
J  
~ "   '  MM  II  II  II  MINI  II  Ml  I  Ml  II  I  II 
European  Patent  Office 

,  J  ©  Publication  number:  0  2 5 4   4 9 4   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  09.09.92  ©  Int.  CI.5:  B01  F  15/00,  B 0 1 F 7 / 2 2  

©  Application  number:  87306329.1 

@  Date  of  filing:  17.07.87 

©  Improvement  In  or  relating  to  Impellers. 

©  Priority:  18.07.86  GB  8617569  ©  Proprietor:  BRITISH  TECHNOLOGY  GROUP 
LTD 

@  Date  of  publication  of  application:  101  Newlngton  Causeway 
27.01.88  Bulletin  88/04  London  SE1  6BU(GB) 

©  Publication  of  the  grant  of  the  patent:  @  Inventor:  Davidson,  John  Frank 
09.09.92  Bulletin  92/37  5  Luard  Close 

Cambridge  CB2  2PL(GB) 
©  Designated  Contracting  States:  Inventor:  Nlranjan,  Keshavan 

DE  FR  IT  63  Howard  Close 
Cambridge  CB5  8QU(GB) 

©  References  cited:  Inventor:  Pandit,  Anlruddha  Bhalchandra 
EP-A-  0  021  507  16  Lantree  Crescent 
US-A-  2  697  589  Cambridge  CB2  2NJ(GB) 
US-A-  2  978  233 
US-A-  3  397  869 

©  Representative:  Stables,  Patrick  Antony  et  al 
Patents  Department  British  Technology  Ltd 
101  Newlngton  Causeway 
London  SE1  6BU(GB) 

00 

CM 
O  Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
^   may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
qj  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 

has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 



EP  0  254  494  B1 

Description 

This  invention  relates  to  rotatable  impellers  for  stirring  liquids  contained  in  tanks,  and  to  mixing 
apparatus  comprising  tanks  fitted  with  such  impellers.  In  typical  industrial  applications,  liquid  to  be  stirred  is 

5  contained  in  a  cylindrical  tank  arranged  with  its  axis  vertical,  and  the  depth  of  the  liquid  is  of  the  same  order 
as  the  diameter  of  the  tank.  Stirring  is  effected  by  a  rotating  impeller  immersed  in  the  liquid,  and  mounted 
on  a  shaft  co-axial  with  the  tank.  Typically  the  stirring  takes  place  for  one  or  both  of  two  reasons.  Firstly,  the 
liquid  may  contain  particles,  which  it  is  necessary  to  suspend  and  distribute  homogeneously  throughout  the 
liquid.  Secondly,  air  or  other  gas  may  be  blown  into  the  liquid,  for  instance  through  a  perforated  tube  which 

io  is  typically  immersed  in  the  liquid  on  the  tube  axis  below  the  impeller,  and  it  is  necessary  to  achieve  good 
dispersion  of  the  gas  within  the  liquid.  The  undesirable  effect  of  gross  rotation  of  the  liquid  within  the  tank 
by  the  rotating  impeller  is  often  inhibited  by  vertical  baffles  mounted  at  equal  angular  intervals  around  the 
inner  surface  of  the  cylindrical  wall  of  the  tank. 

Three  impellers,  each  now  regularly  in  use  for  the  commercial  stirring  of  liquids,  are  illustrated  in 
75  Figures  1  to  3  of  the  accompanying  diagrammatic  drawings.  Each  such  Figure  shows  a  tank  and  the 

respective  impeller  in  diagrammatic  axial  section,  and  Figures  1  and  2  also  include  a  further  underneath 
plan  view  of  the  impeller  alone.  The  axial  section  gives  an  impression  of  the  flow  patterns  that  are  set  up 
when  the  impeller  is  mounted  at  the  bottom  end  of  a  vertical  shaft  and  rotated  within  a  body  of  liquid 
contained  in  a  cylindrical  vessel. 

20  Figure  1  shows  the  kind  of  impeller  usually  known  as  a  "disk  turbine"  or  "Rushton  impeller", 
comprising  a  circular  disk  1  with  six  paddles  2  mounted  at  equal  spacing  around  the  periphery  3.  Each 
paddle  2  is  a  plane  rectangular  metal  sheet  coplanar  with  the  axis  of  the  shaft  4  on  which  the  disk  is 
mounted,  and  extending  both  above  and  below  the  disk.  In  operation  the  dominant  centrifugal  action  of  the 
rotating  paddles  2  throws  the  liquid  out  radially,  generating  the  two  circulation  loops  5  and  6  within  the 

25  liquid  contained  within  a  cylindrical  vessel  7.  The  latter  has  a  circular  base  8  and  a  side  wall  9,  and  vertical 
baffles  10  are  mounted  on  the  inner  surface  of  the  wall  to  inhibit  gross  rotation  of  the  liquid  by  the  impeller. 
Where  the  liquid  contains  particles,  it  is  a  drawback  of  this  type  of  impeller  that  particle  pick-up  from  close 
to  the  base  8  of  the  vessel  is  poor,  because  the  circulation  velocity  in  loop  6  close  to  the  base  is  low.  Also 
when  gas  is  injected  into  the  liquid,  for  instance  through  a  sparging  head  11  comprising  a  perforated  ring  12 

