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MPERIMETITAL INVEST1 GAT1 ONS OF THE INCEPT1 OI'! OF 
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B.A.Khalifa , Sdx5hM.A. Sclim and R.A.EL-maf 

The e f f e c t s  of f l o w  v e l o c i t y  and  t h e  s i z e  o f  t h e  

c a v i t a t i o n  s o u r c e  on t h e  i n c e p t i o n  and d e s i n e n t  

c a v i t a t i o n  numbers were i n v e s t i g a t e d  e x p e r i m e n t a l l y .  To 

t h i s  end ,  v i s u a l  o b s e r v a t i o n s  of i n c e p t i o n  a n d  d e s i n e n t  

of c a v i t a t i o n  on seven 6 0 '  symmetric wedges were  made w i t h  

t h e  h e l p  of s t r o p o s c o p i c  l i g h t i n g  th rough  t h e  p r e s p e x  s i d e  

o f  t h e  t u n n e l  working s e c t i o n .  The e x p e r i m e n t s  were  cond- 

u c t e d  i n  a  c l o s e d  c i r c u i t  w a t e r  t u n n e l  a t  t h e  F a c u l t y  o f  

Engineer ing  and  Technology Menoufia U n i v e r s i t y ,  i n  which 

t h e  v e l o c i t y  and t h e  p r e s s u r e  can  be v a r i e d  i n d e p e n d e n t l y .  

The r e s u l t s  i n d i c a t e d  t h a t  t h e r e  was n o  s i g n i f i c a n t  

d i f f e r e n c e s  between i n c e p t i o n  and d e s i n e n t  c a v i t a t i o n  

numbers measurements.  During t h e  t e s t s  it was observed  

t h a t  one form o f  c a v i t a t i o n  i n c e p t i o n  was found t o  o c c u r .  

T h i s  form w a s  t r a v e l l i n g  b u b b l e s  c a v i t a t i o n .  

The i n v e s t i g a t i o n  f o r  a l l  t h e  seven 60' symmetric 

wedges showed t h a t  t h e  i n c e p t i o n  c a v i t a t i o n  number 

i n c r e a s e d  a s  t h e  ups t ream v e l o c i t y  d e c r e a s e d  and  a s  t h e  

s i z e  of t h e  wedge i n c r e a s e d .  
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S i n c e  E u l e r  f i r s t  r e c o g n i z e d  t h e  p o s s i b i l i t y  o f  

c a v i t a t i o n  i n  1754 ,  v a s t  numbers of p a p e r s  c o n c e r n i n g  

cavitation have been p u b l i s h e d ,  and  i t s  harmfu l  e f f e c t s  

a r e  s t i l l  s e e n .  C a v i t a t i o n  nonna ly  o c c u r s  whenever t h e  

p r e s s u r e  a t  a p o i n t  i n  a  l i q u i d  i s  reduced  bclow i t s  

vapour  p r e s s u r e  a t  t h e  c o r r e s p o n d i n g  f l u i d  t e m p e r a t u r e  

and  it i s  assumed t h a t  c a v i t a t i o n  b u b b l e s  o r i g i n a t e  a s  

m i c r o s c o p i c  b u b b l e  n u c l e i ,  which a r e  w i d e l y  supposed t o  

e x i s t  i n  a l l  l i q u i d s .  I n t i a t i o n  o f  b u b b l e s  i n  t h i s  manner 

i n  t h e  liq1:ld i s  u s u a l l y  d e f i n e d  by t h e  t e r m  i n c e p t i o n .  

A s  i s  w e l l  k n o w ,  t h e  p r i n c i p a l  e f f e c t s  of c a v i t a t i o n  

i n  hydrodynamic s y s t e m s  a r e  e r o s i o n  t o  a l l  m a t e r i a l s ,  l o s s  

o f  p e r f ~ r m a n c c ~ c h a n g e  i n  f l o w  p a t t e r n ,  and  v i b r a t i o n  and 

n o i s e .  Damage t o  d i e s e l  e n g i n e  wet  c y l i n d e r - l i n e r s  i s  a  

r e l a t i v e l y  new problem c a u s e d  p r i m a r i l y  by v i b r a t i o n  [ I ] .  

A t  p r e s e n t  it i s  i m p o s s i b l e  t o  f i n d  t h e  i n c i p i e n t  o f  

c a v i t a t i o n  i n  hydrodynamic sys tems  by t h e o r e t i c a l  c a l c u l a t i o n .  

