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©  Ultrasonic  washing  apparatus. 

©  A  spray  type  ultrasonic  washing  apparatus  in- 
cluding  a  coaxial  nozzle  structure  (1)  which  com- 
prises  inner  and  outer  hollow  conical  frustums  (3,2) 
for  supplying  nondeaerated  washing  liquid  (12)  by 
way  of  the  annular  passage  (7)  delimited  between 
the  frustums  and  supplying  deaerated  washing  liquid 
(11)  by  way  of  the  inner  frustum,  thus  causing  the 
deaerated  washing  liquid  to  be  enclosed  by  non- 

deaerated  washing  liquid  when  spraying  on  a  sur- 
face  to  be  washed,  so  as  to  isolate  the  deaerated 
washing  liquid  from  the  surrounding  atmosphere  and 
thereby  preventing  invasion  of  air  into  the  same. 
This  enables  cavitation  to  be  formed  effectively  in 
the  deaerated  washing  liquid,  thereby  increasing 
washing  efficiency. 
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An  embodiment  of  the  invention  will  now  be 
described  by  way  of  example  and  with  reference  to 
the  accompanying  drawings,  in  which:- 

Fig.  1  is  a  longitudinal  axial  cross-section  of  a 
5  spray  type  ultrasonic  washing  apparatus  accord- 

ing  to  the  invention;  and 
Fig.  2  is  a  cross-section  taken  along  the  line  X- 
X'  in  Fig.  1  . 
As  shown  in  Fig.  1,  a  spray  type  ultrasonic 

w  washing  apparatus  comprises  a  nozzle  assembly  1 
and  a  vibrating  element  9. 

The  nozzle  assembly  1  comprises  an  outer 
nozzle  2  and  an  inner  nozzle  3,  each  in  the  form  of 
a  conical  frustum.  The  inner  nozzle  3  defines  a 

75  passage  8  through  which  deaerated  liquid  is  made 
to  flow  before  being  sprayed.  An  annular  passage 
7,  through  which  nondeaerated  liquid  is  made  to 
flow,  is  formed  between  the  outer  and  inner  noz- 
zles  2  and  3.  The  nozzle  assembly  1  is  tapered 

20  towards  the  nozzle  tip  4. 
The  outer  nozzle  2  is  provided  with  an  inlet  5 

for  nondeaerated  liquid,  whilst  the  inner  nozzle  3  is 
provided  with  an  inlet  6  for  deaerated  liquid.  A 
vibrating  element  9  for  producing  ultrasonic  radi- 

25  ation  has  a  vibrating  piece  10  integrally  connected 
thereto.  The  vibrating  piece  10  is  attached  to  the 
rear  end  of  the  nozzle  assembly  1  . 

A  vessel  16  contains  washing  liquid  in  non- 
deaerated  form.  The  vessel  16  is  connected  to  the 

30  inlet  5  of  the  nozzle  assembly  1  via  a  pump  15a. 
Also,  the  vessel  16  is  connected  to  the  inlet  6  of 
the  nozzle  assembly  1  via  deaerating  means  17 
and  a  pump  15b.  Thus,  nondeaerated  washing  liq- 
uid  12  is  supplied  to  the  inlet  5  of  the  nozzle 

35  assembly  1,  and  deaerated  washing  liquid  11  is 
supplied  to  the  inlet  6.  The  deaerating  means  17 
may  be  constructed  that  the  liquid  may  be  boiled 
and  deaerated. 

Thus  nondeaerated  washing  liquid  12  is  made 
40  to  flow  to  the  nozzle  tip  4  through  the  passage  7, 

whilst  deaerated  washing  liquid  1  1  is  made  to  flow 
to  the  nozzle  tip  4  through  the  passage  8.  As  a 
result,  and  as  shown  in  Fig.  2,  the  deaerated  wash- 
ing  liquid  11  is  encircled  by  nondeaerated  washing 

45  liquid  12,  and  the  deaerated  and  nondeaerated 
washing  liquids  are  sprayed  onto  a  surface  13  to 
be  washed. 

