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(54)  BLADE  OF  A  HYDRAULIC  PROPULSION  SYSTEM 

(57)  A  novel  profile  is  proposed  for  a  hydraulic  pro- 
pulsion  system  blade  intended  for  use  in  conditions  of 
no  cavitation  and  no  ventilation  and  having  a  signifi- 
cantly  higher  efficiency,  lifting  force  or  cavitation-free 
flow  indicators.  The  blade  has  a  convex  suction  surface 
and  a  convex-concave  compression  surface,  and  lead- 

ing  and  trailing  edges.  The  suction  surface  has  a  section 
of  increased  curvature  in  the  region  of  the  trailing  edge, 
whilst  the  inflection  point  of  the  line  forming  the  com- 
pression  surface  is  at  a  distance  from  the  trailing  edge 
of  0.6-0.9  times  the  length  of  the  cord. 
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Description 

Field  of  invention 

The  invention  relates  to  shipbuilding,  concerning  to 
working  parts  of  hydraulic  propulsion  devices,  and  more 
particularly  to  the  propeller,  water  jet,  tunnel  and  azi- 
muth  thruster  blades. 

Prior  Art 

It  is  known  the  blades  of  the  propellers  having  non- 
cavitation  profile  such  as  segment,  NACA  -  66,  NACA  - 
16  and  elliptic  with  mean  line  a  =  0.8. 

Every  such  blade  has  same  non  linear  profile  com- 
posed  of  a  suction  and  pressure  surfaces  and  a  leading 
and  trailing  edges.  The  some  blade  for  better  compro- 
mise  of  cavitation,  hydrodynamic  and  strength  charac- 
teristics  can  have  parts  with  different  profile  blade 
sections. 

For  exact  description  of  blade  section  profile  it  can 
be  taken  a  section  of  the  blade,  generated  by  cylindrical 
surface  with  the  same  axle  as  hydraulic  propulsion 
device  with  the  mentioned  blade. 

The  term  "blade  section"  will  be  used  for  such  sec- 
tion  below. 

The  line,  connected  the  extreme,  most  outstanding 
points  of  the  leading  and  trailing  edges  calls  section 
chord,  and  is  an  abscissa  line,  from  which,  in,  perpen- 
dicular  direction,  ordinates  t  of  lines  that  form  suction 
and  pressure  surfaces  are  measured. 

The  length  of  chord  is  identified  C.  In  this  case  all 
lengths  concerning  the  blade,  determine  along  the 
chord  in  relation  to  the  chord  length  C,  and  thickness  - 
ordinates  in  relation  to  tmax.  The  curvature  of  lines  that 
form  suction  and  pressure  surface,  is  a  second  deriva- 
tive  dt/dx  function  ts  s  =f  and  t  P  s  =  f  2x  ,  where  x  - 
an  abciss  of  the  point,  measured  from  leading  edge. 

The  advantage  of  these  existing  blades  is  that  it 
section  profile  provide  rather  uniform  pressure  distribu- 
tion  at  the  suction  and  pressure  surface  at  relatively  low 
profile  drag,  and  that  the  rounded  leading  edge  leads  to 
lower  negative  pressure  peak  at  the  leading  edge 
region. 

The  disadvantage  of  the  existing  blades  is  that 
when  the  speed  and  power  of  ships  increase,  the  prob- 
lems  concerning  the  cavitation  at  the  suction  surface, 
erosion,  vibration,  excessive  noise  and  lowering  of  effi- 
ciency  arouse.  The  suction  surface  of  existing  blades 
has  close  to  uniform  curvature  from  loading  to  trailing 
edge,  or  steady  decreasing  from  the  leading  edge  to  the 
point  with  minimum  curvature  located  approximately  at 
the  middle  of  the  chord  and  then  steady  increasing  to 
the  trailing  edge  in  consequence  of  the  general  point  of 
view,  that  the  increasing  of  the  curvature  caused  to  the 
danger  of  cavitation  appearance  at  the  early  stage,  and 
leads  to  the  profile  drug  increasing. 

