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By V e r n e r  von d e r  Xu11 

S a i t a b l e  s u p e r c h a r g e r s  f o r  . ? , i r p l a n e  e n g i n e s  :>-re a 
r e q i A i s i t e  f o r  s u c c e s s f u l  h i g h - F v l t i t u d e  f l y i n g .  The under -  
l y i n g  73rinci23les f o r  t h e  computa t ion  and  d e s i g n  o l  n i r -  
p l a n e - c i i c i n e  s u ~ e r c h a r + ; ~ ? r s  n u s t  be g i v e n  f u r t h e r  s t u d y .  

r o t o r  v,?iics nizd c o u n t e r  vanes a n d  on t h e  d e s i g n  o f  t h e  
c ; : , s ia j  s h o u l d  p r o v e  u s c f u l  f o r  iz iprovcment  o f  d e s i g n .  
Well-known c o m p u t a t i o n  methods have shown t h c m s e l v e s ,  n i t h  
s l i g h t  n o d i f l c a t i o n s ,  t o  b e  s u i t a b l e .  The u s e  of  s i n g l e -  
s t c g e  c c n t r i f u g a l  s u c c r c h a r g c r s  f o r  su_nc rchnrg ing  t o  one 
a t m o s p 5 c r c  .>t 8 t o  9 : r i l o m e t c r s  ( 2 5 , 0 0 0  t o  2 9 , 0 0 0  f e c t )  
2.1 t i  t u d n  a?? e a r s ,  r:i t b  s u i  t a b 1  e r e g u l a t i o n ,  e n t i r e l y  p o  s- 
s i b l e  1 ; i t h o u t  s u $ e r c h a r g e r  s ir  c o o l i n g .  

ni i - i e  r e s u l t s  o b t n i n c d  t h r o u g h  tes t : :  on " s h e  v a r i o u s  f o r a s  of  

I. UiIIf3P,LYLEaG POSSIBILITIES OF SUPERCBARGIRG 

In i t s  - - ! r e s e n t  f o r m  t h e  e i r l 3 l a n e  e n g i n e  i s  u n s u i t e d  
f o r  s e l f - c k a r g i n g  a,t tl,e h i g h e r  a l t i t u d c s  s i n c e  t h e  a i r  
pumpiiig occi:rs t o o  s l o w l y ,  EIodcrn h i g h - a l t i t u d e  e n g i n e s  
a r e  t h e r e f o r e  p r o v i d e d  a i t h  d e v i c c s  fqr c h a r g i n g  t h e  cn- 
g i n e  a t  h i @  e l t i t u d e s ,  namely ,  s u p e r c h a r g e r s .  Ar-y a r r a n g e -  
m o n t  t h n t  l o v e r s  t h e  s n e c i f i c  volume of t h e  combus t ion  
a i r  b e f o r e  e x t r a n c e  t o  t h e  c n g i n e  c y l i n d e r  i s  e s s e n t i a l l y  
s u i t a b l c  as  en  airplane-enginc s u p c r c h a r g e r .  The m o s t  s u i t -  
a b l e  a r r a n g e n e n t  w i l l  b e  t h a t  w3ich combines  t h e  h i g h e s t  
e f f i c i e n c y  v i t h  t h e  min inun  bulk  a n d  w e i g h t  - t h a t  i s ,  which  
yumFs i i l  t h e  r e q u i r e d  a i r  a t  t h e  f a s t e s t  r a t e .  I n s t a l l a -  
t i o n s  o f  t h i s  t y p e  t k a t  meet t h e  c o n d i t i o n s  r e q u i r e d  a r e  t h e  
c o m p r e s s o r s  2 n d -  t h e  "dTnamic p rezs su re  s c p e r c h a r g e r s ; "  i. e. 
t h o s e  u t i l i z i n g  t h e  f o r n a r d  v e l o c i t y  o f  t h e  a i r p l a n e .  

7 ' r O m  t h e  2 o i n t  o f  v i e a  o f  economy i n  t h e  u t i l i z a t i o n  
of e n e r g y ,  t h r e e  t y p e s  o f  , s u - p e r c h a r g e r s  a r e  d i s t i n g u i s h e d :  
1) t h o s e  whose d r i v i n g  power i s  d c r i v e d  f rom t h e  g r o s s  0 u . t -  

*"Die G e s t a l t u n g  von F l u g m o t o r e n l a d e r n .  I! L u f t f a h r t f o r s c h u n g ,  
v o l .  1 4 ,  n o s .  4/5, A _ u r i ?  2 0 ,  1 9 3 7 ,  ~ p .  244-253. 
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nut. o f  t h e  e n g i n e ;  2 )  t h o s e  mhich u t i l i z e  a s o u r c e  of en- 
e r g y  t h n t  mould o t h e r n i s e  be i o s t  ( f o r  example ,  t h e  ex- 
h a u s t  h e a t  of t h e  e n g i n e )  and  t h u s  impose no  a d d i t i o n a l  
l o a d  o n  t h e  e n g i n e ;  a n d  3 )  t h o s e  t h a t  a r e  s e p a r a t e l y  
d r i v e n .  

High e f f i  c i e n c i o s  of  t h e  s u p e r c h a r g e r  i n s t a l l a t i o n s  
shculd always b e  aimed f o r .  They a r e  o f  d e c i d e d  impor-  
t a c c e  f o r  s u c h  power u n i t s  as g i v c  h i g h  p r o p i l l s i v e  o u t p u t s  
a t  h i &  a l t i t u d e s  and  s o ,  f o r  e x a m p l e ,  a t  8 k i l o m e t e r s  al- 
t i t u d e  ( ~ S , O O O  f e e t )  s t i l l  r e q u i r e  an i n l e t  m a n i f o l d  p r e s -  
s u r e  o f  1 a t m o s p h e r e .  F i g u r e  1 shows t h e  o u t p u t s  a v a i l a b l e  
f o r  ar, u n b o o n t e d  e n g i n e  a t  v a r i o u s  s u p e r c h a r g e r  c f f i c i e n -  
c i c s  a t  a l t i t u d e s  up  t o  12 k i l o n c t c r s  ( 3 9 , 0 0 0  f e e t ) ,  t h e  
s e a - l c v c l  o u t 7 u t  be i i i g  t a k e n  as 100 p o r c o n t .  Thc i n c r e c s e  
i n  e n g i n e  ou t su t  t h r o u g h  t h e  d e c r e a s e  i n  t h e  e x h a u s t  j a c k  
p r e s s u r e  h a s  n o t  S e e n  t a k e n  i n t o  a c c o u n t  s i n c e  i t  deFer,ds 
p a r t l y  on t i le  v a l v e  t i m i n g  and  i s  of  no s i g n i f i c a n c e  f o r  
comuar ison .  The o u t p u t  r e l a t i o n s  of t h e  e n g i n e  betmocil 
z e r o  a l t i t u d e  aiid t h e  c o r r r s p o n d i n g  c r i t i c a l  a l t i t u d e  (a l -  
t i t u d e  a t  which l a t m o s p h e r e  p r e s s u r e  can s t i l l  b e  main- 
t a i n e d )  a r e  n o t  shown s i n c e  t h o y  donend on t L e  d e s i g n  o f  
t h e  eng ine ,  t h e  a d m i s s i b l e  d u r a t i o n  and d e g r e e  of supe r -  
c h a r g i n g ,  a n d  t h e  r e g u l a t i o n  of t h e  s u p e r c h a r g e r ,  and  t h e s e  
f a c t o r s  are a l l  v e r y  d i f f e r a n t .  The s u p e r c h a r g e r  e f f i -  

o p e r a t i o n  o f  t h e  e n g i n e .  The s u p e r c h a r z e r  a i r  t e m p e r a t u r e s  
w h i c h ,  w i t h  v a r i o u s  s u p e r c h a r g e r  e f f i c i e n c i e s ,  a r e  s e t  u p  
a t  t h e  d i f f e r e n t  c r i t i c a l  a l t i t u d e s ,  a r e  a l s o  shown on t h e  
f i g u r e  t o  i n d i c a t e  t h e  ? o s s i b i l i t i e s  of  s a f e  e n g i n e  ope r -  
a t i o n .  If a t e m p e r a t u r e  of  80' C .  i s  c o n s i d e r e d  a s  t h e  
h i g h e s t  a d m i s s i b l e  s u p e r c h a r g e r  t e m p e r a t u r e  a t  wh ich  t h c  
engiize :vi11 s t i l l  r u n  m i t h o u t  k n o c k i n g ,  t h e n  t h e  a d m i s s i -  
b l e  c r i t i c a l  a l t i t u d o s  m i t h o u t  s u p e r c h a r g e r  a i r  c o o l i n g  
T i l l  be g i v e n  by t h e  c u r v c  o f  f i g u r e  2 as  a f u n c t i o n  o f  t h e  
a d i a b a t i c  s u p e r c h a r g e r  e f f i c i e n c y .  

c i e n c y  may also be  o f  g r e a t  i m p o r t a n c e  f o r  t h e  k n o c k - f r e e  e'. 

