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V iscous  shee ts  genera ted  by  ' imp ing ing  ì iqu id  je ts  in  a  qu ìescen t ,
gôseous  medìum,  des in tegra te  in to  d rop ìe ts  whose  s ' i ze  range  and
d is t r ìbuL jon  can  be  es t ' ima ted .  Th is  work  sugges ts  a  techn ìque  fo r  suc l :
a  ca ìcu la t ' i on .

I  n t roduc t  i  on

The  modeì ì ing  0 f  th rn  shee ts  fo rmed by ' imp ing ing  je ts  and  the j r  own
inheren t  s tab i  ì i t y  aspec ts  have  been  s tud ìed  by  squ i re ,  G . l .  Tay ' lo r
and  Hasson ,  a r Ì ìong  o thers . "  2 ' r  I t  ' i s  we l  ì  known tha t  when  two  equa ì
cy ì ì  nd r ìca ì  ccp  lanar  je ts  co l  ì  i de  they  fo rn r  a  s l ree t  whose  t . l r i ckness
d is t r ibu t . i o r r  i s  a  func t ' i on  o Í -  t l re  je t  rad jus ,  t l re  rad ia ì  d i s tance
in  the  shee t ,  the  ì rnp ing i r r ren t  ang ìe  and  o f  some angu ì  a r  pos  j t i on
re fe r red  to  a  po ìe  a ìong  the  separa t ' i on  s t reaml  ine .  '

l l owever ,  t l re  phys ics  o f  a  v i scous  l i qu ' id  s l ree t  b reakdown i s  L l re  same
í 'u r  t l re  severô l  ex  j s t ìng  in jec to rs ,  i e ,  a  s r r ra l  l  ' i ns tab ì  ì i t y  ì s
a r r rp ì i f j ed  un t i ì  i t  reaches  a  c r i t j ca ì  wave ìeng th  and  the  shee t
f  rag rnen ts  jn to  ì ìgaments  wh ' i ch  f  i na ' l  ì y  b reakdown in to  d rops  o f  severa ì
s i zes

Now,  the  mathenra t i ca l  fo rmu la t ion  deve loped  by  Dornbrowsk i  and  Johns
fo r  f  an -spray  nozz ' les t  can  a ìso  be  app ì  ied  to  the  shee t  fo r rned  by
two  in rp ìng ing  je ts .

l - lence the  resu l  ts  ob ta i  ned t ty  Donrbrowsk i  ,  and  f las . ;onn can be
t t te rged  to  aJ lo rv  a  p roper  fo rn ru ìa t ion  in  o rder  to  ca lcu ' la te  the  s ' i ze
ard  d  j s t r ibu t ion  o f  the  d rop Ìe ts  fo rmed by  cc ' ì  ì i d " inq  je ts .  l l o t ' i ce
however  tha t ,  fo r  sp rays  o ther  [han  the  a l>ove  rnen t i r ) Í ]ed ,  o r re  shou ìd
re fe r ,  fo l i ns tance ,  to  the  works  o f  Lev ichu  and  Mar -sha l l . .

Govern  j  ng  Iqua t ' i ons

f ' l hen  two  jden t ' i ca ì  cy ì ind r i ca l ' l ì qu id  je ts  o f  rad jus  f ì  and  ve ìoc ì t y  v^  in
a  gaseous ,  qu iescen t  n red ìunr ,  co l l i de  ob ì ique ly  a t  an  ang ìe  o f  2e ,  u '