30  connected  by  radial  feed  conduits  13  to  a  vertical  inlet  pipe  14,  the  gas  bubbles  tend  to  enter  the  eye  of  the 
impeller  because  of  both  their  buoyancy  and  the  action  of  circulation  loop  6;  this  gas  then  tends  to  form  a 
gas  cavity  behind  each  paddle  2,  so  reducing  the  power  transmitted  to  the  liquid  by  that  paddle.  More 
generally,  when  any  liquid  is  stirred  by  such  a  paddle  intense  local  turbulence  will  be  generated  around  the 
tips  of  the  paddles  in  the  region  indicated  by  reference  15;  this  turbulence  has  the  disadvantage  of 

35  dissipating  much  of  the  input  power.  This  disadvantage  can  be  diminished  by  mounting  the  plane  paddles  2 
in  sweepback  fashion  as  at  2a,  so  that  they  lie  at  an  acute  angle  to  the  tangent  16  to  the  periphery  3 
instead  of  at  right-angles. 

The  second  form  of  known  stirring  impeller  illustrated  in  Figure  2  is  a  standard  marine  propeller  20,  with 
the  typical  complement  of  three  blades  21  .  The  blades  are  of  complex  but  well-known  shape,  designed  to 

40  exert  a  screw  action  upon  the  liquid  and  to  accelerate  it  in  a  downward  direction,  parallel  to  the  axis  of  shaft 
4.  A  single  circulation  loop  22  is  therefore  set  up  within  the  liquid,  and  high  velocity  in  the  lower  part  23  of 
the  loop  between  the  impeller  20  and  the  base  8  promotes  good  particle  pick-up  where  particles  are 
present  in  the  liquid.  However,  if  gas  is  being  introduced  through  sparging  head  11,  that  gas  tends  to 
bypass  much  of  the  liquid  because  the  strong  loop  22  carries  the  bubbles  both  outwardly  towards  the  wall 

45  9,  and  then  up  that  wall  between  baffles  10  and  straight  to  the  surface  24  of  the  liquid,  because  the 
circulation  in  the  top  part  25  of  loop  22  is  relatively  weak  so  that  bubbles  tend  to  break  the  surface  rather 
than  remain  within  the  loop  22. 

In  the  pitched-bladed  impeller  30  of  Figure  3,  six  plane  strip-like  blades  31  are  mounted  at  equal 
angular  intervals  around  the  rim  32  of  a  rotor  33,  from  which  they  each  extend  radially  outwards.  The  line 

50  along  which  the  root  of  each  blade  is  attached  to  the  rim  is  inclined  to  the  vertical,  so  that  as  the  shaft  4 
rotates  in  the  direction  of  arrow  34  the  forward  face  of  each  blade  31  is  angled  downwards.  In  operation  the 
illustrated  flow  pattern  therefore  results;  some  turbulence  in  region  35,  as  in  region  15  in  Figure  1,  and  two 
circulation  loops  36  and  37  with  a  particularly  vigorous  downward  and  outward  motion  38  at  the  start  of  loop 
37,  due  to  the  angling  of  blades  31. 

55  The  present  invention  arises  from  the  search  for  an  impeller  comparably  simple  in  construction  with 
those  of  Figures  1  and  3  but  with  improved  performance  in  general,  and  in  particular  with  less  tendency  to 
generate  excessive  turbulence  immediately  outboard  of  the  tips  of  the  blades  or  paddles,  and  with  reduced 
energy  requirement  in  order  to  achieve  a  pre-determined  standard  of  mixing.  In  the  course  of  the  search, 
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one  factor  that  has  become  seen  to  be  of  significance  is  the  effective  area  that  is  "swept"  through  the  liquid 
by  each  blade  or  paddle  as  the  impeller  rotates.  Figure  4  is  a  diagrammatic  radial  section  through  one  of 
the  paddles  2  of  the  impeller  of  Figure  1  .  Because  the  paddle  is  plane  and  rectangular,  the  area  which  it 
sweeps  through  the  liquid  as  the  impeller  spins  is  simply  the  area  (a  x  b)  of  the  paddle  itself.  If  the  paddles 