Moreover,  t h e  d e s g i n e r  o f t e n  l a c k s  s p e c i f i c  i n f o r m a t i o n  on 

how d e s i g n  changes  w i l l  a f f e c t  c a v i t a t i o n  b e h a v i o r  o f  h i s  

machine o r  s t r u c t u r e .  I n c r e a s i n g  s i z e ,  v e l o c i t y  a n d / o r  

power l o a d i n g  h a s  on many o c c a s i o n s ,  r e s u l t e d  i n  unexpec ted  

c a v i t a t i o n  problems.  T h i s  i s  b e c a u s e  t h e r e  i s  i n s u f f i c i e n t  

i n f o r m a t i o n  a b o u t  i n c e p t i o n  and  t h e  f a c t o r s  c o n t r o l l i n g  

c a v i t a t i o n  a v a i l a b l e  a t  p r e s e n t  t o  h e l p  t h e  h y d r a u l i c  machine 

d e s i g n e r .  T h e r e f o r e ,  t h e  model t e s t  becomes v e r y  i m p o r t a n t  

t o  p r e d i c t  t h e  c a v i t a t i o n  b e h a v i o r  i n  p r o t o t y p e  and h a s  

s u p p l i e d  t h e  d e s i n g e r  w i t h  u s e f u l  recommendations which l e d  

t o  a  b e t t e r  d e s i g n .  

Because of t h i s  s i t u a t i o n  t h e  p r e s e n t  i n v e s t i y a t i o n  i s  

i n t e n d e d  t o  s t u d y  t h e  e f f e c t - o f  a l t e r i n g  t h e  f l o w  v e l x i t y  and  



of t h e  s i z e  of  t h e  c a v i t a t i o n  s o u r c e  upon t h e  inception of  

c a v i t a t i o n .  

EXPERIMENTAL P!?OGfWfiE 
% p a r a t u s  and C a v i t a t i o n  Source :  

Exper iments  were  c a r r i e d  o u t  i n  c a v i t a t i o n  r e s e a r c h  

w a t e r  t u n n e l  a t  F a c u l t y  of E n g i n e e r i n g  and Technology,  

Menoufia U n i v e r s i t y ,  a  d iagram of  which i s  shown i n  F i c j , l .  

w i t h  a  1is.t of t h e  major  component and t h e  a c t u a l  p h y s i c a l  

detai1.s  a p p e a r  i n  F i g . 2 .  A f u l l  d e s c r i p t i o n  and d e s i g n  o f  

t h i s  t u n n e l  a r e  g i v e n  i n  El-Danaf [21.  The c a v i t a t i o n  t u n n e l  

consi ! : t s  of  a  c l o s e d  w a t e r  c i r c u i t  d r i v e n  b y  a  4 4  KW c e n t r i -  

f u g a l  pump w i t h  a  working s e c t i o n  of  40 x 20 mm c r o s s  section. 

The f r o n t  of t h e  t e s t  s e c t i o n  i s  b u i l t  w i t h  a  t r a n s p a r e n t  

p r e s p e x  c o v e r  t o  p e r m i t  v i s u a l  s t u d y .  The t o t a l  l e n g t h  of t h e  

t e s t  s e c t i o n ,  o v e r  which t h e  f l o w  c a n  b e  viewed i s  a b o u t  4 0 0 m n  

The r i g  p r e s s u r e  c o u l d  b e  v a r i e d  i n d e p e n d e n t l y  by a n  a i r  

v e s s e l  c o n t r o l l e r  o v e r  a r a n g e  of 0-8 b a r .  F l o w r a t e  t h r o u y h  

t h e  t e s t  s e c t i o n  was v a r i e d  by b y p a s s  c o n t r o l  t o  g i v e  up- 

s t r e a m  v e l o c i t i e s  r a n g i ~ l g  from 7-24  m / s .  The a v e r a g e  temper- 

a t u r e  of t h e  tes t  w a t e r  was k e p t  w i t h i n  33 f 4 " C  by c o o l i n g  

c o i l s  which were f i t t e d  i n  t h e  down-stream t a n k  and were  

s u p p l i e d  by w a t e r  f rom a  l a b o r a t o r y  t a p .  The v e l o c i t y  i n  t h e  

t es t  s e c t i o n  was measured u s i n g  a c a l i b r a t e  e l e c t r o m a g n e t i c  

f lovnneter .  The s t a t i c  p r e s s u r e  was measured u s i n g  a  p r e s s u r e  

t r a n s d u c e r .  A thermometer  was u s e d  t o  measure  t h e  t e m p e r a t u r e  

of  t h e  w a t e r  i n  t h e  downstream t a n k .  