\ 

Of t h e  t h r e e  d i f f  e r o n t  d e s i g n s  o f  s u p e r c h a r g e r s ,  name- 
l y ,  t h e  p i s t o n ,  t h e  R o o t l g ,  an0 t h e  c e n t r i f u g a l  t y p e s  - t h e  
c e n t r i f u g a l  t y p e  possesses t o d a y  t h e  g r e a t e s t  i m p o r t a n c c ,  
s i n c e  a t t e m p t s  t o  d e v e l o p  t h e  p i s t o n  and R o o t ' s  t y p e s  w i t h  
s a t i s f s c : o r y  o p e r a t i n g  c h a r a c t e r i s t i c s  h a v e  s o  f a r  f a i l e d .  
I t  even n;>penrs d o u b t f u l  w h e t h e r  t h e r e  e x i s t s  any  n e c e s s i -  
t y  f o r  c r e a t i n g  o t h e r  s u p e r c h n r g i n g  mach ines  t h a n  t h e  cen-  
t r i f u g a l  t y p e s .  Two t y n o s  of w h e e l s  a r e  u s e d  m i t h  t h e  ten- 
t r i f u g a l  s u p e r c h a r g e r s ,  i inmely,  t h e  r a d i a l  a n d  t h e  a x i d  
n h e e l s .  The l a t t e r  h a v e ,  up t o  t h e  p r e s e n t  t i m e ,  a t t a i n e d  
n o  3larked s u c c e s s  s i n c e  t h e  a d v a t 3 , g e  of good e f f i c i e n c y  i s  
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o f f s e t  by t h e  d i s a d v a n t n g e s  of  smzll p r e s s u r e  h e a d s  p e r  
s t a g e ,  d i f f i c u l t i e s  i n  x a n u f n c t u r i n g  and i n  s a f e  o p e r a t i o n  
o f  t h e  v e r y  t 3 i n  b l a d e s ,  t h e  l o w  c r i t i c a l  s p e e d s  of  t h e  
m u l t i - s t a g e  n r r a n g e n e n t s ,  and t h e  d i f f i c u l t y  i n  mount ing  
vhen  e a g i n e  d r i v e n ,  I n  v h a t  f o l l o n s  t h e r e f o r e ,  o n l y  cen-  
t r i f u g a l  s u p e r c h a r g e r s  w i t h  r a d i a l  a h e e l s  v i 1 1  be  c o n s i d -  
e r e d .  A t  a d i a b a t i c  comnress ion  w i t h o u t  l o s s e s  t h e  d e l i v -  
ery - ~ r ~ ~ ~ i ~ r ~  hez,c?g, z r e ~ ~ ~ ~ r e  L r ~ ~ t j . o s ,  2~1d t e m ~ e r r t u r e s  
f o r  t h e s e  ~ h e c l s  a r e  shown or, f i g u r e  3 .  

11. CHARACTERISTICS AND PERFORMANCE OF V A R I O U S  

CEITTR I ZUGAL SUPERCHARGERS 

Thc when1 n i t h  b u c k e t s  o r  b l a d e s  onen a t  b o t h  s i d e s  
( f i g .  4?.) i s  p r o b a b l y  t h e  o l d e s t  fo rm o f  i m p e l l e r .  The 
r a d i ? a l  % l a d e  t y p e  n i t h  90° e x i t  a n g l e  h:ts n o t  been  de- 
p n r t e d  I ' rom i n  s u p e r c h a r g e r  c ' es ign  b e c a u s e  of  t h e  n e c e s s i -  
t y  o f  5 i g h  p e r i p h e r a l  v e l o c i t i e s  2nd p r e s s u r e  r i s e  p e r  
s t n g e ,  r ? l though  t h i s  form o f  b l a d e  compared t o  t h e  back- 
n a r d  c u r v e d  b l a d e s  ha? d i s a d v m t a g c s  ii1 o p e r a t i n g  cond i -  
t i o n s  c,,;'.d e f ; i c i e n c y , - )  An advant,-?ge o f  t h e  blade open at 
b o t h  s i d e s  i s  the e l i m i n a t i o n  o f  a x i a l  s t r e s s e s  on the 
bearing. Ail i n p r o v e d  mheel  form h a s  a l s o  been  a p p l i e d  i n  
Germcny, n h e r e b y  t h e  b l a d e s  r e c e i v e  s h o r t  r n c l i n l  r i b s  on 
t h c i r  r e a r  s i c i e s .  I n  DVL t e s t s  o n  a s t e e l  i m p e l l e r  o f  t h i s  
t y p e ,  t h e  p e r i ~ ~ ~ e r n l  v e l o c i t y  c o u l d  b e  r a i s e d  f o r  s h o r t -  
t i r i l e  i n t e r v n i s d , '  t o  605 m e t e r s  y e r  s econd  ( 1 2 0 , 0 0 0  f e e t  p e r  
m i n u t e )  m i t h o u t  t h e  s e t t i n g  up o f  a permanen t  e x p a n s i o n .  

The h a l f - o p e n  i m p e l l e r  ( f i g .  4 b )  i s  t h e  t y p e  a p p l i e d  
i n  by f a r  t h e  g r e a t e s t  number of new e n g i n e  s u p e r c h a r g e r s .  
The c o o s t r u c t i o n  n a t e r i a l s  a r e  h i g h  q u a l i t y  aluminum a l l o y s .  

?!On t h e  q u e s t i o n  of t h e  e f f e ? t  of an e x i t  a n g l e  o f  90' on  
t h e  e f f i c i e n c x ,  t h e  r e a d e r  i s  r e f c r r e d  t o  t h e  p a p e r  "Un- 
t e r s u c h u n g o n  u b e r  den E i n f l u i j s  d e s  e n d l i c h e n  S c h a u f e l a b -  
s t a n d e s  i n  r a d i a l e n  K r e i s e l r a d e r n , "  by 0 ,  Hansen ,  Braun-  
s c h w e i g  1 9 3 6 ,  who shows t h a t  i n  s y i t e  of t h e  i n c r e a s e  o f  
t h e  d e l i v e r y  p r e s s u r e  w i t h  i n c r e a s i n g  e x i t  a n g l e ,  t h e  e f f i -  
c i e n c y  n e e d  f a l l  o f f  o n l y  an i n s i g n i f i c a n t  amount. 
2hLonger  o p e r a t i o n  w a s  i m p o s s i b l e  o n  a c c o u n t  of  t h e  t o o  
h i g h  s l i d i n g  v e l o c i t i e s  i n  t h e  b e a r i n g s .  



The n h e e l s  moy b e  m i l l e d  for ? > e r i p h e r a l  v e l o c i t i e s  up t o  
25:! x e t e r s  p e r  second (50,rJ3', f e e t  g e r '  m i n u t e ) ,  w h i l e  f o r  
g r e a t e r  v e l o c i t i e s  t h e y  n3.y '2e sta.m?ed, u s i i i g  s c e c i a l  d i e s .  
T h z  wheel d i s k s  arc; gei:erz11;; g rov idec?  w i t h  c u t - o u t s  be- 
t:Teen t h e  b l2 ,das .  The r easo l i  for t h i s  i s  g e n e r a l l y  g i v e n  
a s  a l o v e r i n g  o f  axial t h r u s t  an?  n d v a n t a g e s  i n  r e g a r d  t o  
s t r e n g t h .  Wo e x t c n s i v c  . .  i n v o s t i - y n t i o n  on t h e  alleged 1iC;e- 

f u l n e a s  of t h e s e  c u . t - o u t ~ ,  which  i.n many c a s e s  hYv7ie 5 e c n  
t h e  s i r s t i n g  p o i n t s  for f a i l u r e ? ,  i s  a v a i l a b l e .  A DVL i n -  
~ c l . l c r  s h i c h  s h o ~ e d .  ug  ell i n  a t e s t  beTond  a n e r i g h e r e l  
v c l o c i t p  o f  400 m e t e r s  F e r  s e c o n d  ( S O , O O O  fi.c-t ?7er m i n u t e )  
d c a s  n o t  3 n v e  t h e  c u t - o u t s  s i n c e  t h e o r e t i c a l  i n v e s t i g a t i o n s  
d o  n o t  sho:; s n y  ac?,va;itage i n  regCtrd t o  t h e  s t r e s s  d i s ' c r i -  
5nt i oil. 

e. . 