5  does  not  lie  at  right-angles  to  the  local  tangent  but  is  inclined  to  it,  as  at  2a  in  Figure  1  ,  the  area  which  it 
sweeps  is  diminished,  by  multiplying  the  same  paddle  area  (a  x  b)  by  the  sine  of  the  angle  of  the 
inclination.  However,  we  have  appreciated  that  if  the  blade  has  at  least  one  curved  side,  either  by  being  so 
formed  or  by  being  bent  after  formation  or  both,  what  is  in  effect  an  enhancement  of  the  swept  area  can  be 
obtained.  In  Figure  5  the  plane  rectangular  paddle  2  of  Figure  4  is  replaced  by  a  plane  paddle  40  having 

io  four  vertices  A,  B,  C,  D  and  fixed  to  disk  1  so  as  to  be  coplanar  with  the  axis  of  shaft  4.  Opposite  sides  AD 
and  BC  are  straight  and  vertical  while  the  other  two  opposite  sides  AB  and  CD  are  curved  and  parallel.  The 
area  actually  swept  by  paddle  40  as  disk  1  rotates  is  therefore  the  area  of  the  four-sided  plate  ABCD  itself, 
and  will  be  referred  to  as  the  actual  swept  area.  However,  we  have  found  that  while  the  power  required  to 
drive  an  impeller  with  such  paddles  tends  to  be  related  to  the  actual  swept  area,  the  degree  of  mixing 

is  achieved  tends  to  reflect  the  sum  of  that  actual  area  and  any  further  area  that  can  be  enclosed  by  joining 
adjacent  vertices  by  a  straight  line  instead  of  by  the  curved  side  of  the  solid  figure.  In  Figure  5,  such  a 
further  area  (shown  shaded)  is  indicated  by  reference  41  and  is  of  segmental  shape,  being  bounded  on  one 
side  by  the  curved  side  AB  of  the  solid  plate  and  on  the  other  by  the  imaginary  straight  line  42  joining 
vertices  A  and  B.  In  the  following  text,  the  sum  of  the  actual  swept  area  (in  Figure  5,  the  area  of  the  four- 

20  sided  plate  ABCD)  and  such  a  further  area  (in  Figure  5,  the  shaded  area  41)  will  be  referred  to  as  the  total 
swept  area.  It  will  thus  be  apparent  that  the  actual  swept  area  represents  the  actual  area  projected  upon  the 
fluid  by  the  solid  structure  of  a  rotating  blade,  while  the  total  swept  area  represents  the  area  projected  by  an 
otherwise  similar  blade  in  which  imaginary  lines  connect  all  adjacent  vertices,  and  any  void  areas  lying 
within  the  boundaries  of  those  lines  have  been  filled  in. 

25  The  present  invention  is  defined  by  the  claims,  the  contents  of  which  are  to  be  read  as  included  within 
the  disclosure  of  this  specification.  The  characterising  feature  of  the  invention  is  therefore  that  the  blades 
are  so  arranged  that  when  the  impeller  is  arranged  with  its  axis  of  rotation  vertical,  and  is  viewed  in 
elevation,  the  curvature  of  each  blade  along  its  length  is  such  that  it  extends  away  from  the  hub  in  a 
diminishing  downward  curve,  reaches  a  lowest  point,  and  then  rises  again  to  some  extent  before  the  blade 

30  tip  is  reached.  This  is  to  be  contrasted  with  the  kind  of  impeller  shown  in  Patent  Specification  US-A- 
3397869,  in  which  the  blades  shown  in  some  of  the  drawings  are  curved  along  their  length,  but  in  which  that 
curvature  is  always  wholly  upwards  or  wholly  downwards  relative  to  the  impeller  axis  when  the  latter  is  held 
vertical. 

The  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the  following  further  figures 
35  of  drawings  in  which:- 

Figure  6  is  a  perspective  view  of  an  impeller  rotated  about  a  vertical  axis,  taken  from  above; 
Figure  7  is  another  perspective  view,  but  from  underneath; 
Figure  8  is  a  plan  view  of  one  form  of  blade,  when  first  cut  from  flat  material; 
Figure  9  shows  the  same  blade  in  elevation,  when  ready  for  attachment  to  the  hub  after  bending  about  is 

40  long  axis; 
Figure  10  is  a  diagrammatic  view  of  the  impeller  in  vertical  elevation,  and  includes  a  part  similar  to  the 
second  parts  of  Figures  1  to  3,  diagrammatically  illustrating  the  flow  pattern  set  up  in  use  by  an  impeller 
as  shown  in  Figures  6  to  9;  and 
Figure  11  is  an  alternative  diagrammatic  illustration  of  how  the  shape  of  the  blade  of  Figures  8  and  9 

45  may  be  determined. 
The  impeller  49  of  Figures  6  to  10  comprises  six  blades  50  extending  outwardly  at  sixty-degree 

intervals  from  a  hub  51.  A  central  hole  52  in  the  hub  receives  shaft  4  to  which  the  hub  will  be  fixed  by 
screw  means  shown  diagrammatically  at  53  in  Figure  6,  and  by  which  the  impeller  will  be  rotated  in  the 
direction  of  arrow  54  in  the  same  way  as  the  known  impellers  shown  in  Figures  1  to  3  and  already 

50  described. 
Each  blade  50  is  first  stamped  as  a  blank  from  flat  metal  sheet,  to  the  four-sided  shape  shown  in  Figure 