The i n c e p t i o n  c a v i t a t i o n  number, cir was d e f i n e d  i n  

t e r m s  of  c o n d i t i o n s  i n  t h e  ups t ream as f o l l o w s :  

where P and  U a r e  r e s p e c t i v e l y - t h e  s t a t i c  p r e s s u r e  and f l o w  

v e l o c i t y  a t  t h e  ups t ream of t h e  c a v i t a t i o n  body,  Pv i s  t h e  



vapour  p r e s s u r e  a t  t h e  b u l k  w a t e r  t e m p e r a t u r e .  The p o s s i b l e  

e r r o r s  i n  t h e  i n c e p t i o n  c a v i t a t i o n  number and t h e  f l o w  v e l -  

- m i t y  a r e  a b o u t  + 3% and + 28, r e s p e c t i v e l y .  - - 
The e f f e c t s  o f  v e l o c i t y  and s i z e  were  i n v e s t i g a t e d  f o r  

s e v e n  60' symmetr ic  wedges spann ing  t h e  20 mm d i r e c t i o n  o f  

t h e  t es t  s e c t i o n .  These  wedges were  made o f  copper .  The 

l e n g t h s  of t h e  wedge s i d e  were 12 ,15 ,17 .5 ,19 ,22 ,24 .2  and 

27 mrn w i t h  20  mm h e i g h t .  The 60° symmetr ic  wedge i s  s i m i l a r  

t o  t h e  t y p e  o f  c a v i t a t i o n  o c c u r i n g  i n  t h e  f l o w  p a s t  a  

b u l f  body. The wedges were  p l a c e d  i n  t h e  working s e c t i a n  

i n  two 3 i f f e r e n t  p o s i t i o n s ;  one  w i t h  apex u p s t r e a m  and 

t h e  o t h e r  w i t h  apex downstream a s  shown i n  F ig .3 .  

TESTING PROCEDURE 

C a v i t a t i o n  i n c e p t i o n  and d e s i n e n t  were  d e t e c t e d  

v i s u a l l y  under  t h e  i l l u m i n a t i o n  o f  s t r o b o s c o p i z  l i g h t i n g .  

V i s u a l  o b s e r v a t i o n s  o f  t h e  f l o w  p a s t  t h e  t e s t  body s t a r t e d  

from a n  a r b i t a r y  p r e s s u r e  i n  t h e  t e s t  s e c t i o n  i n  t h e  r a n g e  

o f  0.5-6.5 b a r  (gauge). The bypass  v a l v e  was c l o s e d  g r a d -  

u a l l y  s o  t h a t  t h e  f l o w  v e l o c i t y  i n  t h e  t e s t  s e c t i o n  c o u l d  

i n c r e a s e d  s t e p  by s t e p  u n t i l  i n c e p t i o n  o f  c a v i t a t i o n  

o c c u r r e d .  I n c e p t i o n  r e f e r s  t o  t h e  f i r s t  a p p e a r a n c e  o f  a 

t i n n y  c a v i t a t i o n  zone. The measurements o f  t h e  u p s t r e a ~ n  

p r e s s u r e ,  f low r a t e  and t e m p e r a t u r e  c o r r e s p o n d i n g  t o  t h e  

i n c e p t i o n  c o n d i t i o n  were  n o t e d .  Then t h e  f low v e l o c i t y  

was f u r t h e r  i n c r e a s e d  u n t i l  t h e  c a v i t y  l e n g t h  was a b o u t  

f o u r  t i m e s  t h e  s i z e  o f  t h e  t e s t  body. T h e r e a f t e r ,  f l o w  

v e l o c i t y  was reduced  i n  s t e p s  by o p e n i n g  t h e  b y p a s s  v a l v e  

g r a d u a l l y  u n t i l  t h e  d e s i n e n t  c o n d i t i a n  o c c u r r e d .  D e s i n e n t  

means t h e  d i s a p p e a r a n c e  o f  c a v i t a t i o n .  The f l o w  c o n d i t i o n s  

c o r r e s p o n d i n g  t o  t h e  d e s i n e n t  c o n d i t i o n  were  r e c o r d e d .  

