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I. SUMMARY 

A r a d i a l l y  l eaned  o u t l e t  gu ide  vane was t e s t e d  on two s i n g l e - s t a g e  fans. 
The vane assembly,  common to  b o t h  f a n s ,  w a s  l eaned  30 degrees  i n  t h e  d i r e c t i o n  
of  r o t o r  r o t a t i o n .  One f a n ,  Fan B ,  had a des ign  t i p  speed  o f  1160 f t / s e c  
(353.568 m/sec) and a des ign  p r e s s u r e  r a t i o  of 1 . 5  . The o t h e r ,  Fan C ,  had 3 
supe r son ic  des ign  t i p  speed ,  1550 f t l s e c  (472.44 m/sec)  and a des ign  p r e s s u r e  
r a t i o  of 1 .6 .  Both f a n s  had 26 r o t o r  b l a d e s ,  60 o u t l e t  guide vanes (OW'S) ,  
and t w o  r o t o r  t i p  chord s p a c i n g  between t h e  rotor  and OGV's. 

Data were acqu i red  f o r  b o t h  r a d i a l  and leaned  vanes  f o r  bo th  v e h i c l e s .  
T a b l e  I is a summary of  200-fooi: (60.96 m) s i d e l i n e  e x t r a p o l a t i o n s  of t h e  f r o n t  
and a f t  quadrant  maximum perce ived  n o i s e  levels (PNL's) s c a l e d  t o  a f u l l - s i z e  
Quiet  Engine. Comparisons between Fan C and Fa1 3 are n o t  p o s s i b l e  due t o  t h e  
d i f f e r e n t  test c o n f i g u r a t i o n s  employed. However, t h e  d a t a  on  each fan  forms a 
c o n s i s t e n t  se t .  
p o i n t s .  

The r e s u l t s  
0 .7  t o  2 .3  PNdB. 
1.8%. Data fi-am 
i n  e f f i c i e n c y  at 

Table 11 cor l ta ins  t h e  e f f i c i e n c y  fo r  t h e  approach and t akpof f  

w i t h  t h e  sutsonic t i p  speed  fan  showed reduc t ions  of froi.1 

t h e  s u p e r s o n i c  t i p  speed  f a n ,  however, showed a l o s s  of  0 .9% 
t a k e o f f ,  and a n o i s e  i n c r e a s e  of  from 0 .5  t o  3.5 PNdB. The 

It shau ld  a l s o  b e  noted  t h a t  t h e  t a k e o f f  e f f i c i e n c y  i n c r e a s e d  

Fan C n o i s e  i n c r e a s e  tias l a r g e l y  a s s o c i a t e d  w i t h  i n c r e a s e d  high frequency 
broadband n o i s e .  

I t  is p o s s i b l e  t h a t  t h e  Fan C n o i s e  i n c r e a s e  is a s s o c i a t e d  wi th  an 
aerodynamic problem (as exempl i f i ed  by t h e  e f f i c i e n c y  dec rease )  r a t h e r  than  
an i n h e r e n t  i n c o m p a t i b i l i t y  between l eaned  OGV's and s u p e r s o n i c  t i p  speed f a n s .  



Table I. PNL Leaned and Radial Vanes 
200-Foot (60.96 m) Sidel ine.  

Approach Takeoff 

Fan B Radial 

Fan B Lean, 

Fan C Radial 

Fan C Leaned 

~ ~ ~ 

Aft Front 

101.5 105.3 

100.5 103.0 

99.0 101.0 

99.5 104.5 

- A f t  
7 

Front 

113.0 117.3 

112.3 115.0 

114.0 116.0 

117.0 118.0 

- 

Table 11. Efficiency fo r  Leaned and 
Radial Vanes. 

Fan B Radial 

Fan B Leaned 

Fan C Radial 

Fan C Leaned 

Approach Takeoff 

82.0 81 .O 

84.1 82.8 

80.9 83.0 

81.4 82.1 

2 



I I .  - INTRODUCTION 

I t  has  long been recognized t h a t  one of t h e  p r i n c i p a l  mechanisms of fd.1 
and compressor n o i s e  g e n e r a t i o n  i n v o l v e s  t h e  i n t e r a c t i o n  of  t h e  r o t o r ' s  
v i scous  wake and t h e  downstream s t a t o r  ( o u t l e t  guide vane, OGV).  I n i t i a l l y ,  
t h i s  i n t e r a c t i o n  w a s  a s s o c i a t e d  wi th  b l a d e  p a s s i n g  frequency (BPF) n o i s e  
g e n e r a t i o n  o n l y .  There i s  a i s o  a p o s s i b i l i t y  t h a t  t he  tubulence i n  t h e  wake 
impinging on t h e  OGV g e n e r a t e s  s i g n i f i c a n t  broadband n o i s e  through random 
f l u c t u a t i o n s  i n  t h e  O G V ' s  p r e s s u r e  f i e l d .  

