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ABSTIÌACT

A study was performed to determine the effect of atomìzation parameters on the periormance
of a Ri jke-type conìbustor.  This reactor has a length of  3.0 m, is 0.  197 m in diameter,  has
water-cooÌed waÌ ls and an operat in-e range of 50-200 kW. The burner used has hor izontal l l
spread arms rvi th several  holes for câseous fuels and a centr l l Ìy Ìocated air-atomizing nozzle
for liquid fuels. Average temperatures :rnd acoustic pressure amplitudes are measured using
therÌnocouples and pressure tr lnsr lucers.  respe:t ively.  Sound pressure level  was found ro
be dependent on oxidant/fueì ratios. Ìnass flow rates lnd flnnre position. A marimum sound
pressure level  of  165 dB rvas reachcd at 185 kW at stoichionetr ic condit ions using propane.
Sound pressure levels of  170 dB wcrc measured at stoichiornerr ic cornbust ion operet ing l t
100 kW for Ì iquid ethanoì.  The Sauter-nrean diameter for besr combust jon i ìnd maximui l

sound pressure Ìevel  was found to be around -15 prm.

1 ,0  INTRODUCTION

The presence of acoust ic osci l Ìatrons in l  conrbust ion chlnLbcr mav bc welcome. such as the

case of a puÌse combustor used in resrdcnt j l Ì  heatìng. or oi  1ìrasl ic consequences. such as the

case of combust ion instabi l i t ies in rock.- t  motors.  Severl l  Jspccts ofpulse corrbust ion make

it  at t ract ive over steadv str te cornbust ion such as enhuncrd cirrr 'oust ion ei f ic iencres. hieh

hea t  t rans fe r  ra tes .  and  reduced  po l Ìu tan t  f o rn t l t j on .  
' f he  

o l - r j cc t i i e  o f  t he  exp Ìo ra to r r

re :e l r ch  repo r ted  he re in  i .  t o  cha rac te r i ze  a  ne rv  R i j kc 'bu rne r  bu i l t  a t  B r ighan t  Youne

Unircrsi tv (BYU) as part  oÍ  a coì laborat ion rv i th the \at ionl Ì  Inst i tute of  Space Rescerch rn

Braz i ì  t INPE) .  \ 1e : r su remen ts  o f  sou Ì ìd  p ressu re  ampÌ i ru .1e  l re  p re \ r -n t .d  r s  o  fun . t i on  o t

fuel  tvpe. equivaìence rat io.  po$cr output.  and t ìame posirron. The effcct  of  dropìc-t  Sautcr-

r ì ì ! - . ì n  L Ì i ame te r  i s  r l so  i n rc r i i ga ted  q ru i Ì i t e t i r c Ì r '  Thc  o rc r : r ì ì  ! ì b , Ì cc t i \ e  o i  t h i s  i n te lne t i on l l

' | Ì l lbOret i r rn ìs l r r  bct te r  unLlcrsÌr ìnr l  ihc in l ÌueÌ ' ìc.  r r i : r to|r"r :2.-Lr i1]r ' r  p i ì r i ìnìc lers orì  corÌ ìbLl \ t ion

ins t l b r l i t ì es  i n  pL r l \ ü  co rnbL Ìs to rs .  Loc l Ì .  : p r r t i l ì Ì r  f c \ { ) Ì \ . J  Ì . Ì ì c ; r sL l r c Ì - Ì ì c r ì t 5  o f  J r t rF l c t  s t z r .

\È ì ! - ì c ì t v .  rnd  number  den \ r t \  a re  p Ì l nned  t ì r  t hc  ne l r  i u lu re  us ing  non  l n tms i re .  ì r i . c r -based

úr i rgnos t l cs .

R i j ke - t1pe  combus to rs  ha re  bcen  used  ex tcns i ve Ìy  to  s tu . l \  se \e ra l  aspec l s  o f  osc r i l a t rng

cor-r . ibust ion. 1 'he pulse coÌnbustor used here has been stLrdred in some detai Ì  by 'Zìnn (1981r

anrì  corvorkers.  ivho used coal  as fuel  for achier ing control led pulse combust ion Furthcr

s tud - " -  on  the  bu rn ing  o f  unpu lve r i zed  coa l  and  eg r i cu l t u ra l  res idues  has  been  done  b1