These  v i s u a l  o b s e r v a t i o n s  of i n c e p t i o n  and d e s i n e n t  cond i -  

t i o n s  were r e p e a t e d  f o r  many o t h e r  a r b i t r a r y  p r e s s u r e s  and 

t h e  coresponding  r e a d i n g s  were  d e t e r m i n e d .  The t u n n e l  was 

s topped  and t h e  c a v i t a t i o n  s o u r c e  was t a k e n  o u t  from t h e  



working s e c t i o n  t o  fix a n o t h e r  c a v i t a t i o n  s o u r c e .  

EXPERIMENTAL RESULTS - - - .- - - . 

V i s u a l  o b s e r v a t i o n s  o f  i n c e p t i o n  and  d e s i n e n t  

c o n d i t i o n s  were c a r r i e d  o u t  f o r  seven  6 0 °  symmetric wedges. 

A wide range  of v e l o c i t i e s  was t e s t e d  t o  o b s e r v e  t h e  

e f f e c t  upon t h e  i n c e p t i o n  and  d e s i n e n t  c a v i t a t i o n  numbers.  

T h e  upst ream f l o w  v e l o c i t y  was v a r i e d  from 6 t o  2 2  m / s .  

F i g . 4 .  shows t h e  e x a c t  v a r i a t i o n s  of t h e  i n c e p t i o n  

and d e s i n e n t  cavitation n u n h e r s  w i t h  ups t ream f l o w  v e l o c i t y  

f o r  seven G O o  symmetric wedges w i t h  apex  ups t ream.  IIn general 

t h i s  f l g u r e  i n d i c a t e s  t h a t  t h e  i n c e p t i o n  and d e s l n e n t  

c a v i t a t i o n  numbers d e c r e a s e  w i t h  ups t ream f l o w  v e l o c i t y , f o r  

a l l  t h e  s i z e s .  F i g .  5 i n d i c a t e s  t h e  v a r i a t i o n  o f  t h e  

i n c e p t i o n  and d e s i n e n t  cavit '3.tion numbers w i t h  f l o w  v e l o c i t y  

f o r  tlie wedges w i t h  apex  downstream. T h i s  f i g u r e  i n d i c a t e s  

s i m i l a r  t r e n d s  t o  t h a t  w i t h  apex ups t ream.  

D I S C U S I O N  OF THE RESULTS 

D i f f e r e n c e  ~ e t w e e n  I n c e p t i o n  and D e s i n e n t  C o n d i t i o n s  

The c a v i t a t i o n  numbers c o r r e s p o n d i n g  t o  t h e  i n c e p t i o n  

and d e s i n e n t  c o n d i t i o n s  a r e  d e n o t e d  a s  6'' and  Cd, r e s p e c t -  

i v e l y .  F i g s  4 and 5 i n d i c a t e  t h e  v a r i a t i o n  o f  t h e  d e s i n e n t  

and i n c e p t i o n  c a v i t a t i o n  numbers w i t h  ups t ream f l o w  v e l o c i t y  

f o r  G O 0  symmetric wedges w i t h  apex ups t ream and apex down- 

s t r e a m ,  r e s p e c t i v e l y .  I n  g e n e r a l  t h e s e  f i g u r e s  show n o  

a p p r e c i a b l e  d i y f e r e n c e s  between i n c e p t i o n  and  d e s i n e n t  

c o n d i t i o n s .  The same t r e n d  was r e p o r t e d  by Chandrasekhore  

and Syamala Rao [ 3 ]  and  Hamilton e t  a 1  [ 6 ]  n o t e d  a  s l i g h t  

d i f f e r e n c e s  between d e s i n e n t  and i n c e p t i o n  c a v i t a t i o n  numbers 

w i t h  d e c r e a s i n g  f l o w  vclocj . ty .  B i l l e t  e t  a1 17: found that 



t h i s  d i f f e r e n c e s  i n c r e a s e s  a s  v e l o c i t y  and model s i z e  

dec rease ;  a l s o  i n  t h e  same t r e n d  [ 8 1 ,  [ 9 1  and [ l o ] .  