8.  Of  the  two  pairs  of  opposite  and  parallel  sides  of  this  four-sided  figure,  one  pair  (55,56)  are  long  and 
curved  and  the  other  pair  (57,58)  are  short  and  straight.  The  imaginary  line  59  will  be  referred  to  as  the  long 
axis  of  the  blank,  and  the  imaginary  line  60  as  one  of  the  transverse  axes  -  that  is  to  say  the  axes  related  to 

55  the  depth  dimension  of  the  blade  -  and  because  axis  59  is  long  compared  with  axis  60  the  blank  may  be 
described  as  being  elongated  in  shape.  To  convert  it  to  the  form  required  of  one  of  the  blades  50,  the  blank 
is  bent  along  its  long  axis  59  as  shown  in  Figure  9.  The  short  end  57  of  the  blade  is  the  end  welded,  slotted 
or  otherwise  attached  to  the  hub  so  that  the  locus  of  the  meeting  of  hub  and  blade  is  a  line  61  (see  Figures 
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6  and  10)  which  is  slanted  to  the  vertical  so  that  the  forward  face  62  of  each  blade  (examples  of  which  are 
best  seen  in  Figure  7)  is  angled  downwardly  at  about  45  degrees  to  the  vertical.  Because  line  61  is 
necessarily  curved,  the  short  side  57  of  the  blank  must  of  course  be  reshaped  into  a  corresponding  curve 
before  the  blade  is  actually  fixed  to  the  hub.  Because  the  illustrated  blades  50  are  stamped  from  flat  sheet 

5  and  formed  as  described,  the  transverse  axes  60  will  be  straight.  However  the  blades  could  as  one 
alternative  be  slightly  curved  over  their  depth  dimensions  as  indicated  in  outline  at  68  in  Figure  6,  giving 
rise  to  some  degree  of  'hydrofoil"  action  as  each  blade  moves  through  the  surrounding  fluid  in  use.  As 
another  alternative  the  invention  includes  not  only  blades  of  uniform  thickness  but  also  thin  blades  of  non- 
uniform  section,  for  instance  the  foil  section  indicated  in  outline  at  69. 

io  Figure  10  shows  best  the  relationship  between  the  total  and  actual  swept  areas  which  are  swept  by  the 
blades  50.  In  the  enlarged  detail  of  that  Figure,  showing  the  blade  (50a)  lying  most  nearly  at  right-angles  to 
the  direction  from  which  the  view  is  taken,  it  is  clear  that  the  actual  swept  area,  represented  by  the  structure 
of  the  blade  itself  which  is  shown  shaded,  is  less  than  the  total  swept  area  which  includes  also  the  area 
above  the  top  edge  55a  of  the  blade  but  below  the  imaginary  line  63  joining  vertices  64  and  65  which 

is  preferably  (and  as  shown)  lie  in  the  same  horizontal  plane.  From  this  Figure  it  is  also  apparent  that  due  to 
the  curvature  of  long  axis  59  of  the  blade,  and  the  angling  of  the  line  61  along  which  the  root  of  the  blade  is 
attached  to  the  hub  51  ,  each  blade  slopes  downwardly  away  from  its  attachment  to  the  hub  51  but  reaches 
a  lowest  level  (70,71)  and  is  rising  again  as  the  blade  tip  (short  side  58)  is  approached.  It  will  be  noted  that 
with  such  geometry  the  centre  of  gravity  of  the  blade  lies  higher,  and  thus  closer  to  the  level  of  the  root  line 

20  61  ,  than  would  be  the  case  if  the  blade  sloped  downwards  continuously  from  root  to  tip,  and  thus  promotes 
better  mechanical  balance  and  strength. 

Figure  10  also  indicates  the  typical  flow  pattern  which  an  impeller  according  to  the  invention  sets  up  in 
use.  Like  the  pitched-bladed  impeller  30  of  Figure  3,  impeller  49  sets  up  two  strong  and  beneficial 
circulation  loops  36  and  37.  However,  the  curvature  of  each  blade  along  its  long  axis  59  results  in  each 

25  blade  being  swept  back  in  relation  to  the  direction  of  rotation  of  the  impeller  which  is  indicated  by  arrow  54. 
In  the  case  of  the  impeller  actually  illustrated  in  Figures  6  to  10,  the  extent  of  the  sweepback  is  such  that  at 
the  tip  58  of  each  blade  the  long  axis  59  makes  an  angle  a  of  about  forty-five  degrees  to  the  radial  line  66 
joining  that  tip  to  the  axis  of  shaft  4,  as  is  best  shown  in  Figure  6.  This  sweepback  has  an  advantage 
comparable  to  that  of  the  alternative,  angled  arrangement  of  paddle  (2a)  in  Figure  1,  namely  that  the 

