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IhTRODUcr ION 

During the  past  10 t o  L3 years,  NASA research programs r e l a t ed  t o  propulsive- 
l i f t  a i r c r a f t  technology have been d i rec ted  toward expanding t h e  technology da ta  
base which the  a i r c r a f t  industry designers  may use f o r  appl ica t ion  t o  short-haul 
t ranspor t  a i r c r a f t  designs ( re f .  1).  These NASA research  programs have r e su l t ed  
i n  development of such propuls ive- l i f t  concepts a s  t he  augmentor wing, ex te rna l ly  
blown f l ap ,  and upper-surface blown f l ap ,  which can produce nore than twice t h e  
amun t  ok usable a i r c r a f t  l i f t  c ce f f i c i en t  f o r  landing compared with t he  more 
conventional, aon-powered-'%it a i r c r a f t  configurat ions ( re fs .  2 t o  4). The 
improved take-off and landing performance inherent  i n  these  propuls ive- l i f t  
a i r c r a f t  concepts has been s r ~ t e d  ss 2 nat iona l  a s s e t ,  s i nce  short-haul t rans-  
po r t s  employing these concepts w i l l  be ab l e  t o  operate  from s t o r t  runways with 
highly maneuverable, s teep ,  and curved f l i g h t  paths  t h a t  could s a t i s f y  domestic 
and foreign market needs and, a t  t h e  same time, could r e s u l t  in  reduced com- 
munity noise exposure (refs .  5 and 6). 

With t he  advent of t h e  U.S. A i r  Force Advanced Medium STOL Transport (AMST) 
Prototype Program e a r l y  i n  1973, t h e  upper-surface blown f l a p  concept was 
selected by The Boeing Company ( re f .  7) t o  be appl ied t o  t h e i r  YC-14 AMST pro- 
totype ( f ig .  l ) ,  while t he  ex te rna l ly  blown f l a p  concept was se lec ted  by the  
Douglas A i r c r a f t  Company ( r e f .  8) t o  be applied t o  t h e i r  YC-15 AMST prototype 
( f ig .  2). The A i r  Force AMST Program marks the f i r s t  i n d u s t r i a l  appl ica t ion  of 
severa l  NASA propuls ive- l i f t  concepts t o  fu l l - sca le ,  mission-oriented t r anspo r t  
a i r c r a f t  ( f ig .  3). The AMST Program a l s o  provides t he  opportunity fo r  f u l l -  
s ca l e  f l i g h t  va l ida t ion  of t he  propuls ive- l i f t  research which has been accom- 
plished over t he  years through r e l a t i v e l y  small-scale experimental programs and 
through ana ly t i ca l  techniques by NASA and t h e  aerospace industry.  

When i t  became apparent t h a t  NASA pa r t i c ipa t ion  with t h e  A i r  Force i n  t h e  
AMST Prototype Program could s a t i s f y  a number of t h e  NASA objec t ives  r e l a t i v e  
t o  c i v i l  short-haul t ranspor t  technology needs, a Memorandum of Understanding 
was cons t i tu ted  i n  February 1973 by the  A i r  Force and NASA. This Memorandum 
provides f o r  NASA t o  conduct f l i g h t  research experiments concurrent with t h e  
Air Force on noninterference o r  complementary bases during the  Prototype P l igh t  
Test and Evaluation Program. The Memorandum fu r the r  s t a t e s  t ha t  NASA will 
provide technical  and f a c i l i t y  support t o  t h e  A i r  Force a s  needed, and t h a t  one 
o r  more of t he  prototype a i r c r a f t  could poss ib l j  be made ava i l ab l e  t o  NASA 
subsequently fo r  continued f l i g h t  research. 



f 
i 

To s t r u c t u r e  and conduct an in tegra ted  NASA AYST Experiments Program, ) .  