Williams [ l o ]  r e p o r t e d  t h a t  t h e  h y s t e r e s i s  e f f e c t  i s  due 

t o  t h e  change i n  n u c l e i  c o n t e n t  between d e s i n e n t  and 

i n c e p t i o n ,  though t o t a l  a i r  c o n t e n t  remains c o n s t a n t .  

Knapp [ D l  s t a t e d  t h a t ,  h y s t e r e s i s  can  he  c o n s i d e r a b l y  

i nc reased  by lower ing  t h e  a i r  c o n t a t .  

It  i s  b e l i e v e d  t h a t  i n  t h e  p r e s e n t  i n v e s t i g ~ t i o n  

because t h e  v e l o c i t y  i s  h igh ,  no z p p r e c i a b l e  d i f f e r e n c e  i s  

e v i d e n t  between d e s i n e n t  and i n c e p t i o n  c o n d i t i o n s .  

Observed Forms of I n c i p i e n t  C a v i t a t i o n  

Visua l  obse rva t ion  of c a v i t a t i o n  i n c e p t i o n  occur ing  

by 60° symmetric wedge showed t h a t  t h e  p h y s i c a l  appearance 

of c a v i t a t i o n  a t  i n c e p t i o n  was i n  t h e  form of a  t r a v e l l i n g  

bubbles  c a v i t a t i o n .  Cons iderab le  problems were encountered  

t o  ach ieve  c l e a r  photographs f o r  i n c e p t i o n  c o n d i t i o n ,  b u t  

F ig .  6  shows two photographs ob t a ined  a t  d i f f e r e n t  velocities. 

In  a l l  c a s e s  bubbles  c a v i t a t i o n  occur red  w i t h i n  t h e  

s h e a r  l a y e r s  of t h e  water  somewhat downstream of t h e  base  

c o r n e r s  of  t h e  body. ( s e e  F i g . 6 ) .  These bubbles  had a  

milky appearance w i t h i n  t h e  s h e a r  zone i n  t h e  c e n t r e  of 

f i n i t e  v o r t i c e s .  The number of bubbles  was observed t o  

i n c r e a s e  w i t h  an i n c r e a s e  i n  t h e  wedge s i z e .  Moreover, no 

bubbles  were observed i n  a  deadwater r e g i o n  behind t h e  

wedge. The same type  of c a v i t a t i o n  was observed by Hol l  and 

Cor;ol[l l]  on a  hemispher ica l  nose body, Kermeen and pa rk in  

[12] on a  d i s k ,  Araker i  and Ramarajan [13] on a backward 

f a c i n g  s t e p  and Meulen ( 1 4 1  on NACA 16-012 h y d r o f o i l .  

In  t h e  p r e s e n t  experiments  f o r  t h e  12 and 1 5  nun 60' 

symmetric wedges w i th  apex downstream, it was observed t h a t  



t h e  appearance of c a v i t a t i o n  bubbles  was q u i t e  c l o s e  t o  

t h e  s u r f a c e  of t h e  wege s l i g h t l y  downstream of t h e  s h a r p  

c o r n e r s .  For l a r g e  s i z e s  t h e  appearance  of  c a v i t a t i o n  

was s t i l l  i n t h e  form of bubbles  b u t  t h e y  appeared i n  t h e  

f r e e  s h e a r  l a y e r  away from t h e  s o l i d  s u r f a c e s  of t h e  wedge. 

Arake r i  and Romarajan 1131 observed t h e  same t r e n d s  f o r  

backward f a c i n g  s t e p .  

E f f e c t s  of Flow Ve loc i ty  

The v a r i a t i o n  of i n c e p t i o n  c a v i t a t i o n  number w i th  

v e l o c i t y  f o r  60" symmetric wedges i s  shown i n  f i g u r e s  4 

and 5 w i th  apex upstream and w i t h  apex downstream, r e s p e c t -  

i v e l y .  These f i g u r e s  i n d i c a t e  t h a t  t h e  i n c e p t i o n  c a v i t a t i o n  

number d e c r e a s e s  wi th  an i n c r e a s e  i n  t h e  upstream f low 

v e l o c i t y .  The same t r e n d  was r e p o r t e d  by Kodma [16] u s i n g  

axisymmetr ic  bod ie s  i n  t h e  v e l o c i t y  ranged from 6  t o  15  m/a, 

