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Description 

Technical  Field 

This  invention  relates  to  diffusers. 

Background  Art 

Diffusers  are  well  known  in  the  art.  Webster's 
New  Collegiate  Dictionary  (1981)  defines  diffusers 
as  "a  device  for  reducing  the  velocity  and  increas- 
ing  the  static  pressure  of  a  fluid  passing  through  a 
system".  The  present  invention  is  concerned  with 
the  most  typical  of  diffusers,  those  having  an  inlet 
cross-sectional  flow  area  less  than  their  outlet 
cross-sectional  flow  area.  While  a  diffuser  may  be 
used  specifically  for  the  purpose  of  reducing  fluid 
velocity  or  increasing  fluid  pressure,  often  they  are 
used  simply  because  of  a  physical  requirement  to 
increase  the  cross-sectional  flow  area  of  a  passage, 
such  as  to  connect  pipes  of  different  diameters. 

As  hereinafter  used  in  this  specification  and 
appended  claims,  "diffuser"  shall  mean  a  fluid  car- 
rying  passage  which  has  an  inlet  cross-sectional 
flow  area  less  than  its  outlet  cross-sectional  flow 
area,  and  which  decreases  the  velocity  of  the  fluid 
in  the  principal  flow  direction  and  increases  its 
static  pressure. 

If  the  walls  of  the  diffuser  are  too  steep  relative 
to  the  principal  flow  direction,  streamwise,  two- 
dimensional  boundary  layer  separation  may  occur. 
Streamwise,  two-dimensional  boundary  layer  sepa- 
ration,  as  used  in  this  specification  and  appended 
claims,  means  the  breaking  loose  of  the  bulk  fluid 
from  the  surface  of  a  body,  resulting  in  flow  near 
the  wall  moving  in  a  direction  opposite  the  bulk 
fluid  flow  direction.  Such  separation  results  in  high 
losses,  low  pressure  recovery,  and  lower  velocity 
reduction.  When  this  happens  the  diffuser  is  said  to 
have  stalled.  Stall  occurs  in  diffusers  when  the 
momentum  in  the  boundary  layer  cannot  overcome 
the  increase  in  pressure  as  it  travels  downstream 
along  the  wall,  at  which  point  the  flow  velocity  near 
the  wall  actually  reverses  direction.  From  that  point 
on  the  boundary  layer  cannot  stay  attached  to  the 
wall  and  a  separation  region  downstream  thereof  is 
created. 

To  prevent  stall  a  diffuser  may  have  to  be 
made  longer  so  as  to  decrease  the  required  diffu- 
sion  angle;  however,  a  longer  diffusion  length  may 
not  be  acceptable  in  certain  applications  due  to 
space  or  weight  limitations,  for  example,  and  will 
not  solve  the  problem  in  all  circumstances.  It  is, 
therefore,  highly  desirable  to  be  able  to  diffuse 
more  rapidly  (i.e.,  in  a  shorter  distance)  without 
stall  or,  conversely,  to  be  able  to  diffuse  to  a 
greater  cross-sectional  flow  area  for  a  given  dif- 
fuser  length  than  is  presently  possible  with  diffus- 

ers  of  the  prior  art. 
Diffusers  of  the  prior  art  may  be  either  two-  or 

three-dimensional.  Two-dimensional  diffusers  are 
typically  four  sided,  with  two  opposing  sides  being 

5  parallel  to  each  other  and  the  other  two  opposing 
sides  diverging  from  each  other  toward  the  diffuser 
outlet.  Conical  and  annular  diffusers  are  also  some- 
times  referred  to  as  two-dimensional  diffusers.  An- 
nular  diffusers  are  often  used  in  gas  turbine  en- 

io  gines.  A  three-dimensional  diffuser  can  for  exam- 
ple,  be  four  sided,  with  both  pairs  of  opposed  sides 
diverging  from  each  other. 

One  application  for  a  diffuser  is  in  a  catalytic 
converter  system  for  automobiles,  trucks  and  the 

75  like.  The  converter  is  used  to  reduce  exhaust  emis- 
sions  (nitrous  oxides)  and  to  oxidize  carbon  monox- 
ide  and  unburned  hydrocarbons.  The  catalyst  of 
choice  is  presently  platinum.  Because  platinum  is 
so  expensive  it  is  important  to  utilize  it  efficiently, 

20  which  means  exposing  a  high  surface  area  of  plati- 
num  to  the  gases  and  having  the  residence  time 
sufficiently  long  to  do  an  acceptable  job  using  the 
smallest  amount  of  catalyst  possible. 

Currently  the  exhaust  gases  are  carried  to  the 
25  converter  in  a  cylindrical  pipe  or  conduit  having  a 

cross  sectional  flow  area  of  between  about  16-32 
cm2  (2.5  -  5.0  square  inches).  The  catalyst  (in  the 
form  of  a  platinum  coated  ceramic  monolith  or  a 
bed  of  coated  ceramic  pellets)  is  disposed  within  a 

30  conduit  having,  for  example,  an  elliptical  cross  sec- 
tional  flow  area  two  to  four  times  that  of  the  circular 
inlet  conduit.  The  inlet  conduit  and  the  catalyst 
containing  conduit  are  joined  by  a  diffusing  section 
which  transitions  from  circular  to  elliptical.  Due  to 

35  space  limitations  the  diffusing  section  is  very  short; 
and  its  divergence  half-angle  may  be  as  much  as 
45  degrees.  Since  flow  separates  from  the  wall 
when  the  half-angle  exceeds  about  7.0  degrees, 
the  exhaust  flow  from  the  inlet  pipe  tends  to  remain 

40  a  cylinder  and,  for  the  most  part,  impinges  upon 
only  a  small  portion  of  the  elliptical  inlet  area  of  the 
catalyst.  Due  to  this  poor  diffusion  within  the  diffus- 
ing  section  there  is  uneven  flow  through  the  cata- 
lyst  bed.  These  problems  are  discussed  in  a  paper 

45  titled,  Visualization  of  Automotive  Catalytic  Con- 
verter  Internal  Flows  by  Daniel  W.  Wendland  and 
William  R.  Matthes,  SAE  paper  No.  861554  pre- 
sented  at  the  International  Fuels  and  Lubricants 
Meeting  and  Exposition,  Philadelphia,  Pennsylva- 

50  nia,  October  6  -  9,  1986.  It  is  desired  to  be  able  to 
better  diffuse  the  flow  within  such  short  lengths  of 
diffusing  section  in  order  to  make  more  efficient 
use  of  the  platinum  catalyst  and  thereby  reduce  the 
required  amount  of  catalyst. 

55  In  WO-A-87/03646  there  is  disclosed  a  diffu- 
sion  device  and  catalytic  conversion  system  as 
defined  in  the  precharacterizing  portion  of  claim  1 
and  claim  21  ,  respectively.  The  delivery  conduit  of 
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the  known  device  has  an  end  portion  with  two 
diametrically  opposed  impressions  converging  to- 
wards  each  other  in  the  bulk  fluid  flow  direction. 
Two  branch  conduits  formed  by  the  impressions 
serve  to  distribute  the  gas  flow  over  the  entire 
elliptical  inlet  of  the  catalyst  body.  Slotlike  open- 
ings  can  be  formed  in  the  delivery  conduit  to 
deflect  a  part  of  the  gas  flow  towards  outmost  parts 
of  the  elliptical  inlet  of  the  catalyst  body. 

Disclosure  of  the  Invention 

The  object  of  the  present  invention  is  to  pro- 
vide  a  diffuser  and  a  catalytic  conversion  system 
having  improved  operating  characteristics  and 
which  can  accomplish  the  same  amount  of  diffu- 
sion  in  a  shorter  length  than  that  of  the  prior  art,  or 
can  achieve  greater  diffusion  for  a  given  length 
than  prior  art  diffusers. 

In  accordance  with  the  invention  this  is 
achieved  by  the  provision  of  a  diffusing  device  as 
claimed  in  independent  claim  1  and  by  the  provi- 
sion  of  a  catalytic  conversion  system  as  claimed  in 
independent  claim  21  ,  respectively. 

Accordingly,  the  present  invention  includes  a 
thin,  essentially  two  sided  wall  member  disposed 
within  the  conduit  upstream  of  a  diffuser  section 
inlet  and  spaced  from  the  conduit  wall  surface,  the 
member  having  a  convoluted  downstream  portion 
which  generates  a  plurality  of  adjacent  vortices 
within  the  diffuser  section  rotating  in  opposite  di- 
rections  about  respective  axes  extending  in  the 
direction  of  bulk  fluid  flow  adjacent  the  plate-like 
member. 

In  one  embodiment,  the  convoluted  member  is 
disposed  upstream  of  a  diffuser  section  inlet  and  is 
supported  in  closely  spaced  relation  to  the  surface 
of  the  diffuser  inlet  conduit.  The  convoluted  portion 
of  the  member  comprises  a  plurality  of  adjoining, 
alternating,  U-shaped  lobes  and  troughs  extending 
in  the  direction  of  bulk  fluid  flow  near  the  member 
and  terminating  at  a  downstream  edge,  which  is 
wave  shaped.  The  trough  depth  and  lobe  height 
increase  in  the  downstream  direction,  and  the 
troughs  and  lobes  are  contoured  and  dimensioned 
such  that  each  trough  generates  a  pair  of  adjacent 
vortices  downstream  of  the  downstream  edge  of 
the  member.  The  vortices  energize  the  boundary 
layer  adjacent  the  diffuser  section  wall  and  delay  or 
eliminate  its  separation  therefrom.  Thus,  a  diffuser 
can  accomplish  the  same  amount  of  diffusion  in  a 
shorter  length  (i.e.,  can  operate  effectively  with 
greater  diffusion  angles)  or  can  achieve  a  greater 
amount  of  diffusion  for  a  given  length  than  was 
possible  with  prior  art  diffusers.  The  proper  orienta- 
tion  of  the  member  and  its  troughs  and  lobes  can 
also  result  in  the  fluid  leaving  the  troughs  with  a 
direction  of  momentum  that  carries  it  toward  the 

diffuser  wall  surface. 
It  is  believed  that  the  vortices  generated  from 

each  side  wall  surface  at  the  trough  outlet  are 
large-scale  vortices.  (By  "large-scale"  it  is  meant 

5  the  vortices  have  a  diameter  about  the  size  of  the 
overall  trough  depth.)  These  two  vortices  (one  from 
each  sidewall)  rotate  in  opposite  directions  and 
create  a  flow  field  which  tends  to  cause  fluid  from 
the  trough  and  also  from  the  nearby  bulk  fluid  to 

io  mix  with  the  fluid  near  the  diffuser  wall  surface 
immediately  downstream  of  the  member.  The  net 
affect  of  these  phenomenon  is  to  direct  bulk  fluid 
outwardly  toward  the  diffuser  wall  surfaces  and  also 
to  create  bulk  fluid  mixing  within  the  diffuser  sec- 

15  tion,  all  of  which  energize  the  boundary  layer  along 
the  diffuser  wall  thereby  improving  diffuser  perfor- 
mance.  Even  if  the  convoluted  member  is  not  close 
enough  to  the  diffuser  wall  to  energize  the  bound- 
ary  layer  and  delay  separation,  or  if  the  diffuser 

20  wall  is  much  too  steep  to  avoid  separation,  the 
mixing  of  bulk  fluid  within  the  diffuser  caused  by 
the  large-scale  vortices  may  still  improve  overall 
diffuser  performance. 

The  troughs  and  lobes  of  the  diffusion  device 
25  or  catalytic  converter  are  preferably  contoured 

such  that  they  flow  full  (i.e.,  no  streamwise,  two- 
dimensional  boundary  layer  separation  occurs  with- 
in  the  troughs).  Thus,  it  is  important  there  is  no 
streamwise,  two-dimensional  boundary  layer  sepa- 

30  ration  of  the  flow  over  the  member  immediately 
upstream  of  the  troughs  thereof  as  this  would  result 
in  separated  flow  entering  the  troughs,  which  would 
inhibit  the  formation  of  strong  vortices.  The  preven- 
tion  of  streamwise,  two-dimensional  boundary  layer 

35  separation  within  the  troughs  is  an  important  con- 
sideration  in  their  design.  For  example,  two-dimen- 
sional  boundary  layer  separation  may  occur  if  the 
slope  of  the  bottom  of  a  trough  is  too  steep  relative 
to  the  nearby  bulk  fluid  flow  direction. 