Assoc  j  a te  l ìesearcher ,  co rnbr rs t ion  and  Propu l  s ion  Labora t ,o ry ,  INpE,
Braz ì  ì  .
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shee t  j s  fo rmed,  the  f l ow a round  i t  be ing  uneven ,  the  f l ux  in  the
fo rward  f Ìow d i rec t ion  be ing  the  ìa rges t  wh i le  the  f Ìow in  the
backward  f low d i rec t ion  i s  the  sma l les t .n  The  shee t  th i ckness
d is t r ibu t ion ,  h ,  w i th  the  rad ia l  d i s tance  r  (as  measured  f rom the
shee t  s tagna t ìon  po in t )  and  the  angu la r  pos i t ìon  ô ,  as  ske tched  in
F ig .  l ,  has  been  ca ìcu ìa ted  by  Hasson  and  peck , r  who  found

s in '  o

R2 ( l - cos  ô  cos  o )  ' z

F ig .  1 .  shee t  fo rmed by  imp ing ing  je ts  (A f te r  Hasson  and  pecku) .

The  th ìnn ing  shee t  thus  fo rmed spreads  av /ay  under  the  in f luence  o f
the  v i scous ,  ine r t ìa ,  su r face  tens ion  and  p ressure  fo rces  and ,  upon
reach ing  a  c r i t i ca l  s i tua t . " ion ,  des ' in tegra tes  in to  f ragments  tha t

h r
f i )

Q' I

where

f :

the to ta l  wave length ,  g iven by

pU '

i s  the l iqu id  sur face tens ion,  [  (cp)  is  the

f  is
tr-

I
r/o

dt

and where o (dyn-cm- '  )

214

(3)



ì i qu id  v i scos i t y ,  p  (g  - . * - ' )  i s  the  dens . i t y  o f  the  su r round . ing
med ium (assumed gaseous  and ,qu iescen t ) ,  p r  (g  -  cm- ' )  i s  the  dens i t y
o f  the  ì ' i qu id ,  u  (cm -  sec - ' )  i s  the  ve lob i t v  o f  the  rad ia t ìng  shee t
( to  be  d iscussed  la te r )  and  k  i s  a  cons tan t  ob ta ined  by  assum. ing  a
hyperbo l i c  re Ìa t ionsh ip  l l e tween  the  th ickness t  l r ,  and  the  t ìme,  t ,  ìe ,

h t  =  t<  (a )

They  a ìso  showed tha t  fo r  a  rad ja t ing  shee t  o f  un i fo rm ve loc i t y  the
th ickness  a t  any  po in t  cou ld  be  g iven  by

h=  
k

r
(5)

Henc e

k=h t= kr
r

k
= + _

U

Rewr ì  t ' i  ng now equa t ion  ( l  )  ôs

R2 s ' i n '  o
[ =

r  ( l  -  cos o cos o) .

and,  conrpar ing  Eqs .  (6  and  7 ) ,  i t  can  be  eas i ì y  seen  tha t  in
o f  a  sheet  fo rnred  by  je ts  imp ingement ,

l r  -
R2 s i n t  o

( l  -  cos  o  cos o) ,

(6 )

(7 )

th i  s  case

(B)

(e)

where  k  i s  g iven  now by  Ëg .  (S) .
Then  the  d rop  d iamete r ,  d . r ,  can  be  es t imated  us ing  the  re Ìa t ìondeve loped  by  Dombrowsk j  and"Johns : .
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dd= _3n

{T ) ' ' '

I
I
\

dt
3tr

toL o  dr ) ' / '

to  be  the  ve loc i t y  o f  the  rad ia t ing  shee t ,  as
de f ined  by  Dombrowsk i '  as  the  mean re la t i ve

]  

' ' '

[ ' +

(r0)

Not ice  that  U,  taken
a l ready ment ioned,  was
a i r  wave veìoc i ty ,  ie

[ J=

where  U '  and  Uz  âF€  the  re la t i ve  ve loc i t i es  over  the  upper  and  lower
shee t  su r faces ,  respec t ' i ve ìy .  Here ,  however ,  bes ' ides  the  assumpt ' i on
o f  qu jescence  o f  the  gaseous  medìum,  one  shou ld  reca l l  tha t  i f  r ,  the
rad ia ì  d j s tance ' in  the  shee t ,  i s  ìa rge  enough ,  the ' inward  ve ìoc i t y
component  o f  the  a t tenua t ìng  shee t  i  s  neg l  Ìg ib le .  Hence ,  ' i  t  f o ì  ìows ,
f rom an  energy  ba lance ,  tha t  U  i s  near l y  equa l  to  the  je t  ve ìoc i t yu ,
V .
o

