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      3. A  Study on  a Supercavitating Hydrofoil with

                        Rounded Nose

      Hajime YAMAGucHi*,  Member  and  Hiroharu  KA'ro:tc*, Member

                (F}"om J.S.IVLA. Jlrrpan, VbL I49, Jitne 198I)

                           Surnmary

   Linearized theories on  a  supercavitating  hydrofoil are  not  suitable  for the foil with

reunded  nose  where  a  sheet  cavity  does not  generate from the leading edge  ef  the foiL
The  theoretical result gives a negative  infinite pressure at  the leading edge  because of
singularity.

   Furuya  proposed  a  new  theoretical method  te remove  the singularity  by applying  the
singular  perturbation method.  But  it can  not  give a  definite position of  cavity  tip for a
 .given

 cavity  end.  Developing  Furuya's theory, the authors  propose  a new  iterative method

in which  the position of  cavity  tip agrees  with  the Iaminar separation  point.
   Cavitation experiment  was  made  fbr a hydrofoil with  parabolic section.  The  test
result  was  modified  to remove  wall  effects of  tunnel, using  a  newly  developed method  by
the authors.

   Tbe calculated  results  by  the proposed  theory agreed  with  the experimental  results

on  the pregsure distribution as  well  as  the cavity  shape.

1. Introduction

   In a  previous paperi), the authors  reported

the  measurement  of  variation  of  cavity  length

with  cavitation  number  fbr partially cavitating
hydrofbiis and  compared  them  with  calculated

results  using  a linearized theory. However,

the agreement  was  not  good  fbr thick hy-
drofoils with  large leading edge  radius.  One
of  the  reason  for this might.  be that the theo-
retical  assumption,  i,e. cavity  generates from
the leading edge  of  the hydrofoil, was  not

realistic. In this paper the authors  mainly

investjgate how  this assumption  afTects  the

discrepancy between theoretical and  experi-

mental  results.  The  problem is complicated,

however,  when  we  treat partial cavitation

theoret{cally with  practical cavity  flow model.
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As  a  first step,  therefore, l/he case  of  super-

cavitation  is treated in this paper.
  For  the supercavitating  case  with  the as-

sumption  of  two-dimensional, incompressive,
inviscid and  steady  flow, Riabouchinsky model,
re-entrant  fiow model,  transient  flow model,

etc.  have  been  proposed anC[  applied  to bodies
with  simple  shape  such  as  flat plate and

wedge.  Wu  et aL2)  proposed  functional
iterative method  fbr application  of  his transient
flow model  solution  of  flat plate3' to super-

cavitating  hydrofbil with  arbitrary  profile. To
the authors'  knowledge, however, on]y  Furu-

ya`' succeeded  in applying  t,lhis method  to the
hydrofbil with  rounded  nose.  He  perfbrmed
calculations  for a  supercavitating  flow with

infinite cavity  around  a  parabolic hydrofoil.
but the calculation  method  i.[s cornplicated  and

requires  much  time  to coinpute.  Thus the

problem of  supercavitating  fiows around  hy-
drofoils with  arbitrary  profile is still very

diMcult to solve  by present nonlinear  theories.
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   On  the other  hand,

coincide  with  the leadin

linearized theory gives ne.aative  infinite pres-

sure  at  the leading edge  because of  the sin-

gularity there. Thus  it can  be said  that

although  linearized theory is quite suitable  for

a  hydrofbjl with  sharp  nose  where  flow

separates  from the  leading edge  of  the hydro-

foil, it does not  give realistic  results  for a

hydrofbil with  rounded  nose  where  cavity  does

not  generate from the leading edge.