30  reaction  of  the  paddle  against  the  fluid  imparts  so  that  fluid  an  element  of  motion  that  is  not  aligned  with  the 
motion  of  the  blade  itself,  so  reducing  the  absolute  velocity  relative  to  the  container  that  is  imparted  to  the 
fluid.  This  reduction  of  the  absolute  velocity  reduces  the  dissipation  of  energy  near  the  impeller  -  that  is  to 
say  the  energy  wasted  in  regions  15  and  35  in  Figures  1  and  3  -  so  that  more  of  the  input  power  goes  into 
the  loops  36,  37  thus  giving  better  mixing.  In  general  the  impeller  illustrated  in  Figures  6  to  10  generates  a 

35  combination  of  downward  and  radial  motion  appropriate  for  mixing.  When  gas  is  introduced  to  the  vessel  7 
of  Figure  10,  for  instance  by  sparge  pipe  11  as  before,  the  turbulent  wake  which  formed  behind  each 
paddle  or  blade  of  the  known  impellers  of  Figures  1  and  3  is  largely  avoided;  the  shape  and  mounting  of 
the  blades  of  the  impeller  according  to  the  invention  promotes  a  smooth  flow  pattern  over  each  blade  so 
that  when  gas  is  injected  below  the  impeller  there  is  less  tendency  to  form  gas  cavities  behind  the  impeller 

40  blades.  Compared  with  the  ship's  propeller  shown  in  Figure  2,  the  impeller  of  Figures  6  to  10  has  the 
potential  advantages  of  better  bubble  distribution  when  gas  is  injected,  due  to  greater  radial  liquid  velocities 
in  loops  36  and  37,  and  better  particle  distribution  due  to  the  combination  of  better  upward  liquid  velocities 
near  to  the  base  of  the  tank,  and  higher  radial  velocities  in  the  upper  part  of  the  tank  at  the  crest  of  loop  36. 

An  experiment  was  performed  to  compare  the  blending  efficiency  of  an  impeller  according  to  the 
45  invention,  as  shown  in  Figures  6  to  10,  with  that  of  the  three  known  impellers  shown  in  Figures  1  to  3  and 

also  the  modified  version  of  Figure  1  in  which  the  paddles  (2a)  are  swept  back  at  forty-five  degrees.  The 
following  dimensions  were  common  to  all  five  experiments  :- 

tank  diameter  0.3  m 
liquid  depth  0.3  m 
impeller  diameter  (D)  0.1  m 
height  of  impeller  above  bottom  of  tank  0.1  m 

55  and  gross  rotation  of  the  fluid  within  the  tank  was  inhibited  by  four  vertical  baffles  10,  each  of  height  0.3  m 
and  width  0.1  m,  equally  spaced  around  the  inner  face  of  the  cylindrical  side  wall  9.  In  the  experiments  a 
tracer  was  injected  into  the  liquid  and  the  concentration  of  the  tracer  was  measured  as  a  function  of  time  at 
a  fixed  point  in  the  liquid.  If  stirring  is  continued  indefinitely,  ultimately  the  concentration  reaches  a  steady 
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10 

value  c  when  mixing  is  complete.  A  mixing  time  Ne  is  defined  as  the  time  taken  to  reach  a  concentration 
within  the  range  1.05  c  to  0.95  c,  i.e.  a  concentration  when  c  varies  from  its  ultimate  value  by  no  more  than 
5%.  Ne  is  found  to  be  constant  for  a  given  impeller/vessel  combination,  and  its  value  is  a  measure  of  the 
effectiveness  of  the  impeller,  small  values  being  better  than  large.  The  following  table  records  not  only  Ne, 
and  the  energy  (in  Joules)  expended  in  10  seconds  of  operation  using  each  impeller,  but  also  the  power 
number  NP  =  P/pN3D5,  P  being  the  power  to  drive  the  impeller,  p  the  liquid  density  and  N  the  speed  of 
rotation.  For  high  values  of  Reynolds  number  ND2/u.,  u.  being  the  liquid  viscosity,  the  power  number  is 
constant.  A  low  value  of  power  number  is  desirable  to  minimise  driving  power. 

Energy  in  J o u l e s  

mixing  time  Power  Number  r equ i red   f o r  

15 

25 

30 

40 

45 

(N  )  (ND)  10  seconds  mix ing  
©  r 

1  .  Impe l le r   of 

Figure  1  w i t h  

20  6  rad ia l   p a d d l e s  

as  shown  at  2.  42  5.5  33 .22  

2.  Impe l le r   of 

25  Figure  1  ,  w i t h  

6  s w e p t - b a c k  

paddles  as  shown 

at  2a.  38.6  2.6  14 .95  

3.  Marine  p r o p e l l e r  

(3  blades)   as  

shown  in  Figure  2.  52.6  0.80  11 .65  

35  4.  P i t c h e d - b l a d e d  

impe l l e r   (6  b l a d e s )  

as  shown  in  

40  Figure  3.  41.2  1.2  8 . 3 8  

5.  Impel le r   a c c o r d i n g  

to  the  i n v e n t i o n  

(6  blades)   as  
45 

shown  in  Figures  6 

to  10.  33.5  1.16  4 . 1 6  

50  The  point  at  which  tracer  was  introduced,  the  volume  and  concentration  of  the  tracer  and  other  relevant 
parameters  were  the  same  in  all  the  experiments  which  gave  rise  to  the  results  tabulated  above:  the  type  of 
impeller  used  was  the  only  apparently  significant  variable.  In  these  experiments  the  impeller  according  to 
the  invention  thus  gave  the  best  reading  for  mixing  time,  by  far  the  best  reading  for  energy  consumption, 
and  came  a  close  second  to  the  marine  propeller  of  Figure  2  on  power  number. 