Resul  ts  and Di  scuss i  on

Thus,  as  i t  was seen in  the prev ious sect ion,  the dropìe t
d ìs t r ibu t ion can be es t imated us ing Eq.  (10)  a long wi th  Eq.
(9) .  Not ice  that  now k  =  k  (R,0 ,4 ,1 ,  so  that  fo r  a  g iven je t
conf igura t ion and veìoc i ty  one can obta in  the resu l ts  shown

Â - Elhi l  Alcohol (roo í is J )

B - Elhi lene Glycol ( rcr í iq s I

C  -  Mercury  ( r l r  f  ig  5 l

D - Engine Oil  (Unused)

do  (  p . )

P  ' o . a a e  g - c n i t  , t o  '  2 5  o ç

|  '  2 9 . 4 8  d y n . c m l

p  ' 7 9 9 . 4  c p

M rdium '  qui . rc.nf  o l r  o l  25 oC

d ' iameter
(B)  and

ìn  F ig .  2 .

F ìg .  2 .  Az in ru tha ì
con f  i  gu ra t ' i on  (o  =

drop lc t  d ia rne te r  d js t r jbu t lon  fo r  a  g iven
45u,  [J  = 3ooocm sec r ,  R = o.o5cml.
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F ig .  3  shows the  max imum and  min imum drop  d iamete rs  (wh ich  occur  a t
4 ,=  0  and  0  =  n  respec t ìve ly )  vs  the  impìngement  ang ' le  o ,  fo r  severa ì
I  i qu ' ids .  No t i ce  tha t ,  fo r  i nc reas ing  o ,  the  d rop ìe t  s i ze  sp read
decreases  (becoming  zero  in  the  t im i t  o f  e  =  n /2 ,  i € ,  fo r  pe r fec t ì y
oppos ing  je ts ,  when  the  e ì ip t i ca l  shee t  tu rns  in to  a  c i r cu ìa r  one
and  d rop Ìe ts  o f  the  same s ize  a re  fo rmed and  un ì fo rmìy  d is t r ibu ted
around  the  je ts  ax ìs ) .

However  i t  j s  known tha t ,  i n  o rder  to  avo id  unwanted  combus t ion
jns tab i  I  i t j es ,  bu rner  des igners  t r y  to  ach ieve  a  un i fo rm spray
wh i  le  l rav  i t tg  as  ì  i t t ì e  rearv la rc l  f  l y jng  d rop ìe ts  as  poss ib ìe .  There fo re
a  co l l l p ro t t t ' i se  has  to  be  found  be tween these  two  con f ì i c t ing  fac to rs .

F ina l ì y  th i s  mode l ì ing  herps  t s  es t imate  the  s ìze  range  and
d ì  s t r ibu t ion  o f  d rop ìe ts  fo rmed by  ' imp ing ing  je ts  in  a  qu . iescen t
a tn rosphere .

d o ( p ' )
B. Ethr

Eth i l  A lcoho l

d o ' n  ( P )

f  p . o . z a z g c n i !  Í p .  r r o c c á s
A l t  t ? ? . ! ! d y n / c m  B  I  r  t 4 g . ? d y n / c m

t f t l o g l c p  I r r t t 6 . 2 c o

F jg .3 .  Drop ìeL  s ize  sp read
R =  0 .05cm,  A i r  a t  ZS0C,  tR

vs  imp ingement  ang le .
=  tB  =  tC  =  25"C) .

(U  =  3000cm sec- ' t

I  p  .  l 5 . 6 3 5 s c r i Ú
C l t t A 9 4 d y n / c m

I p . l 3 5 c p

M9rç!Í I
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