a t t e r n  (Figures  20 and 21) .  shea r  
phenomena a t  t h e  vee notches generated small-extent  reg ions  of even lower 
p re s su re  a t  t h e  t i p  which increased  t h e  c i r cumfe ren t i a l  d i s t o r t i o n  (Figures 16 
and 17 ) .  A t  t h e  maximum r e v e r s e  a i r f l o w  (254 kglsec)  t h e  inc rease  was about  
0.01, while  a t  t h e  upper l i m i t  of a i r f l o w  inves t iga t ed  (360 kg l sec l  t h e  i n c r e a s e  
i n  c i r cumfe ren t i a l  d i s t o r t i o n  was about 0.025. These e x t r a  d e f i c i e n c i e s  i n  t h e  
t i p  reg ion  were accompanied by a l o c a l  i n c r e a s e  of tu rbulence  l e v e l  a s  i nd ica t ed  
by a 20% inc rease  i n  dynamic t o t a l  p re s su re  f l u c t u a t i o n s .  

4.5 CROSSWIND EFFECTS 

A t  f ou r  tunnel  v e l o c i t i e s ,  t h e  model was yawed t o  ob ta in  an approximate 
65 km/hr component of v e l o c i t y  normal t o  t h e  model c e n t e r l i n e .  Although 
crosswind e f f e c t s  w a s  no t  a QCSEE design requirement ,  cons iderable  d a t a  were 
obtained.  

Crosswind had a degrading e f f e c t  upon f l a r e  e x l e t  performance (Figures  1 6 ,  
17 ,  and l a ) ,  p r imar i ly  through an inc rease  i n  c i r cumfe ren t i a l  d i s t o r t i o n .  A t  
maximum r e v e r s e  a i r f l ow t h e  I D C  i nc reases  ranged from about 0,035 t o  0.05. 
The c i r cumfe ren t i a l  d i s t o r t i o n  inc rease  was accompanied by a recovery decrease ;  
f o r  i n s t ance ,  from Figures  8 ,  9 ,  and 10 ,  t y p i c a l  l o s s e s  a t  maximum r e v e r s e  
a i r f l o w  were less than  0.01, and flow s e p a r a t i o n  w a s  no t i ced  a t  much lower 
a i r f l ows .  Radial  d i s t o r t i o n  was e s s e n t i a l l y  unaf fec ted  (AIDR -0.01). 

Crosswind changed t h e  d i s t o r t i o n  p a t t e r n  shape by deepening t h e  windward 
t i p  low p res su re  reg ion  and c r e a t i n g  a new low p res su re  reg ion  i n  t h e  hub 
on t h e  leeward s i d e  of t h e  model plug (Figure 22) .  The new hub d i s t o r t i o n  
w a s  accompanied by a turbulence  inc rease  i n  t h a t  region.  





Configuration "A" 
45.7 cm (18 in. ) Flap, 
T I 6  rad (300) Flare Vo = 159 km/hr. (85.8 knots) 

0 -  '@ 1 = 259 kglsec (571 ib/sec) 
6 5 

No Crosswind 

A 1.000 AND ABOVE . 1.000 TO 0.990 
B 0.990 TO 0.980 
, 0.9d0 TO 0.970 
C 0.970 TO 0.960 . 0.960 TO 0.950 
D 0.950 TO 0.940 
, 0.540 TO 0.930 
E 0.930 TO 0.920 . 0.920 TO 0.910 
F 0.910 TO 0.900 

READING 16 

, 0.900 TO 0.890 
~ r a d  (1800) G 0.890 TO 8.880 

JCCCSCCCCCCCCCCCCCCCCCCCCC 
. 0.880 TO 0.870 

CCCCCCcCCCCCCiCCCCCCCCCCCCCCCCC5CC 
B 0.870 TO - 0.a60 

CCCiCCCC2CCCC,.,,~,I,,,t,,,,,,,,CCiCCCCCC 
, 0.860 TO 0.650 

CCLiCCCCCCCC,,,,,,,,,.,,~t,,rrt,,I,,,r,,CCCCCCC 
I 0.850 TO 0.840 

CiCCSCC5L~c~.,,,,,,,,*,,,~,#,,.,,.,,,,.,,.,,,*cCCcCcC 
. 0.840 TO 0.830 

cc~cCcc~cc~c,,#...,..,,,,,,,,,,.,~~..#,,,,,,,,.cccccCC 
J 0.830 TO 0.820 

CCCCZC~CCCCC,,,,,,,.,~C~CCCCCCCCCCCCC,.,,,,,,,,,,,,,,CCC~C~~ , 0.820 TO 0.810 
CCCCCCCCCCC,,,,,,,,~CCCCCCiCCCCCCCCCCCCCCC~~~,,,,,,,,,,,,CCCCCC X 0.810 AND BELOW 