40  Preferably  the  troughs  and  lobes  are  U-shaped 
in  cross  section  taken  perpendicular  to  the  down- 
stream  direction  and  are  preferably  smoothly 
curved  (e.g.,  no  sharp  angles  where  trough  sidewall 
surfaces  meet  the  trough  floor)  to  minimize  losses. 

45  Most  preferably  the  troughs  and  lobes  form  a 
smoothly  undulating  surface  which  is  wave-shaped 
in  cross  section  perpendicular  to  the  downstream 
direction. 

According  to  another  aspect  of  the  present 
50  invention,  it  is  preferred  that  the  fluid  exiting  from 

each  trough  have  a  lateral  component  of  velocity 
as  small  as  possible  to  minimize  secondary  flaw 
losses.  For  this  reason  the  trough  sidewalls,  for  a 
significant  distance  upstream  of  the  trough  outlet, 

55  are  preferably  parallel  to  the  direction  of  bulk  fluid 
flow  entering  the  trough. 

One  important  advantage  of  the  present  inven- 
tion  is  its  ability  to  improve  diffuser  performance 
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without  introducing  substantial  flow  losses  as  a 
result  of  its  own  presence  in  the  flow  field. 

In  accordance  with  another  aspect  of  the 
present  invention,  it  is  preferred  that  the  trough 
sidewalls  at  the  outlet  be  steep.  This  is  believed  to 
increase  the  intensity  of  the  vortex  generated  by 
the  sidewall.  The  word  "steep"  as  used  herein  and 
in  the  claims  means  that,  in  cross  section  per- 
pendicular  to  the  direction  of  trough  length,  lines 
tangent  to  the  steepest  point  on  each  sidewall 
intersect  to  form  an  included  angle  of  no  more  than 
about  120°.  Most  preferably  the  walls  are  parallel 
to  each  other.  For  purposes  of  this  application, 
when  the  walls  are  parallel  the  included  angle  shall 
be  considered  to  be  0  °  . 

Commonly  owned  EP-A-0  244  334  filed  on 
April  7,  1987  titled,  Airfoil  Shaped  Body,  describes 
an  airfoil  trailing  edge  region  with  streamwise 
troughs  and  ridges  (convolutions)  formed  therein 
defining  a  wave-like,  thin  trailing  edge.  The  troughs 
in  one  surface  define  the  ridges  in  the  opposing 
surface.  The  troughs  and  ridges  help  delay  or 
prevent  the  catastrophic  effects  of  two-dimensional 
boundary  layer  separation  on  the  airfoil  suction 
surface,  by  providing  three-dimensional  relief  for 
the  low  momentum  boundary  layer  flow.  The 
present  invention,  however,  is  directed  to  improving 
the  performance  of  a  diffuser  located  just  down- 
stream  of  a  convoluted  member. 

The  foregoing  and  other  features  and  advan- 
tages  of  the  present  invention  will  be  come  more 
apparent  in  the  light  of  the  following  detailed  de- 
scription  of  preferred  embodiments  thereof  as 
shown  in  the  accompanying  drawings. 

Brief  Description  of  the  Drawing 

Fig.  1  is  a  perspective  view  which  illustrates 
the  use  of  a  convoluted  plate  to  reduce  base  drag 
in  accordance  with  the  teachings  of  related,  com- 
monly  owned  EP-A-0  315  563 

Fig.  1A  is  a  view  taken  generally  in  the  direc- 
tion  1A  -  1A  of  Fig.  1. 

Fig.  2  is  a  cross  sectional  view  of  a  two  dimen- 
sional  diffuser  incorporating  the  features  of  the 
present  invention. 

Fig.  3  is  a  view  taken  generally  in  the  direction 
3  -  3  of  Fig.  2. 

Fig.  4  is  a  graph  displaying  the  results  of  tests 
for  the  embodiment  of  the  present  invention  shown 
in  Figs.  2  and  3,  as  well  as  the  prior  art. 

Fig.  5  is  sectional  view  of  an  axisymmetric 
diffuser  incorporating  the  features  of  the  present 
invention. 

Fig.  6  is  a  view  taken  generally  in  the  direction 
6  -  6  of  Fig.  5. 

Fig.  7  is  a  sectional  view  of  a  two-dimensional 
"stepped"  diffuser  incorporating  the  features  of  the 

present  invention. 
Fig.  8  is  a  view  taken  generally  in  the  direction 

8  -  8  of  Fig.  7. 
Fig.  9  is  a  sectional  view  illustrating  the  use  of 

5  convoluted  plates  in  a  heat  exchanger  application 
in  accordance  with  the  teachings  of  related,  com- 
monly  owned  EP-A-0  275  813. 

Fig.  10  is  a  sectional  view  taken  generally 
along  the  line  10  -  10  of  Fig.  9. 

io  Fig.  11  is  a  sectional  view  of  a  catalytic  con- 
verter  system  incorporating  the  features  of  the 
present  invention. 

Fig.  12  is  a  view  taken  generally  in  the  direc- 
tion  12  -  12  of  Fig.  11. 

is  Fig.  13  is  a  sectional  view  showing  another 
embodiment  of  a  catalytic  converter  system  incor- 
porating  the  features  of  the  present  invention. 

Fig.  14  is  a  view  taken  generally  along  the  line 
14  -  14  in  Fig.  13. 

20 
Best  Mode  for  Carrying  Out  the  Invention 

As  will  be  more  fully  described  hereinafter,  the 
convoluted  wall  member  of  the  present  invention  is 

25  used  immediately  upstream  of  or  at  a  diffuser  inlet 
to  create  fluid  flow  downstream  of  the  member 
which  help  diffuse  the  fluid  and  also  energize  the 
boundary  layer  along  the  diffuser  wall,  whereby  the 
diffuser  performance  is  improved.  The  fluid  dy- 

30  namics  is  similar  to  the  fluid  dynamics  involved  in 
commonly  owned  EP-A-0  315  563  entitled  Con- 
voluted  Plate  to  Reduce  Base  Drag,  filed  on  June 
30,  1988.  Figs.  14  and  14A  of  EP-A-0  315  563  are 
reproduced  in  this  application  as  Figs.  1  and  1A.  In 

35  that  application  a  convoluted  plate  was  disposed 
upstream  of  a  blunt  end  surface  of  a  moving  body 
to  reduce  base  drag  by  generating  certain  fluid 
dynamic  flow  patterns  downstream  of  the  plate.  As 
described  therein,  and  with  reference  to  Figs.  1 

40  and  1A,  a  blunt  based  article  is  generally  repre- 
sented  by  the  reference  numeral  200.  The  article 
200  has  a  smooth,  relatively  flat  upper  surface  202 
over  which  fluid  flows  in  the  generally  downstream 
direction  represented  by  the  arrows  204.  The  arti- 

45  cle  200  has  a  blunt  base  or  end  surface  206. 
Without  the  convoluted  plate  the  flow  along  the 
surface  202  is  assumed  to  separate  from  the  article 
along  the  line  208.  For  purposes  of  the  present 
discussion  the  separation  line  208  shall  be  consid- 

50  ered  the  beginning  or  upstream  edge  of  the  blunt 
end  surface  206. 

A  convoluted  wall  member  or  plate  210  is 
mounted  on  and  spaced  from  the  surface  202  by 
means  of  support  members  or  standoffs  212,  only 

55  one  of  which  is  shown  in  the  drawing.  The  plate 
210  has  an  upstream  or  leading  edge  214  and  a 
downstream  or  trailing  edge  216.  While  the  plate 
may  be  fairly  thin,  the  leading  edge  214  should  be 

4 
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rounded,  like  the  leading  edge  of  an  airfoil,  to 
assure  that  attached  uniform  flow  is  initiated  on 
both  the  upper  surface  218  and  lower  surface  220 
of  the  plate.  The  plate  may  then  taper  to  a  smaller 
thickness,  if  desired,  toward  the  trailing  edge  216, 
such  as  to  save  weight  or  to  minimize  base  drag  of 
the  plate  itself. 

A  plurality  of  U-shaped  troughs  222  and  lobes 
224  are  formed  in  the  plate.  Adjacent  troughs  and 
lobes  blend  smoothly  into  each  other  forming  an 
undulating  or  convoluted  downstream  portion  of  the 
plate  which  terminates  as  a  wave-shape  at  its  trail- 
ing  edge  216.  For  vortices  to  be  generated  trough 
depth  must  increase  in  the  downstream  direction, 
although  trough  depth  could  reach  its  maximum 
upstream  of  the  trough  outlet  and  thereafter  remain 
constant  to  the  outlet.  In  Fig.  1,  the  plate  leading 
edge  214  is  straight  and  the  plate  is  initially  flat  for 
a  short  distance.  The  troughs  and  lobes  blend 
smoothly  into  the  flat  portion.  Preferably,  and  as 
shown,  trough  depth  (and  lobe  height)  are  zero  at 
their  upstream  ends  and  are  maximum  at  the 
downstream  edge  216;  however,  the  plate  leading 
edge  214  could  have  a  low  amplitude  wave  shape, 
and  the  trough  depth  would  increase  from  that 
initial  amplitude.  The  contour  and  shape  of  the 
troughs  and  lobes  is  selected  such  that  the  troughs 
flow  full  throughout  their  length. 

Since  the  plate  210  is  attached  to  the  article 
200,  the  plate  itself  creates  losses  (i.e.  drag)  which 
should  be  minimized.  If  one  initially  considers  an 
imaginary,  smooth  plate  without  convolutions  and 
which  is  generally  parallel,  locally,  to  the  surface 
above  which  it  is  disposed,  the  peaks  and  valleys 
of  the  troughs  and  lobes  preferably  extend  an 
equal  distance  above  and  below  such  "imaginary" 
plate. 

The  vortices  generated  by  the  troughs  and 
lobes  on  each  side  of  the  plate  are  shown  sche- 
matically  in  the  drawing.  A  vortex,  having  its  axis  in 
the  bulk  fluid  flow  direction,  is  generated  off  of 
each  sidewall  of  each  trough.  Thus,  the  trough  226 
generates  a  clockwise  rotating  vortex  228  from  its 
right  sidewall  (as  viewed  in  Fig.  1)  and  a  counter 
clockwise  rotating  vortex  230  from  its  left  sidewall. 
An  adjacent  trough  232  on  the  opposite  side  of  the 
plate  to  the  left  of  the  trough  226  also  generates  a 
counter  clockwise  rotating  vortex  234  from  its  right 
wall  which  combines  with  and  reinforces  the  coun- 
ter  clockwise  rotating  vortex  230  to  form  what  is 
effectively  a  single,  stronger  vortex.  Similarly,  the 
left  sidewall  of  the  trough  236  generates  a  clock- 
wise  rotating  vortex  238  which  combines  with  the 
clockwise  rotating  vortex  228  from  the  trough  226. 

If  the  plate  210  is  properly  spaced  and  oriented 
relative  to  both  the  surface  202  and  the  blunt  end 
surface  206,  then  the  vortices  generated  therefrom 
will  energize  the  boundary  layer  flow  on  the  surface 

202  downstream  of  the  plate  thereby  resulting  in 
the  flow  remaining  attached  to  the  article  surface 
beyond  the  imaginary  separation  line  208.  Further- 
more,  it  is  believed  the  bulk  fluid  flowing  from  the 

5  troughs  and  over  the  surface  202  is  directed  down- 
wardly  (in  Fig.  1)  into  the  space  behind  the  blunt 
end  surface  206  to  further  reduce  the  separation 
bubble  which  would  otherwise  be  formed  and 
thereby  further  reduce  base  drag. 

io  For  purposes  of  the  following  discussion,  and 
still  referring  to  Fig.  1,  P  is  the  peak  to  peak  wave 
length  at  the  plate  trailing  edge  216;  A  is  the  peak 
to  peak  wave  height  or  amplitude  (and  may  also  be 
referred  to  as  the  trough  depth);  H  is  the  distance 

is  between  the  surface  202  and  the  closest  wave 
peaks  of  the  trailing  edge  216;  and  D  is  the  dis- 
tance  between  the  trailing  edge  216  and  the  up- 
stream  edge  of  the  blunt  end  surface  which  is  the 
separation  line  208  as  discussed  above.  Preferably 

20  the  peak  to  peak  wave  length  P  is  constant  over 
the  full  length  of  the  troughs. 