and by B i l l e t  and Hol l  [I71 on t h e  p r e s s u r e  s u r f a c e  of 38.1 

k n  Joukowski h y d r o f o i l .  However t hey  found t h a t  c a v i t a t i o n  

i n c e p t i o n  number i n c r e a s e s  w i t h  i n c r e a s i n g  v e l o c i t y  on t h e  

s u c t i o n  s u r f a c e  of t h e  same h y d r o f o i l  which i s  somewhat 

c o n t r a r y  t o  t h e  t r e n d  r e p o r t e d  h e r e i n .  Hol l  and C a r r o l l  [ I l l  
i n d i c a t e d  t h a t  i n c e p t i o n  c a v i t a t i o n  number t e n d s  t o  d e c r e a s e  

w i th  v e l o c i t y  u s i n g  Hemispherical ;  Schiebe  and DTNSRDC n o s e s  

i n  t h e  v e l o c i t y  range  of 6 .1  t o  1 5 . 2  m / s .  T h i s  t r e n d  i s  

confirmed by Meulen [14] u s i n g  Schiebe nose  body. 

Flow v e l o c i t y  a f f e c t s  b o t h  t h e  l o c a l  p r e s s u r e  difference 

gene ra t ed  by v o r t i c e s  and t h e  s t r e n g t h  and number of vortices 

gene ra t ed  i n  t h e  s h e a r  l a y e r  of t h e  f low.  Also t h e  f low 

v e l o c i t y  a f f e c t s  t h e  l e v e l  of t u r b u l e n c e .  The i n c e p t i o n  of 

c a v i t a t i o n  i n  t h e  s h e a r  l a y e r  i s  a r e s u l t  of t h e  l o c a l  under  

p r e s s u r e  e x i s t i n g  i n  sma l l  t u r b u l e n t  v o r t i c e s  c r c a t e d  by t h e  

high-shear  r eg ion  around t h e  submerged g e t  d i s c h a r g i n g  from 

sharp-edged of t h e  wedge. 



With i n c r e i s i n g  v e l o c i t y ,  t h e  f low f i e l d  behind t h e  

wedge w i l l  b e  v a r i e d ,  a s  t h e  wake r eg ion  reduced.  I n  

sequance t h e  m i c r o v o r t i c e s  which shedding i n t o  t h e  wake, 

w i l l  d iminshing acco rd ing  t o  t u r b u l e n t  p r e s s u r e  f l ~ t u a t i a . 1  

i n  f r e e  s h e a r  l a y e r ,  t h e s  m i c r o v o r t i c e s  when l i e  i n  t h e  

r eg ion  of minimum p r e s s u r e  ( c r i t i c a l  p r e s s u r e )  should be  

growth. Thus t h e  n u c l e i  s i z e  d i s t r i b u t i o n  and t h e i r  

response  a f f e c t e d  by t h e  uns teady  p r e s s u r e .  Negat ive 

p r e s s u r e  peaks t h a t  iilduce c a v i t a t i o n  should have a  

s t a t i c a l  occur rence  t h a t  i s  r e l a t i v e l y  h i g h ,  and a  d u r a t i o n  

t h a t  i s  comparable t o  t h e  n a t u r a l  p e r i o d  of t h e  n u c l e i  f o r  

cav iLa t ion  t o  occur  a t  a  l o c a l  p r e s s u r e  approaching t h e  

vapour p r e s s u r e .  I f  a l l  t h e  energy i n  t h e  p r e s s u r e  f i e l d  

has  a frequency c o n t e n t  much h i g h e r  than  t h e  n a t u r a l  f r equ -  

ency of. t h e  n u c l e i ,  t h e r e  would b e  a lower ing  of i n c e p t i o n  

c a v i t a t i o n  number. 

Separa ted  f lows  have very  long  t i m e  of exposure  of 

bubbles  t o  under p r e s s u r e  and tend  t o  e n t r a i n  n u c l e i  w i t h i n  

t h e i r  low p r e s s u r e  c o r e  where gaseous c a v i t a t i o n  occu r .  