represen ta t ives  from NASA Ames,  Dryden, Langley, and Levis Research Centers; 
NASA Headquarters; FAA; and the  Air Force F l igh t  Dynamics Laboratory have been 
meeting per iod ica l ly  t o  develop t h e  set of f l i g h t  experiments cu r r en t ly  imple- 
mented and being conducted during the  Air Force F l igh t  Test and Evaluation ! 
Program on t h e  YC-14 and YC-15. These represen ta t ives  a r e  a l s o  developing I .  

another set of follow-on f l i g h t  ex?eriments which a r e  proposed t o  be implemented : 
and conducted subsequently. The NASA RHST Experiments Program is  intended t o  1 - 1 :  * I  

be a cooperative program between NASA and o the r  government pa r t i c ipan t s  and 1 : 

t he  a i r c r a f t  industry.  . . 
. . 

This paper d i scusses  t h e  ob jec t ives  of t h e  NASA AMST Experiments Program 
and descr ibes  severa l  of t h e  NASA experiments a s  they a r e  ca r r en t ly  being 
implemented and conducted on t h e  YC-14 and YC-15 prototype a i r c r a f t .  A b r ie f  I 

descr ip t ion  of the  proposed fu tu re  NASA AYST Experiments Pro jram is included. 
This  discussion 1s confined t o  those NASA e x p e r i m e ~ t s  r e l a t d  t o  powered-lift 3 

1 -  aerodynamics and acoust ics .  

I:.. - 
i. .. . 
I . . . :  SCHEDULE OF LVERIMENTS 

I 
I 

Agreement i n  t he  USAF/NASA Memorandum of Understanding and the  USAF AYST 
Program schedule has  resu l ted  i n  t h e  folLowfng general  NASA schedule of experl- 

b ments involving AMST: , I - -  

A I R C R A R  TEST PERIOD 

g (DOUGLAS YC-15 I AUG. 1975 - AUG. 1976 

fCOMP€TlTlOY I GCT. 19;? - 1981 

OR YC-15 

OCT. 1977 - OCT. 1982 
LOSER: YC-14 

O d  YC-15 

USAF PROGRAM NASA PROGRAM 

3ROlOTYPE FLl GHT TEST 
AND EVALUATION 

FULL-SCALE DEVELOPMEN L l  MlTED NONINTER- 1 FERENCE M P E R I  MENTS 

NONINTERFERENCE 
EXPERIMENTS 

PROTOTY PF FLl CHT TEST ' 

AND EVALUATION 
NONINTERFERENCE 

EXPERIMENTS 

Both current  and fucurc NASA AMSP experiments a r e  shown. Current experiments 
i 

/ 1 
1 

POSSIBLE COEXPERI- 
MENTERS WITH NASA 

1 YC-15 f l i g h t  ape r imen t s  over t he  period August 1975 t o  August 1956. 

MAJOR EXPERIMENTS 
PROGRAM 

(2) YC-14 f l i g h t  experiments over t h e  period August 1976 t o  August 1977. i I '  
I i .  
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Future experiments u t i l i z e  e i t h e r  o r  both YC-14 and YC-15 a i r c r a f t  wer 
the  period October 1977 through October 1982. These two time per iods encompass 
t he  period of the  A i r  Force AHST Prototype F l igh t  Test  and Evaluation Program 
(August 1975 t o  August 1977) and i5e Air Force AHST Full-scale Development 
Program schedulsd t o  begin October 1377. During t h i s  latter Air Force Program 
period of fu l l - s ca l e  development, NASA expects t o  conduct many of t h e  major 
candidate  experiments requir ing at least one and possibly two dedicated AMST 
prototype a i r c l - a f t  t o  be made ava i l ab l e  by t h e  Air Force. Additional minor 
experimei~ts on a noninterference bas i s  a r e  planned t o  be conducted on t h e  f u l l -  
s c a l e  development prototype a i r c r a f t  se lec ted  by the  A i r  Force. 