Since  the  vortices  do  not  become  fully  devel- 
oped  for  a  distance  downstream  of  the  plate  edge 
216,  and  because  it  is  desired  to  have  the  vortices 

25  energize  the  boundary  layer  upstream  of  the  line 
208,  it  is  preferred  that  the  trailing  edge  216  be 
located  a  distance  D  equal  to  one  to  two  wave 
amplitudes  A  upstream  of  the  blunt  end  surface 
206.  This  does  not  mean  that  no  benefit  would  be 

30  achieved  if  D  were  less  than  A  or  even  zero; 
however,  it  is  believed  the  advantages  would  be 
lessened.  Similarly,  if  the  plate  is  situated  too  far 
upstream  from  the  end  surface  206  the  vortices 
might  significantly  or  completely  dampen  out  be- 

35  fore  reaching  the  end  surface  206  and  thereby 
provide  little  or  no  benefit. 

The  distance  H  should  be  sufficiently  great  to 
avoid  creating  secondary  flow  fields  or  blockage 
adjacent  the  surface  202  which  might  disrupt  and 

40  cause  separation  of  the  boundary  layer  on  the 
surface  202  before  it  reaches  the  line  208.  It  is 
believed  that  H  should  be  at  least  about  the  thick- 
ness  of  the  boundary  layer.  Concurrently,  the  dis- 
tance  H  should  be  small  to  keep  the  vortices  as 

45  close  to  the  surface  202  as  possible.  The  slope  6 
of  the  trough  bottom  relative  to  the  bulk  fluid  flow 
direction  adjacent  the  plate  cannot  be  too  shallow 
or  too  steep.  If  the  slope  is  too  shallow,  the 
strength  of  the  vortices  generated  will  be  too  weak 

50  or  they  may  not  be  generated  at  all  as  a  result  of 
losses  from  surface  friction.  It  is  believed  that  6 
should  be  at  least  about  5°.  On  the  other  hand,  if 
the  slope  is  too  steep  the  troughs  will  not  flow  full 
(i.e.,  there  will  be  two-dimensional  streamwise 

55  boundary  layer  separation  within  the  troughs).  This 
will  hinder  the  formation  of  the  vortices.  It  is  likely 
that  the  greater  the  slope,  the  greater  the  intensity 
of  the  vortices,  as  long  as  the  troughs  flow  full.  It  is 

5 
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believed  that  slopes  greater  than  about  30  °  will  not 
flow  full.  The  optimum  angle  for  any  particular 
application  will  need  to  be  determined  by  experi- 
mentation. 

As  far  as  the  steepness  of  the  sidewalls  of 
each  trough  is  concerned,  substantially  parallel 
sidewalls  at  the  trailing  edge  216  and  for  a  distance 
upstream  thereof  are  preferred.  The  steepness  of 
the  sidewalls  may  be  represented  by  the  included 
angle  C  (depicted  in  Fig.  1),  which  is  the  angle 
between  lines  tangent  to  the  steepest  points  along 
the  opposed  sidewalls  of  a  trough.  As  stated 
above,  the  closer  the  angle  C  is  to  0  °  ,  the  better; 
however,  the  angle  C  should  be  no  greater  than 
about  120°  at  the  trough  outlet. 

Preferably  the  overall  length  of  the  plate  from 
its  leading  edge  214  to  its  trailing  edge  216  is 
equal  to  or  slightly  greater  than  the  length  L  of  the 
troughs  and  ridges.  Excessive  length,  while  not 
devastating,  will  also  not  provide  any  advantage 
and  will  simply  add  unnecessary  surface  drag,  cost 
and  weight.  As  mentioned  above,  the  leading  edge 
214  should  be  rounded  and  the  troughs  and  lobes 
should  be  shaped  and  sized  along  their  entire 
length  to  assure  that  the  troughs  flow  full  through- 
out  their  length  and  generate  vortices  which  are 
sufficiently  strong  to  provide  a  benefit  (i.e.,  drag 
reduction)  deemed  to  be  worthwhile  considering 
the  needs  of  the  particular  application. 

In  general,  it  is  believed  that  the  wave  length  P 
should  be  no  less  than  about  half  and  no  more  than 
about  four  times  the  wave  amplitude  A  in  order  to 
assure  the  formation  of  strong  vortices  without  in- 
ducing  excessive  pressure  losses.  The  sum  of  the 
downstream  projected  cross-sectional  flow  areas  of 
the  trough  outlets  should  be  large  enough,  relative 
to  the  total  downstream  projected  area  of  the  blunt 
end  surface  to  have  a  worthwhile  impact  on  base 
drag.  Practical  considerations  such  as  physical 
constraints,  cost  and  weight,  and  even  aesthetics 
will  also  have  various  degrees  of  impact  upon  the 
final  configuration  selected. 

Figs.  2  -  3  show  another  application  for  the 
convoluted  wall  member  or  plate  described  in  Figs. 
1  and  1A;  and  that  application  is  the  subject  of  the 
present  invention.  With  reference  to  Figs.  2  -  3,  a 
conduit  is  generally  represented  by  the  reference 
numeral  300.  The  conduit  300  includes  a  fluid 
delivery  section  302  and  a  diffuser  section  304. 
Both  are  rectangular  in  cross  section  taken  per- 
pendicular  to  the  flow  direction,  which  is  in  the 
direction  of  the  arrows  306.  The  delivery  section 
302  and  the  diffuser  section  304  both  include  flat, 
parallel  sidewalls  308.  Thus,  the  diffuser  section 
304  provides  only  two-dimensional  diffusion.  The 
plane  310  is  at  the  interface  between  the  delivery 
section  302  and  the  diffuser  section  304  and  is 
coextensive  with  the  diffusion  section  inlet  312. 

Disposed  within  the  conduit  delivery  section 
302  are  convoluted  plates  314.  One  is  attached  to 
the  upper  wall  316  and  the  other  to  the  lower  wall 
318  of  the  delivery  section  by  means  of  legs  320. 

5  The  large-scale  vortices  generated  by  the  plates 
are  illustrated  by  the  spirals  322  and  have  axes 
generally  parallel  to  the  downstream  direction  306. 

The  preceding  description  of  Figs.  1  and  1A 
with  respect  to  size,  shape,  contour  and  location  of 

io  the  convoluted  plate  210  applies  equally  as  well  to 
the  convoluted  plate  314,  with  the  plane  310  in  Fig. 
2  corresponding  to  the  line  208  of  Fig.  1  in  diffus- 
ers  which  would  separate  at  the  inlet  without  the 
presence  of  the  convoluted  plates.  Thus,  all  of  the 

is  dimensions  L,  D,  H,  A  and  P,  as  well  as  the  angle  6 
should  be  selected  in  the  same  manner  as  de- 
scribed  with  respect  to  Figs.  1  and  1A.  While  in  the 
application  of  Figs.  1  and  1A  the  convoluted  plate 
reduces  base  drag  on  a  moving  body,  the  present 

20  invention  improves  the  performance  of  a  diffuser 
by  energizing  the  boundary  layer  along  the  diffuser 
walls  and  by  causing  general  mixing  and  diffusion 
of  the  bulk  fluid  flow  within  the  diffusing  section 
304. 

25  A  two-dimensional  diffuser  like  that  of  Figs.  2 
and  3  was  tested  both  with  and  without  convoluted 
plates.  With  reference  to  Figs.  2  and  3,  the  diffuser 
had  the  following  dimensions:  B  =  536  mm  (21.1 
inch);  F  =  830  mm  (32.7  inch);  and  E  =  137  mm 

30  (5.4  inch).  With  respect  to  the  convoluted  plates,  D 
=  58  mm  (2.3  inch);  L  =  160  mm  (6.3  inch);  H  = 
6.3  mm  (0.25  inch);  A  =  58  mm  (2.3  inch);  P  =  43 
mm  (1.7  inch);  Wj  =  12.7  mm  (0.5  inch);  W0  =  30 
mm  (1.2  inch);  0i  =  11°;  and  02  =  15°.  The 

35  sidewalls  of  each  trough  were  parallel  to  each 
other,  as  shown  in  Fig.  3.  While  Figs.  2  and  3 
depict  the  test  apparatus  with  the  dimensions 
hereinabove  set  forth  such  dimensions  and  the 
relative  values  of  such  dimensions  to  each  other 

40  are  not  intended  to  limit  the  invention.  For  example, 
the  troughs  on  both  sides  of  each  plate  may  be 
identical  (i.e.,  Wj  =  W  0  and  ai  =  a2).  Optimum 
configurations  for  a  particular  application  may  only 
be  obtained  by  experimentation  using  the  guide- 

45  lines  set  forth  herein. 
In  both  series  of  tests  (i.e.,  with  and  without  the 

convoluted  plates)  the  coefficient  of  performance  of 
the  diffuser  was  measured  for  diffuser  half-angles  a 
ranging  from  about  2°  to  10°,  which  is  equivalent 

50  to  an  outlet  to  inlet  area  ratio  range  of  from  about 
1.4  to  3.1.  The  results  of  the  tests  are  displayed  in 
the  graph  of  Fig.  4  wherein  the  curve  A  represents 
no  convoluted  plates  and  B  represents  the  use  of 
convoluted  plates.  For  diffuser  half-angles  greater 

55  than  about  6°  (up  to  at  least  the  maximum  angle 
tested)  the  present  invention  outperformed  (in 
terms  of  the  coefficient  of  performance)  the  same 
diffuser  without  the  convoluted  plates.  At  a  10° 

6 
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half-angle  the  present  invention  had  a  coefficient  of 
performance  higher  than  the  maximum  coefficient 
of  performance  (i.e.,  at  a  6°  half-angle)  of  the 
diffuser  without  the  convoluted  plates  and  about  25 
percent  greater  than  that  of  the  same  diffuser  with 
a  10°  half-angle  and  no  convoluted  plates.  The 
present  invention  also  delayed  the  onset  of  bound- 
ary  layer  separation  to  higher  half-angles. 

Figs.  5  and  6  illustrate  the  use  of  the  present 
invention  in  conjunction  with  an  axisymmetric 
three-dimensional  diffuser  400.  In  that  case  a  con- 
voluted  thin  wall  member  402  is  axisymmetric,  with 
the  lobes  and  troughs  extending  axially  in  the 
downstream  direction  404  and  radially  (in  height 
and  depth). 

The  invention  can  also  be  used  in  conjunction 
with  a  "stepped"  diffuser,  as  shown  in  Fig.  7  and  8. 
A  stepped  diffuser  may  be  considered  one  in  which 
the  diffuser  half-angle  is  extremely  steep,  such  as 
90  °  .  This  type  of  diffuser  is  typically  a  conduit 
which  includes  a  step  change  (i.e.,  sudden  in- 
crease)  in  passage  cross  sectional  flow  area.  In 
Figs.  7  and  8,  fluid  flowing  a  conduit  502  in  the 
downstream  direction  is  represented  by  the  arrows 
500.  The  conduit  has  an  inlet  section  501  of  rectan- 
gular  cross  sectional  area  and  an  outlet  section 
503,  also  of  rectangular  cross  sectional  area.  The 
inlet  section  has  sidewalls  504  parallel  to  each 
other  and  the  downstream  direction,  and  upper  and 
lower  walls  507  also  parallel  to  the  downstream 
direction  and  to  each  other.  A  step  change  in  the 
passage  cross  sectional  area  occurs  at  the  plane 
508.  The  discontinuity  is  only  in  the  upper  and 
lower  walls  507.  The  sidewalls  504  remain  parallel 
past  the  discontinuity  for  the  entire  length  of  the 
outlet  section  503. 

