
ln t u s  paper, an experurwlu l  s tuay or tne 

c l ldrac ter ls t lcs  oL s w l r l  sdray r i o z ~ l e s  nas ueerl 

made 0 1 1  a testrriy model LU tunes a s  blg as tnt2 prac- 

t i c d l  r lo~z le .  'he t e s t ed  rnodel wcts constructea t o  

represeut  tile s p i r a l  passages, s w ~ r l  cuauwer cula 

e x r t  o r ~ f l c e ,  wltn f a c ~ l ~ t l e s  t o  s tudy trie e r r e c t s  

10u tu rlow parameters, uri spray criorcrcterlsr~cs.  

aprdylny nas many unportarlt rlypuciltrons e l t n e r  rri ayrlc-  

u l t u r e ,  sucn a s  u x q j a t m r l  and p e s t  corltrol,  o r  m a u s t r y  sucu 

'rlm s w r r l  Byray rrazzle rs corls~cxered t i r e  iaost cul~unoa type 

or' nozzles clue t o  ~ t s  sunglAclty. borne t n e o r e t x a l  arla exper- 

lilierital lnves t ly i s t~ons  concevzurlt tills n o ~ z l e  w e r e  cc l r r~ed  o u t ,  

out  controversy e x l s t s  Detweeri trie outauied r e s u l t s  e spec ia l ly  

tilose J l V l I l J  tne  drople ts  s l z e  whlcri 1s corwlderea w e  or t r l e  

Inosr ur~portaiit cnarctcterls t lcs  01 nozide. ljeslcres, ria Lrltellt- 

ion was ylven t o  the  flow srlslde tne  s w l r l  c n a w e r  alrrlouyn It 

AS t ~ i e  key or tne  r e su l t ea  spray. 
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In  t n l s  paper, the  ve locl ty  drid pressure d l s  t r l o u t ~ ~ r i s  

were ~neasureu rnslde ttle s w l r l  ciidlllver a l~u  trie e t r e c t s  or i ~ o w  

d i ~ d  yeo~aet r rca l  paramnecers a re  l n v e s t ~ y a t e d .  dmn@rrlcal roruu-ll, 

were oDtalried uslrij  tne  experimental ooservatlons l r i  oruer  to 

ylve tne  o$tlinuln desryn condrtloris i o r  t u s  t y p e  ol; n o z a e .  

'I'ne ex@?rrmental s e t  up colls ls ts  UL closed nydrdullc C A T -  

c u t ,  apgaratus and rneasuruq uevlces. 

I. '1'11e nydraullc c ~ r c u ~ t  cortslsrs OL d supply tams, pump, corr- 

t r o l  valve, and plpe l r n e  eriduiy w r t r l  a cornmon supply ~narilrold. 

L .  'tile apparatus, shown. l n  r '~y .  ( I)  IS a rnodel twex~ty tunes as 

u1y as rue o r r y ~ r ~ a l  rio&les usually used ~ r b  dyypt t o  S d c i l ~ t d t e  

the  ex9err11lental read~xiys. 

'Line n ~ $ a r a t u s  coxlsists of cyl inder ,  c y l i n d r i c a l  D ~ O C K ,  s w i r l  

criarnuer arid d ~ s c n a r g e  nozzles, these nozzles nave t r i e  sarte ou te r  

alarrletex arid length,  but  w i t i i  d ifr 'ereut  lririer dlaneter .  

r'ly. ( 2 )  to A&. (5 )  snow tne  dimens+or~Iess pressure u i s -  

t r iuu t ion  rn  s w i r l  cumber r'rorn tiiese r lgures ,  ~t can oe seeti 

t i idt tile pressure ~ r ~ s i c l e  trie s w l r l  cnamoer LS riedrly constarif. 

r'or l a rge r  nozzle dlaineters a s l i g h t  drop accurs ~n yressure  

Keepmy ttie t rend or pressure d l s t r l u u t l o n  f o r  f r e e  vortex glow 

r re la .  ' f i i ~ s  drop 1s due t o  ttie expected increase  LII flow r a t e  

d i d  llellce Ln vortex streuytn.  

r'ig. (0) t o  fry.  ( 9 )  snow trie ve loc l ty  p ro f l l ea  f o r  cilrher- 

611t nozzles and supply pressure a t  test r a d l l  of 3a in&. and (JO ~un. 

Tne p r o t r l e s  a t  tne  outer  rddlus a r e  not  unlform. 'PnLs can De 

a t t r i b u t e d  t o  t r ~ e  drstrLoucLon i n  t~i ls  ared whlcn 1s very closg 

to the  i n l e t  por ts .  I t  c a l  Ise seen t n a t  the  rnaxirnua ve loc l ty  a t  



c e r t a i n  radius  increases oy rncreslsrug tne  nozzle ulameter arid 

or supply pressure. Tne veloci ty  1s a l s o  inversely propor t ld ld l  

to  tne radius a s  tne  case  of f r e e  vortex tlow. 

r'low Kate: 

r'ro'n r ' q .  (10) it can oe seen t h d t  t r l e  mcrease  In supply 

pressure leads t o  a correspondrny rrlcrease rn  rlow ra te .  