Typ ica l ly  t h e  i n c e p t i o n  c a v i t a t i o n  number may be  w r i t t e n  i n  

t h e  form [ I s ] .  

where Pg = B Kd. and 6 , B and K a r e  t h e  d i s s o l v e d  g a s  

c o n t e n t ;  Henery 's  law c o n s t a n t  and an empr ica l  ad jus tment  

f a c t o r ,  r e s p e c t i v e l y .  The p rev ious  e q u a t i o n  p r e d i c t s  t h a t  

i n c e p t i o n  c a v i t a t i o n  nuinber i s  monotonica l ly  d e c r e a s i n g  

f u n c t i o n  of v e l o c i t y  f o r  c o n s t a n t  v a l u e s  of P g  and Cpm. 

Also t h e  equa t ion  p r e d i c t s  e x c e s s i v e l y  l a r g e  va lue  of 

i n c e p t i o n  c a v i t a t i o n  number a t  l o w  v e l o c i t i e s .  



E f f e c t s  of S i z e  and Wedge P o s i t i o n  

S i z e  s c a l e  i s  of < n t e r e s t  f o r  s c a l i n g  from models t o  

p ro to type  a s  w e l l  a s  i n  unders tanding  t h e  photo type  a s  

w e l l  a s  i n  unders tanding  t h e  phonomenon of  c a v i t a t i o n  

i n c e p t i o n .  

F igure  7 and 8 show t h e  v a r i a t i o n  of i n c e p t i o n  

c a v i t a t i o n  number w i t h  t h e  t u n n e l  b lockage  r a t i o  o r  body 

s i z e  a t  d i f f e r e n t  f low v e l o c i t i e s  f o r  60° symmetric wedges 
wi th  apex upstream and wieh apex downstream, r e s p e c t i v e l y .  

The g e n e r a l  t r e n d  of t h e s e  f i g u r e s  i s  t h a t  t h e  i n c e p t i o n  

c a v i t a t i o n  number i n c r e a s e s  cons ide rab ly  w i th  i n c r e a s i n g  

t h e  blockage r a t i o  up t o  0 .3 ,  i n c r e a s e s  a t  a low r a t e  up 

t o  0 . 6  w i t h  apex upstream and 0.5 w i t h  apex downstream and 

then  i n c r e a s e s  r a p i d l y .  However, t h e s e  f i g u r e s  show t h a t  

f o r  lower v a l u e s  of blockage r a t i o  some s c a t t e r  i n  t h e  

r e s u l t s  was observed and may a t t r i b u t e d  to  non-geometric 

s i m i l a r i t y  due t o  machining e r r o r s  and d i f f e r e n c e s  i n  

s u r f a c e  f i n i s h .  The same t r e n d  of i n c r e a s i n g  i n c e p t i o n  
h 

c a v i t a t i o n  number w i th  s i z e  shown by F i g s .  7  and 8 was 

r epo r t ed  by [ 3 ] ,  [ 12 ] , [17 ]  and [181. However, Kermeen e t  a 1  

[12] r e p o r t e d  t h a t  t h e  i n c e p t i o n  c a v i t a t i o n  number dec reases  

w i th  i n c r e a s i n g  t h e  s i z e  of Joukowski h y d r o f o i l s ,  t h i s  t r e n d  

i s  somewhat c o n t r a r y  t o  t h e  t r e n d  r e p o r t e d  h e r e i n .  

The reason  f o r  i n c r e a s i n g  i n c e p t i o n  c a v i t a t i o n  n W e r  

w i th  i n c r e a s i n g  body s i z e  can  be  a t t r i b u t e d  t o  t h e  fo l lowing .  

S ince  an  i n c r e a s e  of body s i z e  w i l l  i n c r e a s e  t h e  minimum 
p r e s s u r e  r eg ion  w i t h i n  t h e  s h e a r  l a y e r  of t h e  wa te r ,  t h e  

expected i n c e p t i o n  c a v i t a t i o r .  number w i l l  b e  g r e a t e r  due t o  

t h e  i n c r e a s e  i n  t h e  t ime a v a i l a b l e  f o r  growth of t h e  nuc lues  

from i t s  i n i t i a l  s i z e  t o  a  macroscopic s i z e .  For a g iven  

upstream f low v e l o c i t y ,  t h e  s t a t i c  p r e s s u r e  a t  t h e  vena 



contractar of the f l m  decreases with increasing t h e  blockage r a t i o  

(blockage r a t i o  i s  t h e  r a t i o  between t h e  body s i z e  ( B )  t o  
t h e  t unne l  width (w)), it i s  obvious t h a t  t h e  i n c e p t i o n  