   Furuya5) proposed  a  new  theoretical meth-

od  to remove  the  singularity  by applying  the

singular  perturbation method6)  where  non-

linearity near  the lcading edge  was  con-

sidered.  However,  one  shertcoming  of  this

method  is that  the cavity  tip position can  be

arbitrarily defined for a  certain  cavity  end

position and  the cavitation  number  is variable

dependillg on  the cavity  tip position. On  the

other  hand, it has been confirmed  by Arakeri's

experimentsT',S'  that the position of  cavity  tip

agrees  well  with  lammar  separation  point.
Thus  in order  to remove  the shortcoming  the

authors  propose a  new  iterative method  where

cavity  tip position coincides  with  the laminar

separation  point calculated  from surface  ve-

locity distribution using  Furuya's method.

   Experiments  were  performed  for a  hydro-

foil having parabolie section  in cavitation

tunnel  to verify  the  proposed  method.  Surface

pressure distributioD, cavity  tip and  end  posi-

tion and  cavity  shape  for difibrent cavitation

nurnbers  were  measured.

   Assessment  of  wall  effects  of  experimental

channel  is very  important when  supercavita-

tion experiments  are  cenducted.  In this paper

the wall  etfects  are  estimated  based on  the Iine-

arized  singularity  method  proposed by Nishi-

yama9), considering  mirror  image efTect  due

to the upper  and  lower walls  and  experimental

data are  modified  accordingly.

   The adequacy  of  the proposed  method  is

investigated by comparing  the experimental
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 if cavity  tip does not  results  with  the calculated

g edge  of  the  hydrofoil,

                     ones.

2. Iteratgye caXcwAatiom usimg  Furuya's Method

2.e Oug]ineofFuruya'smcthod

   As  mentioned  jn the foregoing, the essence

of  this method  lies in the treatment of  the

noiilinearity  near  tke ieading edge.  The  as-

sumption  of  cavitation  number  a<1,  based

on  which  Furuya  developed hig theory, is nQt
adopted  in this paper since  it is not  realistic

wken  the cavity  is relatively  short. The follow-

ing giyes the outline  of  Furuya's theory.

   (1) Assuming thut  the rounded  nose  of

the hydfofbit is expressed  by a  parabola y=

± e V'N'(s : a  small  value), Cartesian coordinate

system  is defined as  shown  in Fig. 1. The  nose

profile is smoothly  connected  to arbitrary

shapes  given by y-sg(x)  and  y=sh(x)  at

points denoted  by B  and  C, the trailing edge

of  the  hydrofbil, cavity  tip and  end  being

denoted by D, A and  E  respectively.  The  re-

spective  x-coordinates  of  these points are

denoted by JYZ), l\ic, 1, Xd  and  L The uniform

fiow U  is incident on  the hydrofoil at  a  small

angie  ct with  respect  to  x-axis.  On  the pres-
sure  side  of  the hydrofoil the cavity  is as-

sumed  to generate from  the  point D. The

perturbation expansions  for the velocity  com-

ponents in the x-  and  y-direction u  and  v  are

obtained  as  follows,

     
'lllt:=1+eui+e2tt,+s3t{,+･･･

 (1)

      
V
 ::=evi+s2v2+e3v3+--･  (2)

     q

where  U} is the fiuid velocity  on  the cavity

vxl-:'9{x)

C"vity

)sti
y=[/iitt1 xE

4.=-cTE.t'
Dc/(nKv=e'.h(x]'

11p2n

Fig. 1 CoQrdinate  system  for Furuya's method
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expressed  by the relation,

           q==UVI+a'  (3)
obtained  firom the BernoulJi equation.

   (2) Introducing eqs.  (1) and  (2) into the
boundary condition,  i.e. "pressure

 is con-

stant  on  the cavity  surface  and  flow direction

ig parallel to the  surface  on  the  wetted  portion
of  the hydrofbii", equations  fbr ui and  vi

are  obtained  by comparing  the terms of  E.

The  solution  of  ui  and  vi  as  obtained  from

these equations  gontain  two  unknown  parame-
ters besides a.  These are  determined, how-

ever,  from the condition  of  the unifbrm  fiow

velocity  at jnfinity and  cavity  closure  con-

dition. In this way  the velocity  distribution

on  tke cavity  and  hydrofoil is obtained  to the

first order  ef  E, being called  the outer  solution.