Disposed  adjacent  and  supported  from  each  of 
the  upper  and  lower  sidewalls  507  is  a  convoluted 
plate  510  similar  to  that  shown  in  Figs.  2  and  3. 
The  distance  D  of  the  plate  upstream  of  the  plane 
508  should  be  anywhere  from  about  zero  to  twice 
the  trough  depth  and  most  preferably  one  to  two 
times  the  trough  depth. 

Although  with  a  stepped  diffuser  such  as 
shown  in  Fig.  7  the  convoluted  plates  cannot  keep 
the  flow  attached  to  the  walls,  they  can  reduce  the 
distance  downstream  of  the  plane  508  where  reat- 
tachment  of  the  flow  to  the  upper  and  lower  walls 
occurs.  The  bottom  line  is  that  the  stepped  diffuser 
will  have  lower  losses  than  would  occur  without  the 
use  of  the  convoluted  plates.  Also,  although  in  this 
embodiment  a  convoluted  plate  is  disposed  adja- 
cent  each  of  the  upper  and  lower  walls,  a  single, 
perhaps  larger  (in  terms  of  wave  amplitude)  plate 
disposed  in  the  center  of  the  conduit  would  also 
provide  benefits. 

Commonly  owned  EP-A-0  275  813,  entitled 
Heat  Transfer  Enhancing  Device,  filed  on  Decem- 

ber  12,  1987  describes  a  convoluted  plate  similar 
to  that  described  herein  but  used  in  heat  transfer 
apparatus  to  improve  heat  transfer  across  a  wall 
having  fluids  flowing  on  both  sides  thereof.  Figs.  9 

5  and  10  of  this  application  correspond  to  Figs.  8  and 
9,  respectively,  of  that  commonly  owned  applica- 
tion  and  show  a  convoluted  wall  or  plate  800  dis- 
posed  within  a  tube  or  conduit  802  which  carries 
fluid  flowing  in  the  direction  of  the  arrow  804.  As 

io  best  shown  in  Fig.  10,  the  plate  800  extends  sub- 
stantially  across  the  tube  along  a  diameter.  The 
lobes  and  troughs  in  the  downstream  portion  of  the 
plate  800  generate  adjacent  counterrotating  vorti- 
ces  806,  808  downstream  thereof  which  scrub  the 

is  thermal  boundary  layer  from  the  internal  wall  sur- 
face  810  of  the  tube  and  mix  the  core  flow  with  the 
fluid  flowing  adjacent  the  wall.  The  net  effect  is  to 
increase  the  coefficient  of  heat  transfer  between 
the  fluid  and  the  wall  of  the  conduit  802  for  the 

20  purpose  of  ultimately  exchanging  heat  energy  be- 
tween  the  fluid  within  the  conduit  and  fluid  sur- 
rounding  the  conduit.  As  shown  in  Fig.  9,  it  is 
contemplated  to  dispose  a  plurality  of  convoluted 
plates  800  within  the  conduit,  spaced  apart  along 

25  the  axis  of  the  conduit  at  distances  which  will 
ensure  improvement  in  the  heat  transfer  rate  along 
the  entire  length  of  the  conduit.  This  is,  of  course, 
required  since  the  vortices  generated  by  each  plate 
800  eventually  die  out  due  to  wall  friction  and 

30  viscous  effects. 
While  the  present  invention  is  not  a  heat  trans- 

fer  device,  it  does  utilize  the  same  convoluted 
plates  disposed  in  a  conduit  for  the  purpose  of 
influencing  the  fluid  flow  dynamics  in  a  diffusion 

35  section  of  the  conduit  downstream  of  the  plate.  We 
have  discovered  that  such  plates  generate  large- 
scale  vortices  to  1)  energize  the  boundary  layer  to 
improve  diffuser  performance,  and  2)  increase  mix- 
ing  of  the  bulk  fluid  across  the  duct  in  directions 

40  perpendicular  to  the  bulk  fluid  flow,  which  also 
improves  diffuser  performance. 

A  specific  application  for  the  wall  members  of 
the  present  invention  is  in  a  catalytic  converter 
system,  such  as  for  an  automobile.  Such  a  con- 

45  verter  system  is  generally  represented  by  the  refer- 
ence  numeral  900  in  Figs.  11  and  12.  The  con- 
verter  system  900  comprises  a  cylindrical  gas  de- 
livery  conduit  902,  an  elliptical  gas  receiving  con- 
duit  904,  and  a  diffuser  906  which  is  a  transition 

50  duct  or  conduit  between  them.  The  bulk  fluid  flow 
direction  is  represented  by  the  arrows  905  and  is 
parallel  to  the  axis  907  of  the  delivery  conduit  902. 
The  diffuser  906  extends  from  the  circular  outlet 
908  of  the  delivery  conduit  to  the  essentially  ellip- 

55  tical  inlet  910  of  the  receiving  conduit  904.  The 
receiving  conduit  holds  the  catalyst  bed  (not 
shown).  The  catalyst  bed  is  preferably  a  honey- 
comb  monolith  with  the  honeycomb  cells  parallel  to 

7 
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the  downstream  direction.  The  inlet  face  of  the 
monolith  is  at  the  inlet  910;  however,  it  could  be 
moved  further  downstream  to  allow  additional  diffu- 
sion  distance  between  the  delivery  conduit  outlet 
908  and  the  catalyst.  Catalysts  for  catalytic  con- 
verters  and  catalyst  bed  configurations  are  well 
known  in  the  art. 

As  best  seen  in  Fig.  12,  diffusion  occurs  only 
in  the  direction  of  the  major  axis  912  of  the  ellipse. 
The  minor  axis  of  the  ellipse  remains  a  constant 
length  equivalent  to  the  diameter  of  the  delivery 
conduit  outlet  908.  Thus,  the  diffuser  906  of  this 
embodiment  is  effectively  a  two-dimensional  dif- 
fuser.  Disposed  within  the  delivery  conduit  902  is  a 
convoluted  plate  914  having  a  plurality  of  parallel 
troughs  therein.  The  plate  914  extends  across  the 
conduit  902  along  approximately  a  diametral  plane 
which  is  perpendicular  to  the  major  axis  912  of  the 
elliptical  gas  receiving  conduit  804.  The  plate  914 
is  attached  at  its  side  edges  920  to  the  conduit 
902.  The  trough  sidewalls  924  are  preferably  par- 
allel  to  each  other  at  the  downstream  wave-shaped 
edge  922  of  the  plate  and  are  also  preferably 
parallel  to  the  ellipse  major  axis  912.  Although 
optimum  plate  size  and  configuration  will  need  to 
be  determined  by  experimentation,  using  the 
teachings  of  the  present  invention  as  a  guide,  it  is 
believed  there  should  be  at  least  two  complete 
troughs  on  one  side  of  the  plate  (there  are  three  in 
the  embodiment  of  Fig.  12)  and  the  troughs  should 
have  a  depth  at  their  downstream  edge  which  is  a 
large  percentage  of  the  available  space  within  the 
conduit.  Although  it  is  believed  that  the  best  results 
will  be  obtained  when  the  trough  depth  direction  is 
parallel  to  the  major  direction  of  diffusion,  it  is  also 
believed  that  improved  diffusion  may  be  obtained 
with  the  plate  914  oriented  in  virtually  any  direction, 
such  as  perpendicular  to  the  direction  shown  in 
Fig.  12. 

If  the  conduit  902  of  Figs.  11  and  12  has  a 
diameter  of  51  mm  (2.0  inches),  one  possible  set 
of  dimensions  for  the  plate  914  is  a  trough  slope  6 
of  15°;  a  wave  amplitude  A  of  25.4  mm  (1.0  inch); 
a  trough  width  W  of  about  7.6  mm  (0.30  inch);  and 
a  plate  thickness  of  about  0.76  mm  (30  mils). 

Figs.  13  and  14  show  another  embodiment  of  a 
catalytic  converter  system.  This  system  is  gen- 
erally  represented  by  the  reference  numeral  950 
and  comprises  a  cylindrical  gas  delivery  conduit 
952,  an  elliptical  gas  receiving  conduit  954,  and  a 
diffuser  956  which  is  a  transition  duct  or  conduit 
between  them.  The  bulk  fluid  flow  direction  is  re- 
presented  by  the  arrows  958  and  is  parallel  to  the 
axis  960  of  the  delivery  conduit.  The  diffuser  956 
extends  from  the  circular  outlet  962  of  the  delivery 
conduit  and  smoothly  transitions  to  the  elliptical 
inlet  964  of  the  receiving  conduit,  which  holds  the 
catalyst  bed  (not  shown)  whose  inlet  face  cor- 

responds  with  the  plane  of  the  inlet  964. 
In  this  embodiment  the  converter  system  is 

considered  to  be  analogous  to  the  two-dimensional 
diffuser  described  in  Figs.  2  and  3.  Thus,  a  pair  of 

5  slightly  curved  convoluted  plates  966  are  disposed 
within  the  delivery  conduit  952,  both  extending 
across  the  duct  in  a  direction  substantially  parallel 
to  a  diametral  line  which  is  parallel  to  the  minor 
axis  968  of  the  elliptical  receiving  conduit  and 

io  perpendicular  to  the  major  axis  970.  The  plates  966 
are  positioned  close  to,  but  are  spaced  from,  the 
surfaces  of  the  delivery  conduit  which  are  disposed 
above  and  below  the  diametral  line  or  axis  968. 

The  plane  972  represents  the  axial  location 
is  along  the  diffuser  956  where  two-dimensional 

streamwise  boundary  layer  separation  would  nor- 
mally  occur  without  the  use  of  the  convoluted 
plates  966.  The  downstream  wave-shaped  edges 
974  must  be  spaced  upstream  of  the  plane  972  in 

20  order  to  delay  separation  of  the  flow  beyond  the 
plane  972.  It  is  believed  that  best  results  will  be 
obtained  if  the  distance  D  is  about  one  to  two  times 
the  maximum  wave  amplitude  of  the  plates  966. 
This  allows  some  downstream  distance  for  the 

25  large-scale  vortices  generated  by  the  convoluted 
plates  to  become  more  fully  developed  before 
reaching  the  location  of  the  plane  972. 

In  this  embodiment  the  wave  forms  of  the 
upper  and  lower  plates  966  are  out  of  phase.  The 

30  wave  forms  could  also  be  in  phase  as  shown  in  the 
embodiment  of  Figs.  7  and  8,  which  may  produce 
coupling  of  the  generated  vortices,  and  thereby 
further  improve  mixing.  Assuming  a  51  mm  (two- 
inch)  diameter  for  the  delivery  conduit  952,  it  is 

35  recommended  that  the  maximum  wave  amplitude 
for  each  plate  966  be  between  about  12.7  and  11.4 
mm  (0.5  and  0.75  inch). 

40 
Claims 

1.  Diffusing  device  including  a  conduit  (300;502) 
for  carrying  a  fluid  in  a  downstream  direction 
and  having  wall  means  defining  the  internal 
flow  surface  of  said  conduit  (300;502),  said 

45  conduit  (300;502)  including  an  upstream  fluid 
delivery  portion  (302;501  ;902;952)  having  an 
outlet  end  (908;962)  with  a  first  cross-sectional 
flow  area,  a  downstream  fluid  receiving  portion 
(503;904;954)  having  an  inlet  end  (910;964)  of 

50  second  cross-sectional  flow  area  larger  than 
said  first  cross-sectional  flow  area,  said  wall 
means  interconnecting  said  outlet  end 
(908;962)  and  said  inlet  end  (910;964)  whereby 
fluid  diffuses  as  it  travels  downstream  from 

55  said  outlet  end  into  said  fluid  receiving  portion, 
characterized  in  that  a  thin,  vortex  generating 
wall  member  (314;402;510;914;966)  is  dispos- 
ed  within  said  fluid  delivery  conduit 

8 
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ally  increases  in  cross-sectional  area  from  said 
outlet  end  (908;962)  to  said  inlet  end 
(910;964). 