I n  an a t t empt  t o  weaken t h e  i n f l u e n c e  of t h e  wake-OGV i n t e r a c t i o n ,  one i!f 
t h e  f i rs t  des ign  m o d i f i c a t i o n s  done to reduce s o u r c e  n o i s e  was t o  vpen che 
s p a c i n g  between t h e  b l a d e  rows. Another method which h a s  been  i n v e s t i g a t e d  
t h e o r e t i c a l l y 1  and expe r imen ta l ly2  i s  by l e a n i n g  t h e  OGV's. 
t h i s  o p e r a t i o n  i s  t o  cause  t h e  wake t o  " s c i s s o r "  a c r o s s  t h e  OGV a: an ang le  
t h u s  reducing n o t  o n l y  t h e  i n l e t  v e l o c i t y  p e r t u r b a t i o n  b u t  a l s o  t h e  r a d i a l  
e x t e n t  o f  t h e  i n t e r a c t i o n  a t  any given i n s t a n t  i n  t i m e .  A s  r ega rds  t h e  l a t te r  
phenomenon, t h e r e  i s  a c e r t a i n  deg ree  o f  " s c i s s o r i n g "  a c t i o n  even w i t h  r a d i a l  
vanes due t o  t h e  skewness of t h e  wake. Gene ra l ly  t h e  r o t o r  hub a b s o l u t e  a i r  
e x i t  a n g l e s  are l a r g e r  t han  t h o s e  a t  t h e  t i p .  T h i s  t e n d s  t o  make t h e  wake t a k e  
a shape which is l e a n i n g  ir ,  t h e  d i r e c t i o n  o p p o s i t e  t o  t h e  r o t o r  r o t a t i o n  
( a l though  due t o  v a r l a t i o n s  i n  t h e  a n g l e  a l o n g  t h e  b l a d e  t h e  l i n e  of t h e  uake is  
seldom s t r a i g h t ) .  T h e r e f o r e ,  i n  o r d e r  t o  t a k e  advantage of  t h i s  phenomenon, 
tSe OGV p h y s i c a l  l e a n  is i n  t h e  d i r e c t i o n  of r o t o r  r o c a t i o n .  

The p r i n c i p l e  of 

The amount of l e a n i n g  is governed by aerodynamic r a t h e r  than a c o u s t i c  
c o n s i d e r a t i o n s .  For  t h e  case  of t h e  s t r a i g h t  vane ( t h i s  is u s u a l l y  t h e  easiest  
and cheapes t  approach) t h e  a c u t e  ang le  between t h e  vane and t h e  hub c a s i n g  
becomes s o  small t h a t  c o m e r  l o s s e s  r a p i d l y  i n c r e a s e .  Gene ra l ly ,  a l i m i t  of 
about 30 degrees  of  l e a n  r e l a t i v e  t o  a r a d i a l  l i n e  through t h e  vane r o o t  h a s  
been se t  due t o  t h i s  pe r fo rnance  c o n s i d e r a t i o n .  In  any e v e n t ,  t h e  leaned vane 
is n o t  t h e  r a d i a l  vane leaned;  b u t  r e q u i r e s  some m o d i f i c a t i o n  due t o  r a d i a l  
f o r c e s  imparted t o  t h e  a i r  by t h e  vane. 

I n  t h e  cour se  of t h e  Q u i e t  Engine Program, two s c a l e  model f3nc were 
c o n s t r u c t e d .  One, d e s i g n a t e d  Fan B ,  had a t i p  speed of 1160 f t / s e c  (353.568 
m/sec) and a p r e s s u r e  r a t i o  o f  1 .5  a t  des ign  and t h e  o t h e r ,  Fan C ,  had a t i p  
speed of 1550 f t / s e c  (472 .44  m/sec) and a p r e s s u r e  r a t i o  of 1 .6  a t  d e s i g n .  The 
leaned o u t l e t  guide vane w a s  run w i t h  bo th  f a n  r c t o r s .  As w i l l  b e  s e e n ,  t h e  
behavior cf t h e s e  t w o  r o t o r s  was q u i t e  d i f f e r e n t  trom bo th  an a c o u s t i c  and 
performance viewpoint .  

3 



111. VEHICLE AND TEST FACILITY DESCRIPTION 

As no ted ,  t h e  two f ans  t e s t e d  were s c a l e  models. In each case  only  t h e  
o u t e r  (bypass)  f lowpath was modeled. Tab le  I11 c o n t a i n s  some comparative 
model- to-ful l  s c a l e  parameters  and F igu res  1 and 2 show t h e  v e h i c l e  c r o s s  
s e c t i o n s .  Except f o r  t h e  r a d i u s  r a t i o  d l f f e r e n c e ,  a l l  dimensions and 
aerodynamic parameters  obey t h e  u s u a l  s c a l i n g  rules .  The r a d i u s  r a t i o  
d ivergence  is shown by t h e  dash td  l i n e s .  Motive power f o r  t h e  fan  w a s  
through a f r o n t  s h a f t  as shcwn i n  t h e  photograph i n  F igu re  3. 