The  temperature  TA  of  the  nondeaerated  wash- 
ing  liquid  is  set  to  be  substantially  higher  than  the 

50  temperature  TB  of  the  deaerated  washing  liquid,  by 
heating  the  nondeaerated  liquid  and  cooling  the 
deaerated  liquid.  Also,  the  flow  rate  VA  of  the 
nondeaerated  washing  liquid  is  set  to  be  substan- 
tially  higher  than  the  flow  rate  VB  of  the  deaerated 

55  washing  liquid. 
At  the  time  of  spraying,  the  vibrating  element  9 

is  connected  to  a  power  supply  18,  thereby  putting 
its  vibrating  piece  10  into  operation.  Thus,  ultra- 

This  invention  relates  to  spray  type  ultrasonic 
washing  apparatus,  and  more  particularly  to  such 
apparatus  using  deaerated  washing  liquid  and  pro- 
vided  with  means  for  keeping  such  liquid  in  good 
deaerated  condition  while  being  sprayed  towards  a 
surface  to  be  washed. 

Ultrasonic  washing  apparatus  is  widely  used  for 
washing  work  surfaces,  deflashing  work  surfaces, 
and  the  like. 

Cavitation  has  hitherto  been  supposed  to  be 
most  easily  formed  in  an  ultrasonically  treated  liq- 
uid  which  is  abundant  in  air  bubbles.  Experiments 
we  have  performed  have  however  revealed  that,  on 
the  contrary,  cavitation  can  be  more  easily  formed 
in  a  deaerated  liquid.  This  is  because  air  bubbles 
in  a  nondeaerated  liquid  absorb  the  energy  of 
cavitation,  thereby  suppressing  the  formation  of 
cavitation.  In  contrast,  when  ultrasonic  radiation  is 
applied  to  a  deaerated  liquid,  a  drastic  pressure 
decrease  will  be  caused  under  certain  conditions, 
and  when  the  pressure  of  the  deaerated  liquid  is 
reduced  below  saturated  vapour  pressure,  the  liq- 
uid  will  be  evaporated  to  form  air  bubbles,  which 
will  rapidly  expand  to  form  cavities.  Then  the  cav- 
ities  will  be  compressed  to  cause  very  high  pres- 
sure,  thereby  expediting  the  formation  of  cavitation. 

For  this  reason  use  is  made  of  deaerated  liquid 
in  ultrasonic  washing,  and  deaerated  liquid  in  which 
cavitation  has  been  formed  is  sprayed  against  a 
surface  to  be  washed. 

This  ultrasonic  washing  has  the  effect  of  reduc- 
ing  the  time  involved  in  washing  surfaces  because, 
as  explained  above,  the  use  of  deaerated  liquid 
permits  effective  formation  of  cavitation.  Use  of 
deaerated  liquid  in  the  form  of  a  spray,  however, 
tends  to  permit  invasion  of  air  into  the  deaerated 
liquid  while  it  is  being  sprayed  towards  the  surface 
to  be  washed.  As  a  consequence  the  liquid  does 
not  remain  deaerated,  and  the  washing  effect  de- 
creases  with  the  resulting  decrease  of  cavitation. 

According  to  the  present  invention  there  is 
provided  spray  type  ultrasonic  washing  apparatus 
in  which  ultrasonic  radiation  is  applied  to  washing 
liquid  to  be  sprayed  on  a  surface  to  be  washed,  so 
as  to  cause  cavitation  in  the  washing  liquid,  the 
apparatus  comprising  a  washing  liquid  nozzle  as- 
sembly  comprising  an  inner  nozzle  defining  a  pas- 
sage  for  deaerated  washing  liquid,  and  an  outer 
nozzle  surrounding  said  inner  nozzle  to  define  an 
annular  passage  for  nondearerated  washing  liquid, 
so  that  nondeaerated  washing  liquid  envelopes  the 
deaerated  washing  liquid  expelled  from  the  nozzle 
in  use,  and  a  vibratory  element  for  applying  ultra- 
sonic  radiation  to  the  deaerated  washing  liquid. 

With  such  an  arrangement  the  deaerated  wash- 
ing  liquid  ejected  from  the  inner  nozzle  will  be 
enclosed  by  nondeaerated  liquid  ejected  from  the 
annular  space  between  the  outer  and  inner  nozzles. 
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surrounding  said  inner  nozzle  to  define  an  an- 
nular  passage  (7)  for  nondearerated  washing 
liquid  (12),  so  that  nondeaerated  washing  liquid 
envelopes  the  deaerated  washing  liquid  ex- 
pelled  from  the  nozzle  in  use,  and  a  vibratory 
element  (9)  for  applying  ultrasonic  radiation  to 
the  deaerated  washing  liquid. 