55  Figure  1  1  illustrates  the  form  of  a  blade  as  so  far  described  by  imagining  it  to  be  cut  from  a  sheet  metal 
tube  90  of  diameter  0.7D,  D  being  as  before  the  diameter  of  the  impeller.  The  blade  is  generated  by  cutting 
out  a  piece  of  the  tube  wall,  double  hatched  in  Figure  11.  The  boundary  of  the  blade  is  as  before  defined 
by  the  four  lines  AB,  BC,  CD  and  DA.  AB  and  CD  are  straight  lines  parallel  to  the  axis  91  of  the  tube,  and 
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0.  35.  apart.  The  curve  AD  is  generated  by  the  intersection  of  an  imaginary  cylinder  72  of  radius  0.475D 
with  the  tube  90,  the  axis  73  of  cylinder  72  being  at  right  angles  to  axis  91  .  The  curve  BC  is  generated  in 
the  same  way  as  the  curve  AD,  but  the  intersecting  cylinder  72  is  displaced  downwards,  in  the  elevation  by 
a  distance  of  0.2D.  The  curvature  of  the  long  axis  59  is  of  course  now  the  curvature  (radius  0.35D)  of  the 

5  wall  of  tube  90. 
The  effect  on  impeller  performance  of  the  curvatures  just  discussed  will  now  be  considered.  The 

curvature  of  the  long  axis  59  of  the  blade  is  altered  by  increasing  or  decreasing  the  radius  of  tube  90  of 
Figure  1  1  ,  and  affects  angle  a  of  Figure  6.  Reducing  the  radius  increases  a  which  reduces  the  strength  of 
the  circulation  loops  36  and  37  in  Figure  10.  Increasing  the  radius  decreases  a  and  leads  to  high  swirl,  i.e. 

io  rotation  of  the  liquid  around  the  axis  of  the  impeller  in  its  direction  of  rotation:  such  swirl  dissipates  energy 
by  impact  on  the  baffles  10  Figure  1.  A  suitable  compromise  between  the  conflicting  requirements  of  (i) 
strong  circulation  loops,  and  (ii)  low  swirl,  is  obtained  by  having  a  about  45°  . 

As  to  the  curvatures  of  the  long  blade  sides  55  and  56,  the  "total  swept  area"  as  described  and 
illustrated  earlier  in  this  specification  is  also  represented  by  the  sum  of  the  single  hatched  and  double 

is  hatched  areas  in  Figure  1  1  .  When  the  blades  are  mounted  on  the  hub,  the  liquid  stirred  by  motion  of  the 
blades  is  proportional  to  the  "total  swept  area"  because  liquid  passing  through  the  single  hatched  area 
subsequently  passes  over  the  blade  near  the  corner  D,  D  being  at  the  outer  periphery  when  the  blade  is 
mounted  on  the  hub. 

As  already  noted,  mixing  effect  is  approximately  proportional  to  the  total  swept  area,  whereas  the  power 
20  is  approximately  proportional  to  the  swept  area,  i.e.  the  double  hatched  are  on  Figure  11.  From  this  it 

follows  that  it  is  desirable  to  maximise  the  total  swept  area  by  increasing  the  curvatures  55  and  56,  say  by 
reducing  the  radius  of  intersecting  cylinder  72  to  0.4D  or  0.3D.  However,  if  the  curves  AD  and  BC  are  too 
strongly  curved,  i.e.  have  too  small  a  radius  of  curvature,  this  leads  to  an  unsatisfactory  design:  the  centre 
of  gravity  of  the  blades  could  be  below  the  hub  51  .  Also  the  lowest  point  of  curve  BC  will  be  much  below 

25  the  hub  level,  which  will  increase  the  circulation  strength  of  the  loop  37  and  reduce  the  circulation  strength 
of  loop  36  of  Figure  10,  adversely  affecting  the  mixing  performance.  A  suitable  compromise  is  to  choose 
the  radius  of  curvature  of  blade  sides  55  and  56  (AD  and  BC  in  Figure  11)  so  that,  when  viewed  from  a 
point  on  the  hub  axis  67  (Figure  6),  those  sides  appear  as  approximately  straight  lines. 