Carva lho  ( Ì987 .  Ì 992 ) .  Fu r the rn ro re .  R ì . j ke  bu rne rs  have  been  used  ìn  t i r o -ph l t se

combust ion research to chef: ìcter ize the ef fect  oi  burning l luminum pârt ic les on lhc Írrowth

r i Ì tc r) Í  pressure t ' Ìuctuat ion:.  Recent ly.  Beckste:rr l  and co*orkcrs.  i  1991) hate pL:blrshed e

l ì t e r ; . r t u re  rev ie r r  on  th rs  b ro l i d  sub jec t .  A l so .  cha rac te r . i zed  by  osc i ì Ì a t i ng  d rop ìe t

combusrion. ì iquid fuel  combust ion in pulsat ing cn\ ' ì ronnlcnt hls been the subject of  receÌ l l



resea rch .  See .  f o r  exampÌe .  t he  recen t  pub Ì i ca t i ons  o f  B I l szc l , k  (1991) .  and  Sa i to  e t  a l .

i  1993).  deal ing u. j th rhe burning of  s ingle droplets in an osci l ìar ing f lorv f je ld.  Aromìzat ion

parameler: .  such as dropÌet Siruter- Ìnean diameter,  droplct  s ize spectrum and number

dcnsìty,  are bel ieved to dr i r 'e instabi l i ty.  however,  l i t t le is known about the ef fect  of  such

sprav paraÌÌ ìeters on the performance of Ri jke-type. pulse combustors.  The compÌex nature

of the combust ion phenonrcnon in these devices. inr . ,o lv ing t ime-dependcnt heat and pressure

f luctuat ions, r Ì ì i ìss t ransport .  chemìcal  k inet ics and the interdependencv of these phenomena.

t ì rr thcr cornpl icates the problem. The studv discusscd here is rhe f i rst  to focus on the ef fect

of atomization paranìetcrs on the performance of these Ìvpes of burners.

, . \  icw i ippircat ions of  lascr cì iagnost ics to pulse combustors are found in the l i rcretLrre.

Loizeau and Gervaìs i l99-1) have made rreasurernents ofacoust jc lnd mean veÌoci t1,  in a

Ri jke Tube usins Lascr Doppler Veìocimetry for an evalul t ion of  the unsteady nature of  heat

rcle asc lnd contpar ison r i i th ntathematicaÌ model pret Ì ict i r - rns.  Lindholrr  (  1993) has rnadc

t lot t  f ie lc l  Ì l re i ì .sure ments in a puise combustor with a sclulre cross sect ion of  the corrbust ion

chanrber.  using LDV ior comparison rvi th conrputer s i rruÌ i r t ions. \ Ío l ìcr  (  1993) hls rnar lc

I Ì ìe lsì i renìent of  the Ieloci tv f low f ie ld in a i Ìat  pulse combusÌor for cOr per ison r .r  i lh a CF'D

code sinrulat ion. Lindholrr  et  al  t  l99l)  have made measurcmcnts in a pulse combusror using

LDV ior veìoci t ies and CARS for tentper l tures. Hor, ,  ever.  no t 'ork c: in be found i -ocusinc

on lhe af iÈct ! ì f  atonììz i Ì t ion pi ìni Ì Ì leters on thc pertofmtnce ot Ri jke bLrrners.

2 . í )  E \PERI \ IEY |AL  I ' , . \C IL I ' I -Y

- fhc -  
R i . j ke  t rpc  pu1 . "  cL tn tbLLs to r  used  to r  t hc  p rcsen t  c rp ìo Iu t , r r r  5 tud \ '  \ \ . ì s  f i r s t

. ha rae tc I i ze r l  LL5 ln -g  -ga \eous  p rop rnc  fuc ì .  S ! )u r ìd  I l r c : \ t Ì r e  an rp Ì i i u r Ìe  and  i requcnc r

rer i l t ions rrele nrcesurcd l t  L l i f ferent rerÌctor po\\er sct t ings 13nging l ror l  50 to 100 kW. . \

l r qu id  c thano l  sp ra \  was  then  success fu l l l  uscd  to  ob ta ìn  pu ìsa t i ng  con ìbus t i ( )n  ìn  the

relctor.  
' fhere 

\ \ere sonìc probìcms of f lame blo*out and insrabi l i t l  dur ing contbust ion r , , ì th

ì iquid cthanoÌ.  r ,"hich *as iounci  to be dependenr oÌ ì  the nozzìc atonizing condit ions. Thrs

e t fee t  i s  be l re red  to  be  dependenr  on  the  t ranspor t  mechan ism and  n r i r i ng  i n ro l ved  rn

dropìel  combust ion. discrete in nature and sensi t ive to fuel  t )pe and injecror design.