I , 
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i T i l l  t k e n  b e  ? i f f i c u l t i e s  :7i$h s c v e r a l  h p l f - o p e n  i z p e l l c r s  
o n  :: r z t h e r  l o n g  s h a f t  i n  a s i n g l e  h o u s i n g  and  a t  t h e  v c r i -  
0 3 s  cmounts  of he<- . t ing,  i n  kcep ing  t h c  s l e a r m c e  a ( f i g .  
8 n )  3 e t v c c n  t h c  bla6-e n d g e  :tnd t h e  c a s i n g  v a l l  v i t h i n  fa- 
v o r c b l e  l i m i t s ,  a f c c t o r  vrhich has  an  i n p o r t a l i t  eff c c t  on 
t h c  e f f i c i e n c y .  T h i s  c l c c r n n c e  n may h a v c  t h e  g r e a t e s t  
c f f c z t  zln_ t5c d c ~ i - ~ e r j ’ .  1:cCa punt e f f i c i p i q r  ( f i g s ,  c > ,  2 ~ ) ~  
T h i s  e f f e c t  v n n i s h c d  o n l y  a t  a c e r t c i n  o p e r a t i n g  c o n d i t i o n  
c i i i c h  2,s y c t  c a n n o t  b e  p r e d i c t e d  by c o m p t a t i o n s  ( l i n e  
If-E. f i g s .  8 b ,  8 c ) .  

O f  g r o a t  s i g n i f i c a n c e  f o r  t h e  d e l i v e r y  p r e s s u r e  run? 
e f f i c i e n c y  o f  nn i r . p e l l c r  i s  t h e  c n t r a n c e  fo rm of  t h e  
bl- .dcs.  V h o c l s  x i t h  r F - d i a l  bl .adcs  ~ i t h o u t  c u r v i n g  a t  t h e  
i n l c t  g5vc  s r l a l l e r  e f i i c i e n c i e s  a n $  p r e s s u r e s  t h a n  b l a d e s  
h a v i n g  c - o o d  e n t r a n c e  c n r v a t u r e s .  F i g u r e  9 g i v e s  a n  i d e a  
of  t h c  o r d e r  o f  w, ,p ;n i tude  of t h i s  e f f e c t  as f o u n d  f r o m  a 
s e r i e s  o f  t e s t s .  I t  nay  be  a s s u m ~ d ,  as  known, t h a t  t h e  
f o r m s  o b t a i x e d  b;‘ 3enLir.g t h e  e i l t l -ance  e d g e s  o f  t h e  b l a d e s  
a r e  i n  n o s t  c a s e s  c o n d i t i o n e d  n o r e  by t h e  ? r o p e r t i e s  of  
t h e  :-.ihterizl t h a n  by t h e  r e q u i r c n e n t s  f rom t h e  p o i n t  o f  
v i e a  o f  f l o n  t h e o r y .  T h i s  u n f a v o r a b l e  c o n d i t i o n  n a y  be 
r e n e d i e d  by s e p a r a t i n g  t h e  cu rved  b l a d e s  f r o m  t h e  v h c c l  
i t s e l f ,  using a s p e c i a l  o u t s i d e  i c p e l l c r  ( f i g .  6 ) .  The 
b l a c e s  on t h i s  s c 1 3 ~ r a t e  i n T ) e l l e r  nay  bc  p r o d u c e d  by c u r v i n g  
o r  c i l l i n g  5s t h c  s p e c i a l  K o n i e r  n r o c e s s  o r  t h e  i m p e l l e r  
Day b e  ?milt up o u t  o f  i n d i v i d u a l  b l a d e s  as  i n  t h e  c a s e  of  
s t e a m - t u r b i n e  b l a d e s .  By exchang ing  t h e  o u t s i d e  i m p e l l e r s  
t h e  ?i,lount o f  a i r  d e l i v e r e d  by t h e  s u p e r c h a r g e r  nay w i t h i n  
c c r t z i n  l i m i t s  bo s u i t e d  t o  t h e  e n g i a e .  

I Oiie x e t h o d  of m a i n t z i n i n g  s t r a i g h t  r a d i a l  b l a d e  l c a d -  
i n g  e d g e s  i s  by i n p e r t i n g  t h e  n e c e s s a r y  s p i r a l  m o t i o n  t o  
t h e  f l o n  b e f o r e  e i L t r a n c o  i n t o  t h e  impe l - l e r .  W i t h o u t  coun t -  
i n g  t i l c  riroL3 Sn t h e  p r e s s u r e  head  p e r  z t a g e  i n t r o d u c e d  by 
t h i s  n c t h o d ,  t k e r e  are no t e s t  d a t a  a v a i l a b l e  on t h e  adven-  
tc lceous  d e s i g n  of i n l e t  g u i d e  o r  d i f f u s e r  a r r a n g e m e n t s  o f  
t h i s  ty1)e. F u l l y  s a t i s f a c t o r y  o p e r a t i o n  i s  n o t  a t t a i n e d  
x i t h  cn i n l e t  s p i r a l .  

In t h e  m a j o r i t y  o f  i n - l i n e  e n g i n e s  an c x i t  s:jird a i t h  
o r  n i t h o u t  ?b S u i d e - v a n e  r i n g  f i n d s  a i 2 n l i c a t i o n  w h i l e  i n  t h e  
c a s e  o f  r n d i d  e n g i n e s  t h e  m p e r c h ~ , r g e r s  h a v e  o n l y  e x i t  
g u i d e  v a n e s  nnd p, connected v o r t e x  s o a c e .  From t h e  r e s u l t s  
of  nur ie rous  t c s t s  i t  r , i q  bo conc luded  t h a t  t o  o b t a i n  g r e a t  
d e l i v e r y  p r e s s u r e s  aad e f f i c i e n c i e s ,  g u i d e  v a n e s  a n d  a s p i -  
r p , l  s h o u l d  % e  Frovide<. .  F l n t  c l i s r r L c t c r i s t i c s ,  p n r t i c u l c r l y  
i n  t h e  c a s e  of t o o  L i n i - ~ o ~  s ~ i r ~ ~ l s ,  xay s o r n e t i n e s  b~ s t t c i n e d  
by d r o p p i n g  t h e  gizide v a n e s  ( f i g .  1.0). 
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The f o r m s  of  e x i t  g u i d e  v a n e s ,  t h e i r  c o n s t r u c t i o n ,  
rzrid ? h e  e i n e n s i o n i n g  o f  t h e  s p i r a l s  d i f f e r  v e r y  g r e a t l y  
a n d  s o l ? c t i m c s  s o  u n s u i t a b l y  t h n t  l o w  e f f i c i e n c i e s  a r e  n o t  
t o  b e  v o n d e r e d  a t .  The s u n e r c h a r g e r s  i n v e s t i g a t e d  by t h e  
D V L  o f  f o . r e i g n  a i r p l a n e  e n g i n e s  h a d  e f f i c i e n c i e s  o f  0.26 
t o  0.55 f o r  d e l i v e r y  her,ds between 600 and 3,700 m e t e r s  
(1 n e t c r  a i r  column = 1.2-1.25 mn H g ) .  From t h e  t e s t  re- 
s u l t s  i t  V ? ~ S  seen  t h n t  t h e  ene rgy  c o n v e r s i o n  i n  t h e  g u i d e  
vames 17?,,s o n l y  s l i g h t  and  t h c t  t h e  i n l e t  h o u s i n g  was t o o  
n a r r o n  2nd p r o v i d e d  w i t h  t o o  sha rp  d e f l e c t i o n s .  