This solution  has x-'/2  singularity  at  the

reading edge.  Thus the inner region,  where

iocal nonlinear  solLition  is necessary  to remove

the  singularity,  is the region  given by x#-  O(e2).

   (3) Inner variabies  X  and  Y  given by

I=::x!e2 and  Y==yle2 are  next  introduced, the

parabolic nose  y=::±sVx-  being expressed  by

Y= ± VY. The  surface  velocity  in the inner

region,  which  is called  the inner solution, is

derived for fo11owing two  cases  respectively,

namely,  the critical case  where  cavity  tip is

within  the  inner region  and  the  regular  case

where  it is not.  This solution  has two  un-

known  parameters which  are  obtained  by

matching  the outer  soluiion  as  fo11ows.

   (4) According to "asymptotic
 matching

principle" in singular  perturbatiQn method6),

the outer  solution  is expanded  in terms of  x

the order  of  which  is e2, making  JYIz==O(1) in

the regular  case  or  Xd=O(E2)  in the critical

case,  and  the inner solution  in terms of  x  the

order  of  which  is 1. The  unknown  parame-
ters are  then adjusted  so  that  the  solutions

match  eaeh  other  to the same  order  of  e.

   (5) Uniformly valid  solution  of  surface

velocity  is obtained  by adding  the  inner and

                                    53

outer  solution  and  subtracttng  the  common

part, whiqh  is used  in above  matching  proce-
dure: -

   In this way,  the velocity  distribution which

is more'realistic  near  the leading edge  Pf the
hydrofoil is obtained  and  i/his can  be con-

verted  into the pressure distribution, using

the Bernoulli equation.  In t'his method,  how-

ever, the cavity  tip position is defined arbi-

trarily for a  certain  cavity  end  position and

the solution  is variable  depending on  the

cavity  tip position. In order  to improve this

shortcoming,  the cavity  tip position is de-

fined with  reference  to the boundary layer on
cavitating  hydrofbil as fbllows.

2.2 Relation between  lamiRar separation  point
    and  cayity  tip position

   As  mentioned  in the Introduction, it has

been confirmed  by ArakeriTi],S), CaseyiO) that

the cavity  tip position coincides  with  the

laminar separation  point. Such  phenomenon
can  be explained  as  fo11ows.

   SuMcient  Iow  pressure and  residence  time

are  necessary  at  the same  time fbr a  tiny gas
nucleus  in water  to grow anCL  become  a cavity.

Therefore, if the  time taken  fbr a  nucleus  to

pass through  the low pressure region  upstream

of  the  laminar separation  point is very  short,

visible  cavitation  will  not  occur.  On  the

other  hand, if nuclei  are  trapped in the laminar

separation  bubble under  ideal condition  fbr

growth, i.e. Iong residence  time  due to re-

circulation  within  the bubble and  lew pressure,
they will  fbrm a  sheet  cavity,  which  is at-

tached to  the body surfa ¢ e. In order  to re-

confirm  this phenomenon, the authors  meas-

ured  the surface  velocity  distribution on

axisymmetric  body in cavitating  condition

and  compared  the cavity  tip position with

calculated  Iaminar separation  point. Experi-
ments  were  perfbrmed  in the T.E. type cavita-

tion tunneliD, using  the  hemispherical head-
fbrrnii) with  the nose  in the fbrm of  a  hemi-
sphere  of  diameter (D) 30mm  and  smooth-
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ened  to cylindrical form at  the after  end.