CCCCciCCCCC,,..,,..,,,,,,,,,,,,,,,,#,,,,,CCcccC,,,,,,,,,,,,,,CcCccC 
C C C C C C C C c C , , . . , , , r , . , r , , . , I r a ~ B B a - , , , , # * , . , , # * , , , , , , , ~ , , , , c C c c c  

CCCCCCCC~C..............~~BBBBEBBB~~~.. BBBBBE3EBE,,,,,,,~,,,,,,~,,~,CCCCCC 
CCCZCC..SC..........IE.B.DBB............ --.-a-.SSB6SBB.,,,,,,,,,,,,,,,,CCCCC 

iCCCCC2CC,,,,,,,,,EBB3BB.....-..- ................. 2BBBPBr,,,,,,,,,,,,,,,CCCCC 
CCCCCiCCC,,,,,,,,EEEBFB............ ....-.----.-..... .B.BB................CCCCC 

.CCCCCCCC........~BBLB.~........... BB........BBBBBB,,,,.,,,,,,,,,CCCCC 
CCCCCCCCC,,,.,,,,BBEB........... BBB.....~BBBB,,,,,.,,.,,~~,CCCCC 
..C.CCC............B......... .BE. ..BEEBB,,,CCC,,,,,,,,CCCC 

CCCCCCC..................... DB...aBBBB,,,CCC,,,,,.,CCCCC 
CCCCCCC,.,,,,,,,EE......... BB....YBBB,.CCCC,,,,,,,CCCC 

CCCCC.L....CC....PE....... B....BBBI,CCCCC,,v,,,rCCCi 
CCCCiC,,,,CiCC,,EB....... B----BBB,.CCCCC,e.v..C2CC ......................... ......................... .... CCiCCC,,,,CCCCC,BB.... B....BBB,CCC.CC,,,,,,CCCC 

iCCCCC,,,,CCiCC,BB...... .....BB..C..CC......CCCC IDC = 0.006 ........................ ....'.....'......... ,CCC 3 T 1 2  
~cccc....c~..cc.B....... IDR = 0.010 ,c.. rad B....... .c.......ccc 

1r/2 rad (900) ..............C......... B....BB,,C...CC,,,,,,CCCC 
SCCCC....CC...C.P....... (Max. - Min. )/Average = 0.039 .........c...c...... ,CCC (2700) 
........................ 7, = 0.975 B~..BB,,C...CC,,.,,,CCC 
C.......,............... ........................ 
CCCCCC....CC..C..E....... B.....BB,CC..CC,,.,,.CCCC 
......................... ......................... ........,................ .......................c. 
CCCCCC,,,,,CCCCC,hE....... BB....EB..CC.CC.......CCCC 
C.......................... ........................... 
JCCCCC,rrrrCCCCC,,BB........ B......EB..CCCCCC.......CCCC 
CCCCCC,,,,,CJCCC,,BB.......r. BBB.--..EEB..CCCCC,,,,,,,CCCC 
CCiCCCC,,,,,CCCCCI,E88....-.-.-.. BBBB+..---BBBIICCCCC,,,,,,,CCCCC 
.CCCCCC.....CCCLCC..EFS............ SBBBB....... BBB,,.CCCC,,,,,,,,CCCCC 
iCCCCCC,,,.,,CCCCC.,,BBBBBBBBBBB.......BBBBBBB.........BBBB,,CCCCC,,,,,,,,CCCCC 
CCCCCCC,,.,,,CtiCiC,,,BBFP.P.P.....................BB6BB~,,CCCC~,~,,,,~,CCCC, 
LCCCCiCC,t,,,,CCCCCC,,~EBEktBBBB......-.~-~..EBBBEBa,,r,CCCCt,,,t,,,,,CCCC, 
CCCCCCCC,,,,,,,CCCCCC,,,,,BBBBBBBBBBBBBBBBBBB8BB,,,,,CCCC,,,,,,,,,,CCCCC, 