I I I BEO,UIXEI,IEiVTS AND TREITDS OF SUPERCHARGER DEVEL0PL:ZNT 

An u r g e n t  y r o b l e m  r e q u i r i n g  s o l u t i o n  i s  t h a t  o f  i n -  
c r e a s i n g  t h e  d e l i v e r y  p r e s s u r e  n t t a i n e d  w i t h  a s i n g l e  i m -  
~ e l l e r  s t a g e .  F o r  t h e  s o l u t i o n  o f  t h i s  p rob lem t w o  m?,ys 
l i e  ouci l :  i i r s t ,  increcLsing t h e  6 - e l i v e r y  p r e s s u r e  o f  n 
n h e e l  7 , ; i  t:i L iven  pe r iphe rn .1  s p e e d ,  and  s e c o n d ,  i n c r e n s i n g  
t h e  L > , t t n i n z b l e  ~ e r i y h e r c l  speed .  F o r  t h e  c a s e  o f  f l o n  
c n t r a i l c c  ! . i i thout  r o t a t i o n  and  a 90° b l a d e  e x i t  a n g l e ,  t h e  
f i r s t  : ) o s s i b i l i t y  may b e  j u d g e d  f r o m  t h e  e q u a t i o n  ( s e e  
r e f e r e n c e  1): 

2 s  

n h e r c  $ i s  c c o e f f i c i c a t  c m p i r i c < - l l y  d e t e r m i n e d ,  z t h e  
numbcy o f  -J l<- ,des ,  and  S = 1 r dx i s  t h e  s t a t i c  moment o f  
t h e  -ne,o,n s t r e n m l i n e .  The c?ecrense i n  @ and t h e  i n c r e a s e  
i n  ?-c>end l:y,rgely on s u i t n b l e  i n l e t  and e x i t  a r r m g e -  
men t s  i ihich m i l l  b e  f u r t h e r  c o n s i d e r e f i  below.  An i n c r e a s c  
i n  thi .  number o f  b lT-des  z ( s e e  f i g .  l l a )  i s  o n l y  u o s s i -  
b l c  t o  a l i m i t e d  e x t e n t  s i n c e  a l n r g e  number o f  b l a d e s  run-  
n i n g  .L?? t o  t h e  hub s t r o n g l y  c?ecrepLses t h e  i n l e t  c r o s s  ncc- 
t f o n  ,qnd nay r a i s e  t h e  i n l e t  losses. The method o f  i n -  
s o r t i n g  s k o r t o r  i n t e r m e d i a t e  r n d i a l  S l a d e s  r a i s e s  d - i f f i c u l -  
'L ies  ;:s rez2; rds  s t r e n g t h  r e q u i r e m e n t s  .-.nd P r o p e r  d e s i g n .  
T e s t s  hzve  shown, however ,  t h a t  an i n c r e a s e  i n  t h e  d e l i v -  
C r y  hc?,d b e  o b t a i r - e d  as t h e  numbor o f  i n t e r m e d i e t c  
b 1 a f i - e ~  i s  i n c r c F b s e d  ( f i g .  l l b ) ,  n l t h o u g h  n t  t h e  c o s t  o f  r?. 

l o w e r e d  e ' f i c i e n c y .  
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s h o u l d  l i e  between 1.6 and 2.2.  T h i s  r e q u i r e m e n t  r z i s e s  
d i f f i c u l t i e s  a t  l a r g e  c r i t i c d  a l t i t u d e s  i f ,  i n  o r d e r  t o  
a t t n i n  s ~ c l l e r  d i m e n s i o n s  - i . e . ,  h i g h e r  r o t a t i o n a l  
s p e c d s  .-. t h e  e x i t  d i a rne te r  i s  n o t  t o  be e x c e s s i v e l y  in -  
c r e ~ ~ s e d .  F i g u r e  1 2  shons  t h e  n e c e s s a r y  i m g e l - l e r  c r o s s  
s e c t i o n s  of t h e  f i r s t  r rhee l  o f  tz s u p e r c h a r g e r  f o r  a l t i t u d e s  
b e t n e e n  6 q.nd 20 k i l o m e t e r s  ( Z . 7 3  m d  12.43 m i l e s )  for 
equpwl  i n l e t  a n d  e x i t  v e l o c i t i e s .  F r o m  E b o u t  16 k i l o m e t e r s  
(9 .94  n i l e s )  o n ,  u n s a t i s f n c t o r y  whee l  f o r m s  a r e  o b t a i n e d  

l o c i t y  o f  sound a . Any i n c r e a s e  i n  t h e  e x i t  d i a m e t e r  
o f  t h e  n h e e l  v i t h  d e c r e a s e  i n  a n g u l a r  v e l o c i t y  i s  opposed  
by c o n s i d e r a t i o n s  of k e e p i n g  s m a l l  t h e  r iheel  f r i c t i o n  l o a d  
( f i g .  13), t h e  s i z e ,  t h e  w e i g h t ,  a n d  t h e  g y r o s c o F i c  f o r c e s .  

> l t h o u g h  t h e  i n l a t  y c l o c i t y  is 0.5 o f  t h e  yalTje of  the, ve-. * 

I n c r e a s i n g  t h e  d e l i v e r y  head  p e r  s t a g e  by r a i s i n g  t h e  
p s r i p h e r a l  v e l o c i t y  i s  p o s s i b l e  o n l y  r r i t h i n  r e s t r i c t e d  l i m e  
i t s .  T h e r e  a r e  d i f f i c u l t i e s  i n  s e c u r i n g  good e f f i c i e n c i e s .  
R a i s i n g  t h e  p e r i p h e r a l  v e l o c i t i e s  b r i n g s  a b o u t  a s i m u l t a n e -  
o u s  i n c r e a s e  i n  t h e  a b s o l u t e  v e l o c i t y  of t h e  a i r  a t  t h e  i m -  
p e l l e r  e x i t .  T h i s  a b s o l u t e  v e l o c i t y  may a t t a i n  t h e  v e l o c i -  
t y  o f  sound ,  g i v i n g  r i s e  when u s i n g  e x i t  g u i d e  v a n e s ,  t d  
mell-known d i f f i c u l t i e s .  F i g u r e  14 shows f o r  v a r i o u s  oper -  
a t i n g  conditions the computed r e l a t i o n s  be tween  the abso- 
l u t e  v e l o c i t i e s  a t  t h e  i m p e l l e r  e x i t ,  t h e  p e r i p h e r a l  r e l o c -  
i t y ,  a n d  t h e  v e l o c i t y  o f  sound. 

S u e c i a 1  d i f f i c u l t i e s  may a r i s e  on t h e  a p p l i c a t i o n  o f  
l a h e e l s  o f  l i g h t  m e t a l  a l l o y s  w i t h  hub b o r e  o n  a c c o u n t  o f  
t h c  e x p a n s i o n s  o f  t h e  hub b o r e  due  t o  t h e  l o n  modulus  o f  
e l a s t i c i t y  - t h e s e  e x F a n s i o n s ,  as  shown by c o m p u t a t i o n ,  
mo2-lnti i ig t o  a b o u t  0.5 t o  0.6 r n i l l i n e t c r  a t  a pe r iphc - : a l  
v e l o c i t y  o f  350 m e t e r s  p e r  second and  usual  r o t o r  wheel  d i -  
mens ions .  I n  t h e  c a s e  of s t e c l  n h e e l s  t h e r e  i s  t h e  po:si-  
b i l i t y  of making t h e  wheel  and- s h a f t  o f  one p i e c e  o r  s h r i n k -  
i n g  t h e  w h e e l s  v i t h  g r e a t  i n i t i a l  s t r e s s  o n  t o  t h e  s h a f t .  
Vhet l ie r  s h r i n k i n g  i s  p o r , s i b l e  and  s u i t a b l e  i n  t h c  c a s e  o f  
l i g h t - ; ; e t a l  c o n s t r u c t i o n ,  hzs n o t  y e t  been  i n v e s t i g a t c d .  
V i t h  ?- s u i t a b l e  d e s i g n  t h e  hub b o r e ,  a l s o  i n  t h e  c a s e  o f  
l i g h t - , J c t a l  w h e e l s ,  may be d i s g e n s c d  a i t h  if t h e  w h e e l  d i s k  
a n &  s::af% a r e  of  one n i e c e  a n d  s t c c l  s t r e n g t h e n i n g  b u s h e s  
5 r e  f i t t e d  a b o u t  t h e  s h a f t .  Wheels o f  t h i s  t y p e  d e v e l o p e d  
by t h e  DVL gave n o  d i f f i c u l t i e s  i n  t e s t  o p e r a t i o n .  

B2nd i n  hand  w i t h  t h e  i n c r e a s e  i n  t h e  d e l i v e r y  hend 
o f  ~ 1 ,  s i n g l e - s t a g e  s u p e r c h a r g e r ,  t h e r e  must 5 e  an  improve-  
mext i n  t l i c  o p e r a t i n g  c h a r a c t e r i s t i c s ,  a n  i n c r e a s e  i n  t h e  
e f f i c i e n c y ,  and  an improvement i n  t h e  r e g u l a t i o n  p o s s i b i l i -  
t i e s  of t h e  e n g i n e - d r i v c n  s u p e r c h a r g e r .  
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G--,crati i ig c h a r a c t e r i s t i c s  an?. e f f i c i e n c y  may b e  i m -  
p r o v e d  b y  s i in r le  means i n  t h e  c!esign. I n  many d e s i g n e d  
s u p c r c h a r g e r s  t h e  i n l e t  cc?sirig i s  s o  f o r ~ e d  t h a t  t h e r e  i s  
e i t h e r  no r o t z t i o n - f r e e  f l o n  ( f i g .  1 S a )  o r  no u n i f o r m  ad- 
mission t o  t h e  n h c c l  ( f i g .  1 5 3 ) -  The  most s u i t a b l e  i n l e t  
i s  unde r  e l l  c o n d i t i o n s  t h e  s t r a i g h t  r a d i a l  o n e  ( f i g .  1 5 ~ )  
-n.hich also h a d  t h e  e d v a n t a y e  ~ v e r  t h e  o t h e r  forms i n  t e s t s -  
Wncre t h i s  i n l e t  i s  n o t  p o s s i b l e  on a c c o u n t  o f  n iount ing 
d i f f i c u l t i e s ,  a s imi l a r  a c t i o n  b e  o b t e i n e d  by  n e a p s  of 
a n  i n l e t  houc;inp; i l l u s t r e t e d  i n  f i g u r e  15d.  I n v e s t i g s - .  
t i o n s  30 e n g i n e  i n s t 3 l l a t i o n s  showeci tii2.t t h e  s l i g h t  i n -  
c1'cczsc i n  t h e  l en ,q th  of t h e  s t r u c t u r e  l e n d s  t o  ne  d i f f i -  
c d  t i c s . 