The  most  close  to  the  proposed  invention  is  the 

blade  of  the  hydraulic  propulsion  device  described  in  the 
US  Patent  No  4  780  058,  B63H  1/26  published  on 
25.10.1988.  This  blade  has  concave  suction  surface 
and  concave  -  convex  pressure  surface  and  rounded 

5  leading  and  sharp  trailing  edge.  The  profile  of  blade 
section  has  a  suction  surface  line  with  a  constant  curva- 
ture  with  the  maximum  ordinate  at  the  point  located  no 
longer  than  0.5  chord  length  from  the  leading  edge.  The 
line  that  forms  the  pressure  surface  has  a  concave  part 

10  forward  and  convex  part  aft,  cross  the  chord  line  at  the 
sharp  angle  at  the  aft  part  of  the  blade  with  the  transition 
of  the  concave  part  to  the  convex  located  at  the  distance 
of  0.5  chord  length  from  the  loading  edge.  Due  to  con- 
cave  -  convex  shape  of  the  pressure  surface  of  this 

15  blade  some  improvement  in  performance  was  achieved 
in  defined  cavitation  conditions. 

Introducing  a  convex  part  of  the  pressure  surface  in 
the  trailing  edge  region  caused  problem  of  the  very  thin 
trailing  edge.  In  addition  the  location  the  point  of  the 

20  concave  -  convex  transition  at  the  middle  of  chord  length 
avoid  the  non  cavitation  work  of  the  blade  in  a  big 
number  of  conditions. 

Summary  of  the  invention 
25 

The  aim  of  proposed  invention  is  a  creation  of  the 
hydraulic  propulsion  system  blade  intended  for  use  in 
conditions  of  no  cavitation  and  ventilation  and  having  an 
improved  cavitation  performance,  higher  cavitation 

30  resistance  and  efficiency,  and  consequently  reduced 
danger  of  cavitation  erosion,  noise,  and  vibration. 

The  improvement  in  performance  that  can  be 
achieved  using  the  invention,  will  be  the  increasing  of 
flow  speed  when  cavitation  occur  keeping  the  same 

35  blade  thickness  and  lift  coefficient,  or  increasing  lift 
coefficient  keeping  the  same  non  cavitation  speed  flow 
and  blade  thickness,  or  increasing  the  thickness  and, 
consequently,  the  leading  edge  radius  keeping  the 
same  non  cavitation  speed  flow  and  lift  coefficient. 

40  To  achieve  above  mentioned  improvement  in  cavi- 
tation  and  hydrodynamic  performance  the  blade  with 
improved  section  profile,  described  below,  is  proposed. 

A  blade  of  propulsion  device,  according  to  this 
invention,  has  leading  edge  and  sharp  trailing  edge, 

45  suction  surface  and  pressure  surface  The  blade,  or  the 
part  of  the  blade,  has  sectional  profile,  in  which  the  line 
that  forms  the  suction  surface  is  an  arc,  i.  e.  has  the  con- 
stant  curvature,  or  is  a  line  with  curvature  decreasing 
steady  from  the  leading  edge  to  the  point  of  the  mini- 

50  mum  curvature,  located  at  the  position  of  0.45  0.55 
chord  length  from  the  leading  edge  and  steady  increas- 
ing  from  the  point  of  minimum  curvature  to  the  point, 
located  at  the  position  of  0.1  chord  length  from  the  trail- 
ing  edge.  The  strait  line,  laying  tangentially  and  touched 