NASA AMST EXPERIMENT OBJECTIVES 

The NASA AMST experiment ob jec t ives  i n  t h e  areas of powered-lift aerody- 
, . namics and acous t ics  a r e  

(1) The fu l l - s ca l e  f l i g h t  va l i da t ion  of p r ed i c t i ve  methods based on 
small-scale experimental inves t iga t ions  and a n a l y t i c a l  techniques 

(2)  Development through f l i g h t  research  of a b e t t e r  understanding of 
aerodynamic ana/or acoust ic  c h a r a c t e r i s t i c s  i n  a r ea s  where pred ic t ive  
methods don't  e x i s t  o r  t h e  phenomena have been too complex t o  model 

(3) Ful l -scale  proof -of-cor~cept through f l i g h t  research of methods fo r  
improving aerodynamic e f f ic iency  and reducing the  e f f e c t s  of t he  
acous* i c  environment 

Several conference papers ( re fs .  9 t o  12) a r e  authored by NASA o r  NASA- 
sponsored AMST experimenterg who have proposed f l i g h t  and ground experiments t o  
be conducted on both t he  YC-14 and the  YC-15. These experiments w i l l  s a t i s f y  
some of the NASA AYST objec t ives  j u s t  described. The currznt  (ongoing) AMST 
experiments f a l l  i n t o  th ree  broad experiment categories:  

) Aeroacoustic and thermal load environments 

(2) Noise sources af f ec t i ng  e x t e r i o r  fuselage s t ruc tu re ,  i n t e r i o r  
fuselage noise,  and far-f i e l d  no ise  envil  onments 

(3) Propulsive-lj  f t aerodynamics 

These experiments a r e  intended t o  s a t i s f y  a s  many of the  NASA experiment objec- 
t i v e s  a s  could be reasonably accomodated by the  f l i g h t  hardware and f l i g h t  test 
time ava i lab le  i n  keeping with t he  USAFINASA Memorandum of Understanding. 

Spec i f ica l ly ,  small-scale experimental da t a  have been obtained which 
ind ica te  t h a t  jet propuls ive- l i f t  systems produce l o c a l  flows which can subjec t  
wins, f l ap ,  and fuselage s t r u c t u r e s  t o  severe en~i ronments  involving aeroacoust ic  
and thermal loads. These propuls ive- l i f t  environments a r e  expected t o  be more 
severe i n  magnitude than cu r r en t ly  experienced Ln conventional jet-powered 



t r anspo r t s  and must be  understood i f  e f f i c i e n t  a i r c r a f t  s t r u c t u r a l  designs are 
t o  be realized. Further,  t he re  is a need t o  understand t h e  mechanisms by which 
noise  is generated i n  propuls ive- l i f t  systems, t h e  propagation of t h i s  no ise  
i n t o  t h e  fuselage i n t e r i cz -and  the  e x t e r i o r  f a r  f i e l d ,  and methods by which 
noise  can be at tenuated . Fina l ly ,  f u l l - s ca l e  propulsive-lif  t aerodynamic 
c h a r a c t e r i s t i c s  i n  t h e  dynamic f l i g h t  environment must be  examined t o  v a l i d a t e  

st r i g s ,  and a n a l y t i c a l  

KEY TECHNOLOGY AREAS 

Exyzriments i n  t h e  cur ren t  Hrototype Program a r e  very similar f o r  both t he  
AMST YC-14 and YC-15 because 

(1) Both t he  upper-surface blown f l a p  and the  ex te rna l ly  blown f l a p  
propuls ive- l i f t  concepts encompass key technology a r e a s  which 
general ly  tend t o  be q u i t e  comon. 

( 2 )  Experiments which tend to  develop da t a  i n  key technology a r ea s  
I 

general ly  had t o  be performed equal ly  on both t he  YC-14 and YC-15 4 

becausa of t he  competit ive na ture .of  t h e  AMST program. This  was 
necessary t o  avoid NASA-generated da ta  t h a t  might unbalance t h e  
competition, 1 

I !  
The key technology a r ea s  t h a t  a r e  being addressed in  t he se  experiments a r e  , 1 

as follows: ! 
- 1  

Struc tures  and ma te r i a l s  subjected t o  loads i n  t h e  extreme ! 