. - e  

Thc s i n n l c s t  Ee thod  t h a t  l i c s  ogen i s  t h c t  o f  t h e  c o u n t c r -  
f l o c  ? , r r z n g c n c n t  o f  t h c  v h e ~ l s ,  n s  i n d i c n t e c ?  o n  f i e u r c s  
20b .mc? 2Oc for t h c  c?,sc o f  r, t r r0-s tF .g~  s u p c r c h c r g c r .  The 
z : > p l i c ~ , t i o n  of t h c  l c b y r i n t h  " s t o n  f a n i l i c r  i n  t h c  d e s i g n  
o f  s t z t i o n , v p  con :? rc s so r s  n+?,y r ~ ~ e t  w i t h  s g n c e  cnc? c c i g h t  
? - i f f i c u l t i c s .  The l i g h t  c o n s t r u c t z o n  o f  t:lc c c s i n g  a n d  
t.hc rc?s.I:l!t.i:ig s i z e  cf t h e  1:Lbyrist.h c l o r r n n c c . s  rF . i sc  t'iic 
&-,r,::cr o f  t o o  g r e a t  l e a k a g e  1.0sscs.  F o r  t a k i n g  up t.Ic ?x-- 
i r J  t h r u s t  ~ . i c c h n i i i c a l l y ,  r o l l e r  b c z r i n g s  o f  t h e  h i g h  s h o u l -  
& C Y  C.j'l>c o f  c o n s t r u c t i o n ,  pLn< s p c c i z l  j o u r n d  b c a r i c : v c  J U  ? 

nzy n i t h i n  c c r t r ? i n  l i m i t s  f i n ?  a p p l . i c a t i o n .  The n e c e s s i t y  
of  b r i n g i n 2  up 2nd c o o l i c g  l n r g c  q u a n t i t i e s  o f  o i l ,  i s  c 
d i  s ~ ~ C - c a a t ~ - g c  o f  t h c  j o u r n a l  bcp-ring s i n c e  t h e  problern of  
o i l  c o o l i n g ,  c"s e v c r y  c c 0 1 i . n ~  p r o b l e m  a t  h i g h - a l t i t u d e  on- 
c r c h i o n ,  i s  ,? d i f f i c u l t  one  2nd n o r e o v e r ,  a:iy e n t r a n c e  of  
o i l  c n r r i e d  n l o i g  . . ; i th  t h e  supcrchp , rgd  ?,ir i n t o  t h e  i i l t e r -  
c ~ o l c r ,  w o u l d  i n  r'. s h o r t  t i c e  r e d u c e  t h c  c f i c c t i v c n c s s  o f  
t h e  l z t t c r .  

S t u d i e s  r n d c  on s u i t c b l c  d -c s igns  inc?ic*-.tc t h a t  t 4 c  
c u r r ; ? i ~ w 7 e n t  o f  o p c s e d  f l o w  stq-ges i s  the . l o s t  s u i t F - b l e  
f o r  i.iulti-st.--ge c a n p r e s s o r s ,  c a r t i c u l a r l y  i f  t h e  c o n p r e s -  
S i c n  L3rocess Twst b e  i c t e r r u p t c d  f o r  t h e  F u r p o s e  o f  i n t e r -  
c o o l i n g .  A s u f f i c i e n t l y  high c r i t i c a l  r .p.n.  i n  b e l o v -  
c r i t i c 5 1  o$erP*t ion  n,-,y b e  . z t t o i n e d  by v-s ing y o : i e r f u l  s h z f t s ,  
i c t o r n o d i c t a  b o a r i n g s ,  9,nd l o n  o p e r c t i n g  sneeds .  Obvious- 
l y ,  t h c s e  m e r r u r e s  ?,re .q,t t h e  exncnso  of i n c r e n s e d .  u e i g h t .  
The q n c s t i o n  n s  t o  r h e t i i c r  h e l o n - c r i t i c a l  o n e r a t i o n  i s  
: :ecesscry O T  v h c t h e r  s n f c  f l i g h t  ope r2" t ion  ncy b e  a t t a i n c d  
:-.t - , ~ ~ ~ r c c i n b l p  above  t h c  f i r s t  -,rid s u f f i c i a n t l y  b c l o n  t h c  
s e c o n d  c r i t i c , q l  r . ~ . n .  rzf thlc n > c c l  dcpends  c s s c n t i ? , l l y  
0 2  t h c  v c r y  n i d c  r c g u l a t i o n  rc.ngc o f  t l ie  s u p c r c h ? , r g e r  ,-,t 
h-igh n l t i t u L c  o n c r c t i o n .  AS I.olig ~ , s  t h e  s u p e r c h a r g e r s  a r e  
r?Yivcii by t h c  c n g i n c ,  t h e  q idcs t ions  o f  G e a r i n g  -,nd regul?.- 
t i o n  g i v e  r i s e  t o  d i f f l c u l t i c s  n t  t h e  h i r h  6 e l i v c r y  h c a d s  
o f  t h e  s u p c r c h a r g c r s .  A t  ~ o r , s t r ? ~ l t  r a t i o  b c t n c c n  the s u p c r -  
ch - , rgc r  and  c n g i n c  r.?.F.. , c ~ c n  v i t h  g o o d  s u p e r c h a r g e r  el"- 
f i c i c n c i c s ,  t h c  s u p c r c h a r g c r  t e a i 3 c r c t u r c s  F . t t c in  e x c c s s i v c  
v a l u e s  n t  l o r  n l t i t u d c s ,  and. on r ,ccount  of  t h c  s t r o n g  t h r o t -  
t l i n g  r c y u i r c d ,  m?,ke c s u f f i c i c n t l y  h i g h  t a k c - o f f  p o n e r  
d - i f f i c u l t  o r  cvcn e n g i n e  o ~ c r n t i o n  i t s e l f ,  i m p o s s i b l e .  
Thc m n l t i s ~ ~ c c e !  g e x r  o f f e r s  scnc r c n c d y  f o r  t h o  t i n e  b c i n g .  
Thc s t ~ , ~ c l c s s  o r  i n f i n i t e l y  v n r i n b l c  r c g u l a t i o n  of t h e  SUI 
p c r c l i n r g c r  s F c e d  h a s  b c c n  i n v c s t i g p w t e d  by t h o  D V L  nnd nay 
no l o i i g c r  b c  c o n s i d c r c c ?  2 s  ,211 uiisolvecl  n r o b i e n .  An e x p e r i -  
!nenta l  a r r a n g e c e n t  z h i c h  q u i t e  a 1 ~ r o a c h e d  t h e  s t a g e l e s s  
z e r o -  l o  :; s r e g u l a t i o n ,  Zave s a t  i s f a c  t o r y  r e s u l t  s 
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F u r t h e r  p o s s i b i l i t i e s  o f  r e g u l a t i o n  i n  t h e  c a s e  o f  
g e a r - d r i v e n ,  s u g e r c h a r g e r s  t h a t  s h o v  F r o n i s e  a r e ,  f o r  ex- 
a r?p lc ,  t h e  r e c u l a t i o n  of t h e  edrn ics ion  of m u l t i s t a g e  su- 
p e r c h a r g e r s .  The i n s t a l l a t i o c s  r e q u i r e d  are s i n p l y  c u t -  
o f f  d e v i c e s  p u t  t h e  e n t r a n c e  and  e x i t  of one o r  inore i n -  
p e l l e r s  sild c d d i t i o n a l  i n l e t  o p e n i n g s  i n  t h e  h o u s i n g  as  
t h e  ccse mzy r e q u i r e .  If  the c u t - o f f  members a r e  s o  de- 
s i g n e d  t h a t  t h e y  g i v e  a s u f f i c i e n t l y  t i g h t  c u t - o f f ,  a n d  if 
t h e i r  e c t i o i i  t a k e s  g l a c e  i n  s u i t n b l e  s e q u e n c e ,  t h e n  by 
c o n n e c t i n g  and  d i s c o n n e c t i n g  e n t i r e  rrhecls ar.d u s i n g  p a r -  
tic1 t h r o t t l i n g ,  ;In a l m o s t  s t a g e l e s s  r e g u l a t i o n  of  t h e  
s u p e r c h a r g e r  p r e s s u r e  tC c o r r e s y o n d  t o  t h e  n l t i t u d e  o f  
f l i g l i t  n2.y bc attained: ')  Aitho-Jgh t h i s  rncthod of  regula- 
t i o n  hcs n o t  y e t  been i n v c s t i r a t e d  i n  o p e r a t i o n  t h e  d i f f i -  
c u l t i e s  c s s o c i a t e d  v i t h  i t  ng-penr c a p a b l e  of  s o l u t i o n  
s i n c e  t h e  Ta r t s  t o  b e  c o n t r o l l e d  may ?so s i t u a t e d  at t h c  
f i x e d  h o u s i n g  and t h u s  h a v e  an  a d v a n t a g e  o v e r  g e a r s  t h z t  
L ~ r ? v e  $0 be  t h r o r m  i n  pun(! o u t  a t  h i z h  sgceds .  V i t h  e x h n u s t  
t '11 r b 5 11 e- dr i v cr, s q  E r c!; ar  g e r s , t 11 e d i  f f i cul t i e s i L t 5 e 
r .p.?i .  r e s u - i r t i o r ,  d e s c r i b e ? . ,  do n o t  a n p e a r .  