S ince  bo th  v e h i c l e s  con ta in  26 b l a d e s  and 60 o u t l e t  gu ide  v a i e s ,  i t  was 
p o s s i b l e  t o  u t i l i z e  much of t h e  same hardware f o r  bo th .  I n  f ac t ,  due t o  
similar aerodynamic d e s i g n s ,  i t  w a s  p o s s i b l e  t o  use  t h e  same leaned  OGV hard-  
ware on b o t h  (F igure  4). The leaned  vane aerodynamic des ign  was determined 
from c a l c u l a t i o n s  which s p e c i f i c a l l y  accounted f o r  t h e  r a d i a l  f o r c e s  imparted 
t o  t h e  a i r  by t h e  vane. The hardware was, howeler ,  designed f o r  Fan B. When 
t h e s e  vanes were used i n  Fan C they  were s t a g g e r e d  c losed  1 . 2  deg rees .  

As can b e  seen  i n  F iZures  1 and 2 ,  Fan B w a s  rim wi th  frame a c o u s t i c a l l y  
absorb ing  t r ea tmen t  i n  and around t h e  f a n .  T h i s  anount of t r ea tmen t  h a s  been 
def ined  as t h a t  a s s o c i a t e d  w i t h  t h e  eng ine  as o7,posed t o  t h e  e n g i n e ' s  n a c e l l e .  
Fan C ,  however, w a s  run wi th  a d d i t i o n a l  t r ea tmen t  i n  t h e  in le t : .  T h i s  was 
i nc luded  so t h a t  a t  h igh  fan  speeds  t h e  m u l t i p l e  pure t o n e s  (shock n o i s e )  o f  
t h e  supe r son ic  t i p  speed fan would not mask any e f f e c t s  of t h e  leaned  Om's 
on a f t  r a d i a t e d  fan  n o i s e .  

The t r ea tmen t  i n  bo th  v e h i c l e s  was made up of a ha rd  backing  p l a t e ,  
112 inch  (1.3 cm) of polyure thene  foam, and a p e r f o r a t e d  p l a t e  having  an open 
area of 22-112%. The h o l e s  were 1/16 inch  (0.2 cm) i n  d iameter .  

4 



IV. TEST P R O G f i Y  M I D  D A i A  ANALVSIS - 

Each c o n f i g u r a t i o n  was s e t u p  on t h e  tes t  f a c i l i t v  and run through 
o p e r a t i n g  speed range i n  s c e p s  s u f f i c i e n t l y  numerous (10 a r  11 p o i n t s  L 

o p e r a t i n g  l i n e )  t o  f u l l y  d e f i n e  p a r t  power c h a r a c t e r i s t i c s .  1'1 a d d i t ,  ' 1  ec8.h 
c o n f i g u r a t i o n  w a s  run wi th  exhaus t  nozz le s  which were sma l ' e r  (6%) anc: l a r g e r  
(16%) than  t h e  nominal n o z z l e .  

Noise d a t a  were FM recorded a t  60 i n c h e s  (152.4 cm) p e r  second by micro- 
phones p l aced  on a 100-foot (30.48 m) a r c  cen te red  a t  t h e  fan i n l e t .  The 
microphones were l o c a t e d  a t  10 degree i n t e r v a l s  form 30 t o  160 degrees  r e f e r e n c e d  
t o  t h e  i n l e t  cen ter l ine .  The s u r f a c e  between t h e  microphones and t h e  v e h i c l e  
was covered wi th  a s p h a l t .  A l l  microphones were p laced  a t  t h e  f an  c e n t e r l i n e  
h e i g h t  - approximately 12-1/2 f e e t  (3 .81 m) above t h e  ground p lane .  

Noise d a t a  were recorded a t  each microphone f o r  two minutes  2 t  each 
c o r r e c t e d  speed p o i n t .  T h i s  procedure w a s  r epea ted  once so  t h a t  a l l  d a t a  were 
t h e  average of  t h e s e  p o i n t s  u n l e s s  o t h e r w i s e  s t a t e d .  The recorded d a t a  were 
processed through a General  9ad io  1/3-octave a n a l y z e r  u t i l i z i n g  a 32 second 
ave rag ing  t i m e .  
t o  a s t a n d a r d  day of 53" F and 70% r e l a t i v e  humidi ty .  

Standard c o r r e c t i o n s 3  were then  a p p l i e d  t o  b r i n g  t h e s e  d a t a  

The d a t a  were, of c o u r s e ,  t h e  n o i s e  s i g n a t u r e  of t h e  s c a l e  model. I n  
o r d e r  t o  b e t t e r  a q s e s s  t h e  PNL r e s u l t s ,  t h e s e  d a t a  were s c a l e d  t o  f u l l  s c a l e  
by adding a f a c t o r  of  10 l o g  of  t h e  r a t i o  of t h e  f u l l  s c a l e  K O  s c a l e  model 
weight  f lows t o  a l l  t h e  d a t a  and s h i f t i n g  t h e  frequency down by t h e  r a t i o  o f  
t h e  b l a d e  p a s s i n g  f r e q u e n c i e s  of t h e  f u l l  s c a l e  and s c a l e  model. Unless  
o t h e r w i s e  no ted ,  a l l  t h e  d a t a  p re sen ted  i n  t h i s  r e p o r t  have been s c a l e d  t o  
f u l l  s i z e .  