Velocity on  the body  and  cavity  surface  was

measured  by Laser Doppler  Velocimeter and

converted  into pressure coeMcient  Cp, using

the Bernoulli equation.  One  example  of  the

experimental  results  is shewn  in Fig. 2 where

x  is the axial distance from the  leading edge

of  the test body. The  pressure distribution

with  cavity  denoted by  thc fine line is dilfer-

ent  from that without  cavity  as  shown  by the

thick  Iine, The  cavity  tip position is up-

stream  by  about  O.09D  from the laminar

separation  point without  cavityi2).  However,

calculated  Iaminar  separation  point agrees

with  the cavity  tip positioll. This fact repre-
sents  that fiow configuration  is changed  and

laminar separation  point is moved  due to the

occurrence  of  cavity.  Moreover, these results

show  that the prcssure on  cavity  agrees  nearly

with  the  vapour  pressure of  water,  i.e. C)==:
-(r,

 and  there is a  region  upstream  of  the

cavity  tip where  the pressure on  body surface

is loweT than the vapeur  pressure of  water,

i.e. Cp<-o'.

2.3 Iterative methodi

   As  descrived above,  it ig evident  that the

cavity  tip position coincidcs  with  the laminar

separation  point and  can  be estimated  from the

ca]culation  considering  the change  ef  pres-
sure  djstr{bution due to  the  occurrence  of

cavitation.  The  authors  propose here an

Fig.3 Flow  chart  of  iterative calculation  to fix a

     unique  position of  cavity  tip

iterative scheme  of  calculation  as  shown  in

Fig. 3 where  the cavity  tip is made  to coincide

with  the laminar separation  point calculated

from the surface  velocity  distribution derived
fi:om Furuya's method.  In this way,  cavity

tip position, cavitation  number,  cavity  sltape,

pressure distribution, etc.  are  defined uniquely

for a certain cavity  end  pesition.
2.4 Convergence ef  cayity  tlp

   The  authors  investigated the convergence

of  cavity  tip pQsition Xd  in the iterative calcu-

lation for the parabo]ic hydrofoil whese  sec-

tion is defined by y= ± O.'15VxM. The  laminar
separation  point without  cavity, .MsD,  which  is

taken to be the initial value  of  Mx, can  not  be
obtained  from calculation  for this hydrofbil
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Fig. 4

sinceobtained

 by potential fiow calculation.  There-

fore, the authors  investigated the convergence

fbr three  initial values  of  Xl,, being taken to

be O.08, O,5 and  1,O, and  two  angles  of  at-

tack ct, being taken to be 20 and  40, respec-

tively. As  an  example  the result  with  ct==40

and  cavity  and  position t=10.0 is shown  in
Fig. 4. AIthough many  iterations are  required

fbr some  initial values  to eonverge,  all final

values  are  nearly  constant.  In the case  of  ct=-

20, all initial values  converged  to the trailing

edge  of  the hydrofoil, i.e. Xke==1.0, and  con-

vergence  was  obtained  after  only  four or  five
iterations at  the most.  The  laminar separa-

tion point was  computed  by Thwaites' method,

using  the empirical  constallts as  modified  by

Curle and  Skani3).

3. Inyestigation on  svail effects

   EfTects of  tunnel wail  play an  important
role  when  supercavitation  experiments  are

conducted  in cavitation  tunnel. In this paper
the wall  eflects are  estimated  quantitatively,
based on  the linearized singularity  method

proposed by  Nishiyama9'. An  outline  of  this

method  is given below.

   (l) The  x-axis  is taken to be parallel to
unifbrm  fiow U} the origin  being at  the lead-
ing edge  of  the hydrofoil where  cavity  gener-
ates, as  shown  in Fig, 5. The  perturbation
fiow field is obtained  in terms  of  the  vortex

 Go Angle  of  Attaek  ct#4'

    xa=O.OsB]  eav ±ty  End  g;                       10.0

,. so K
 4o Xft=O.056Z

s;z 
Xx<ll

 lo xa=o.os7s

 OoD,os  O.5  LO

        cav ±ty  tl'p xa

 Convergence  of cavity  tip on  parabolic hy-
 drofoil

actual  velocity  distribution can  not  be

                    
Caiity

                               Zx

                        CaVltY

                    m(x)

Fig, 5 Coordinate system  fbr Nishiyama's rnethod
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Fig. 6 ,Coordinate system  of  point source  or  point
      vortex  in the middle  of  channel

distribution 7(x) (which is positive in clock-

wise  direction) and  the source  distribution
m(x)  on  x-axis  representing  the cavity  and  hy-
drofoil.