I. 

IV. S O l . 2  FilIXC I P L E S  FC,R THE COMFUTATION 07 SUPER CHARGERS 

The s u g c r c h z r g e r  i n v e s t i g a t i o n s  s o  f a r  CoiIdUCted by 
t h c  3VL, h a v c  shovrn t k n t  t h c  f m i i l i a r  corngutat  i o n  methods  
a .op l i ed  i n  t h e  c a s e  o f  c e a t r i f u g d  ~ o r ~ p r e s s o r s  y i e l d ,  n i t h -  
o u t  c l q  a ? ~ r e c i a b l e  n o d i f i c a t i o n s ,  g o o d  r e s u l t s  n l  s o  i n  
t h n  case  of t-:e unusu,qAl c o n d i t i o n s  of z i r p l n n e  - c n g i n e  SU- 

p e r c h a r g e r  c i e s ig r .  The i n l e t  v e l o c i ' ; i e s  at  t h c  i m p e l l e r  
r n q  n s s u r ! e  L i z h  v~i. lui?s.  A l i , r i t  i s  s e t  by t h e  c o n s i d e r a -  
t i o n  t h a t  t o o  c!ose ali apl2roac!i t o  t h e  v c l o c i t y  o f  sound 
leaf i s  t o  t h e  ai)>ecraiice of s e p a r a t i o n  phenonena  of t h e  a i r  
f l o n .  The  r a t i o  of  i n l e t  v e l o c i t y  t o  t h e  v e l o c i t y  O f  

sounr!. l i e s  i n  a o s t  c a s e s  w i t h i n  t h e  r a n g e  0.2 t o  0 .3  'cut 
may b e  f u r t h e r  i n c r e a s e d .  

S i n c e  t h s  n h c e l  blades at  tk.e w h e e l  i n l e t  5 n v e  t h e  
f o r i n  c f  a x i c l  blades n e a r  t h e  hub t h e  e n t r a n c e  d e f l e c t i o n ,  
i . e . ,  t h e  l i e c e s s n r y  s e t t i n g  o f  t h e  b l a d e s  s h o u l d  n o t  b e  
l e f t  out of ctccount i:: tyze c o m p u t a t i o n  o f  t h e  a n g l e  a t  t h e  
b l a d e  e n t r a n c e  or- a c c o u n t  of t h e  r e l - a t i v e l y  g r e a t  b l n d e  

' k  closer i n v e s t i g a t i o n  of t h e  cconorny of t h i s  method n h i c h  
depends  e s s e n t i a l l y  o n  t h e  p r o ? c r  d i m e n s i o n i n g  of  t h c  C u t -  
o f f  3 c v i c e s  cnd on t L c  n f i c ~ i t i o n d  q a a n t i t i c s  r e q u i r e d  f o r  
c o o l i i i g  V O ~ J - ~ ?  l e n d  us  t o o  f:r 3 f i e I d . .  

------- - ---------- 
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s e p a r a t i o n ,  p a . r t i c i i l a . r l y  a t  t h e  maximum i n l e t  d i a m e t e r .  
The t e s t  d a t a  a v a i l a b l e  j u s t i f y  t h e  a s s e r t i o n  t h a t  w i t h  
p r o p e r  a p p l i c a t i o n  o f  f a m i l i a r  c o n p u t a t i o n  p r o c e s s e s  ( s e e  
r e f e r e a c e  1) s a t i s f a c t o r y  r e s u l t s  may be o b t a i n e d .  The 
i n v e s t i g a t i o n s  h a v e  f u r t h e r m o r e  shown , w i t h  r e l a t i v e l y  g o o d  
a g r e e m e n t ,  t h a t  w i t h  s u f f i c i e n t l y  l a r g e  o u t l e t  g u i d e  ar- 
r a n g e m e n t s  t h e  q u a n t i  t y  d e l i v e r e d  w i t h  shock-f r e e  e n t r a n c e  
V - that  i s ,  t h ~ t  which  w o u l d b  be d e l i v e r e d  i f  t n e  d i r e c -  
t i o n  of  t h e  r e l a t i v e  f l o w  coinc ided .  w i t h  t h a t  o f  t h e  f i r s t  
'Cllz.de elerzezlt  - s t a n d s  i n  a s p r s x f m z t e l y  c o n s t a n t  r e l a t i o n  
t o  t h - a t  c o r r e s p o n d i n g  t o  t h e  maximum e f f i c i e n c y  V 

A l t h o u g h  t h e  v a l u e  i s  o n l y  an a p p r o x i m a t i o n ,  i t  i s  n o t  un- 
i m n o r t e n t  t o  know i n  t h e  c a s e  o f  new d e s i g n s  t h a t  w i t h  t h e  
d i m e t e r  r a t i o s  and nunber  of  b l a d e s  usilal i n  p r e s e n t - d a y  
d e s i g n  t h e  q u a n t i t y  
as V , t .  T e s t s  on t h i s  e f f e c t  a r e  l e n g t h y  s i n c e  e v e r y  
change  i n  t h e  mheel e n t r z n c e  also r e q u i r e s  a change  i n  t h e  
w h e e l  e x i t  d i f f u s e r .  The t e s t s  h a v e  n e v e r t h e l e s s  been  
p a r t i a l l y  c a r r i e d  o u t  u s i n g  t h e  i m p e l l e r s  shown on f i g u r e  b o  

s t  

qmax 

i s  1.3 t o  1.7 t i r ? . e s  as  l a r g e  V%lax 

Ail e s s e n t i a l  d i f f i c u l t y  i n  t h e  d e s i g n  o f  a new impel -  
l e r  f o r  a r e q u i r e d  p r e s s u r e  l i e s  i n  t h e  c o m p u t a t i o n  o f  t h e  
e f f e c t  o f  t h e  f i n i t e  number o f  b l a d e s .  The number of  
b l a d e s  f l u c t u a t e s  i n  t h e - c a s e  o f  t h e  s t r a i g h t  r a d i a l  buck- 
e t  2 , r rangement  between 1 0  a n d  2 0 .  The f i g u r e  o f  m e r i t  
qad n l i i ch  i s  t h e  r a t i o  between t h e  d e l i v e r y  h e a d  Hthm 

( w h i c h  would b e  o b t a i n e d  n i t h  f r i c t i o n l e s s  f l o w  w i t h  an  i n -  
f i n i t e  number of b l a d e s )  and t h e  d e l i v e r y  h e a d  a c t u a l l y  
o b t a i n e d  ( w h i c h  i s  t o  be  computed a t  c o m p r e s s i o n  w i t h o u t  
c o o l i n g  f r o m  t h e  n e a s u r e d  i n i t i a l  a n d  f i n a l  v a l u e s  o f  t h e  
n r e s s u r e s ,  t e m p e r a t u r e s ,  a n d  q u a n t i t y  d e l i v e r e d ) :  

E 

and  f o r  1-rhich, w i t h  d i f f e r e n t  s u ~ e r c h a r g c r s ,  t h e  v a l u e s  
shovin on f i g u r e s  21a and  21b r e r e  f o u n d ,  i s  n o t  s u f f i c i e n t  
f o r  t h e  c o m p u t a t i o n s  s i n c e  i t  i n c l u d e s  t o  a g r e a t  e x t e n t  
t h e  c f f c c t  o f  t h e  e x i t  g u i d e  a r r a n g e m e n t s  and  t h e  h o u s i n g .  
V i t h  t h e  v a l u e s  Hthm = m H t h  and  Hth = 1/Th Had t h e r e  
i s  o b t a i n e d  qad = T h / m .  From e x t e n s i v e  m e a s u r e n e n t s  aad 