Also of i n t e r e s t  a r e  e x t r a p o l a t i o n  of t h e s e  d a t a  t o  f l i g h t .  The f l i g h t  
n o i s e  c a l c u l a t i o n  was enhanced by adding a p r e d i c t e d  co re  j e t  and accoun t ing  
f o r  the r e l a t i v e  v e l o c i t y  e f f e c t .  
were p r e d i c t e d  acco rd ing  t o  pub l i shed  SAE ~ r a c t i c e s . ~  
a c c e p t a b l e  for comparat ive pu rposes .  

Core j e t  n o i s e  and r e l a t  ve v e l c c i t y  e f f e c t s  
T h i s  method vas deemed 
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V. SUBSONIC T I P  SPEED FAN 

A. Acoust ic  Data Ana lys i s  

F igu res  5 through 7 c o n t a i n  200-foot (60.96 m) s i d e 1 , n e  d a t a  a t  90% 
(takeoZf)  c o r r e c t e d  fan speed .  The PNL, F igu re  5 ,  shows a d e f i n i t e  r e d u c t i o n  
i n  rear quadrant  n o i s e .  A t  120 degrees ,  t h e  r e d u c t i o n  i s  about  2-1!2 TNdb; 
f r o n t  a n g l e s ,  however, show very l i t t l e  change i n  n o i s e .  The 70 degree s p e c t r a .  
F igu re  6 ,  show t h a t  t h e  c o n t r o l l i n ,  2lernent is t h e  b l a d e  p a s s i n g  frequency 
(1650 Hz) and t h e  second harmonic.  Above t h e  b l a d e  p a s s i n g  frequency (BPF) 
t h e r e  is a p a t t e r n  of lower c o i s e  wi th  t h e  leaned o u t l e t  guide vanes (OGV's) 
lower by 1-112 t o  3-112 dB. 

A t  120 d e g r e e s ,  F igu re  7 ,  t h e  second harmonic (3150 Hz) is t h e  c o n t r o l l i n g  
t o n e  i n  the spectrum s o  t h a t  t h e  dec rease  i n  n o i s e  above the RPF r e s u l t s  i n  
2 measureable d e c r e a s e  i n  PNL.  The s p e c t r a l  d e c r e a s e s  run from 3-1/2 a t  t h e  
second harmonic t o  less than  1 - 1 / 2  dB a t  2500 Hz. Thus t h e  PNL dec rease  is  a 
r e s u l t  of decreased h igh  frequency n o i s e ;  p a r t i c u l a r l y  t h e  second harmogic. 

As t h e  f a n  speed is  d e c r e a s e d ,  Fio-ure 6 through 10 ,  t h e  a f t  q u a d r m t  
zon t inues  t o  show a d e c r e a s e  w i t h  t h e  l eaned  OW'S. A t  605: (approach) L a n  
speed t h e r e  is a l s o  kn i n d i c a t i o n  of some fror,- quadran t  r e d u c t i o n .  The 70 
degree s p e c t r a ,  Figure 11, show small b u t  rather uniform r e d u c t i c n  from 630 
t o  8000 Hz w i t h  a l a r g e  . dec rease  a t  t h e  second harmonic (2000 I l z ) .  A t  120 
degrees ,  F igu re  ?2,  t h e  t:3nes a r e  n o t i c e p b l y  down wi th  t h e  BPF dec reased  by 
4 dB. P;.du-.tions of about  2 dB a l s o  ex tend  t o  10 KHz. 

l 'he generaS n a t u r e  of t h e  r e d u c t i o n s  'i.e., bo th  pu re  t o n e  and broadband 
at a l l  speeds )  i n d i c a t e s  t h a t  t h e  leaned ' . V ' s  t end  t o  reduce t h e  sou rcc  n o i s e  
g e n e r a t i o n  due t o  t h e  two mechanisms c i t e d  e a r l i e r .  That  is :  

0 Roto r  - '3GV p e r i o d i c  wake i n t e r a c t i o n  

0 Turbulence - OGV iinpLngement 

I n  a d d i t i o n  t o  t h e  nominal n o z z l e  d a t a ,  n o i s e  l e v e l s  were a b t a i n e d  on each 
m f i g u r a t i o n  w i t h  l a r g e  (16% open) and s m a l l  (6% c l o s e j )  n o z z l e s .  F igu res  13  

and 14 show t h e  f r o n t  maximum 200-Coot (60.96 m) s i d e l i n e  PNL f o r ,  r e s p e c t i v e l y ,  
r a d i a l  and leaned O W ' S  v s .  f a n  t h r u s t ,  With rad ia l  O W ' S  t h e  l a r g e  n o z z l e  
c l e a r l y  h a s  t h e  lowest PNL ~ v e r  a range of f a n  th rus t - s .  The l eaned  vanes  a l s o  
show t h e  l a r g e  n o z z l e  w i t h  t h e  lowest  PNL ove r  most of t h e  t h r u s t  range.  Table  
IV shcws t h e  t a k e o f f  and approach l e v e l s  f o r  each n o z z l e .  
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Table I V .  203-Foct (60.96 m) S i d e l i n e  %ximum PSL Front  Angle. 