   (2) Introducing Iinearized constant  pres-
sure  condition  en  cavity  and  tangential  fiow
condition  on  wetted  portion of  hydrofoil,
integral equations  fbr 7  and  m  are  obtained.

   (3) Considering the  nature  of  convergence

and  that of  the singularities due to lineariza-
tion, the  singularity  distribution 7  and  m  are

expressed  in series  form.

   (4) Introducing cavity  closure  condition

and  satisfying  the boundary conditions  at

some  control  points on  x-axis,  linear equations
for coeMcients  of  7  and  m  are  obtained  from
the integral equations.

   At  first let the case  where  a  point source  g
or  a  point vortex  K  is situated  at the orig{n

y

'
9

H12H!2

g'q

---"-m"---q.
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between two  parallel walls  at  y=-=-fi-H12, H

being the distance between the upper  and

lower walls,  as  shown  in Fig. 6, be considered.

   Introducing the  complex  variabie

             z==x+iy  (4)

and  the complex  velocity

             w=tt-iv  (5)
'the

 complex  velocity  at  point z  due to the

point source  e or  the point vortex  K  is ob-

tained respectively  as  ,

   wa=  uq-ivQ=  2qff 
coth(ZJz)  (6)

    }v.=u.-iv...-K  
1
 r (7)

                 
2iH

 sklh(-ISrz)

by  replacing  the walls  by infinite row  of

images at y== ±, Hl :L2fl', ± 3H,  . . .i"'. There-

fore, velocity  induced only  by the  images of

source  e or  vortex  K  is obtained  by subtracting

g!2fiz and  
-Kf2ffii

 fi;om eqs. (6) and  (7) re-

spectivety.  Based on  these two  equations,  the

velocity  indueed  by  source  and  vortex  dis-

tribution on  x-axis  is obtained  and  substituted

in equations  for the boundary conditions  to

obtain  a  new  set of  simultaneous  linear equa-

tions.

   Fig. 7 shows  the relation  between crA!ff

and  ffll where  cr",  cr, H  and  l are  cavitation

number  with  and  without  wall,  distance be-

tween  the upper  and  lower walls  and  cavity

end  position respectively,  The  solid  line

denotes the resuits  for the  parabolic hydrofoil

ancl the  ehain  dotted line that for the flat plate.
Each Iine is independent of  angle  of  attack.

From  the plot it can  be said  that cavitatlon

number  in ptesence of  wall  is larger for the

same  I or, in other  words,  l in presence of  wall

is Iarger for the  same  cavitation  number,  and

the wall  edect  increases sharply  as Wl  be-

come  shorter  and  shorter.  Fig. 7 also  shows

the result  of  partiariy cavitating  case  calcu-

       U

･!･･Ei 
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    Fig, 7 Wall efiect  en  cavitation  number
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Fig. 8 Wall efibct on  pressure distribution of  para-

     bolic hydrofoil

lated ;.n a  si･rnilar maiineri4'.  This curvc  shows

result  similar  to that of  the supercavitating

case, but the  abscissa  in this case  is not  Hll

but  HIC  (C is the  chord  length of  the  hydro-

foil).

   Fig. 8 shows  pressure distribution on  the

parabolic hydrofoil in presence of  wali  (evl==
1.5) and  in absence  of  it for the case  of  l=2.0

and  sc=40.  In presence of  wall  the pressure is

lower in general but the lift is slightly  larger.