c a v i t a t i o n  number should  be  i n c r e a s e d  w i t h  s i z e .  Moreover, 

t h e  change i n  body s i z e  may i n f l u e n c e  t h e  spectrum of t h e  

f r e e  s t ream n u c l e i  and t h e  t u r b u l e n t  p r e s sc? -e  f i e l d s .  Arndt 
[19] s t a t e d  t h a t  a s  t h e  s c a l e  of f low i n c r e a s e ,  c a v i t a t i o n  

n u c l e i  a r e  r e l a t i v e l y  more r e spons ive  t o  a wider  range  of 

p r e s s u r e  f l u c t u a t i o n s  and t h a t  l a r g e  d e v i a t i o n s  from t h e  

mean p r e s s u r e  a r e  more probable  w i t h  i n c r e a s i n g  s i z e .  Th i s  

would e s p l a i n  t h e  observed i n c r e a s e s  i n  i n c e p t i o n  c a v i t a t i o n  

number s i t h  p h y s i c a l  s c a l e .  

From f i g u r e  9 it i s  p o s s i b l e  t o  compare t h e  v a l u e  of 

t h e  i n c e p t i o n  c a v i t a t i o n  number produced by wedges w i t h  apex 

upstream and w i t h  apex downskream o p e r a t i n g  a t  t h e  same 

upstream f low v e l o c i t y  and source  s i z e .  A comparison of 

i n c e p t i o n  c a r v i a t i o n  number r e v e a l s  t h a t  t h e  ~qagn i tude  of 

f o r  %.dge w i t 1 1  apex clownstream i s  g r e a t e r  t han  of t h a t  i 
with apex upstream. The  d i f f e r e n c e s  i n  t h e  magnitudes should 

be  a t t r i b u t e d  t o  t h e  v a r i a t i o n  of many f a c t o r s  such a s  t h e  

l e n g t h  of t h e  minimum p r e s s u r e  r e g i o n ,  t h e  magnitude of t h e  

c r i t i c a l  p r e s s u r e  and t h e  t ype  of f low regime. Young and 

Holl  1201 r e p o r t e d  t h a t  t h e  i n c e p t i o n  c a v i t a t i o n  number 

i n c r e a s e s  wi th  an i n c r e a s e  of wedge a n g l e ,  t h i s  t o  some 

e x t e n t  conf i rms  t h e  pr i>sent  t r e n d  f o r  60° symmetric wedges i n  

caseof  apex upstream and apex downstream. 

The impor t an t  c o n c l u s i o n s  which c a n  b e  drawn from t h e  

fo rgo ing  i n v e s t i g a t i o n s  a r e :  

1. There is no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  

i n c e p t i o n  and d e s i n e n t  c a v i t a t i o n  numbers. 

2 .  One t y p e  of c a v i t a t i o n  i n c e p t i o n  was observed on 6 0 "  

symmetric wedge t e s t  bod ie s .  This  t y p e  was a  t r a v e l l i n g  



bubble  c a v i r a t i o n  o c c u r r e d  w i t h  t h e  s h e a r  l a y e r s  o f  t h e  

w a t e r .  

3. The r e s u l t s  showed t h a t  t h e  i n c e p t i o n  c a v i t a t i o n  

number d e c r e a s e d  a s  t h e  f l o w  v e l o c i t y  i n c r e a s e d  and a s  

t h e  s i z e  of t h e  wedge d e c r e a s e d .  
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@ Centrifugal pump 

@ Drdn 
@ Compressed a5.r supply 

@ Test  section 20x40 mm 
@ Electromagnetic n o w  meter 

@ A i r  vent 
@ Cooling c o i l  

8 Upstream ta lk  

A i r  v e s s e l  

@ Contraction nozzle 

@ Diffvaar sec t ion  
@ Dometi?eam t d c  

@ Vlater supply 

@ Bypass l i n e  

Fig. 1: Cavitation research water tunnel l i n e  diagram 

and a liot of  its major  component^ . 



Pig. 21 Qenoral v iew of the water tunnel. 

- 
F L O W  4 - FLOW b - 

Wedge w i t h  apox downetrea. Wedge with npcx upstrean -130m& 

Pooit ion of the wedgo in the t e e t  aec l ioa .  

F i g .  3: D e t a i l s  of  the 60' symmetric wedge t e a t  body m d  

its po~ltion in the teal; section. 
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