COI25UtatiOns v a l u e s  mere found f o r  flh be tween 0 . 8 2  and 
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0.86 so t h a t  4 t  a p p e a r s  p o s s i b l e  t o  g i v e  f i g u r e s  a l s o  f o r  
m. If ]I! i s  s n l i t ,  113 a c c o r t l i n g  t o  t h e  F r e v i o u s l y  g ive i l  
e r l u a t i o n ,  v a l n e s  o f  $ a r c  f o u n d  be tween 2.0 and  2.4. 
?Ten c ' c s i g ~ s .  t h a t  n e r e  c o r n p ~ t 6 d  17i th  t h e s e  v a l u e s  f o r  v a r i -  
ous  s u p c r c h a r g e r s  l e d  t o  r e s u l t s  t h a t  gave  g o o d  ag rcemcn t  
- - i t h  t h e  p r e c o r i p u t a t i o n s .  Thc f b r n  o f  t h e  f l o w  p a s s a t y e s  
:-<as s o  c'esizn?d t h a t  t h e  m e r i d i a n  c ~ m p o i i e n t  o f  t h e  abso-  
l u t e  v e l o c i t y ,  o n  t h e  ansumpt ion  of  c o m p l e t e l y  f i l l e d  
b l a d e  :lassages b e t v e e n  i n l e t  and  o u t l e t  of  t h e  n h e c l ,  r e -  
m i n e d  n g L 3 r o x i n a t e l y  c o n s t a n t  o r  d e c r e a s e d  s l i g h t l y .  The 
naximn v a l u e s  of $ mere f o u n d  rrhen t h e  e x i t  g u i d e  p a s -  
s a g e  vas o f  s m a l l  r a d i ; t l  e x t e n t .  '(Pith a s u n e r c h a r g e r  s i z e  
s u c h  c s  a p p e a r s  n e c e s s a r y  and clso a d m i s s i b l e  f rom t h e  
p o i n t  of  v iew of  s p a c e  a n 6  c e i g h t  s a v i n g ,  t h e  v a l u e s  of 
t h e  ? e r i p h e r n l  v e l o c i t i c s  u2 a t  t h e  c r i t i c a l  a l t i t u d e s  
shonn ii1 f i g u r e  2 2  should b e  a t t a i n a b l e .  

F o r  t l ie  c o r r e c t  c o m p u t a t i o n  of  t h e  guic?e v a n e s  a n d  

. g n r d i i q  t h e  compress ion  th?.t  t o o k  place up t o  t h e  r o t o r  
s p i r a l  bchinc? t h e  r h c c l  e x i t  a s s u m p t i o n s  ;nust b e  rnade rc- 

n b e c l  e x i t .  Fo r  t h e  : x b o v e - q c n t i o n c d  c a s e  o f  co = c p n  
a n d  f o r  c f r i c t i o n l e s s  p r o c c s s  w i t h  i n f i n i t e  n u n b e r  of 
b l r , d e s ,  178 h a v e :  

ani! f o r  a, :: g o o ,  i . e . ,  u2 = '8U 

The d-ecrcc o f  c o n p r e s s i o n  ~ ~ i t h  i n f i n i t e  number of  b l a d e s  
n o u l d  kIiei1 be 

01; ? . C C O U Z ~ ~  o f  t h e  e x i t  C e f l e c t i o n  t h e  t h e o r e t i c a l  a b s o l u t e  
v e l o c i t y  i s  g r e a t e r  t h n n  t h e  n c t i i ~ l  ( c a  > c 3 )  2nd c o r r e -  
sp  o n 3 i ne 1 y 
of b l n C c  s nild n r i  t i n g  

c~~ > c ~ , ~ .  T - k i r g  a c c o u n t  of  f i n i t e  n u n b e r  

I-, . 

! . 
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a n d  

w e  f i n d  

T i t h  

we f i n d  

Eth, = m H t h ,  i . e .  c,, = m cSu = u2 

13 

F o r  v a r i o u s  a s s u m p t i o n s  t h e  v a l u e s  o b t a i n e d  by c o m p u t a t i o n  
are t h o s e  g i v e n  i n  f i g u r e  23 ,  which g i v e  good ag reemen t  
rvi th  measu red  v a l u e s  a l t h o u q h  c e r t a i n  a p p r o x i n a t i o n s  h a v e  
bcen  ma$.e i i  compu-ting them. S e t t i n g  t h e  computed v a l u e  

e y i ~ . d  kc t h e  a c t u a l  value p c o r r e s p o n d s  t o  t h e  as- p t h  s u ~ p t i o n  o f  a n  e q u a l  h y c r a u l i c  e f f i c i e n c y  172.1 i n  t h e  r o t o r  
a n d  g u i d e  wheels .  

E x i t  g u i d e  v a n e s  t h a t  v e r e  computed by f a m i l i a r  meth- 
o E s  ( s e e  r e f e r e n c e  1) ga7-e s o t i s f a c t o r y  r e s u l t s  Drovid-ed 
t h e  ? i v o r g e n c e  a n g l e  E o f  t h e  g u i d e  passage was r?esignecl 
cons iC-e rcb ly  s m a l l e r  th2-n whc,t i s  c o n s i d e r e d  a d m i s s i b l e  i n  
t h e  l i t e r c t u r c  o n  t h e  s c b j c c t .  V i t h  t h e  g u i d e  v a n e  f o r r 2 s  
s o  f a r  i n v e s t i g a t e C  b j  t h e  D V L ,  b e s t  c o n v e r s i o n  r a t i o s  

v a n e s  o n  t h z  f o r n  of t h e  c h a r a c t e r i s t i c  ani! t h e  nagn i tu5 -e  
of t h e  s u s e r c h a r g e r  e f f i c i e n c y  i s  v e r y  g r e a t .  F i g u r e  1 6  
s h o n s  O i l e  c x a q l e  t a k e n  f rom numerous i n v e s t i g a t i o n s  an?. 
f r o m  vrhich t h e  f o r m s  o f  t h e  guid-e  assa ages and t h e  r e s u l t s  
o b t a i n e ?  rxiy be  seen .  The e x i t  s p i r a l s  o f  t h e  s u p e r c h a r g e r  
h a v e  up t o  t h e  p r e s e n t  alrvays been  d-e te rmined  by t h e  DVL 
73g t h e  c o s d i t i o n  of  c o n s t a n t  r v  ( w h e r e  r i s  t h e  rac?ius, 
an?- v t h e  v e l o c i t y )  n i t h  the  vrall f r i c t i o n  t a k e n  i n t o  
a c c o - m t .  Ai1 a c c u r a t e  , z n a l y t i c n l  a n d  e x p e r i m e n t a l  i n v e s t i -  
g a t i o n  on a g i v e n  s p i r a l  gave  good-  ag reemen t  b e t n c e n  theo -  
r y  ail?- c x q e r i m e n t  ( f i g .  2 4 ) .  The v a l u e s  o f  t h e  c o n s t z r , t  
k c ? c t e r n i n e C  f rom t h e  c r o s s  s e c t i o n s  of  t h e  s p i r a l s  a g r e e  
q u i t e   ell a i t h  t h e  measurer! v n l u c s  o f  t h e  s t a t i c  an?- t o -  
t a l  p r c s s u r c s  a l o n g  t h c  o u t e r  boundary  of  t h e  s p i r a l  an?- 
w i t h  t h e  v e l o c i t y  f o r  t h e  sp,ne v a l u e s  o f  t h e  q u a n t i t y  de- 
l i v e r e d  p e r  second.  