55  the  suction  surface  line  at  the  point  of  minimum  curva- 
ture,  had  to  be  parallel  the  chord  line,  or  to  cross  it  con- 
tinue  at  the  point  located  forward  of  the  leading  edge  at 
the  angle  no  more  than  7°,  and  the  distance  from  the 
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points  at  this  tangentially  laying  strait  line  to  the  points  at 
the  line  that  formed  the  suction  surface  measured  at  the 
points  located  at  the  equal  distance  from  the  point  of 
minimum  curvature  in  directions  to  leading  and  trailing 
edges,  equal  or  more  at  the  point  located  between  the  5 
minimum  curvature  point  and  trailing  edge.  The  line  that 
formed  pressure  surface,  has  a  concave  part  at  the  for- 
ward  part  of  the  blade  and  convex  part  at  the  aft  part  of 
the  blade  that  cross  the  chord  line  at  the  aft  part  of  the 
blade.  In  difference  of  the  prototype,  the  concave  -  con-  j< 
vex  transition  point  located  at  the  position  0.6  0.9  chord 
length  measured  from  the  leading  edge.  The  line  that 
forms  suction  surface,  has  a  part  with  bigger  curvature 
located  at  the  distance  from  0.03  to  0.1  chord  length 
measured  from  the  trailing  edge.  The  ordinate  of  the  line  u 
that  forms  suction  surface,  at  the  point  located  at  the 
distance  0.05  chord  length  has  a  value  of  0.4  -  0.7  max- 
imum  ordinate  of  this  line. 

Ordinates  mean  lines  NACA  a=  0.8,  NACA  a  =  1  .0, 
segment  line  or  it  modifications  can  be  added  to  the  21 
ordinates  of  the  line  that  forms  suction  surface,  and  can 
be  deducted  of  the  ordinates  of  the  line  that  forms  pres- 
sure  surface. 

The  leading  edge  of  the  blade  according  to  inven- 
tion  can  be  made  rounded  or  wedge  shaped  with  the  21 
angle  no  less  than  30°. 

If  the  leading  edge  is  rounded,  the  curvature  of  the 
line  that  forms  suction  surface  at  the  part  from  the  lead- 
ing  edge  to  the  point  located  at  the  distance  0.05  chord 
length  can  be  more,  less  or  equal  than  the  curvature  of  3< 
the  line  that  forms  pressure  surface  of  the  blade  at  this 
part  of  the  blade. 

When  the  leading  edge  made  wedge  shaped,  the 
angle  between  the  line  that  forms  the  suction  surface 
and  chord  line  at  the  ultimate  point  of  the  leading  edge  3; 
more,  less  or  equal  than  the  angle  between  the  line  that 
forms  pressure  surface  and  chord  line. 

The  part  of  the  line  that  forms  suction  surface  from 
trailing  edge  to  point  located  at  the  distance  0.03  chord 
length  from  the  trailing  edge  can  be  made  concave  and  4t 
non  linear  or  strait. 

The  part  of  the  line  that  forms  suction  surface  from 
trailing  edge  to  point  located  at  the  distance  0.03  chord 
length  from  the  trailing  edge  can  incorporate  a  strait  part 
connected  to  the  trailing  edge  positioned  perpendicular  « 
to  the  chord  line  with  a  length  no  more  than  0.015  chord 
length. 

In  order  to  significant  removal  of  the  concave  con- 
vex  transition  point  of  the  line  that  forms  the  pressure 
surface  to  the  trailing  edge  it  becomes  possible  to  st 
increase  the  curvature  of  the  convex  part  of  the  pres- 
sure  surface  and  increase  the  value  of  the  positive  pres- 
sure  peak  at  the  aft  part  of  the  blade  consequently. 

At  the  same  time,  the  increasing  of  curvature  of  the 
suction  surface  in  a  region  of  the  trailing  edge  also  st 
allows  to  increase  the  curvature  of  the  convex  part  of 
the  pressure  surface,  and  increase  the  value  of  the  pos- 
itive  pressure  peak  at  the  aft  part  of  the  blade  conse- 

quently. 
Both  this  technical  solutions  allows  to  obtain  the 

positive  pressure  peak  approximately  two  times  greater 
than  at  the  existing  blade. 