7.  Device  according  to  claim  6,  characterized  in 
that  said  downstream  edge  (922;974)  of  said 
wall  member  (914;966)  is  positioned  such  that 
said  large-scale  vortices  generated  from  said 
troughs  create  mixing  of  the  bulk  fluid  within 
said  diffuser  section  (906;956)  and  increases 
the  coefficient  of  performance  of  said  diffuser. 

8.  Device  according  to  claim  6,  characterized  in 
that  said  wall  member  (914;966)  is  disposed 
sufficiently  close  to  said  internal  flow  surface  of 
said  fluid  delivery  portion  (902;952)  of  said 
conduit  that  the  large-scale  vortices  generated 
by  said  wall  member  (914;966)  energize  the 
boundary  layer  within  said  diffuser  and  in- 
crease  the  coefficient  of  performance  of  said 
diffuser. 

(302;501  ;902;952)  upstream  of  said  outlet  end 
and  having  oppositely  facing  downstream  ex- 
tending  flow  surfaces,  an  upstream  edge  and  a 
downstream  edge  (922,974),  said  wall  member 
having  a  convoluted  portion  comprising  a  plu-  5 
rality  of  adjoining,  alternating,  U-shaped  lobes 
and  troughs  extending  in  the  direction  of  bulk 
fluid  flow  adjacent  thereto  and  spaced  from 
said  internal  flow  surface  and  terminating  at 
said  downstream  edge  (922;974),  said  trough  10 
depth  and  lobe  height  increasing  in  the  bulk 
fluid  flow  direction,  the  contours  and  dimen- 
sions  of  said  troughs  and  lobes  being  selected 
to  insure  that  each  trough  generates  a  pair  of 
adjacent  large-scale  vortices  downstream  of  is 
said  outlet  end  (908;962),  said  pair  of  adjacent 
vortices  generated  by  each  trough  rotating  in 
opposite  directions  about  respective  axes  ex- 
tending  in  the  downstream  direction. 

20 
2.  Diffusing  device  according  to  claim  1,  char- 

acterized  in  that  said  troughs  and  lobes  initiate 
downstream  of  said  upstream  edge  with  sub- 
stantially  zero  depth  and  height  respectively. 

3.  Device  according  to  claim  1,  characterized  in 
that  each  of  said  troughs  is  smoothly  U-shaped 
along  its  length  in  cross  section  perpendicular 
to  the  downstream  direction  and  blends 
smoothly  with  the  lobes  adjacent  thereto  to 
define  a  smoothly  undulating  surface  which  is 
wave-shaped  in  cross  section  perpendicular  to 
the  downstream  direction. 

4.  Device  according  to  claim  3,  characterized  in 
that  the  peak-to-peak  wave  amplitude  of  said 
downstream  edge  (922;974)  is  A,  and  said 
downstream  edge  (922;974)  is  located  between 
about  1A  and  2A  upstream  of  said  delivery 
conduit  outlet  end  (908;962). 

5.  Device  according  to  claim  3,  characterized  in 
that  said  outlet  end  of  said  delivery  portion 
(501)  of  said  conduit  (502)  and  said  inlet  end 
of  said  receiving  portion  (503)  of  said  conduit 
(502)  are  located  in  substantially  the  same 
plane  (508)  whereby  there  is  a  step-wise  in- 
crease  in  cross-sectional  flow  area  substan- 
tially  in  said  plane  (508). 

6.  Device  according  to  claim  3,  characterized  in 
that  said  receiving  portion  inlet  (910;  964)  of 
said  conduit  is  spaced  downstream  from  said 
delivery  portion  outlet  end  (908;962)  of  said 
conduit,  said  device  including  a  diffuser  sec- 
tion  (906;956)  joining  said  outlet  end  (908;962) 
to  said  inlet  end  (910;964),  said  diffuser  sec- 
tion  (906;956)  including  a  diffuser  which  gradu- 

9.  Device  according  to  claim  6,  characterized  in 
that  said  wall  member  (914;966)  is  located  and 

25  oriented  within  said  delivery  portion  (902;952) 
of  said  conduit  such  that  flow  separation  from 
the  wall  of  the  diffuser  initiates  at  diffuser  half- 
angles  greater  than  it  would  otherwise  initiate 
at  without  the  presence  of  said  wall  member 

30  (914;966). 

10.  Device  according  to  claim  6,  characterized  in 
that  said  delivery  portion  (902;  952)  of  said 
conduit  is  symmetrical  about  a  downstream 

35  extending  axis  (907;960). 

11.  Device  according  to  claim  10,  characterized  in 
that  said  diffuser  (400)  is  a  three  dimensional 
diffuser  and  said  wall  member  (402)  is  sym- 

40  metrical  about  said  axis. 

12.  Device  according  to  claim  10,  characterized  in 
that  said  delivery  portion  (902)  of  said  conduit 
is  cylindrical,  and  said  wall  member  (914)  ex- 

45  tends  across  a  diametral  plane. 

13.  Device  according  to  claim  6,  characterized  in 
that  said  wall  member  (914;966)  extends 
across  a  substantial  portion  of  the  width  of  said 

50  delivery  portion  (902;952)  of  said  conduit. 

14.  Device  according  to  claim  3,  characterized  in 
that  the  slope  of  the  bottoms  of  the  troughs 
relative  to  the  bulk  fluid  flow  direction  is  be- 

55  tween  5  °  and  30  °  ,  each  of  said  troughs  in- 
cluding  a  pair  of  facing  sidewalls  (924), 
wherein  lines  tangent  to  each  of  said  pair  of 
sidewalls  (924)  at  their  steepest  points  at  said 

9 
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wall  member  downstream  edge  (922;974)  from 
an  included  angle  of  between  0°  and  120°. 

17.  Device  according  to  claim  16,  characterized  in 
that  said  delivery  portion  (902;952)  is  cylin- 
drical  and  said  diffuser  and  receiving  conduit 
portion  (909,904;956,954)  are  substantially  el- 
liptical  in  cross-section  perpendicular  to  the 
downstream  flow  direction. 

18.  Device  according  to  claim  17,  characterized  in 
that  said  diffuser  is  substantially  a  two-dimen- 
sional  diffuser  with  diffusion  parallel  to  the  ma- 
jor  axis  (912;  970)  of  the  elliptical  cross-sec- 
tion. 

19.  Device  according  to  claim  17,  characterized  in 
that  the  direction  of  trough  depth  is  substan- 
tially  parallel  to  the  major  axis  (912;970)  of  the 
elliptical  cross-section. 

20.  Device  according  to  claim  19,  characterized  in 
that  said  wall  member  (914)  is  disposed  sub- 
stantially  along  a  diametral  plane  including  a 
minor  axis  of  said  elliptical  cross-section,  and 
said  troughs  are  alternately  above  and  below 
said  plane. 

21.  Catalytic  conversion  system  including  a  gas 
delivery  conduit  (902;  952)  having  an  outlet 
(908;962)  of  first  cross-sectional  flow  area,  a 
receiving  conduit  (904;954)  having  an  inlet 
(910;964)  of  second  cross-sectional  flow  area 
larger  than  said  first  cross-sectional  flow  area 
and  spaced  downstream  of  said  delivery  con- 
duit  outlet  (908;  962)  and  including  a  catalyst 
bed  disposed  therein,  and  an  intermediate  con- 
duit  (906;  956)  defining  a  diffuser  having  a  flow 
surface  connecting  said  outlet  (908;962)  to  said 
inlet  (910;964),  characterized  in  that 

a  thin  vortex  generating  wall  member 
(914;966)  is  disposed  within  said  delivery  con- 
duit  upstream  of  said  outlet  (908;  962)  and 

having  oppositely  facing  downstream  extend- 
ing  flow  surfaces,  an  upstream  edge  and  a 
downstream  edge  (922;  974),  said  wall  mem- 
ber  (914;  966)  having  a  convoluted  portion 

5  comprising  a  plurality  of  adjoining,  alternating, 
U-shaped  lobes  and  troughs  extending  in  the 
direction  of  bulk  fluid  flow  adjacent  thereto  and 
spaced  from  said  internal  flow  surface  and 
terminating  at  said  downstream  edge 

io  (922;974),  said  trough  depth  and  lobe  height 
increasing  in  the  bulk  fluid  flow  direction,  the 
contours  and  dimensions  of  said  troughs  and 
lobes  being  selected  to  insure  that  each  trough 
generates  a  pair  of  adjacent  large-scale  vorti- 

15  ces  downstream  of  said  outlet  (908;962)  and 
within  said  intermediate  conduit  (906;  956), 
said  pair  of  adjacent  vortices  generated  by 
each  trough  rotating  in  opposite  directions 
about  respective  axes  extending  in  the  down- 

20  stream  direction. 

22.  Catalytic  conversion  system  according  to  claim 
21,  characterized  in  that  each  of  said  troughs 
has  a  downstream  extending  floor  which  has  a 

25  slope  of  no  less  than  about  5°  and  no  more 
than  about  30°  relative  to  the  downstream 
direction. 

23.  Catalytic  conversion  system  according  to  claim 
30  22,  characterized  in  that  each  of  said  troughs 

is  smoothly  U-shaped  along  its  length  in  cross 
section  perpendicular  to  the  downstream  direc- 
tion  and  blends  smoothly  with  the  lobes  adja- 
cent  thereto  to  define  a  smoothly  undulating 

35  surface  which  is  wave-shaped  in  cross-section 
perpendicular  to  the  downstream  direction. 

24.  Catalytic  conversion  system  according  to  claim 
23,  characterized  in  that  the  peak-to-peak  wave 

40  amplitude  of  said  downstream  edge  (922;974) 
is  A,  and  said  downstream  edge  (922;974)  is 
located  between  about  1A  and  2A  upstream  of 
said  delivery  conduit  outlet  (908;962). 

45  25.  Catalytic  conversion  system  according  to  claim 
22,  characterized  in  that  said  downstream 
edge  (922;974)  of  said  wall  member  (914;974) 
is  positioned  such  that  said  large-scale  vortices 
generated  from  said  troughs  create  mixing  of 

50  the  bulk  fluid  within  said  intermediate  conduit 
(906;956)  and  increases  the  coefficient  of  per- 
formance  of  said  diffuser. 

26.  Catalytic  conversion  system  according  to  claim 
55  23,  characterized  by  a  pair  of  said  wall  mem- 

bers  (974)  spaced  apart  from  each  other  and 
disposed  adjacent  but  spaced  from  opposed 
internal  surfaces  of  said  delivery  conduit  (952). 

15.  Device  according  to  claim  3,  characterized  in 
that  the  slope  of  the  bottom  of  said  troughs  5 
relative  to  the  bulk  fluid  flow  direction  is  be- 
tween  5  °  and  30  °  ;  and  each  trough  includes  a 
pair  of  facing  sidewalls  (924)  which  are  sub- 
stantially  parallel  to  each  other. 

10 
16.  Device  according  to  claim  6,  characterized  in 

that  said  device  is  a  catalytic  converter 
(900;950)  for  delivering  exhaust  gases  from 
said  delivery  portion  (902;952)  into  and  through 
said  receiving  portion  (904;954)  and  that  said  75 
receiving  portion  (904;954)  has  a  catalyst  bed 
disposed  therein. 

10 
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27.  Catalytic  conversion  system  according  to  claim 
23,  characterized  in  that  said  delivery  conduit 
outlet  (908;  962)  is  circular  and  said  receiving 
conduit  inlet  (910;964)  is  elliptical,  and  that  the 
direction  of  the  depth  dimension  of  said 
troughs  is  substantially  parallel  to  the  major 
axis  (912;  970)  of  the  elliptical  inlet  (910;964). 

28.  Catalytic  conversion  system  according  to  claim 
23,  characterized  in  that  each  of  said  troughs 
includes  a  pair  of  parallel,  facing  sidewalls 
(924). 

29.  Catalytic  conversion  system  according  to  claim 
28,  characterized  in  that  said  diffuser  is  sub- 
stantially  a  two-dimensional  diffuser  wherein 
the  direction  of  diffusion  is  substantially  par- 
allel  to  said  trough  sidewalls  (924). 