CCCCCCCCr,.,,,CCCCC5CCC,,,,,,,,BBBBEBBB,,,,,,,,,CCCCC,,,,,,,,,,,CCCC, 
CCCCCCCCS,,,,,,,~CCCCCCC~CC,,,,,,,#,,,.,,cCcccCcc,,,.#,,,,,,,ccccc, 

CCCCCiCCC,,,,l.rCCCCCCCCCCCCC2CCCCCCCCCC~CCCCv,,v,,,,,,,tCC~CC, 
CCCCLCCCCCC,,,,,,,CCCCCCCCcCCCCCCCCCCCCC,,,,,,,,,,,,,,cccC~c, 

i~CCCCCCCCCC,,,,.,,.CCCCCCCCCCCCCCC,,,,,,,,,,,~,,CCCCCCC, 
CCCCSCCCCCCCCC~,.,,,,,,,,,,,,,,,,,,,,,,,,,,ccccccccc, 

CCCCCCcCCCCCCCSCCCCcC,,,,,,,,,,,,,,CCCCCcccccc, 
CCCCCCCCCCCCCCCCCCCCCCCCCCi:CCCCCCCCCCCCCC 

CCCCJCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
CCCCCCCCCCCCCCCCCC~CCCcc~  

C 

0 rad (0°) 

I Sting Support I 
Aft Looking Forward 

F i g u r e  20. T o t a l  P r e s s u r e  Contour  Map a t  OGV E x i t ;  a S c a l e d  45.7 c m  
(18 i n . )  30° F l a r e .  



0 Configuration "Al" 

Vee'd 45.7 cm (18 in. Flap, 

W 6  rad (30°) Flare 
Vo = 158.8 kmlhr. (85.7 knots) w@L = 285.8 kglsec (630 lb/secl 

' - 8 - 5  

No Crosswind 

Vee 
READING 15 w r a i  (1800) 

r..r...r..rr...r.rD~.ODDD~ 
DDDD3DUD.,,,,,,,,,DDDDDCCCCI:DDD.. 

LCLCCDDCDDDDSD,,,,,,,,,,DDDDDDDDD.......C 
DDDDDDDD,,,,,,,,,,,.,,DDD2D....C<CCCCCC ....... ............ DCDDDC,,,.,,,EE;,,,,,,DDDD....CCCCCCCCCCC 

CCC............DDDDD,.,,,,,,,,,,,,,,,CDCC...CCCCC,,,,,,,, 
CCCCCCCCCC.CCC. .... DEDDDD,,,,,,,,,,,,,DDD2Ud...CCCC,,,,,,,,,,, 

CCCC2LCCiCCCiCCC.....DDD~liDJDDC3DDDDDDDDDD.....CCCC,,,,,,,,,,,, 
CCCCCCC,,,,,,,LLCCC................ .............. CCCC*,,,,,,,,,,,,, 

C C C ~ ~ , , . , , , , , , , , C C C C C C ~ C C C C C ~ C ~ C C C C C C C C C C C C L C C C C C C , , , , B B B B B , , , , , ,  
CCCCt,,,,ELES,,,,,,,,,t,,,t,~v,,,,,,,,r,rt~,,,~~,CiCCCCCC,,,,BBBBBv,t,,,, 

CCCC,,,,ZtidBBB,,,,,,,,,,BBEBEEEfibBBBBBB,,,,,,,,~C,,,,,BBBBb,,,,,,, 
CCCC,,,,6BHBEE,,.,.,EEJBbBBEBBBBBBBEBRBRBPBB3BBBBBBE~E,,,,,,,,,,,RBBBB,,,,,,C 

CCCC,,,,BB~BBB,,,,E~~~EEBBLL~~EBEBL~~PEBBBBE~BBEEEBEE~~~~~~~~D,,,,,,,,,,BBB,,,,CCCC 
CSCC.,,,BEBDD,,,,BEEEEEEEEEEEEBD6fiE BBEi3BBBE3EBBBBB,,,,CC,,,,,,,,,CCCCC 

CCCC,,,,,,B,,,,,,BBBB.......BBbE EEEBSEBBBBEB.,,CCCCC,,,,,,CCCCCC 
CCCC,,,.,,,,,,,,EL3Ba.......PB B3EBBBBBEEI.,CCCCCC,,,CCCCCCC 