The  presence  of  the  positive  pressure  peak  at  the 
aft  part  of  the  pressure  surface  allows,  keeping  the 
same  value  of  lift  coefficient,  to  decrease  the  curvature 
of  suction  surface  and,  consequently,  the  value  of  the 
negative  pressure  coefficient,  and  therefore  the  value  of 
non  cavitation  speed. 

In  another  case,  keeping  the  same  given  thickness 
of  the  blade,  it  is  possible  to  increase  the  value  of  lift 
coefficient. 

Theoretical  and  experimental  investigations  show 
that  the  increasing  of  the  curvature  of  suction  surface  in 
mentioned  region  of  the  trailing  edge  do  not  lead  to  cav- 
itation  inception  at  this  place  and/  or  sufficient  increas- 
ing  profile  drag,  as  it  usually  predicted  at  the 
background  of  the  common  methods  of  hydraulic  pro- 
pulsion  systems  design.  This  negative  effects  do  not 
arose  because  of  that  the  thickness  of  profile  at  the  dis- 
tance  about  0.05  chord  length  from  the  trailing  edge  is 
comparable  with  the  thickness  of  the  boundary  layer, 
and  existence  of  the  positive  pressure  peak  in  a  region 
of  the  trailing  edge  decreasing  the  value  of  negative 
pressure  in  a  region  of  local  increasing  of  curvature. 

Above  mentioned  possibility  of  addition  to  ordinates 
of  suction  surface  line  and  deduction  from  ordinates  of 
pressure  surface  line  the  ordinates  of  the  mean  line  a  = 
0.8,  a  =  1  .0,  segment  or  it  modifications  allows  to  obtain 
different  combinations  of  the  values  of  lift  coefficient, 
thickness  and  negative  pressure  coefficient,  that  is  quite 
necessary  in  hydraulic  propulsion  system  blade  design. 
Using  this,  it  is  possible  to  create  a  profile  series  without 
complex  and  difficult  calculations. 

Rounded  or  wedge  shaped  with  angle  no  less  than 
30°,  leading  edge  form  improved  the  flow  in  a  leading 
edge  region.  The  relation  of  the  curvature  of  the  suction 
and  pressure  surfaces  in  the  region  of  leading  edge,  or 
the  angles  between  the  suction  and  pressure  surfaces 
lines  and  chord  line  determine  the  value  of  the  shock 
free  entrance  angle  for  given  value  of  the  lift  coefficient 
and  allows  to  eliminate  negative  pressure  peak  at  the 
leading  edge  when  working  in  the  desired  condition. 