aero-thermal-acoustic-vibration j e t  STOL environment 
i 

External and i n t e r n a l  acous t ics  

Nsise source i d e n t i f i c a t i o n  

Flow turni1-4 e f f i c i ency  of engine eff luence 

High-l i f t  ground-effects aerodynamics I 
1 

Powerea-lif t con£ igu ra t  ion aerodynamics - , 

1 
The experimental inves t iga t ions  i n t o  these technology a reas  can genera l ly  be i 
surmned up by th ree  broad ape r imen t  ca tegor ies  : (1) i n t e rna l / ex t e rna l  noise  .. i 

experiments, (2) f l a p  1oads /acous t ics / in le t  experiments, and (3) spec i a l  o r  ,I 
opportilrity-type experiments. 1 

I 

Cornmon~liey t o  both t he  YC-14 and YC-15 exists fo r  t he  f i r s t  two s t a t ed  
experisen: ca tegor ies  a s  shown i n  t he  following: 
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Comnon t o  YC-14 and YC-15: .. :;f 
' ->'i 

.', 3 - :: t 
In te rna l /ex te rna l  acous t ics  ...I< . 

'- 

Flap and inlet aerothermodynamic loads and acoust5cs . '.I .- -?I 
- :  

Unique to  individual  a i r c r a f t  : , .:? '. 1 .- *, . - 
, J .  ,:* 

Targets of opportunity (e.g., ground crew noise) : - .. .; . 
Special  t e s t s  i den t i f i ed  during f l i g h t  test program 

fe.g., ground e f f e c t s )  

Since t h e  =.I YC-15 f l i g h t  experiments have been completed, a br ie f  discussion 
of only t he  NASA YC-15 f l i g h t  experiments i n  t he se  ca tegor ies  is  included. 
However, s imi l a r  NASA f l i g h t  experiments a r e  e s s e n t i a l l y  planned f o r  t\e YC-14 
f o r  t he  f a l l  of 1976. The YC-14 static ground-test experiment completed i n  
February 1976 fo r  NASA t o  support t h e  YC-14 f l i g h t  tests is discussed b r i e f l y  
here  and i n  d e t a i l  ir; i-eference 9. 

YC-15 Experiments 

In t e rna l  and ex te rna l  noise  environment measurements were conducted on the  
YC-15. Transducer loca t ions  on the  YC-15 fuselage f o r  the  i n t e r i o r / e x t e r i o r  
acous t ics  experiments a r e  shown i n  f i gu re  4. There were 8 accelerometers and 
21 sicrophones i n  t h i s  i n s t a l l a t i o n .  The ground and f l i g h t  tests f o r  t h i s  
experiment were conducted i n  March 1976. 

Flap loads, 'acousticsl  i n l e t  inves t iga t ion  experiments were conducted during I 4. 
ea r ly  May 1976. The instrumentation on t h e  s tarboard f l a p  a r ea  w a s  pr imari ly  r . j :  
f o r  sensing aeroacoust ic  loads and fo r  measuring the  thermal environment. Flap 
instrumentation loca t ions  a r e  shown i n  f i g u r e  5. Instrumentation f o r  t h e  engine 
i n l e t  acous t ics  i n  t h e  r i g h t  inboard nace l le  (engine 3) consis ted of th ree  -. . .. 

.... I. .. ~ 

s t a t i c  pressure transducers and f i v e  dynamic pressure t ransducers  (microphones), 
. :. . . '. a s  shown i n  f i gu re  6, along with one ex t e r io r  fuselage microphone. 
..-.. i 

A s  mentioned before, both t he  e x t e r i o r l i n t e r i o r  noise  experiment and the  
f l a p  loads /acous t ics / in le t  experiment w i l l  e s s e n t i a l l y  be repeated with t h e  
YC-14 a i r c r a f t  i n  t he  e a r l y  f a l l  of 1976. 