". 1;t;reOii 
Approach 

Leaned Vanes - -  - . ladial  Vanes 
S:xi l i  Sof i ina l  Ldrgtt -- Smali Seminal Large 

112.3 110.3 ?15.3* 113.0 111 .o 113.1 
103.0 101.5 09.9 103.0 100.5 98.9 

*Extrapolated 

in  g e n e r a l  at each p o i n t  s h w n  iF t h e  t a b l e ,  t h e  1ear.ed vanes r e s u l t e d  i n  
lover no i se  w i t h  t h e  lowest a b s o l u t e  levels b e i n g  recorded when t h e  l a r g e  nozz le  
w a s  used. 

Figures  15 and 16 shcw t h e  tear  isaxinam 200-foot (60.96 m' s i d e l i n e  PKL 
f o r  t h e  tu0 c o n f i g u r a t i o n s  w i t h  t h e  t h r e e  n o z z l e s .  The r a d i a l  vane results 
shcw t h e  l a r g e  nozz le  wi th  t h e  lwest n o i s e -  Also i n t e r e s t i n g  is t h e  r e a c t i o n  
of t h e  leaned vanes t o  h i g h e r  aerodynamic load ing  (small n o z z l e ,  Figure 16) .  
The i n c r e a s e  i n  n o i s e  is g e n e r a l l y  g r e a t e r  than when t h e  small nozz le  vas used 
sith t h e  radial vanes, i n d i c a z i n g  less n o i s e  t o l e r a n c e  t o  h i g h e r  l oad ing  l e v e l s  
w i t h  leaned vanes 

Table V summarizes t h e  a f t  maximum m u l t i p l e  n o z z l e  r e s u l t s  a t  approach 
and t akec E€.  

T a b l e  V. 200-Foot (60.96 m) S i d e l m e  Xaximum PKL Rear Angle. 

Radia l  Vanes Leaned Vanes 
Small h'ominal Large Small Eiominal Large - 
iiij.S* 117.3 116.8 116.7 115.0 11'1.5 I airror'i 

2-23 i G s d i  105.4 105.3 103.0 105.3 103.0 102.2 

-.- 

*Ext r apo 1 at  ed 

Although t h e  small n o z z l e  l eaned  OCV's n o i s e  d i d  tnrrease c c n s i d c r ~ h ? ~  
reiative t o  t h e  nominal, i t  s t i l l  w a s  n o t  h i g h e r  i n  a b s o l u t e  level than 
t h e  small nozzle r a d i a l  vanes. 

Figures 17 through ?@ c o n t a i n  t h e  PhI and PNLT d a t a  e x t r a p o l a t e d  $0 
f l i g h t  c o n d i t i o n s  f o r  takecff and approach power s e t t i n g s .  Each s e t  of d a t a  
was rrflown" on a l e v e l  course z t  0 .25  f l i g h t  mach n d e r .  Afrhnrie ,--to ---4 > - -  n o i s e  L . O  aaaea, i t  has l i t t l e  effect  on t h e  n o i s e  level s i n c e  f u l l  SAE s p e c t r a l  
relative v e l o c i t y  e f f e c t  was %sed. 
from 50 t o  315 Hz for both t akeof f  and approach. 

The r e i a t i v e  v e l o c i t y  c o r r e c t i o n  w a s  a p p l i e d  



Figures  17 and 18 shcu  t h e  t a k e o f f  restilts. Genera l ly  t h e s e  d a t a  fo l low 
t h e  2CO-foot (60.96 m) s i d e l i n e  r e s u l t s  (F igu re  5 ) .  Wwn t h e  d a t a  is t one  
correct.?d t h e  maxilIum a f t  d e c r e a s e  i n  l e v e l  is nhctrt 1 . 5  PSdR. 

A t  approach (F igu re  19 and 20 ) .  t h e  tone  correct .d d a t a  for the Ieaced  
v a e s  shor t g r e a t e r  r educ t ion  relative t o  t h e  r a d i a l  vanes than  is observed 
wi thou t  t one  c o r r e c t i o n  at so- ang les .  As was shown i n  F igu re  12 ,  t h i s  is 
l a r g e l y  due ts e l i m i n a t i o n  o f  t h e  tones  from t h e  r a d i a l  OGV spec t rum when 
leaned Ocv's are employed. 

B. A e r o d y m m i c  Perf  ormans - 
For each  c o n f i g u r a t i o n  t e s c e d ,  ii complete  set  of aerodynamic performance 

Figure  2 1  is a performance map showing t h e  t w o  sets o f  dPta .  d a t a  was t aken .  
Within t h e  accuracy of t h e  d a t a  t h e r e  is K O  d i f f e r e n c e  i n  f lau  or p r e s s u r e  
ra t io  a t  a given speed.  

F igure  22 contains t h e  t r e n d s  o f  e f f i c i e n c y  w i t h  speed  f o r  each  nozz le  
for which acoustic d a t a  w e r e  taken .  In  each case, t h e r e  is a d e f i n i t e  i s d i -  
c a t i o n  t h a t  t h e  l eaned  OCV improved t h e  e f f i c i e n c y ;  a l though t h e  r a d i a l  vane 
d a t a  does scatter at  low fan  speeds .  