30.  Catalytic  conversion  system  according  to  claim 
23,  characterized  in  that  said  troughs  and 
ridges  are  sized,  contoured  and  arranged  to 
flow  full  over  their  length  whereby  two-dimen- 
sional  boundary  layer  separation  on  the  sur- 
face  of  said  troughs  and  lobes  does  not  occur 
during  normal  operation. 

Patentanspruche 

1.  Diffusorvorrichtung  mit  einem  Kanal  (300;  502) 
zum  Leiten  eines  Fluids  in  stromabwartiger 
Richtung  und  mit  einer  Wandeinrichtung,  wel- 
che  die  innere  Stromungsoberflache  des  Ka- 
nals  (300;  502)  bildet,  wobei  der  Kanal  (300; 
502)  einen  stromaufwartigen  Fluidzufuhrteil 
(302;  501;  902;  952)  aufweist,  der  ein  Ausla- 
Bende  (908;  962)  mit  einer  ersten  Stromungs- 
querschnittsflache  hat,  einen  stromabwartigen 
Fluidempfangsteil  (503;  904;  954),  der  ein  Ein- 
laBende  (910;  964)  mit  einer  zweiten  Stro- 
mungsquerschnittsflache  hat,  die  groBer  als 
die  erste  Stromungsquerschnittsflache  ist,  wo- 
bei  die  Wandeinrichtung  das  AuslaBende  (908; 
962)  und  das  EinlaBende  (910;  964)  miteinan- 
der  verbindet,  wodurch  sich  das  Fluid  verteilt, 
wenn  es  sich  von  dem  AuslaBende  stromab- 
warts  in  den  Fluidempfangsteil  bewegt,  da- 
durch  gekennzeichnet,  daB  ein  dunnes,  Wirbel 
erzeugendes  Wandteil  (314;  402;  510;  914; 
966)  in  dem  Fluidzufuhrkanal  (302;  501;  902; 
952)  stromaufwarts  des  AuslaBendes  angeord- 
net  ist  und  in  entgegengesetzte  Richtungen 
weisende,  sich  stromabwarts  erstreckende 
Stromungsflachen  hat,  einen  stromaufwartigen 
Rand  und  einen  stromabwartigen  Rand  (922; 
974),  wobei  das  Wandteil  einen  gelappten  Teil 
hat,  der  mehrere  einander  benachbarte,  mitein- 
ander  abwechselnde  U-formige  Erhohungen 

und  Vertiefungen  aufweist,  die  sich  in  der 
Richtung  der  Gesamtfluidstromung  benachbart 
zu  dieser  und  mit  Abstand  von  der  inneren 
Stromungsflache  erstrecken  und  an  dem 

5  stromabwartigen  Rand  (922;  974)  endigen,  wo- 
bei  die  Tiefe  der  Vertiefungen  und  die  Hohe 
der  Erhohungen  in  der  Gesamtfluidstromungs- 
richtung  zunimmt,  wobei  die  Konturen  und  Ab- 
messungen  der  Vertiefungen  und  der  Erhohun- 

io  gen  so  gewahlt  sind,  daB  gewahrleistet  ist,  daB 
jede  Vertiefung  ein  Paar  benachbarte,  groBe 
Wirbel  stromabwarts  des  AuslaBendes  (908; 
962)  erzeugt,  wobei  das  Paar  benachbarte  Wir- 
bel,  das  durch  jede  Vertiefung  erzeugt  wird,  in 

is  entgegengesetzten  Richtungen  urn  Achsen  ro- 
tiert,  die  sich  in  der  stromabwartigen  Richtung 
erstrecken. 

2.  Diffusorvorrichtung  nach  Anspruch  1,  dadurch 
20  gekennzeichnet,  daB  die  Vertiefungen  und  die 

Erhohungen  stromabwarts  des  stromaufwarti- 
gen  Randes  im  wesentlichen  mit  der  Tiefe  null 
bzw.  im  wesentlichen  mit  der  Hohe  null  begin- 
nen. 

25 
3.  Vorrichtung  nach  Anspruch  1  ,  dadurch  gekenn- 

zeichnet,  daB  jede  Vertiefung  auf  ihrer  Lange 
im  Querschnitt  rechtwinkelig  zu  der  stromab- 
wartigen  Richtung  gleichmaBig  U-formig  ist 

30  und  gleichmaBig  in  die  ihr  benachbarten  Erho- 
hungen  ubergeht,  urn  eine  gleichmaBig  gewell- 
te  Oberflache  zu  bilden,  die  im  Querschnitt 
rechtwinkelig  zu  der  stromabwartigen  Richtung 
wellenformig  ist. 

35 
4.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 

zeichnet,  daB  die  Spitze-Spitze-Wellenamplitu- 
de  des  stromabwartigen  Randes  (922;  974)  A 
ist  und  der  stromabwartige  Rand  (922;  974) 

40  zwischen  etwa  1A  und  2A  stromaufwarts  des 
ZufuhrkanalauslaBendes  (908;  962)  angeordnet 
ist. 

5.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 
45  zeichnet,  daB  das  AuslaBende  des  Zufuhrteils 

(501)  des  Kanals  (502)  und  das  EinlaBende 
des  Empfangsteils  (503)  des  Kanals  (502)  in 
im  wesentlichen  derselben  Ebene  (508)  ange- 
ordnet  sind,  wodurch  es  eine  schrittweise  Zu- 

50  nahme  in  der  Stromungsquerschnittsflache  im 
wesentlichen  in  dieser  Ebene  (508)  gibt. 

6.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daB  der  EmpfangsteileinlaB  (910; 

55  964)  des  Kanals  mit  Abstand  stromabwarts  von 
dem  ZufuhrteilauslaBende  (908;  962)  des  Ka- 
nals  angeordnet  ist,  wobei  die  Vorrichtung  ei- 
nen  Diffusorabschnitt  (906;  956)  aufweist,  der 

11 
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das  AuslaBende  (908;  962)  mit  dem  EinlaBende 
(910;  964)  verbindet,  wobei  der  Diffusorab- 
schnitt  (906;  956)  einen  Diffusor  hat,  der  in  der 
Querschnittsflache  von  dem  AuslaBende  (908; 
962)  zu  dem  EinlaBende  (910;  964)  allmahlich 
zunimmt. 

7.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daB  der  stromabwartige  Rand  (922; 
974)  des  Wandteils  (914;  966)  so  angeordnet 
ist,  daB  die  groBen  Wirbel,  welche  durch  die 
Vertiefungen  erzeugt  werden,  eine  Vermi- 
schung  des  Gesamtfluids  innerhalb  des  Diffu- 
sorabschnitts  (906;  956)  hervorrufen  und  den 
Nutzeffekt  des  Diffusors  vergroBern. 

8.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daB  das  Wandteil  (914;  966)  ausrei- 
chend  nahe  bei  der  inneren  Stromungsflache 
des  Fluidzufuhrteils  (902;  952)  des  Kanals  an- 
geordnet  ist,  so  daB  die  groBen  Wirbel,  die 
durch  das  Wandteil  (914;  966)  erzeugt  werden, 
die  Grenzschicht  innerhalb  des  Diffusors  mit 
Energie  versorgen  und  den  Nutzeffekt  des  Dif- 
fusors  vergroBern. 

9.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daB  das  Wandteil  (914;  966)  inner- 
halb  des  Zufuhrteils  (902;  952)  des  Kanals  so 
angeordnet  und  ausgerichtet  ist,  daB  die  Stro- 
mungsablosung  von  der  Wand  des  Diffusors 
bei  Diffusorhalbwinkeln  beginnt,  die  groBer 
sind  als  sie  sein  wurden,  wenn  die  Stromungs- 
ablosung  ohne  das  Vorhandensein  des  Wand- 
teils  (914;  966)  beginnen  wurde. 

10.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daB  der  Zufuhrteil  (902;  952)  des 
Kanals  urn  eine  sich  stromabwarts  erstrecken- 
de  Achse  (907;  960)  symmetrisch  ist. 

11.  Vorrichtung  nach  Anspruch  10,  dadurch  ge- 
kennzeichnet,  daB  der  Diffusor  (400)  ein  dreidi- 
mensionaler  Diffusor  ist  und  daB  das  Wandteil 
(402)  urn  die  Achse  symmetrisch  ist. 

12.  Vorrichtung  nach  Anspruch  10,  dadurch  ge- 
kennzeichnet,  daB  der  Zufuhrteil  (902)  des  Ka- 
nals  zylindrisch  ist  und  daB  sich  das  Wandteil 
(914)  uber  eine  diametrale  Ebene  erstreckt. 

13.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daB  sich  das  Wandteil  (914;  966) 
uber  einen  wesentlichen  Teil  der  Breite  des 
Zufuhrteils  (902;  952)  des  Kanals  erstreckt. 

der  Vertiefungen  relativ  zu  der  Gesamtfluid- 
stromungsrichtung  zwischen  5°  und  30°  be- 
tragt,  wobei  jede  Vertiefung  zwei  einander  zu- 
gewandte  Seitenwande  (924)  aufweist  und  wo- 

5  bei  Linien,  die  zu  jedem  Paar  Seitenwanden 
(924)  an  ihren  steilsten  Punkten  an  dem  strom- 
abwartigen  Rand  (922;  974)  des  Wandteils  tan- 
gential  sind,  einen  eingeschlossenen  Winkel 
zwischen  0°  und  120°  bilden. 

10 
15.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 

zeichnet,  daB  die  Neigung  der  unteren  Seiten 
der  Vertiefungen  relativ  zu  der  Gesamtfluid- 
stromungsrichtung  zwischen  5°  und  30°  be- 

15  tragt  und  daB  jede  Vertiefung  ein  Paar  einan- 
der  zugewandter  Seitenwande  (924)  aufweist, 
die  im  wesentlichen  parallel  zueinander  sind. 

16.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
20  zeichnet,  daB  die  Vorrichtung  ein  katalytischer 

Konverter  (900;  950)  zum  Zufuhren  von  Abga- 
sen  auf  dem  Zufuhrteil  (902;  952)  in  und  durch 
den  Empfangsteil  (904;  954)  ist  und  daB  in 
dem  Empfangsteil  (904;  954)  ein  Katalysator- 

25  bett  angeordnet  ist. 

17.  Vorrichtung  nach  Anspruch  16,  dadurch  ge- 
kennzeichnet,  daB  der  Zufuhrteil  (902;  952)  zy- 
lindrisch  ist  und  daB  der  Diffusor-  und  der 

30  Empfangskanalteil  (909,  904;  956,  954)  im 
Querschnitt  rechtwinkelig  zu  der  stromabwarti- 
gen  Stromungsrichtung  im  wesentlichen  ellip- 
tisch  sind. 

35  18.  Vorrichtung  nach  Anspruch  17,  dadurch  ge- 
kennzeichnet,  daB  der  Diffusor  im  wesentlichen 
ein  zweidimensionaler  Diffusor  ist,  wobei  die 
Stromungserweiterung  parallel  der  groBen 
Achse  (912;  970)  des  elliptischen  Querschnitts 

40  erfolgt. 

19.  Vorrichtung  nach  Anspruch  17,  dadurch  ge- 
kennzeichnet,  daB  die  Richtung  der  Tiefe  der 
Vertiefung  im  wesentlichen  parallel  zu  der  gro- 

45  Ben  Achse  (912;  970)  des  elliptischen  Quer- 
schnitts  ist. 

20.  Vorrichtung  nach  Anspruch  19,  dadurch  ge- 
kennzeichnet,  daB  das  Wandteil  (914)  im  we- 

50  sentlichen  langs  einer  diametralen  Ebene  an- 
geordnet  ist,  welche  eine  kleine  Achse  des 
elliptischen  Querschnitts  enthalt,  und  daB  die 
Vertiefungen  abwechselnd  oberhalb  und  unter- 
halb  dieser  Ebene  sind. 