Vee .CZCC,,,,w,v,,,,BBB3......BB BBBB6~BBB,,CCC.CCCCCCCCCCc.. 
.CCCC,,,,,2C2,,,Rba......Eb EBBEEBEBB, ,cc.. . .CCCCC.. ... Vee 

A 1.000 ANL ABOVE . 1.000 TO 0.990 
B 0.9S9 TO 0.980 
, 0.980 TO 0.970 
C 0.970 TO 0.960 . 0.960 TO 0.950 
L 0.950 'I0 0.940 
, 0.940 TO 0.930 
E 0.930 TO 0.920 . 0.920 TO 0.910 
F 0.910 TO 0.900 
, 0.900 TO O0.9C 
G 0.890 TO 0.88C . 0.880 TO O.87C 
H 0.870 TO 0.66C 
, 0.86G TO 0.65C 
I 0.850 TO 0.84G . 0.840 TO 0.83G 
J 0.e30 TO 0.820 
, 0.820 TO O.bl0 
X 0.610 AND BELOb 

.. A .. CC;~CCCCCCCC,,,FEH.....E CC:SLCCCCCCi,.,hEa...a3 ... U.. CCCCL.. CZC. BE EU.. EE 

YaBBBBB,,CC......CC....... 
EBEBEE,, CC. .DD.. ......... A 
BBBBEB..C.DDOD.......DDI~D 

0. .iCC.. ...... CC,BilLBB6EF1 BBBBBB; ;c. DDDDDU.. CDCCD .. 
U...C...DDDD,.Ci.aFEBB&a IDC = 0.028 6bBE6, ,C.DD,,DLD. .DDDDDD .... 0.. LCDDD3. CC,, LEbJDR BBBBB, .C.l)D,,,DL!DDDCDDDD yT 
D.....DL,,,,D..C,,HaBBBH IDR = 0.012 UBEBBI,C.DD,,,DDD3DDDDDD 

1r/2 rad (900) JD. ..oo,,, .,ED. C , . ~ E ~ E B B  BEBBBB,C.DD, , ,DDDDDDDDDDD rad . . . u.....~~,, ,DD.C, , t d ~ ~ ~ ~  (Max. Min. )/Average 0.064 SB~~BBB,C.C,,,,CDDDDDDDL~(~~~~) ... d.. .LDL,bJD.C, ,Lct?daB qR = 0.967 BEERE,,C.D,,,,DDDDDDDDDD 
0. .CCC.. ibi)DDD. C, , I ~ .  .BP BBBBB, ,C.G, .DD.. EDDCD .. . 
u.CCCCC...DL~D.C,,~D...D BBEBPB,,C.D,,,DD....D3DCD 
D.CCCCiiC...J..CC,EE..... EbLEG2,C..Dr,DL.......DCD 
.CCC,,CZC......L.55...... BBaBEBS,i .DliDCD.. . . . . . . . .  
.SCC,,,,CiC....Cc,DE...... BEEBEBG,CC.DDDD..CCC...... .. ...... .. iCC,, ,,CC.. C, ,B.. PAPRi3EJ3,,C..DDD.CCCCCS.... 
LCC,,,,.,,,C...Ci,BJJJ...-.. BBbE. EBbB,C.. DD.. CCCCCCCC.. . ....... CC, ,,EBBB, ,CL. .CC,BB.. BBEBE. EEB6,CC.. .. .CC., . ,CCCCCC 
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a  Scaled 45 .7  c m  (18 i n . )  30' Flare .  



The vee-notched f l a r e  configurat ion was  a f fec ted  by crosswind by an 
addi t ional  recovery decrease of about 0.005 and an add i t iona l  c i rcumferent ia l  
d i s t o r t i o n  (TDC) increase  of about 0.04. This model configurat ion with cross- 
wind produced the  test's highest  d i s t o r t i o n s  (.refer t o  Figure 17). 