A word shou ld  be  s a i d  about  t h e  a b s o l u t e  level of  e f f i c i e n c y .  S ince  
the  fan is on ly  a scale of t h e  o u t e r  flowpath of  a f u l l  scale f an ,  t h e  hub w a l l  
is i n  a r eg ion  where boiindary l a y e r  bu i ldup  is g r e a t e r  than  i t  would be  for  
a fu l l - span  b l ade .  Thus a b s o l u t e  e f f i c i e n c y  levels are 2 t o  32 lower than  they  
would be f o r  f u l l - s c a l e  hardware. The comparison o f  s c a l e  model d a t a  to  o t h e r  
scale model data is, however, c o n s i s t e n t .  

Tie p r e s s u r e  and t empera ture  p r o f i l e s  d t  90% speed  arc shown i n  F igu re  23. 
NusL of :he efficiency improvement h a s  occur red  i n  t h e  r eg ion  from t h e  midspan 
to  t h e  hclb; a l though at  t h e  hub t h e  e f f i c i e i i c y  h a s  dropped as expec ted  (due 
to t h e  a c u t e  angle between t h e  vam and hub uall). Since  no r o t o r  e x i t  t r a n s -  
verse d a t a  are a v a i l a b l e ,  t h e  d e t a i l s  of  t h e  rise i n  e f f i c i t . n c y  cacno t  b e  
a s c e r t a i n e d .  Hcwever c l o s e  examinat ion of t h e  o(;v e x i t  r ake  d a t ?  i n d i c a t e s  
t h a t  improved rotor e f f i c i e n c y  is, in p a r t ,  r e s p o n s i b l e  f o r  t h e  i n c r e a s e .  
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VX. SUPERSONIC TLP SPEED FAN- 

A. Acoustic Data A n a l y s i s  

Figure 24 shcws t h e  90% speed  ( t a k e o f f )  200-foot (60.96 m) s i d e l i n e  PNL. 
C l e a r l y  t h e  n o i s e  h a s  i n c r e a s e d  w i t h  t h e  leaned O W ' S .  The f r o n t  maximum is 
up 2.5 PSGi (70 degrees )  and t h e  r e a r  maximum is up 2 .5  PNdB (i30 d e g r e e s ) .  
These i n c r e a s e s  are about t h e  sane as t h e  d e c r e a s e s  no ted  w i t h  t h e  subson ic  
t i p  speed fan.  

A s p e c t r a l  ecmparison a t  70 degrees ,  F i g u r e  25, shows t h a t  t h e  c h i e f  
p r d l e r n  lies at  high f r e q u e n c i e s ;  from 2500 Ht on up. An c v e r l a y  o f  two 
n a r r w b a n d  (20 Ht f i l t e r  w i d t h ) ,  scale model d a t a  a n a l y s e s  of t h e  same d a t a ,  
F iga re  26, s h a r s  t h i s  i n  more d e t a i l .  The high frequency spec t rum s h w s  an 
a p p r e c i a b l e  increase i n  t h e  background n o i s e  (lower envelope  o f  t h e  d a t a )  w i th  
l eaned  OGV's. 
speed f a n s  have also i n c r e a s e d  i n  some a r e a s .  

The m u l t i p l e  pu re  t o n e s  (MPT's) a s s o c i a t e d  w i t h  s u p e r s o n i c  t i p  

The 120 degree  s p e c t r a ,  F igu res  27 and 28, shcw a similar high frequency 
n o i s e  i n c r e a s e .  
(2000 Hr) s h w s  an i n c r e a s e ,  t h e  narrowband d a t a  shows t h e  t o n e  levels t o  b e  
about t h e  same; however t h e  l eaned  OGV's produced more n o i s e  i n  t h e  bands on 
e i t h e r  s i d e  of t h e  t o n e s .  The broadband n o i s e  above t h e  second harmonic has  
r i s e n  t o  such an e x t e n t  t h a t  t h e  f r o n t  r a d i a t e d  MPT's have been  covered. 

Although t h e  1/3-octave c o n t a i n i n g  t h e  b l a d e  passing frequency 

Dropping o f f  i n  speed ,  F i g u r e s  29 through 31, shcw much t h e  same r e s u l t  as 
a t  t a k e o f f .  A t  t h e  approach f a n  speed,  F igu re  31, t h e  70 and 130 degree  a n g l e s  
i n d i c a t e ,  r e s p e c t i v e l y  3.1 and 3.5 PNdB i n c r e a s e s  i n  n o i s e  w i t h  leaned Ocv's. 
The 1/3-octave s p e c t r a  a t  70 and 120 degrees ,  F i g u r e s  32 and 33, show i n c r e a s e d  
n o i s e  a t  t h e  BPF (12% Hz) and a g a i n ,  at h igh  f r e q u e n c i e s .  Narrowband a n a l y s i s  
at 120 degrees ,  F igu re  34, i n d i c a t e s  a g e n e r a l  rise i n  broadband n o i s e  between 
t h e  f b n d e n t a l  and second harmonic. The BPF and t h i r d  harmonic a l s o  show 
measureable i n c r e a s e s .  