Pzy. (11) snows t n a t  t n e  decrease of t n e ' r a t r o  L/d (wnere L 

2s tkle l e n j t n  of nozzle dlscnarye dnd d rs tne  diameter os tile 

nozzle) leads  t o  increase rn  flow ra te .  

r'roin tne  r e s u l t s  ~t car1 oe s t a t e d  t n a t ,  tne  tlow r a t e  is asf- 

ecteu uy u e  r a t i o  L/d more tnan tne  supply pressure. r i r l  ernprrical 
Lorinula whrch yives the drscuarge as  a function or the supply pre- 

ssure  arid nozzle s i z e  can ue obtarned troln tne  experimental da ta  
LII tue  r orm: - , 

adray tingle: 

b'rorn r'ry. (12) ~t can oe s t a t e d  t n a t ,  t ne  increase 1rc press- 

ure leads t o  a corresponding lrlcrease i n  tne  spray angle up t o  

a pressure o t  l..4 hg/cmnL, and a r t e r  tlus pressure toe  spray angle 

1s nearly constant.  

c ' A ~ .  (13) anows t u a t  trie sprsly auyle decrease w ~ t r ~  trie rncrease 

o i  tne r a u o  ~/d. 

Prorn r e s u l t s  it could ge notlced t n a t  tne  spray anjLe is a t f -  

ected by the  r a t r o  ~ / d  more tnan tne  supply pressure. nn empirrc- 

a1  tormula wnicn yrves tne  spray angle a s  a function or tne  sGpply 

pressure a i d  nozzle s i z e  carr oe oDtaAnea from the e x ~ r i m e n t a l  datsl 

i n  tne  form: 
iJ.135 

= 77 ( P )  ( ~ / d )  -O"L 



Tne brople t  Slze: 

'tile metnod t o  determlne tne  drople t  s l z e s  rs by r e c e r v u q  

trlem i n  arl o ~ l  Dau. d good sariyle alloula cons l s t  of &out L W  

drops col lec ted  from ranaoin places. Cour~tlny and determlnatlon 

IS done ue u s ~ r ~ y  a11 overhead projector .  

d l a s s ~ i ~ c a t i o n  o t  s l z e  AS made acculalng t o  a yeoinetricai 

se r l e s .  

f i q .  (I+) srlows a t y p ~ c a l  d l s f r w u t l o n  of drops ln a sdnple. 

Yne ccunuldtlve curve chq. (15) IS used t o  ue te rmue  m e  meura 

diameters wnicn represent  50% of tne  s u e  of drops. 

From the  r e s u l t s ,  ~t car, ue noticed,  f o r  a l l  nozzles,  t r lat ,  

tne ~nedlan a r o p l e t  diameter decreases b y  lrlcredslng r;ne sup@y 

pressure aild Lrlcredse uy r n c r e a s ~ l y  tne  rknzle  diameter. 

~ r c  e m p ~ r & c a l  Lorinula whlcri y lves  tne  medaan drople t  dl=- 

e t e r  as a Lurlctlorl uf t r l e  supply pressure dncl rioiszle s u e  can oe 

ob td~ned  Lrom tne  experlrnental a a t a  I n  tne  form: 

Swirl Cuarnuer rieiylat: 

Tne s w l r l  ctlanDer was changed froin u - 4 cin WLtnOut 

any cnanye rn  nouzle CharacterlStrcs. 

Cornparlson uetweerl tne  experl~nental  r e s u l t s  and tlle orrtalned 
i7 

empirical formula IS snown l n  c'ly. ( 1 ~ )  t o  c'ly. (La). 

CQNCLUSIUNS: 

c'ram tile discussron or  C I A ~  e x p r ~ m e n t a l  r e s u l t s ,  tne  ro l low~ri  J 

conclusio~is  can pe s ta tea :  

1. 'lhe followlny dascnarye Lrom the  s w l r l  spray 1iozi;les lncreds&s 

by mcreas lny tne  s u p ~ l y  pressure ard ,  o r  decrewlny the  noi6- 

l e  leliyth t o  diameter rat;lo ( ~ / d )  according t o  tile e l n p l r ~ c a l  

Lormula. 

u = 1135 ( ~ / d ) " ~ ' j  cm3/aec 4 



L. 'l'ne dunensionless pressure ( P / Y  ) lriSlde m e  s w l r l  c n d u e r  
S 

can oe assumed constaut  dwdy tram the  e x l t  r e  LOIL.  LL 

 decrease^ oy iricredsmy tile supply $ressurk dm, u r  uecrea;;- 

l i ly  tile riozLle r a t zo  ( ~ / d ) .  

3.  'toe flow lnsicie tile s w i r l  cuawes  1s f r e e  vorcex. 

r .  ' h e  sprdy angle of tlow d t  rlozz1e e x l t  lricreases uy ulcreas- 
1, 

l r i j  tile s u ~ p l y  pressure UQ t o  c e r t a l r ~  value ot' 1.1, hy/c~~l . 
'i'lie lucrease  of tne  supply pressure t r i d r l .  t n l s  vdlue nas 

a very small e f f e c t  on tne  spray anyle. 

'I'lie spray a r l y l e  decreases &so oy u l c r e a s u i j  tne r a t l o  L/U 

and can be obtained using the  empirical formula 

s. 'dne iriedldrl duineter  or sprayeu drople ts  clecredues oy 1ncreds- 

my the supply pressure aria, o r  decreasirly tut: r a t ~ u  ( ~ / d )  

dccordrr~y t o  the e m ~ z r ~ c d l  Lormula. 

iWU = u. O5b p-u.25 (L/Q)*'*~ Cm. 

0 .  The s w i r l  chamber neiyht  has a neylegible e f f e c t  on tne dis- 

cuarye, spray a r ~ ~ l e  arru rrieci~urr clzsrrueter or syrayea droplets .  
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Fig.( 16 )Comparison beween empirical fomnula 
and experimental result8 for the flow rate; 
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