The  flat  part  of  the  suction  surface  in  a  trailing  edge 
region  prevent  the  "singing"  of  the  propeller. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  blade  section  with  the  conventional  ellip- 
tic  profile. 
Fig.  2  is  a  blade  section  described  in  the  US  patent 
a  4  780  058. 
Fig.  3  is  a  blade  section  according  to  the  invention. 
Fig.  4  represents  a  pressure  distribution  at  suction 
and  pressure  surfaces  of  the  blade  with  elliptic  sec- 
tion  profile. 
Fig.  5  represents  a  pressure  distribution  at  suction 
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and  pressure  surfaces  of  the  blade  according  to  the 
US  patent  No  4  780  058. 
Fig.  6  represents  a  pressure  distribution  at  suction 
and  pressure  surfaces  according  to  the  invention. 
Fig.  7a  is  a  blade  section  trailing  edge  region. 
Fig.  7b  is  a  blade  section  trailing  edge  region  with  a 
flat  part  at  the  suction  surface. 
Fig.  7c  is  a  blade  suction  trailing  edge  region  with  a 
strait  part,  positioned  perpendicularly  to  the  chord 
line. 
Fig.  8a  is  a  blade  section  leading  edge  region  with 
rounded  leading  edge  with  the  curvature  of  suction 
surface  line  less  than  the  curvature  of  pressure  sur- 
face  line. 
Fig.  8b  is  a  blade  section  leading  edge  region  with 
rounded  leading  edge  with  the  curvature  of  suction 
surface  line  equal  to  the  curvature  of  pressure  sur- 
face  line. 
Fig.  8c  is  a  blade  section  leading  edge  region  with 
rounded  loading  edge  with  the  curvature  of  suction 
surface  line  more  than  the  curvature  of  pressure 
surface  line. 
Fig.  9a  is  a  blade  section  leading  edge  region  with 
wedge  shaped  leading  edge  with  suction  surface 
line  crossing  the  chord  line  at  the  angle  more  than 
the  angle,  at  witch  the  pressure  surface  line  cross 
the  chord  line. 
Fig.  9b  is  a  blade  section  leading  edge  region  with 
wedge  shaped  leading  edge  with  suction  surface 
line  crossing  the  chord  line  at  the  angle  equal  to  the 
angle,  at  witch  the  pressure  surface  line  cross  the 
chord  line. 
Fig.  9c  is  a  blade  section  leading  edge  region  with 
wedge  shaped  leading  edge  with  suction  surface 
line  crossing  the  chord  line  at  the  angle  less  than 
the  angle,  at  witch  the  pressure  surface  line  cross 
the  chord  line. 
Fig.  10  represents  KT,  KQ  functions  and  efficiency 
coefficient  ri  in  cavitation  and  non  cavitation  condi- 
tions  obtained  in  comparative  model  tests  of  the 
propellers  (having  the  same  geometrical  character- 
istics  with  conventional  profile  type  NACA  -  16  a  = 
0.8  and  the  profile  according  to  the  invention. 
Fig.  1  1  represents  propeller  blade  drawing  accord- 
ing  to  the  invention. 

Detailed  Description  of  an  Embodiment 

Figure  3-11  represent  the  blade  designed  accord- 
ing  to  proposed  invention.  As  can  be  seen  from  the 
drawing  blade  section  profile  has  the  lines  that  forms 
suction  and  pressure  surfaces,  and  rounded  leading 
and  sharp  trailing  edges.  The  line,  that  forms  suction 
surface,  is  concave  from  the  leading  edge  up  to  the  trail- 
ing  edge  and  has  the  maximum  thickness  tMAX  at  the 
point  located  at  the  distance  0.60  C  from  the  leading 
edge.  In  addition  the  line  that  forms  the  suction  surface 
has  a  part  with  increased  curvature  from  the  trailing 

edge  to  the  point  located  at  a  distance  not  more  than  0.1 
C  from  the  trailing  edge.  The  ordinate  of  the  line,  that 
forms  suction  surface,  at  the  point,  located  at  the  dis- 
tance  0.05  C  from  the  leading  edge,  is  0.5  of  maximum 

5  ordinate  of  this  line.  The  line,  that  forms  pressure  sur- 
face  has  a  concave  part  in  the  forward  part  of  the  blade 
and  convex  part  that  cross  the  chord  line  at  the  sharp 
angle  in  the  aft  region  of  the  blade.  The  concave  -  con- 
vex  transition  point  located  at  the  distance  0.65  C  from 

10  the  leading  edge. 
Comparison  of  pressure  distributions  represented 

at  the  Fig  4  -6  shows,  that  the  blade  with  profile  shaped 
according  the  proposed  invention  has  the  value  of  pres- 
sure  coefficient  CP  at  the  suction  surface  higher  that 

15  corresponds  to  lower  suction  at  this  surface  and  in  con- 
sequence,  to  cavitation  inception  at  lower  values  of  cav- 
itation  number  a  at  the  same  conditions,  as  a  result  of 
the  technical  solutions  applied  in  this  blade  design 
according  to  proposed  invention.  Fig.  7  -8  represent  the 

20  different  variants  of  the  leading  edge  that  can  be  chosen 
for  better  performance  of  the  certain  blade  at  the 
desired  conditions. 