In a d d i t i o n  to the nominal n o z z l e  d a t a ,  runs were also made wi th  l a r g e  
(16% o v e r s i z e d )  and s m a l l  (6% under s i zed )  n o z z l e s .  F i g u r e s  35 and 36 c o n t a i n ,  
r e s p e c t i v e l y ,  t h e  200-foot (60.96 m) s i d e l i n e  maximum f r o n t  quadran t  PNL for 
t h e  r a d i a l  and l eaned  OGI"s vs. f a n  t h r u s t .  The approach and t a k e o f f  l e v e l s  
are summarized i n  T a b l e  V I .  

Tab le  V I .  200-Foot (60.96 m) S i d e l i n e  Maximum PNL Front  Angles. 

R a d i a l  Vanes Leaned Vanes 
Large X d t i a i  Small Large Nominal Smal l  

Takeoff 117.0" 114.0 116.4 119.0* 117.0 116.0 
Approach 98.0 99 .o 100 .o 100 .o 9 9 . 5  100.3 

*Ext rapo la t ed  
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A t  loo power s e t t i n g s  t h e  d a t a  are t i g h t l y  grouped (+ 1.0 PL.iB). 
reg ion  around t akeof f  t h e r e  i s  more sp read  w i t h  t h e  nominal nozz le  be ing  lower 
f o r  r a d i a l  vanes and t h e  s m a l l  f o r  leaned  vanes.  The small nozz le  t akeof f  
l e v e l  w i th  leaned OGV's is unusual  s i n c e  i t  i s  g e n e r a l l y  t h e  case  t h a t  l oad ing  
t h e  b l ades  i n c r e a s e s  n o i s e  (e.g. F igure  14 f o r  t he  subson ic  t i p  speed f a n ) .  

In  t h e  

F igures  37 and 38 c o n t a i n  t h e  a f t  maximum PNL's. These d a t a  show only  
small changes wi th  t h e  v a r i o u s  nozz le s .  Table  VI1 summarizes t h e  t a k e o f f  and 
approach r e s u l t s .  

~~ ~ 

Table  VII. 200-Foc t (60.96 m) S i d e l i n e  Maximum PNL Rear Angles. 

Rad ia l  Vanes Leanc j  Vanes 
Large Nominal Small  Lai-ge Nominal Small  

Takeoff 116.5* 116.0 116.5 118.0" 118.0 117.0 
Approach 102.0 101.0 102.9 103. i 104.5 104.1 

* Ext rapo la t ed  

A t  each p o i n t ,  t h e  leaned  OW'S are h i g h e r  i n  n o i s e  l e v e l  than  t h e  r ad ia l  
vanes.  

F igures  39 through 42 c o n t a i n  t h e  t akeof f  and approach d a t a  "flown" on a 
l e v e l  course  at  0.25 f l i g h t  math number. As w i t h  t h e  subson ic  t i p  sp. 3 f a n ,  
a core jet  w a s  added and a r e l a t i v e  v e l o c i t y  c o r r e c t i o n  a p p l i e d  below 315 Hz. 

The t akeof f  r e s u l t s  (F igures  39 and 40) s h a -  about t h e  L e t r e n d s  as 
t h e  s t a t i c  data (F igure  2 4 )  wi th  a n o t e a b l e  e x c e p t i o n  a t  120 c1 g e e s  when the  
d a t a  is tone  c o r r e c t e d .  The 120 degree  s p e c t r a ,  Figure 2 7 ,  shcw t h a t  t h i s  
i n c r e a s e  is l a r g e l y  due to an i n c r e a s e  i n  t h e  b l a d e  pass ing  frequency wi th  
l i t t l e  i n c r e a s e  at t h e  ne ighbor ing  bands.  

A t  approach power (F igures  41 and 421, t h e  f l i g h t  d s t a  shaw a somewhat 

As no ted  a t  
l a r g e r  problem wi th  t h e  leaned  Om's than  i n d i c a t e d  by :he s t a t i c  d a t a  
(F igure  311, p a r t f c u l a r l y  when t h e  tone  c o r r e c t i o n  is app l i ed .  
t a k e o f f ,  t he  bladt :  pas s ing  frequency i n c r e a s e  i s  l a r g e l y  r e s p o n s i b l e  f o r  
t h e  PNLT i n c r e a s e  (F igure  33). 

B. Aerodynamic Performance 

Figure 43 i s  a performance map of Fan C scale model w i th  bo th  r a d i a l  and 
The leaned  OG7's show a t r e n d  toward h i g h e r  flow ( h i g h e r  ope ra t -  leaned vanes.  

i n g  l i n e s )  a t  a given  c o r r e c t e d  f an  speed. There is no apparent  reason  f o r  
this behavior .  



The t r e n d  o f  e f f i c i e n c y  w i t h  f an  speed  f o r  each  fan  nozz le  is shown 
i n  F igure  4 4 .  There  i s  some loss i n  e f f i c i enc ; .  w i th  leaned  vanes w i t h  t h e  
nominal nozz le .  ljhen t h e  small and l a r g e  n o z z l e s  were used ,  t h e  l eaned  vanes  
produce h i g h e r  e f f i c i e n c i e s  a t  several speed  p o i n t s .  