30  Claims 

1.  An  impeller  (49)  comprising  a  plurality  of  blades  (50)  or  paddles  radiating  symmetrically  from  a 
rotatable  hub  (51),  in  which  each  blade  is  of  elongated  form  and  is  curved  along  its  length  (59),  one  end 
(57)  of  the  length  being  attached  to  the  hub  and  the  other  (58)  constituting  the  blade  tip;  and  in  which 

35  the  curvature  of  the  blades  gives  them  a  swept-back  configuration  relative  to  the  direction  of  rotation 
(54)  of  the  impeller;  characterised  in  that  the  arrangement  of  the  blades  is  such  that  when  the  impeller 
is  arranged  with  its  axis  of  rotation  (67)  vertical,  and  is  viewed  in  elevation,  the  curvature  of  each  blade 
along  its  length  is  such  that  it  extends  away  from  the  hub  in  a  diminishing  downward  curve,  reaches  a 
lowest  point  (70,  71,  Figure  10),  and  then  rises  again  to  some  extent  before  the  tip  is  reached. 

40 
2.  An  impeller  according  to  Claim  1  characterised  in  that  each  blade  is  bent  in  a  continuous  curve  along 

its  length. 

3.  An  impeller  according  to  Claim  2  characterised  in  that  the  curvature  is  uniform  along  the  length. 
45 

4.  An  impeller  according  to  Claim  1  characterised  in  that  the  two  opposite  long  edges  (55,  56  Fig.  8)  of 
the  blade  are  parallel  and  curved. 

5.  An  impeller  according  to  Claim  1  characterised  in  that  each  blade  is  attached  to  the  hub  along  a  line 
50  (61,  Figs.  6,  10)  inclined  to  a  plane  which  intersects  the  axis  of  rotation  (67)  of  the  hub  at  right  angles, 

the  arrangement  being  such  that  if  the  impeller  is  rotated  about  a  vertical  axis  the  blades  exert  a 
forward  and  downward  force  upon  liquid  within  which  the  impeller  is  rotated. 

6.  An  impeller  according  to  Claim  1  characterised  in  that  the  tip  (58)  of  the  blade,  and  the  locus  of 
55  attachment  of  the  blade  to  the  hub  (61,  Figs.  6,  10),  lie  at  substantially  the  same  horizontal  level  when 

the  impeller  is  so  viewed. 

7.  An  impeller  according  to  Claim  1  characterised  in  that  each  blade  is  twisted  to  some  extent  along  its 
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length,  in  the  manner  of  a  marine  propeller. 

8.  An  impeller  according  to  Claim  1  characterised  in  that  each  blade  is  slightly  curved  (68,  Fig.  6)  over  its 
depth  dimension. 

5 
9.  An  impeller  according  to  Claim  1  characterised  in  that  each  blade  is  of  non-uniform  thickness,  having 

for  instance  a  shallow  aerofoil  (69,  Fig.  6)  shape  when  viewed  in  cross-section. 

Patentanspruche 
10 

1.  Ein  Flugelrad  (49)  mit  mehreren  Flugeln  (50)  oder  Schaufeln,  die  sich  symmetrisch  von  einer  drehbaren 
Nabe  (51)  aus  strahlenformig  erstrecken,  wobei  jeder  Flugel  von  langgestreckter  Form  und  uber  seine 
Langserstreckung  (59)  gekrummt  ist,  ein  Ende  (57)  der  Langserstreckung  an  der  Nabe  befestigt  ist  und 
das  andere  (58)  die  Flugelspitze  bildet;  und  wobei  die  Krummung  der  Flugel  diesen  eine  relativ  zur 

is  Drehrichtung  (54)  des  Flugelrades  nach  ruckwarts  gebogene  Konfiguration  erteilt;  dadurch  gekenn- 
zeichnet,  da/S  die  Flugel  derart  angeordnet  sind,  da/S  bei  Anordnung  des  Flugelrades  mit  vertikaler 
Drehachse  (67)  und  bei  Betrachtung  von  der  Seite  die  Krummung  jedes  Flugels  uber  seine  Langser- 
streckung  derart  ist,  da/S  sie  von  der  Nabe  aus  in  einer  sich  verringernden,  nach  abwarts  fuhrenden 
Kurve  verlauft,  einen  tiefsten  Punkt  (70,  71,  Figur  10)  erreicht  und  dann  wiederum  bis  zu  einem 

20  gewissen  Grad  ansteigt,  bevor  die  Spitze  erreicht  ist. 

2.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  jeder  Flugel  uber  seine  Langserstrek- 
kung  entlang  einer  kontinuierlichen  Kurve  gekrummt  ist. 

25  3.  Ein  Flugelrad  nach  Anspruch  2,  dadurch  gekennzeichnet,  da/S  die  Krummung  uber  die  Langserstrek- 
kung  gleichma/Sig  ist. 

4.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  die  zwei  gegenuberliegenden  Langskan- 
ten  (55,  56,  Figur  8)  des  Flugels  parallel  und  gekrummt  sind. 