Special  o r  opportunity experiments have been planned f o r  both t h e  Y C - 1 4  and 
YC-15. I n  some cases these  experiments have been implemented on the  YC-15. 
Examples of t h i s  type of experiment include 

(1) Engine noise  inves t iga t ions  i n  t h e  v i c i n i t y  of t h e  ground crew. 
Microphone pos i t ions  f o r  inves t iga t ing  engine noise  i n  t h e  
v i c i n i t y  of the  ground crew a r e  shown i n  f i gu re  7. 

(2) Flyover (f ar-f i e l d )  noise  measurements performed by t h e  USAF 
Aerospace Medical Research Laboratory (AMRL) . 



(3) Ground-eff e c t s  tests. The p r o f i l e  of a t yp ica l  ground-eff e c t s  
test is shown i n  f i g u r e  8. 

(4) NASA p i l o t  evaluat ions (10 hours maximum). 

YC-14 Experiments 

The YC-14 experiments include integrated f l i g h t  and s t a t i c  ground-test 
experiments wherein NASA was ab le  t o  piggyback experiments on a planned t e s t  
by Boeing of a c t u a l  a i r c r a f t  propulsive-l i f t  hardware a t  t h e i r  s t a t i c  test 
f a c i l i t y  at Tulal ip ,  Washington. The Tulal ip  ground test was a spec i a l  s e t  of 
experiments conducted with fu l l - s ca l e  YC-14 hardware p r i o r  t o  f l i g h t  t e s t s .  
Figure 9 ind ica t e s  t he  fu l l - s ca l e  hardware tes ted  a t  Tulalip.  Since the  
Tula l ip  tests a r e  discussed i n  d e t a i l  i n  reference 9, only the  following br ie f  
summary is presented. 

I 1 ,  ; . :j 
The Tula l ip  tests permitted NASA t o  achieve t h e  following object ives:  ! .! 

I I ., 

(1) To provide fu l l - s ca l e  s t a t i c  measurements t h a t  could be compared 
r i t h  114-scale s t a t i c  measurements of an iden t i ca l  configurat ion 
made by members of Langley Research Center 

(2) To provide the  da t a  base required t o  c o r r e l a t e  s t a t i c  measurements 
with f l i g h t  measurements t o  assess  the e f f e c t s  of the  f l i g h t  
environment 

(3)  To as ses s  t he  adequacy and loca t ion  of research instrumentation 
t o  be i n s t a l l e d  i n  t he  f l i g h t  vehic le  

Future Experiments 
:+ : 4 There have been about 50 experiments of varying degrees of complexity 

proposed f o r  t he  AMST. These proposed experiments have been compiled i n t o  a 
I- I I 

13 list,  which is considered a " l iving list," s ince  experiments w i l l  be modified, 
I 1 .  i - 4  j 

. deleted,  and added with time and a s  the AMST program unfolds. Examples of . :.j 
- .  : .; 

2 proposed fu tu re  NASA experiments f o r  t he  AMST program a r e  a s  follows: 
- 3 j 1 - 3  

A m e s  Research Center - 
Predict  ion  of t h e  perf o m n c e ,  s t a b i l i t y ,  and con t ro l  
c h a r a c t e r i s t i c s  of STOL a i r c r a f t  

Inves t iga t ion  of powered-lift STOL wake turbulence 

Mi l i t a ry / c iv i l  commonality i n  avionics  design f o r  
short-haul a i r  t ranspor ta t ion  

Validation of t e n t a t i v e  airworthiness  c r i t e r i a  f o r  c e r t i f i c a t i o n  
of powered-lift t ranspor t s  



, ?'.;a 
i .;*:y .. .j 
, , - . t  - 1 

Cer t i f i ca t i on  of powered-lift t r anspo r t s  incorporat ing . . -4 
advanced guidance and augmentation devices :, 1 

- \. 

Langley Research Center ; I  . 

Acoustic loading and f a t i gue  f o r  STOL a i r c r a f t  s t r u c t u r e  : 1 ' 
I 

Ride qua l i t y  - v ib ra t i on  and noise  measurements i n  t h e  AMST 
-1 '.{ . .. . .I " 

.: : ' . I 

Lewis Research Center 
8 .  