5.0 CONCLUSIONS 

Wind tunne l  tests of s c a l e  model QCSEE v a r i a b l e  p i t c h  f a n  t h r u s t  r eve r se r  
i n l e t s  were conducted t o  determine p re s su re  recovery and d i s t o r t i o n  l e v e l s  f o r  
a range of s imulated engine a i r f l ows  and landing  speeds. These r e v e r s e r  in-  
l e t s  were formed by f l a r i n g  t h e  QCSEE engine v a r i a b l e  f a n  nozzle  f l a p s  outward 
f o r  improved r eve r se  flow c h a r a c t e r i s t i c s  by way of a l a r g e r  en t rance  a rea .  
Conclusions drawn from t h e s e  d a t a  are: 

The f l a r e d  nozzle  is an acceptab le  r e v e r s e r  i n l e t  concept f o r  
t h e  QCSEE v a r i a b l e  p i t c h  f an  engine.  

The f l a r e d  nozzle  concept provides s u b s t a n t i a l l y  b e t t e r  r eve r se  
mode i n l e t  recovery compared t o  t h e  un f l a r ed  nozzle  p o s i t i o n .  
Improvements of 0.035 t o  0.05 were observed i n  a landing  speed 
range from 20 t o  150 km/hr. 

The f l a r e d  nozzle  concept provides low i n l e t  d i s t o r t i o n  r e l a t i v e  
t o  t h e  un f l a r ed  takeoff  nozzle  pos i t i on .  Radia l  d i s t o r t i o n  
ind ices  a t  s imulated maximum engine r eve r se  a i r f l o w  condi t ions  
ranged from 0.01 t o  0.025 compared t o  0.04 t o  0.07 f o r  t h e  
un f l a r ed  case.  

The 45.7 cm ( f u l l  s c a l e )  30" f l a r e  conf igura t ion  s e l e c t e d  f o r  t h e  
QCSEE v a r i a b l e  p i t c h  f a n  engine r e v e r s e r  i n l e t  proved t o  be t h e  
b e s t  conf igura t ion .  It provided t h e  h ighes t  i n l e t  recovery wi th  
t h e  lowest d i s t o r t i o n  l e v e l  of a l l  t h e  f l a r e s  i nves t iga t ed .  



6.0 NOMENCLATURE 

Ainlet/Athroat = f l a r e  i n t e r n a l  con t r ac t ion  r a t i o  based upon t h e  p lane ,  
annular ,  c ross  s e c t i o n  a reas  

I D C  

IDR 

IDRring 

Max. - Min. 
Average 

= maximu24 of IDCtip o r  IDCh& = CArcumferential D i s t o r t i o n  
index  ( t o t a l  p r e s s u r e  a t  measurement  lane) 

- - Ring Average - Ring Minimumy each of rings 
Face Average 

where: i = 1 i s  r i n g  a t  sma l l e s t  r ad ius  
i = 6 is  r i n g  a t  l a r g e s t  r ad ius  

= maximum of IDRrin ( i = 3  r i n g  excluded, s e e  pg 20) = Radia l  
D i s t o r t i o n  Index ? t o t a l  p re s su re  a t  measurement p lane)  

- - Face Average - Ring Averagey each of 
rings Face Average 

where i = 1 i s  r i n g  a t  sma l l e s t  r ad ius  
i = 6 i s  r i n g  a t  l a r g e s t  r ad ius  

- - (Face Max. - Face Min.) 
= Face D i s t o r t i o n  Index ( t o t a l  

Face Average 
I 

pres su re  a t  measurement p lane)  

= e x l e t  w a l l  s t a t i c  p re s su re  

= e x l e t  s t eady  s t a t e  t o t a l  p re s su re  i n  p lane  15  

= e x l e t  dynamic ( f luc tua t ing )  t o t a l  p re s su re  i n  p l ane  15 

= Root mean square  p r e s s u r e  f l u c t u a t i o n  d iv ided  by t h e  
temporal average p r e s s u r e  

= wind tunne l  t o t a l  p re s su re  

= measurement p lane  1 5  s t a t i c  p r e s s u r e  



= measurement plane 15 t o t a l  pressure  

= Gunnel test sec t ion  v e l o c i t y  

A simulated a i r c r a f t  landing speed 

Va a Yo cos a 

where a i= model yaw angle 

= correc ted  e x l e t  model f an  flow sca led  t o  t o t a l  QCSEE engine 
reversed airf low, a s  measured by the  measuring plane average 
s t a t i c  and average t o t a l  pressures  

= e x l e t  t o t a l  pressure  recovery measurement plane = pTIS/PTo 
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