30 
5.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  jeder  Flugel  an  der  Nabe  entlang  einer 

Linie  (61,  Figuren  6,  10)  befestigt  ist,  die  schrag  zu  einer  Ebene  verlauft,  welche  die  Drehachse  (67) 
der  Nabe  im  rechten  Winkel  schneidet,  wobei  die  Anordnung  derart  getroffen  ist,  da/S  die  Flugel  dann, 
wenn  das  Flugelrad  urn  eine  vertikale  Achse  gedreht  wird,  eine  nach  vorn  und  nach  unten  gerichtete 

35  Kraft  auf  eine  Flussigkeit  ausuben,  innerhalb  welcher  das  Flugelrad  gedreht  wird. 

6.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  die  Spitze  (58)  des  Flugels  und  die 
Befestigungsstelle  des  Flugels  an  der  Nabe  (61,  Figuren  6,  10)  im  wesentlichen  auf  dem  gleichen 
horizontalen  Niveau  liegen,  wenn  das  Flugelrad  so  betrachtet  wird. 

40 
7.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  jeder  Flugel  uber  seine  Langserstrek- 

kung  in  der  Art  einer  Schiffsschraube  bis  zu  einem  gewissen  Grad  verdreht  ist. 

8.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  jeder  Flugel  uber  seine  Breitenabmes- 
45  sung  etwas  gebogen  ist  (68,  Figur  6). 

9.  Ein  Flugelrad  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  jeder  Flugel  von  ungleichma/Siger  Dicke 
ist,  so  z.B.  eine  flache  Tragflachenform  (69,  Figur  6)  bei  Betrachtung  im  Querschnitt  aufweist. 

50  Revendicatlons 

1.  Rotor  (49)  d'agitateur  comprenant  une  pluralite  de  pales  (50)  ou  ailettes  s'etendant  de  fagon  symetrique 
depuis  un  moyeu  rotatif  (51),  dans  lequel  chaque  pale  presente  une  forme  allongee  et  est  incurvee  sur 
sa  longueur  (59),  une  extremite  (57)  de  la  longueur  etant  fixee  au  moyeu,  et  I'autre  (58)  constituant  le 

55  bout  de  pale;  et  dans  lequel  I'incurvation  des  pales  leur  donne  une  configuration  a  inclinaison  arriere, 
par  rapport  au  sens  de  rotation  (54)  du  rotor;  caracterise  en  ce  que  I'agencement  des  pales  est  tel  que, 
lorsque  le  rotor  est  agence  avec  son  axe  de  rotation  (67)  vertical,  et  est  vu  de  dessus,  I'incurvation  de 
chaque  pale  sur  sa  longueur  est  telle,  qu'elle  s'etend  en  s'ecartant  du  moyeu,  suivant  une  courbe 
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reduite  orientee  vers  le  bas,  elle  atteint  un  point  le  plus  bas  (70,  71,  figure  10)  et  remonte  ensuite  d'une 
certaine  valeur,  avant  d'atteindre  le  bout. 

Rotor  selon  la  revendication  1  ,  caracterise  en  ce  que  chaque  pale  est  incurvee  sur  sa  longueur,  suivant 
une  courbe  continue. 

Rotor  selon  la  revendication  2,  caracterise  en  ce  que  la  courbure  est  uniforme  sur  toute  la  longueur. 

Rotor  selon  la  revendication  1,  caracterise  en  ce  que  les  deux  bords  longs  (55,  56,  figure  8)  opposes 
de  la  pale  sont  paralleles  et  incurves. 

Rotor  selon  la  revendication  1,  caracterise  en  ce  que  chaque  pale  est  fixee  au  moyeu,  sur  une  ligne 
(61,  figures  6,  10),  inclinee  par  rapport  a  un  plan  qui  coupe  perpendiculairement  I'axe  de  rotation  (67) 
du  moyeu,  I'agencement  etant  tel  que,  si  le  rotor  est  entraTne  en  rotation  autour  d'un  axe  vertical,  les 
pales  exercent  une  force  dirigee  vers  I'avant  et  vers  le  bas,  sur  le  liquide  dans  lequel  le  rotor  tourne. 

Rotor  selon  la  revendication  1,  caracterise  en  ce  que  le  bout  (58)  de  la  pale  et  I'emplacement  de 
fixation  de  la  lame  au  moyeu  (61,  figures  6,  10)  se  situent  pratiquement  au  meme  niveau  horizontal, 
lorsqu'on  regarde  le  rotor  horizontalement. 

Rotor  selon  la  revendication  1  ,  caracterise  en  ce  que  chaque  pale  est  tordue  d'une  certaine  valeur,  sur 
sa  longueur,  a  la  maniere  d'une  helice  marine. 

Rotor  selon  la  revendication  1  ,  caracterise  en  ce  que  chaque  paie  est  legerement  incurvee  (68,  figure 
6)  sur  sa  dimension  de  profondeur. 

Rotor  selon  la  revendication  1,  caracterise  en  ce  que  chaque  pale  presente  une  epaisseur  non- 
uniforme,  en  ayant  par  exemple  un  profil  peu  incurve  (69,  figure  6),  lorsqu'on  observe  en  coupe 
transversale. 
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