Fig.  1  0  represents  the  comparative  tests  at  the  cav- 
itation  tunnel  two  propeller  models  of  the  high  speed 

25  vessel.  These  models  have  the  same  geometrical  char- 
acteristics:  blade  area  ratio  Ae/Aq  =  0.99,  P/D  =  1.15  at 
r/R  =  0.7,  number  of  blades  Z  =  4,  but  one  model  has  the 
blades  with  conventional  profiles  type  NACA  16  a  =  0.8 
and  the  other  has  the  blades,  designed  according  to 

30  proposed  invention.  As  can  be  seen  at  the  Fig.  10,  at 
the  desired  advance  ratio  J  =  0.9  and  desired  cavitation 
number  a  =  0.63  calculated  as: 

a  =  (P-Pd)/0.5pV2 
35 

where: 

v  -  ship  speed 
P  -  static  pressure  at  the  shaft  line 

40  Pd  -  vapour  pressure 
p  -  density  of  water. 

Propeller  with  blades  designed  according  to  pro- 
posed  invention,  has  no  cavitation  and  has  efficiency 

45  coefficient  ri  =  0.66,  when  the  propeller  with  blade  sec- 
tion  profile  NACA  -  16  a  =  0.8  suffered  with  cavitation 
and  has  the  efficiency  coefficient  ri  =  0.57.  The  value  of 
the  relation  a/CT|  ,  where  CT|  -  the  maximum  value  of 
load  coefficient  when  cavitation  do  not  affect  the  trust 

so  coefficient  KT  for  propeller  with  blades,  designed 
according  to  proposed  invention  is  a/CT|  =  1.1  com- 
pared  with  o/CT|  =  1.9  for  propellers  with  traditional 
blade  sections. 

55  Claims 

1.  A  hydraulic  propulsion  system  blade  intended  for 
use  in  conditions  of  no  cavitation  and  ventilation, 

4 
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with  leading  edge  and  sharp  trailing  edge,  suction 
surface  and  pressure  surface,  and  the  blade,  or  the 
part  of  the  blade,  has  sectional  profile  that  is  a  sec- 
tion  of  the  blade  surface  by  cylindrical  surface  with 
the  axis  that  coincide  with  the  axis  of  hydraulic  pro-  5 
pulsion  system,  in  which  the  line,  that  forms  the 
suction  surface  is  an  arc,  i.  e.  has  the  constant  cur- 
vature,  or  is  a  line  with  curvature  decreasing  steady 
from  the  leading  edge  to  the  point  of  the  minimum 
curvature,  located  at  the  position  of  0.45  -  0.55  w 
chord  length  from  the  leading  edge  and  steady 
increasing  from  the  point  of  minimum  curvature  to 
the  point,  located  at  the  position  of  0.1  chord  length 
from  the  trailing  edge,  and  the  strait  line,  laying  tan- 
gentially  and  touched  the  suction  surface  line  at  the  75 
point  of  minimum  curvature,  had  to  be  parallel  the 
chord  line,  or  to  cross  it  continue  at  the  point 
located  forward  of  the  leading  edge  at  the  angle  no 
more  than  7°,  and  the  distance  from  the  points  at 
this  tangentially  laying  strait  line  to  the  points  at  the  20 
line  that  formed  the  suction  surface  measured  at 
the  points  located  at  the  equal  distance  from  the 
point  of  minimum  curvature  in  directions  to  leading 
and  trailing  edges,  equal,  or  more  at  the  point, 
located  between  the  minimum  curvature  point  and  25 
trailing  edge,  and  the  line,  that  formed  pressure  sur- 
face,  has  a  concave  part  at  the  forward  part  of  the 
blade  and  convex  part  at  the  aft  part  of  the  blade 
that  cross  the  chord  line  at  the  aft  part  of  the  blade, 
characterised  in  that  the  concave  -  convex  transi-  30 
tion  located  at  the  position  0.6  -  0.9  chord  length 
measured  from  the  leading  edge,  and  the  line  that 
forms  suction  surface  has  a  part  with  bigger  curva- 
ture  located  at  the  distance  from  0.03  to  0.10  chord 
length  measured  from  the  trailing  edge,  and  the  35 
ordinate  of  the  line,  that  forms  suction  surface,  at 
the  point,  located  at  the  distance  0.05  chord  length 
has  a  value  of  0.4  -  0.7  maximum  ordinate  of  this 
line. 