55 
21.  Katalytisches  Umwandlungssystem  mit  einem 

14.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn-  Gaszufuhrkanal  (902;  952),  der  einen  AuslaB 
zeichnet,  daB  die  Neigung  der  unteren  Seiten  (908;  962)  mit  einer  ersten  Stromungsquer- 

12 
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schnittsflache  hat,  einem  Empfangskanal  (904; 
954),  der  einen  EinlaB  (910;  964)  mit  einer 
zweiten  Stromungsquerschnittsflache  hat,  die 
groBer  als  die  erste  Stromungsquerschnittsfla- 
che  ist,  mit  Abstand  stromabwarts  von  dem  5 
ZufuhrkanalauslaB  (908;  962)  angeordnet  ist 
und  ein  in  ihm  angeordnetes  Katalysatorbett 
aufweist,  und  einem  Zwischenkanal  (906;  956), 
der  einen  Diffusor  bildet,  welcher  eine  Stro- 
mungsflache  hat,  die  den  AuslaB  (908;  962)  mit  w 
dem  EinlaB  (910;  964)  verbindet,  dadurch  ge- 
kennzeichnet,  daB 
ein  dunnes,  Wirbel  erzeugendes  Wandteil 
(904;  966)  in  dem  Zufuhrkanal  stromaufwarts 
des  Auslasses  (908;  962)  angeordnet  ist  und  in  is 
entgegengesetzte  Richtungen  weisende,  sich 
stromabwarts  erstreckende  Stromungsflachen 
und  einen  stromaufwartigen  Rand  und  einen 
stromabwartigen  Rand  (922;  974)  hat,  wobei 
das  Wandteil  (914;  966)  einen  gelappten  Teil  20 
hat,  der  mehrere  einander  benachbarte,  mitein- 
ander  abwechselnde  U-formige  Erhohungen 
und  Vertiefungen  aufweist,  die  sich  in  der 
Richtung  der  Gesamtfluidstromung  benachbart 
zu  ihm  erstrecken  und  Abstand  von  der  inne-  25 
ren  Stromungsflache  haben  und  an  dem 
stromabwartigen  Rand  (922;  974)  endigen,  wo- 
bei  die  Tiefe  der  Vertiefungen  und  die  Hohe 
der  Erhohungen  in  der  Gesamtfluidstromungs- 
richtung  zunehmen,  wobei  die  Konturen  und  30 
Abmessungen  der  Vertiefungen  und  Erhohun- 
gen  so  gewahlt  sind,  daB  gewahrleistet  ist,  daB 
jede  Vertiefung  ein  Paar  benachbarte,  groBe 
Wirbel  stromabwarts  des  Auslasses  (908;  962) 
und  innerhalb  des  Zwischenkanals  (906;  956)  35 
erzeugt,  wobei  das  Paar  benachbarte  Wirbel, 
das  durch  jede  Vertiefung  erzeugt  wird,  in  ent- 
gegengesetzten  Richtungen  urn  Achsen  rotiert, 
die  sich  in  der  stromabwartigen  Richtung  er- 
strecken.  40 

formig  ist. 

24.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  23,  dadurch  gekennzeichnet,  daB  die 
Spitze-Spitze-Wellenamplitude  des  stromab- 
wartigen  Randes  (922;  974)  A  ist  und  daB  der 
stromabwartige  Rand  (922;  974)  zwischen  etwa 
1A  und  2A  stromaufwarts  des  Zufuhrkanalaus- 
lasses  (908;  962)  gelegen  ist. 

25.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  22,  dadurch  gekennzeichnet,  daB  der 
stromabwartige  Rand  (922;  974)  des  Wandteils 
(914;  974)  so  angeordnet  ist,  daB  die  groBen 
Wirbel,  die  durch  die  Vertiefungen  erzeugt 
werden,  eine  Vermischung  des  Gesamtfluids 
innerhalb  des  Zwischenkanals  (906;  956)  her- 
vorrufen  und  den  Nutzeffekt  des  Diffusors  stei- 
gern. 

26.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  23,  gekennzeichnet  durch  ein  Paar  der 
Wandteile  (974),  die  gegenseitig  beabstandet 
und  benachbart  zu,  aber  beabstandet  von  den 
entgegengesetzten  inneren  Oberflachen  des 
Zufuhrkanals  (952)  angeordnet  sind. 

27.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  23,  dadurch  gekennzeichnet,  daB  der 
ZufuhrkanalsauslaB  (908;  962)  kreisformig  und 
der  EmpfangskanaleinlaB  (910;  964)  elliptisch 
ist  und  daB  die  Richtung  der  Tiefenabmessung 
der  Vertiefungen  zu  der  groBen  Achse  (912; 
970)  des  elliptischen  Einlasses  (910;  964)  im 
wesentlichen  parallel  ist. 

28.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  23,  dadurch  gekennzeichnet,  daB  jede 
Vertiefung  ein  Paar  parallele,  einander  zuge- 
wandte  Seitenwande  (924)  aufweist. 

22.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  21,  dadurch  gekennzeichnet,  daB  jede 
der  Vertiefungen  einen  sich  in  stromabwartiger 
Richtung  erstreckenden  Boden  hat,  der  eine 
Neigung  von  nicht  weniger  als  etwa  5°  und 
von  nicht  mehr  als  etwa  30°  relativ  zu  der 
stromabwartigen  Richtung  hat. 

29.  Katalytisches  Umwandlungssystem  nach  An- 
spruch  28,  dadurch  gekennzeichnet,  daB  der 
Diffusor  im  wesentlichen  ein  zweidimensionaler 

45  Diffusor  ist,  wobei  die  Richtung  der  Stro- 
mungserweiterung  im  wesentlichen  parallel  zu 
den  Vertiefungsseitenwanden  (924)  ist. 

30.  Katalytisches  Umwandlungssystem  nach  An- 
50  spruch  23,  dadurch  gekennzeichnet,  daB  die 

Vertiefungen  und  die  Erhohungen  gegenuber 
der  Stromung  uber  ihrer  vollen  Lange  so  be- 
messen,  konturiert  und  angeordnet  sind,  daB 
es  zu  keiner  zweidimensionalen  Grenzschichta- 

55  blosung  an  der  Oberflache  der  Vertiefungen 
und  der  Erhohungen  wahrend  des  normalen 
Betriebes  kommt. 

23.  Katalytisches  Umwandlungssystem  nach  An-  50 
spruch  22,  dadurch  gekennzeichnet,  daB  jede 
der  Vertiefungen  auf  ihrer  Lange  im  Quer- 
schnitt  rechtwinkelig  zu  der  stromabwartigen 
Richtung  gleichmaBig  U-formig  ist  und  gleich- 
maBig  in  die  dazu  benachbarten  Erhohungen  55 
ubergeht,  urn  eine  gleichmaBig  gewellte  Ober- 
flache  zu  bilden,  die  im  Querschnitt  rechtwin- 
kelig  zu  der  stromabwartigen  Richtung  wellen- 

13 
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Revendicatlons 

1.  Dispositif  diffuseur  comprenant  un  conduit 
(300;502)  de  transport  d'un  fluide  dans  une 
direction  aval  et  comportant  des  parois  definis- 
sant  la  surface  d'ecoulement  interne  de  ce 
conduit  (300;502),  ce  conduit  (300;502)  com- 
prenant  une  zone  amont  fournissant  un  fluide 
(302;501  ;902;952),  ayant  une  extremite  de  sor- 
tie  (908;962)  possedant  une  premiere  aire  de 
section  transversale  de  passage  de  recoup- 
ment,  une  zone  aval  recevant  le  fluide 
(503;904;954)  possedant  une  extremite  d'en- 
tree  (910,964)  ayant  une  seconde  aire  de  sec- 
tion  transversale  de  passage  de  recoupment, 
plus  grande  que  la  premiere  aire  de  section 
transversale  de  passage  de  recoupment,  les 
parois  reliant  I'extremite  de  sortie  et  I'extremite 
d'entree  de  telle  fagon  que  le  fluide  diffuse 
lorsqu'il  se  deplace  vers  I'aval  a  partir  de  I'ex- 
tremite  de  sortie,  dans  la  zone  recevant  le 
fluide,  caracterise  en  ce  qu'un  mince  element 
de  paroi  (314;402;510;914;966),  generateur  de 
tourbillons,  est  dispose  dans  le  conduit  d'ali- 
mentation  du  fluide  (302;501  ;902;952),  en 
amont  de  I'extremite  de  sortie  (312),  et  ayant 
des  surfaces  d'ecoulement  opposees  se  fai- 
sant  face  et  s'etendant  vers  I'aval,  un  bord 
amont  et  un  bord  aval  (922,974),  ledit  element 
de  paroi  ayant  une  partie  ondulee  comprenant 
une  pluralite  de  nervures  et  de  gorges  en 
forme  de  U,  alternees  et  jointives,  et  s'etendant 
dans  la  direction  de  recoupment  de  la  masse 
de  fluide  qui  Pur  est  adjacent,  et  separees  de 
la  surface  d'ecoulement  interne,  et  se  termi- 
nant  au  bord  aval  (922,974),  la  profondeur  des 
gorges  et  la  hauteur  des  nervures  augmentant 
dans  la  direction  de  recoupment  de  la  masse 
de  fluide,  les  contours  et  les  dimensions  des 
gorges  et  des  nervures  etant  choisis  pour  que 
chaque  gorge  produise  une  paire  de  tourbil- 
lons  voisins,  a  grande  echelle,  en  aval  de 
I'extremite  de  sortie,  ladite  paire  de  tourbillons 
voisins  produits  par  chaque  gorge  tournant 
dans  des  sens  opposes,  autour  d'axes  respec- 
tifs  s'etendant  dans  la  direction  aval. 

2.  Dispositif  suivant  la  revendication  1  caracterise 
en  ce  que  les  gorges  et  les  nervures  debutent 
en  aval  du  bord  amont,  avec  une  profondeur  et 
une  hauteur  respectivement  egales  a  zero. 

3.  Dispositif  suivant  la  revendication  1  caracterise 
en  ce  que  chacune  des  gorges,  vue  en  section 
droite  perpendiculairement  a  la  direction  aval, 
est  regulierement  en  forme  de  U  sur  toute  sa 
longueur,  et  elle  se  raccorde  progressivement 
avec  les  nervures  qui  lui  sont  adjacentes,  de 

fagon  a  definir  une  surface  ondulee  progressi- 
ve  qui,  vue  en  section  droite  perpendiculaire- 
ment  a  la  direction  aval,  a  la  forme  d'une 
onde. 

5 
4.  Dispositif  suivant  la  revendication  3  caracterise 

en  ce  que  I'amplitude  de  I'onde,  de  crete  a 
crete,  a  I'endroit  du  bord  aval  (922;974)  est  A, 
et  le  bord  aval  est  situe  a  une  distance  compri- 

io  se  entre  environ  1A  et  2A,  en  amont  de  I'extre- 
mite  de  sortie  du  conduit. 

5.  Dispositif  suivant  la  revendication  3  caracterise 
en  ce  que  I'extremite  de  sortie  de  la  portion 

15  d'alimentation  (501)  du  conduit  (502)  et  I'extre- 
mite  d'entree  de  la  portion  de  reception  (503) 
du  conduit  (502),  sont  disposees  sensiblement 
dans  un  meme  plan  (508)  oil  se  produit  une 
augmentation  sans  transition  ou  a  gradin  de  la 

20  section  transversale  de  passage  de  recoup- 
ment. 

6.  Dispositif  suivant  la  revendication  3  caracterise 
en  ce  que  I'extremite  d'entree  (910;964)  de  la 

25  portion  de  reception  du  conduit  est  espacee  en 
aval  de  I'extremite  de  sortie  (908;962)  de  la 
portion  d'alimentation  du  conduit,  ledit  disposi- 
tif  comprenant  une  section  de  diffuseur 
(906;956)  reliant  I'extremite  de  sortie  (908;960) 

30  a  I'extremite  d'entree  (910;964),  cette  section 
de  diffuseur  comprenant  un  diffuseur  dont  I'ai- 
re  de  la  section  transversale  augmente  pro- 
gressivement  de  I'extremite  de  sortie  (908;962) 
vers  I'extremite  d'entree  (910;964). 