   As  far as  cavity  shape  is concerned,  if the

cavity  ends  are  same,  the eflbct  of  wall  on

cavity  shape  is so  small  that it is diMcult to
illustrate these efTects  through  graphical plot.
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Fig. 9 Variation of  cavity  end  with  cavitation  num-
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4. Comparison betweeil experimeRtal  Rnd  cal-

   culated  resu!ts

   In Qrder  to verify  the calculation  method

proposed in section  2, experiments  were  per-

formed for the parabolic hydrofoil. Cavity

tip and  end  position, cavity  shape  and  surface

pressure distribution in cavitating  condition

were  rneasured.  The experiments  were  per-
formed at  the high speed  cavitation  tunnel of

the  Department  of  Naval  Architecture, Uni-

versity  of  Tokyo. The  test section  was  120

mm  in height and  25 mm  in width.  The  chord

Iength and  span  width  of  the  model  foil were

40 mm  and  25 mm  respectively.  Experiments

are  performed at  a  unifbrm  yelocity  of  25 mls

and  for angles  of  attack  of  20 and  40.

   Fig. 9 shows  the variation  of  the reciprocal

of  cavity  end  position (l!i) with  cavitation

number.  These experimental  values  were

modified  using  the solid curve  in Fig. 7. The

experimental  value  of  cavity  end  position is

the mean  value  of  abQut  35 photographs
taken at  the  same  condition,  The  calculated

results of  Nishiyama's  method  are  also  shown

in Fig. 9, and  the results  of  the present method

agree  well  with  the experimental  ones,

   Fig, 10 shows  the variation  of  cavity  tip

position IYI, with  l!l, the angle  of  attack  being

40. Regai"ding cavity  tip position also,  the

    L
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  Fig. 10 Varlation of  cavity  tip with  cavity  end

calculated  result  agrees  well  with  the experi-

mental  results.  With ct==20,  both experimental

and  calculated  results  sho",ed  iYd=1,  i.e. the

cavity  generated from the trailing edge.

   Fig. 11 shows  the comparison  of  cavity

shapes.  In figures No. 1 through  4, the  cavity

end  position for calculation  is taken to be

same  as  that obtained  from  the experiment

marked  by the  same  No. in Fi.v. 9, and  in

figure No. 5 it is assumed  to  be equal  to 3.5eO
 + - --
smce  the experimental  ca,vrty  end  position
existed  downstream of  the observation  window.

The  calculated  results  of  Nishiyama's  method

are  also  shown  in No. 2 and  4, where  a,  is

cavitation  number  of  experirnent  corrected

fbr wail  effects,  crt is cavitation  number  of  the

present mcthod,  and  cre is that of  Nishiyama's

method.  Although from Nishiyama's method

the cavity  shapes  are  estimated  to be thicker

than  those observed,  the calculated  cavity

shapes  o/f tke present method  agree  well  with

the experimenta]  ones  exc)ept in the neigh-

borhood of  cavity  end.  ]V[oreover, in com-

parisen of  Nishiyama's method  cavitation

number  as  calculated  by the present method  is

closer  to that of  experiment,  as  is evident  from

Fig. 9.

   Fig. 12 shows  the comparison  of  pressure
distribution at  experiment  points of  No. 1

and  4 in Fi.cr, 9 and  No. 5 in Fig, l1. Similar

NII-Electronic  



The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNavalArchitects  ofJapan

58 Hajime  YAMAGucHI  and  Hiroharu KATo

   o.