40 
2.  The  blade  as  set  forth  in  claim  1  ,  characterised  in 

that  the  ordinates  mean  lines  NACA  a=  0.8,  NACA 
a  =  1  .0,  segment  line  or  it  modifications  added  to 
the  ordinates  of  the  line  that  forms  suction  surface, 
deducted  of  the  ordinates  of  the  line  that  forms  45 
pressure  surface. 

3.  The  blade  as  set  forth  in  claim  1  ,  2,  characterized  in 
that  the  leading  edge  is  rounded. 

50 
4.  The  blade  as  set  forth  in  claim  1  ,  2,  characterized  in 

that  the  leading  edge  is  wedge  shaped  with  the 
angle  no  less  than  30° 

the  curvature  of  the  line  that  forms  pressure  surface 
of  the  blade  at  this  part  of  the  blade 

6.  The  blade  as  set  forth  in  claim  3,  characterized  in 
that  the  curvature  of  the  line  that  forms  suction  sur- 
face  at  the  part  from  the  leading  edge  to  the  point 
located  at  the  distance  0.05  chord  length  more,  or 
equal  than  the  curvature  of  the  line  that  forms  pres- 
sure  surface  of  the  blade  at  this  part  of  the  blade. 

7.  The  blade  as  set  forth  in  claim  4,  characterised  in 
that  the  angle  between  the  line  that  forms  the  suc- 
tion  surface  and  chord  line  at  the  ultimate  point  of 
the  leading  edge  more,  than  the  angle  between  the 
line  that  forms  pressure  surface  and  chord  line. 

8.  The  blade  as  set  forth  in  claim  4,  characterized  in 
that  the  angle  between  the  line  that  forms  the  suc- 
tion  and  chord  line  at  the  ultimate  point  of  the  lead- 
ing  edge  less  or  equal  than  the  angle  between  the 
line  that  forms  pressure  surface  and  chord  line. 

9.  The  blade  as  set  forth  in  one  of  the  claims  1  8,  char- 
acterized  in  that  the  part  of  the  line  that  forms  suc- 
tion  surface  from  trailing  edge  to  point  located  at  the 
distance  0.03  chord  length  from  the  trailing  edge  is 
concave  and  non  linear. 

10.  The  blade  as  set  forth  in  one  of  the  claims  1  -  8, 
characterized  in  that  the  part  of  the  line  that  forms 
suction  surface  from  trailing  edge  to  point  located  at 
the  distance  0.03  chord  length  from  the  trailing 
edge  is  strait. 

11.  The  blade  as  set  forth  in  one  of  the  claims  1  -  8, 
characterized  in  that  the  part  of  the  line  that  forms 
suction  surface  from  trailing  edge  to  point  located  at 
the  distance  0.03  chord  length  from  the  trailing 
edge  incorporates  a  strait  part  connected  to  the 
trailing  edge  positioned  perpendicular  to  the  chord 
line  with  a  length  no  more  than  0.015  chord  length. 

The  blade  as  set  forth  in  claim  3,  characterised  in  55 
that  the  curvature  of  the  line  that  forms  suction  sur- 
face  at  the  part  from  the  leading  edge  to  the  point 
located  at  the  distance  0.05  chord  length  less  than 
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