35 
7.  Dispositif  suivant  la  revendication  6  caracterise 

en  ce  que  le  bord  aval  (922,974)  de  I'element 
de  paroi  (914;966)  est  situe  de  fagon  que  les 
tourbillons  a  grande  echelle  produits  a  partir 

40  des  gorges  creent  un  melange  de  la  masse  de 
fluide  a  I'interieur  de  la  section  de  diffuseur 
(906;956)  et  augmentent  le  coefficient  d'effica- 
cite  du  diffuseur. 

45  8.  Dispositif  suivant  la  revendication  6  caracterise 
en  ce  que  I'element  de  paroi  (914;966)  est 
dispose  suffisamment  pres  de  la  surface 
d'ecoulement  interne  de  la  portion  d'alimenta- 
tion  du  fluide  (902;952)  pour  que  les  tourbillons 

50  a  grande  echelle  produits  par  I'element  de 
paroi  augmentent  I'energie  de  la  couche  limite 
a  I'interieur  du  diffuseur  et  augmentent  le  coef- 
ficient  d'efficacite  de  celui-ci. 

55  9.  Dispositif  suivant  la  revendication  6  caracterise 
en  ce  que  I'element  de  paroi  (914;966)  est 
dispose  et  oriente,  a  I'interieur  de  la  portion 
d'alimentation  (902;952)  du  conduit,  de  fagon 
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que  la  separation  du  flux  a  partir  de  la  paroi  du 
diffuseur  debute  avec  des  demi-angles  du  dif- 
fuseur  plus  grands  qu'elle  n'aurait  lieu  sans  la 
presence  de  I'element  de  paroi  (914;966). 

10.  Dispositif  suivant  la  revendication  6  caracterise 
en  ce  que  la  portion  d'alimentation  (902;952) 
du  conduit  est  symetrique  autour  d'un  axe 
s'etendant  vers  I'aval. 

11.  Dispositif  suivant  la  revendication  10  caracteri- 
se  en  ce  que  le  diffuseur  (400)  est  un  diffuseur 
a  trois  dimensions  et  I'element  de  paroi  (402) 
est  symetrique  autour  dudit  axe. 

12.  Dispositif  suivant  la  revendication  10  caracteri- 
se  en  ce  que  la  portion  d'alimentation  (902)  du 
conduit  est  cylindrique  et  I'element  de  paroi 
(914)  s'etend  dans  un  plan  diametral. 

13.  Dispositif  suivant  la  revendication  6  caracterise 
en  ce  que  I'element  de  paroi  (914;966)  s'etend 
en  travers  d'une  partie  substantielle  de  la  lar- 
geur  de  la  portion  d'alimentation  (902;952)  du 
conduit. 

14.  Dispositif  suivant  la  revendication  3  caracterise 
en  ce  que  la  pente  des  fonds  des  gorges,  par 
rapport  a  la  direction  de  recoupment  de  la 
masse  de  fluide,  se  situe  entre  5  °  et  30  °  , 
chacune  des  gorges  comprenant  une  paire  de 
parois  laterales  (924)  se  faisant  face,  dans 
lesquelles  les  tangentes  a  chacune  des  parois 
de  la  paire  de  parois  laterales  (924),  en  leurs 
points  de  plus  grande  pente,  a  I'endroit  du 
bord  aval  de  I'element  de  paroi,  forment  un 
angle  inclus  compris  entre  0°  et  120°. 

15.  Dispositif  suivant  la  revendication  3  caracterise 
en  ce  que  I'inclinaison  des  fonds  des  gorges, 
par  rapport  a  la  direction  de  recoupment  de  la 
masse  de  fluide,  est  comprise  entre  5°  et 
30  °  ,  et  chaque  gorge  comprend  une  paire  de 
parois  laterales  se  faisant  face  (924),  qui  sont 
sensiblement  paralleles  I'une  a  I'autre. 

16.  Dispositif  suivant  la  revendication  6  caracterise 
en  ce  que  ledit  dispositif  est  un  convertisseur 
catalytique  (900;950),  delivrant  des  gaz 
d'echappement,  a  partir  de  la  portion  d'alimen- 
tation  (902;952),  dans  et  au  travers  de  la  por- 
tion  de  reception  (904;954)  et  en  ce  que  la 
portion  de  reception  (904;954)  possede  un  lit 
de  catalyseur  dispose  a  I'interieur  de  celle-ci. 

17.  Dispositif  suivant  la  revendication  16  caracteri- 
se  en  ce  que  la  portion  d'alimentation 
(902;952)  est  cylindrique  et  le  diffuseur  et  la 

portion  de  reception  (909,904;956,954)  du 
conduit  sont  sensiblement  de  section  transver- 
sale  elliptique,  perpendiculairement  a  la  direc- 
tion  aval  du  flux. 

5 
18.  Dispositif  suivant  la  revendication  17  caracteri- 

se  en  ce  que  le  diffuseur  est  essentiellement 
un  diffuseur  a  deux  dimensions  dont  la  diffu- 
sion  a  lieu  parallelement  a  I'axe  majeur 

io  (912;970)  de  la  section  transversale  elliptique. 

19.  Dispositif  suivant  la  revendication  17  caracteri- 
se  en  ce  que  la  direction  de  la  profondeur  des 
gorges  est  sensiblement  parallele  a  I'axe  ma- 

is  jeur  (912;970)  de  la  section  transversale  ellipti- 
que. 

20.  Dispositif  suivant  la  revendication  19  caracteri- 
se  en  ce  que  I'element  de  paroi  (914)  est 

20  dispose  sensiblement  le  long  d'un  plan  diame- 
tral  comprenant  I'axe  mineur  de  la  section 
transversale  elliptique,  et  les  gorges  se  situent 
alternativement  au-dessus  et  au-dessous  de  ce 
plan. 

25 
21.  Systeme  de  conversion  catalytique  compre- 

nant  un  conduit  d'alimentation  en  gaz 
(902;952)  possedant  un  orifice  de  sortie 
(908;962)  ayant  une  premiere  aire  de  section 

30  transversale  de  passage  de  recoupment,  un 
conduit  de  reception  (904;954)  possedant  un 
orifice  d'entree  (910;964)  ayant  une  seconde 
aire  de  section  transversale  de  passage  de 
recoupment,  plus  grande  que  la  premiere  aire 

35  de  section  transversale  de  passage  de  recou- 
pment  et  espace,  vers  I'aval,  de  I'orifice  de 
sortie  (908;962)  du  conduit  d'alimentation  et 
comportant  un  lit  de  catalyseur  dispose  dans 
le  conduit,  et  un  conduit  intermediate  consti- 

40  tuant  un  diffuseur  (906;956),  possedant  une 
surface  d'ecoulement  reliant  I'orifice  de  sortie 
(908;962)  a  I'orifice  d'entree  (910;964),  carac- 
terise  en  ce  qu'un  mince  element  de  paroi 
(914;966),  generateur  de  tourbillons,  est  dispo- 

45  se  dans  le  conduit  d'alimentation  en  amont  de 
I'orifice  de  sortie  (908;962),  et  il  possede  des 
surfaces  d'ecoulement  opposees  se  faisant 
face,  s'etendant  vers  I'aval,  un  bord  amont  et 
un  bord  aval  (922;974),  cet  element  de  paroi 

50  (914;966)  ayant  une  partie  ondulee  comprenant 
une  pluralite  de  gorges  et  de  nervures  alter- 
nees  et  jointives,  en  forme  de  U,  s'etendant 
dans  la  direction  de  recoupment  de  la  masse 
de  fluide  qui  lui  est  adjacent,  etant  separe  de 

55  la  surface  d'ecoulement  interne,  et  se  termi- 
nant  a  I'endroit  du  bord  aval,  la  profondeur  des 
gorges  et  la  hauteur  des  nervures  augmentant 
dans  le  sens  de  recoupment  global  du  fluide, 

15 
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les  contours  et  les  dimensions  des  gorges  et 
des  nervures  etant  choisis  de  fagon  a  assurer 
que  chaque  gorge  produise  une  paire  de  tour- 
billons  a  grande  echelle  voisins,  en  aval  de 
I'orifice  de  sortie  (908;962)  et  a  I'interieur  du  5 
conduit  intermediate  (906;956),  ladite  paire  de 
tourbillons  voisins  produits  par  chaque  gorge 
tournant  dans  des  directions  opposees  autour 
d'axes  s'etendant  dans  la  direction  aval. 

10 
22.  Systeme  de  conversion  catalytique  suivant  la 

revendication  21  caracterise  en  ce  que  cha- 
cune  des  gorges  a  un  fond  s'etendant  vers 
I'aval  ayant  une  pente  au  moins  egale  a  5  °  et 
inferieure  a  environ  30  °  par  rapport  a  la  direc-  is 
tion  aval. 

23.  Systeme  de  conversion  catalytique  suivant  la 
revendication  22  caracterise  en  ce  que  cha- 
cune  des  gorges,  vue  en  section  droite,  per-  20 
pendiculairement  a  la  direction  aval,  est  sensi- 
blement  en  forme  de  U  sur  toute  sa  longueur, 
et  se  raccorde  avec  les  nervures  adjacentes 
pour  definir  une  surface  ondulee  reguliere  en 
forme  d'onde,  vue  en  section  droite  perpendi-  25 
culairement  a  la  direction  aval. 

est  sensiblement  parallele  a  I'axe  majeur 
(912;970)  de  I'orifice  d'entree  elliptique 
(910:964). 

28.  Systeme  de  conversion  catalytique  suivant  la 
revendication  23  caracterise  en  ce  que  cha- 
cune  des  gorges  comprend  une  paire  de  pa- 
rois  laterales  paralleles  (924)  se  faisant  face. 

29.  Systeme  de  conversion  catalytique  suivant  la 
revendication  28  caracterise  en  ce  que  le  diffu- 
seur  est  essentiellement  un  diffuseur  a  deux 
dimensions  dans  lequel  la  direction  de  diffu- 
sion  est  sensiblement  parallele  aux  parois  late- 
rales  (924)  des  gorges. 

30.  Systeme  de  conversion  catalytique  suivant  la 
revendication  23  caracterise  en  ce  que  les 
gorges  et  les  nervures  ont  des  dimensions, 
des  contours,  et  sont  disposees  de  fagon  a 
produire  un  ecoulement  total  sur  toute  leur 
longueur,  si  bien  que  la  separation  de  la  cou- 
che  limite  a  deux  dimensions  sur  la  surface 
des  gorges  et  des  nervures  n'intervient  pas 
durant  le  fonctionnement  normal. 

24.  Systeme  de  conversion  catalytique  suivant  la 
revendication  23  caracterise  en  ce  que  I'ampli- 
tude  de  crete  a  crete  de  I'onde  du  bord  aval  30 
(922;974)  est  A  et  le  bord  aval  (922;974)  est 
situe  a  une  distance  comprise  entre  environ  1A 
et  2A  en  amont  de  I'orifice  de  sortie  (908;962) 
du  conduit  d'alimentation. 

35 
25.  Systeme  de  conversion  catalytique  suivant  la 

revendication  22  caracterise  en  ce  que  le  bord 
aval  (922;974)  de  I'element  de  paroi  (914;974) 
est  situe  de  fagon  telle  que  les  tourbillons  a 
grande  echelle  produits  a  partir  des  gorges  40 
creent  un  melange  de  la  masse  de  fluide  a 
I'interieur  du  conduit  intermediate  (906;956)  et 
augmentent  le  coefficient  d'efficacite  du  diffu- 
seur. 

45 
26.  Systeme  de  conversion  catalytique  suivant  la 

revendication  23  caracterise  en  ce  qu'il  com- 
prend  une  paire  d'elements  de  paroi  (974) 
espaces  I'un  de  I'autre  et  disposes  de  fagon 
adjacente;  mais  espaces  des  surfaces  internes  50 
opposees  du  conduit  d'alimentation  (952). 

27.  Systeme  de  conversion  catalytique  suivant  la 
revendication  23  caracterise  en  ce  que  I'orifice 
de  sortie  (908;962)  du  conduit  d'alimentation  55 
est  circulaire  et  I'orifice  d'entree  (910;964)  du 
conduit  de  reception  est  elliptique,  et  en  ce 
que  la  direction  de  la  profondeur  des  gorges 
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