F igure  45 c o n t a i n s  r a d i a l  d i s t r i b u t i o n s  of p r e s s u r e ,  t empera tu re ,  and 
t h e  r e s u l t i n g  e f f i c i e n c y  a t  90% fan speed  w i t h  t h e  nominal f a n  nozz le .  The 
s m a l l  dec rease  i n  ave rage  e f f i c i e n c y  w i t h  l eaned  Om’s is l a r g e l y  due t o  a 
tempera ture  i n c r e a s e .  S ince  no i n t e r s t a g e  d a t a  w a s  a v a i l z b l e ,  i t  w a s  n o t  
p o s s i b l e  t o  de te rmine  whether  or n o t  the t empera tu re  rise w a s  due t o  changes 
i n  the rotor o r  i n  t h e  O W .  

Never the l e s s ,  i t  is i n t e r e s t i n g  t o  n o t e  t h a t  u n l i k e  t h e  s u b s o n i c  t i p  
speed f an  on which n o i s e  went down and e f f i c i e n c y  went up, t h e  s u p e r s o n i c  t i p  
speed fan’s n o i s e  went up and i ts  e f f i c i e n c y  went down. 
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VII. AERO-ACOUSTIC RE1,ATIONSHIPS 

Figure  46 is a p l o t  o f  t h e  r a d i a l  d i s t r i b u t i o n  of e f f i c i e n c y  f o r  t h e  two 
f ans  wi th  r a d i a l  and l eaned  O t V ' s  a t  t akeof f  f an  speed w i t h  t h e  nominal fan  
nozz le .  The low speed  fan h a s  a lower average  e f f i c i e n c y  and a less uniform 
p r o ; i l e  than  the  supe r son ic  t i p  speed f a n  when r a d i a l  vanes are used. W i t h  
leaned  OGV's t h e  subson ic  t i p  speed f an ' s  e f f i c i e n c y  p r o f i l e  smooths o u t  and 
t h e  supe r son ic  t i p  speed  f a n ' s  p r o f i l e  drops .  

The i m p l i c a t i o n  is t h a t  some problem e x i s t e d  w i t h  Fan E's OGV's which w a s  
c l e a r e d  up by l e a n i n g  t h e  vanes wh i l e  t h e  o p p o s i t e  w a s  t r u e  on Fan C. 

As was noted i n  S e c t i o n  111 t h e  leaned  vanes were a c t u a l l y  des igned  f o r  
Fan B's s t a g g e r  and as a r e s u l t  were 1 .2  deg rees  c losed  f o r  Fan C. O r d i n a r i l y  
t h i s  small ar.gle would be  thought  of as w i t h i n  t h e  range of  c a l c u l a t i o n  
accuracy.  It  is apparent  t h a t  a performance degrada t ion  h a s  been accompanied 
by a n o i s e  i n c r e a s e  on Fan C ,  implying t h a t  an aerodynamic problem, n o t  
n e c e s s a r i l y  r e l a t e d  t o  l e a n  vanes p e r  se,  may have caused Fan C ' s  n o i s e  t o  have 
inc reased .  
OGV may have shown a d i f f e r e n t  r e s u l t .  

D e t a i l e d  aerodynamic t r a v e r s i n g  of  t he  f an  and a redes ign  of  t h e  

13 



VIII. CONCLUSIONS 

Radially leaned OGV's can be used to reduce the  n o i s e  of a subsonic 
t i p  speed fan. 

Radially leaned @GV's increased the supersonic t i p  speed fan's  no i se  
l e v e l .  Hwever, there are ind ica t ions  that  t h i s  is not a r e s u l t  which i s  
generally appl icable  to  all high speed fans .  

14 



APPENDIX A - FIGURES AND ILLUSTRATIONS 
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APPENDIX B - ONE-THIRD OCTAVE DATA 

This appendix ccr"ains 200-foot (6u.96 m) s i d e l i n e  f u l l - s c a l e  and 100-foot 
( 3 0 . 4 8  m) arc scale . d e l  1./3 octave data. These data have been corrected t o  
59" F and 70% relat ive humidity. 
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AF'PENDLX C - NONENCLATUF 

A28 - 
BPF - 
dB - 
E, - 
N -  

m -  

" 

p2 - 
p23 - 
PNL - 
PNdB - 
PXLT - 
O G V -  

SPL - 
u -  
6 -  

- 'I 

2 2  Exhaust nozz le  area, i n  ( c m  

Blade passing frequency 

,ecibel 

Flight Yk! i  n-&cr 

Fan speed, rpm 

Multiple pure tone 

In le t  t o t a l  pressure 

Fan exit t o t a l  pressure 

Perceived noise l eve l ,  PNdR 
Perceived noise  dec ibe l  

Tone corrected PNL, PNdB 

Out let gui-'e vane 

Sound pressure level, dB 

Weight f lcw 

Ratio of local pressure to 14 .7  p s i  

Aaiabat i c  e f f i c i e n c y  

Ratio of l o c a l  teaperature to 519" F 
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