Apparatus  as  claimed  in  claim  1,  further  com- 
prising  means  for  cooling  said  deaerated  wash- 
ing  liquid  (11),  and  means  for  heating  said 
nondeaerated  washing  liquid  (12),  so  as  to 
cause  said  deaerated  washing  liquid  to  be  at  a 
temperature  substantially  lower  than  that  of 
said  nondeaerated  washing  liquid. 

Apparatus  according  to  claim  1  or  2,  further 
comprising  means  for  causing  the  flow  rate  of 
said  deaerated  washing  liquid  (11)  in  said  pas- 
sage  (8)  to  be  substantially  lower  than  that  of 
said  nondeaerated  washing  liquid  (12)  flowing 
in  said  passage  (7). 

sound  is  radiated  through  the  deaerated  washing 
liquid  11  in  the  inner  passage  8  of  the  nozzle 
assembly  1.  Cavitation  is  formed,  and  the  surface 
13  is  washed  efficiently. 

After  washing  the  surface  13,  the  washing  liq-  5 
uid  is  collected  in  a  vessel  14,  which  is  placed 
below  the  surface  to  be  washed.  In  the  vessel  14, 
deaerated  washing  liquid  and  aerated  washing  liq- 
uid  are  mixed  together,  and  also  air  becomes  2. 
mixed  therewith.  Thus,  nondeaerated  washing  liq-  w 
uid  results,  which  is  then  returned  to  the  vessel  16 
via  a  pump  15c. 

As  described  above,  a  spray  type  ultrasonic 
washing  apparatus  according  to  the  present  inven- 
tion  uses  a  coaxial  nozzle  structure  1  which  is  75 
composed  of  inner  and  outer  hollow  conical 
frustums  3  and  2.  These  frustums  are  arranged  to  3. 
have  nondeaerated  washing  liquid  supplied  to  the 
annular  passage  formed  between  the  outer  and 
inner  frustums,  and  deaerated  washing  liquid  sup-  20 
plied  to  the  inner  hollow  frustum,  thus  causing  the 
deaerated  washing  liquid  to  be  enclosed  by  non- 
deaerated  washing  liquid  in  being  sprayed  against 
a  surface  to  be  washed,  and  thereby  isolating  the 
deaerated  washing  liquid  from  the  surrounding  at-  25 
mosphere  to  prevent  invasion  of  air  into  the 
deaerated  washing  liquid  on  its  way  to  the  surface. 
Thus,  cavitation  can  be  formed  effectively  in  the 
deaerated  washing  liquid,  and  washing  can  be  per- 
formed  with  increased  efficiency.  30 

As  mentioned  above,  the  temperature  of  the 
nondeaerated  washing  liquid  is  set  to  be  higher 
than  that  of  the  deaerated  washing  liquid.  This 
temperature  difference  provides  a  further  barrier 
against  invasion  of  air  from  the  surrounding  non-  35 
deaerated  washing  liquid  into  the  deaerated  wash- 
ing  liquid,  even  if  air  enters  the  enclosing  non- 
deaerated  washing  liquid  from  the  surrounding  at- 
mosphere.  This  further  enhances  the  effective  for- 
mation  of  cavitation  in  the  deaerated  washing  liquid  40 
by  preventing  invasion  of  air  into  the  same. 

Furthermore,  the  flow  rate  of  the  deaerated 
washing  liquid  11  is  set  to  be  substantially  lower 
than  that  of  nondeaerated  washing  liquid  12.  This  is 
advantageous  to  the  operation  of  spraying  the  45 
deaerated  and  nondeaerated  washing  liquid  in 
combination. 

Claims 
50 

1.  Spray  type  ultrasonic  washing  apparatus  in 
which  ultrasonic  radiation  is  applied  to  washing 
liquid  to  be  sprayed  on  a  surface  to  be 
washed,  so  as  to  cause  cavitation  in  the  wash- 
ing  liquid,  the  apparatus  comprising  a  washing  55 
liquid  nozzle  assembly  (1)  comprising  an  inner 
nozzle  (3)  defining  a  passage  (8)  for  deaerated 
washing  liquid  (11),  and  an  outer  nozzle  (2) 

35 
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