   y

   o

   -Oa4
     O O.]  1,O 1.5'  2.0  2.s

                                s

              No.I  a=2"  , £ =l,E07
                 vo=O.712  , ct=O.194

   e,4

   y

   o

   -O.4
     O O.S LO  1.5  2.0 2.5
                               n

              No,2  ar-20  .  E!2.l27

                 
Oe=O･413

 i 
at=O.43S

 , gg ±C.3aO

   e.4

  y

   a

  .O.4
     O O.5  1.0  1.S 2.0  2.5

                               s

             r,'o.3 a=4"  . 2=1.EIO
                 

tie=O.Ggn
 , oL=O.731

   O,4

  y

   o

  
-O.4

     O O.S  1.0  l.S  2.0  Z.5

                               x

             Ne.4  a=4"  , t=2.24S

                 
tie=O-4SS

 , 
vL.O.451

 , 
ti".o.424

   O.4

  v

   o

  -O.4
     O O.S  1.0 L5  2.0 2.S

                               x

             }lo.l u;4"  . n=3.soD

      Fig, 11 Comparisen  of cavity  shapes

to Fig. 2, the exper.imental  values  are  shown  in

pressure coeMcient  Ck, values  which  are calcu-

lated from the surface  velocity  distribution

measured  by Laser Doppler  Velocimeter. Al-

though  direct comparison  between the calcu-

lated and  experimental  results  cannot  be made

 because of  considerable  wall  effectg on  pressure

 distribution as  mentioned  before, both seem

 to be in good agreement  over  a  relatively  wide

 region.  It is also  confirmed  that similar  to the

 case  of  axisymmetric  body, there are  tegions

 upstream  of  the cavity  tip where  the pressurc

 is lower than the vapour  pressure.

 5. Concludingremarks

   A  new  computation  scheme  fbr a super-

 cavitating  hydrofoil with  rounded  nose  where

 cavity  does not  generate from the leading edge

 of  the hydrofbil is proposed, combining

 Furuya's method  and  calculation  of  laminar

 separation  point.

   In order  to  verify  the proposed  method,

cavity  tip and  end  position, cavity  shape  and

 surface  pressure distribution for the hydrofbil
with  parabolic section  were  measured.  The

calculated  results  are  fbund to be in good

agreement  with  the experimental  ones  corrected

fbr wall  e.ffects. It is clear  from this that when

a  sheet  type cavitation  around  a  hydrofoil

with  large leading edge  radius  is considered,

the fact that  cavity  tip does not  coincide  with

the leading edge  of  the hydrofoil should  be

taken into account.  Although only  a  super-

cavitating  case  has been  treated in this paper,
it is also  possible to apply  Furuya's method  to

a  partially cavitating  caset4'.  With minor

adjustments  of  problems  in numerical  calcula-

tion, the present proposed method  can  also  be

applied  to a  partially cavitating  flow.

   Furthermore, in order  to  investigate the

relation  between cavity  tip and  Iaminar sepa-

ration  point, the pressure distribution on  a

axisymmetric  body in cavitating  condition

werc  measured,  and  the foIIowing conciusions

were  obtained.

   (1) The  laminar separation  point calcu-

lated from the measured  pressure distribution

is very  close to the cavity  tip position.

   (2) Regiens with  pressure below vapour

pressurc exist upstream  of  the eavity  tip
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   (3) The  cavity  tip position and  the laminar

separation  point in cavitating  condition  is

ditferent from the laminar separation  point in

non-cavitating  condition.

   (4) The  pressure within  the  cavity  is yery

elose  te the vapour  pressure of  water.  .

   Moreover, in order  to estimate  the wall

effects  quantitatively, the calculation  based

on  Nishiyama's mcthod  was  performed, con-

sidering  thc mirror  image effect due  to  the

walls,  the results  of  which  are  summarized  as

fo11ows.

   (1) The  cavity  in presence of  wa!ls  is

longer at  the same  cavitation  number  than  the

one  in absence  of  these, but it can  be converted

into the one  in absence  of  walls  by the pro-

posed method,

   (2) Cavity shapes  are not  affected  by  walls

if cavity  ends  are  same.  On  the other  hand,

in presence of  walls  pressure distributions get

modified  and  the lift is increased.

   In the end,  the authors  would  like to thank

the staff  of  high speed  hydrodynamic laborato-

ry, Departrnent of  Naval Architecture, Uni-

versity of  Tokyo  in conducting  thc experi-

ments.  Especially the authors  express  their

gratitude to M.  Maeda  fbr his helpfu1 adyice.
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