' . 
Measurement of upwash angles  a t  er.gine i n l e t  

'. 8 ! '- 

Forward ve loc i ty  e f f e c t s  on fan and j e t l f l a p  i n t e r ac t i on  noise  . , 

' 1  
Forward ve loc i ty  e f f e c t s  on t h r u s t  reverser  noise  -i ' - .  

- 1 ,  

ca t ion  requirements ! !  
m simple t o  extensive.  An example of an 
t modLfications i s  the possible  f l i g h t  : i ;  

t e s t i n g  of t h e  Quie t  Clesn Short-Haul Experimental Engine (QCSEE) on the AMST. , '  

I 

CONCLUDING RENARKS 

As discussed i n  t h i s  paper, t he  major element of NASA pa r t i c ipa t ion  i n  the  
Air Force AMST Prototype Program is the  conduct of f l i g h t  research experiments 
on t h e  AMST prototype a i r c r a f t ,  t h e  Boeing YC-14 and Douglas YC-15. These 
experiments cover the  broad range of technical. d i s c i p l i n e s  t ha t  includes 
aerodynamics, propulsion, acous t ics  (including cornunity no ise  and human 
f ac to r s ) ,  s t ruc tu re s  (including s t r u c t u r a l  environment), s t a b i l  i t y  and control ,  
avionics  and f l i g h t  cont ro l  systems, handling q u a l i t i e s ,  operat ing systems, and 
c e r t i f i c a t i o n  c r i t e r i a .  This paper has been l imi ted  t o  a  discussion of t he  
categories  propuls ive- l i f t  aerodynamics and acous t ics  of f l i g h t  experiments. 
A s  many NMA f l i g h t  experiments a s  can be accomplished without in te r fe rence  t o  
t h e  bas ic  A i r  Force AMST Prototype Program Objectives a r e  cur ren t ly  being 
pursued by the  NASA experimenters. Follow-on NASA f l i g h t  experiments a r e  being 
defined t o  be implemented subsequently, when one o r  more of the  AMST prototype 
a i r c r a f t  should be ava i l ab l e  f o r  add i t i ona l  NASA f l i g h t  research. 

> 

It is ant ic ipa ted  t h a t  t he  r e s u l t s  of these  f l i g h t  experiments w i l l  provide F 

the  a i r c r a f t  industry with add i t i ona l  needed technology t h a t  cont r ibu tes  t o  i I , r  -A 1 economical, s a f e ,  e f f i c i e n t  STOL t ranspor t  a i r c r a f t  f o r  both c i v i l  and mi l i t a ry  , ! *  

missions. 
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Figure 1.-  U~AFfBoeing YC-14 AMST prototype - upper-surface blown f l a p .  



Figure 2. - ~ ~ A F / ~ o u g l a s  YC-15 AMST prototype - propulsive-1 if t 
externally b lom f l n n  - 



CAPABILITY: TAKEOFF AND LAND FROM 6096 m (2000 f t l  RUNinrAY WITH -- 
12 247 kg 127 000 Ib) PAYLOAD 
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UPPER-SURFACE BLOWING 
2 - CF6-50 ENG!NES 

FIRST FLIGHT. AUGUST 1976 

POWERED-LIIT 

EXTERNALLY BLOWN FLAP 

4 - JT8P.17 ENGINES 

FIRST FLIGHT: AUGUST 1975 

Figure 3 .  - USAF advanced medium STOL traneport (AMST) aircmf t. 
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Figure 4, - Transducer loca t ionb m YC-15 fuselage. 
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AND THERMOCOUPLES {LOWER SURFACE) 
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Figure 5.- Flap instrumentation locations. 
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Figure 6.- Enkine inlet instrumentation. 
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Finure 7.- Microphone positions for investigating engine noise in vicinity 
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~ i c a l  YC-15 ground-ef f ects test. 
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Figure 9. - Full-scale YC-14 hardware used in Tulalip ground test. 
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