v e r e  obtrtizlel’ et c < = 4O. The e f f e c t  o f  t h e  e x i t  g u i d e  
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S u n c p , r i z i n g ,  i t  nn,y b e  s; . id t h c t  n i t h  t h e  f o r n s  of  su- 
p c r c h a r g c r s  2nd u n d c r l y i r g  principles o f  c o m p u t a t i o n  w i t h  
:;hj.ch n e  .?"re f c a i l i 2 , r  t o d a y ,  Fnd n i t h  p r o p e r  u t i l i z a t i o n  
of t - e  c o n s t r u c t i o n  m a t e r i d  a v p u i l ~ . b l e ,  d e l i v e r y .  hez-ds p e r  
s t z g e  o f  7 , 0 0 0  t o  8 ,500  m e t e r s  ( n i r  c o l u ~ n )  ct nn e f f e c t i v e  
e f f i c i c a c y ,  b z s e d  on t h e  r td inb r , t i c  7 ) r o c e s s ,  of 0.7 may be  
a t t n i i i o d ;  t h e  s u a c e  and  ' - 'e ight  r e q u i r e m e n t s  b e i n g  k e p t  
n i t h i n  r e a s o n a b l e  l i m i t s .  The vievr h e l d  of s u p e r c h z r g e r  
n s  2.11 i :Tconvenient a u x i l i a r y  d e v i c e ,  i s  no l o n g e r  j u s t i f i e d  
ct  r ? l t i t u d e s  2,bove 3 ~ c i l o r c e t e r s  ( ~ O , O O O  f e e t ) ,  s i n c e  s a t i s -  
f2c to r : -  o p e r a t i o n  of t h e  e n g i n e  i s  n o  l o n g e r  p o s s i b l e  w i t h -  
o u t  i t .  I t  s h o u l d  be  t h e  -problem of t h e  e n g i n e  d e s i g n e r  
t o  s e e  thzt  v i t h  g i v e n  h i g h  p r e s s u r e s  a n d  e f f i c i e n c i e s  t h e  
s i z e   eight o f  t h e  s u p e r c h a r g e r  n r e  k e p t  as  s n a l l  as  
? o r s i - J l e .  Er , t  a bnd  nount i r ,g  a r r n n g e n e n t  of e n g i n e  i s  
n o t  d c n y s  fvci b e  ? > t t r i b u t e d  t o  t o o  l n r g e  Q s u p e r c h a r g e r  
nr-y c l c c r l y  br: s een  f r o r !  t h e  exam;lle o €  t h e  R o l l s - R o y c e  
K e s t r e l  e n g i n e  s h i c h ,  i n  s s i t e  of n l a r g e  s u n e r c h n r g e r ,  
m:',y b e  ~ o u n t e d  i n  na e f f i c i e n t  manner.  The q u e s t i o n  as t o  
~hCt l lCT t h e  cocmon n r e s e i l t  ?,rrc:i,enent c f  t h e  SUnerCharger  
o n  t h e  c i lg inc  s t d e ,  away f rom t h c  m r o g e l l e r ,  s h o u l d  b e  
a a i n t a i a e d  c a n n o t  as y e t  be  d e f i n i t e l y  answered .  . *  

T r a n s l a t i o n  5y  S. R e i s s ,  
Y a t  i o 2 e l  Advi s o  ry ConLii t t e c 
lr,r Acro i i au t i  c s .  

BEFEREXCE 

1. P f l e i d o r e r ,  C . :  Die  Kre i se lpumpen .  2. A u f l a g e .  
Julius S p r i n g e r ,  B e r l i n ,  1 9 3 2 .  
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Figure 3.-Varlation of delivery 

of flight for zero losees, 
adiabatic aompression. 

Figure 4.-Type8 of supercharger 
imps llers . 

a, bladee open at both sides, 
Figure l--Effect of supercharger b, half-open impeller with side 

8f f iCi%ZLCp 98d On the wall at baok of wheel, 
Performance of an engine (eea 0, Impeller closed at both sides 
level output = 100 percent) at 
critical altitudes up to 12 Inn. 
(7.5 mi.). 

heads, Dxeesure ratior, 
w and temperatures with velocity 

Afiihtde 

10 
la 
9 

8 

7 

6 

5 

4 
0,5 a6 0,7 a8 

Figure 2.-Critical altitude attainable 

functfon of the internal adlabatio 
supercharger efficiency qi-ad 
(Admissible assumed supercharger 
t ernperature 800 ) . 

without intercooling M a 
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Figure 6.-DVL r o t o r  wheel w i t h  
separate impellers 

having adjustable blade8 and 
variable spirals. 

Figs. 5 , G ,  7 ,8  839 

Figure 5 
Impeller 
of a 
Junker 
Ruper- 
charger. 

Figure 7.- Comparieon of pressure heads 
and efficiencies of c l o s e d  

and half-own rotor wheel6 
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I I I I I I I i i W Y  
Rofor whee/ - - with 6epo~ote ;mpe//er hr vs/ 

Figure 9.-Improvement in charac- 

with radial blades by eeparately 
added impeller (fig.6). 

terietics of a wheel 

I' 
Figure 10.-Effect'of form of ex i t  

superchargers. Curves I-TV 
correspond to four  different 
forms ~i & U s  vzi.net. Curve V was 
obtained with vanes removed. i,e. 
with slaooth guide ring. 

on characteristics of 

Figs. 9,10,11,12 

4 
~ 

Figure lla; 
Figures of 
merit for 
d i f f erent 
numbers of 
blades for 
same super- 
charger 
dimensions. 
Figure 1lb.- 
Figures of 

differ- 
ent A numbers for of the first stage of 
Of in- a supercharger f o r  a 600-700 hp. 
termedi-spark- igni t i o n  engine. (The 

- za merit 

Figure 12.- Impeller cross sections 

ate numbers correspond to the critical 
Ob '' '' '' 'h altitudes.) Assumptions: u2 - 300 
blades Zg at rotor wheel exit. m/s, c, -o .5  8%. c2,- 0.7 c S  
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Fr ict ion hp. o f  r o f o r  wheels 
f o r  smoofh wheel and 

Figure 13.-Friction hp. of 

d i f f e r e n t  air  densitictlr i n  the 
cas ing  and d i f f e r e n t  valuee 
of w. 

impel lers  for 

/ti 

Figs. 13,14,15 

h 

Figure 15.- Common forma of  i n l e t  
housings . 

a, w i t h  spiral, b, rith i n l e t  
chamber. c ,  w i t h  a x i a l  
entrance.  d, w i t h  vortex space 
and shor t  guide vane8 G1. 

Figure 14.-Computed r e l a t i o n s  between the  pe r iphe ra l  ve loc i ty  of 

velocity a f  m m d  f o r  re r ioue  air temperatures at sxit. (The 
computation 1s based on measured values  o f  temperatures and 
pressure$. The i n l e t  temperatures correspond t o  the  peripheral 
ve loc i ty  and f igu re  of meri t  of corresponding c r i t i o a l  a l t i t u d e ) .  

wheel, abso lu te  ve loc i ty  of  air  at r o t o r  wheel exit and 
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I 

- 1  

i 

- 0 Cutde vanes 

Figure lea. Improvement i n  

ehsrract e r i s t  i c s  by proper 
diffuser arrangement. 

supercharger 

, .  

1 W3 98 V.0 21 14 i6m94.28 5 
Figure 17. Charac te r i s t i c s  o f  

DVL supercharger of  
fig.6. (-o-o-omeasured values 
after a many hour t e s t  run) .  

---- 

Figure 18. Comparison o f  
Figure 16b. Guide vane arrange dimenfiions o f  DVL 

ments giving the test euperchnrger ( f i g . 6 )  with 
results of  f ig .  16a. a modern America= eupercharger 

for an in- l ine engine 
American, D V L ) .  ( - - - - - - - - 
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Figure 19.- Number of stages of 

chargers for critical altitudes 
up to 20 km. (12.4 mi.) 
_ _ _ _ _ _  Lower limit for present 
fitate of development. 

mult i- at age Euper - 

Figure 20.-r ,  direct flow tro- 
stage supercharger. 

b, counter f low two-&age 
supercharger with deflecting 
space. c, counter flow t a o -  
stage Ewercharger with two 
spirals . 

Figure 21.-Values of q 

21a.-Values of qa 

peripheral velocity a t  mean inlet diameter. Curves 11,12,13, 
supercharger of a radial engine with well designed rotor blades. 
Curve 14, supercharged with bad guide arrangement, C u r v e s  15,16, 
supercharger with bad exit guide vanes and connecting annular space. 
21brValues of qad as  a function of VI/V,t with curved rotor blades 

at inlet, V, * computed quantity delivered f o r  shock-free 
entrance. Curves 1, 2, supercharger for radial engine with unsuit- 
able guide vanes. Curve8 3,4,5, supercharger with pressure spiral 
connected to smooth guide ring of varying radial extent. 
Curves 6,7,8,9, supercharger with pressure spiral connected to 
variou8 exit guide vanee. 

found f o r  a large number of superchargers 

a8 a function of co / u b  for superchargers with 
invest igatet! 

straight rad P a1 blades. c , inlet velocity to wheel. u b  . 
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203 250M 
I 5O H Crii /ca/  o/f/fude 

0 2 4 6 8km.lO -?2 * 
Figure 22 .- R e l a t i o n  be tween 

velocity of an iropeller an& 
attainable critical a l t i -  
tudes. ( - --  - -measured 
values up to 10 km. (6.2 mi.) 

peripheral 

Figs. 22,23,24 