Fi-gure I  d isplay s a schenrai ic oi  the Ri jke burner used. The reactor '  , , r  as buj l t  u ' i th ntodular

\ cc t i ons .  u l ì r r , , i ' i ng  the  re rc rÒr  he igh t  t o  be  svs tcmat i ca l l v  r  a t  i ed  f l on  L I  ro  J .0  r r .  I n  rhe

cu r re  n t  con f i - t u l l t t i on .  t he  he igh t  o f  t hc  r c rc to l  r s  1 .0  n t  and  the  d r l r l e le r  Ì s  0 . l 9 l  m .  The

ou te r  u l l l  o i  t he  con rbu : to r  i s  ça te l  coo ìed  tnd  can  be  u :ec Ì  t o  con t ro l  t he  e rnoun t  o f  hea Ì



t ransferred to the welÌs.  The tube is open ar the top and the ent i re combusror is pìaced on a

cubic dccouplrng chamber (1 rn on the sidel .  Pressure ntoni tor ing p0rrs cxist  at  L/4 and

3Ll.1.  rvhere Í-  is the Ìength of  the tube. for nreasur ing Lhe frequencr rnd lerel  of  rhe

tìuctuatìng pressure signal .  1 'he combustor has two opt ical  qui ì r tz windows. or icnted at an

angle of  120 degrees. for photographing the f lame and providing rccess for the Phase

Doppìer Part ìc le . \nalyzer (PDP.\)  instrument to be later used. This instnrnìent is capable of

nrerrsur jn: l  droplet  r ize r ìn the range of 0.5 to 500 trrm),  r ,e loci tv ( t r l 'o conìponenrs),  and

r tun rhe r  dens i t r  (up  to  I0u  p r r t ì c l c \ / cn rJ  I  i n  re rc t i ng  l nd  non re re l i nc  t l , ' r l r .  I n lu rm; r t i r - rn

provrded by this ìaser system ìs s ize resolved. Nozzle character izat ion \ \  Ìs done using the

PDPA instrumenr outside the reector for s imì lar condit ions of  air  and l iquìcl  t lorv usìng

* 'ater.  Local  measurements inside the puÌse combustor are pianned for th. '  near tuture.

T l t c '  t emper r Ìu rc  o f  t he  e rh lu . t  i i  mon i to reL l  us ing  S - t ype  the rmocou l ' 1c . . .  Thc  p r r rn : r r r  . r i r

f ' l r  combust ion is suppl ied from a bÌower.  ratet l  at  9 m3/min capacirr .  th i , - ,ugh rhe bottom of

the Jecouplìne chamber.  The air  expands in the chanrber i ìnd at tai Ì ìs ln uni form veÌoci ty

p ro l i l e  r vh i l e  en tc r i ng  the  ma in  tubc  o f  t he  combus to r .  I t  passes  th rough  a  w i re  sc reen .

l () . i ì tcd ìust  belo* the Í lame holder.  before mixrng with the fuel  ior  conrbust ion. 
- fhc 

rr  rrc

scrccn rntroduces locaÌ turbulence. helping thc nr:r ing process for cf f ic icnt combust ion and

prorrdinr thc in i t iaì  instabi l i tv lor  the pulse conrbust ion to be establ ishct l .  Thc t lLru.  rate ot

thc  l i r  i s  mersu red  us in_q  an  o r i f ì ce  p la te .  The  p ressu re  d rop  ac ross  i he  o r i i ' i c c , i n t l  t hc

upstreir Ì Ì i  prcssure are measured u: ing Omegl pre\sure transr iucers modei PX l-12 and

P \ ì - í J .  r espec Ì i r e l i ' .  and  t l ì e  up . t rÈJm l i r  t empe ru tu re  i s  r neasu t cJ  us rn :  e  K - l r pe

I  I  r  c  r  r  r  r  ,  ,  c  ,  r  u  p  I  e  .  . - \ n  emp i l i c r Ì  co r l c Ì . i t ì on  t ì rund  i n  \ l  i l l e  r ' s  hund l rook  i  i ç - i - 11  i s  t hen  use r Ì  t o

i!'Ì!'rÌllìn!- Ihr' alI l-10$ ratc.

F igLuc  I  i l i sp ìa r  s  a  schenra t r c  o i t he  bu rne r  l nd  pos ì r i on ine  de r i ce .  . \ . , ccn  i n  r Ì t c  f i gu re .

th .  bu rne r  i s  con rp r i sed  o i  t uo  pa r t s .  
- f he  

i i r s t  pa r t  cons i s t s  o t  Ì 0 :p r t ra l Ì 1 -  d i s t r i bu ted .

hLrr izonLeì arms rvi Ìh snìaì ì  holes for gaseous fuel .  The second part  rs a Delaran AÌRC)

rol id-conc. i ì i r . ì Ìomizin-g nozzÌc (nrodel 30615t ìocated at the centcr of the t lanrc holder for

Ì iquid iueì.  Gaseous propane from a pressur ized tank rs used for combust ion. I t  s volume

tlolv rate is nreasured with an Omega (model FL3E.10) f lorvrreter.  L,p:rream pressure and

teÌÌrpcr i ì ture l re measured for calcuÌat ing the mrss f low rate fronr the rolume t low rate.

Liquid ethanoì t low rate through the nozzÌ.-  i :  nre;rsured in a sìmi lar fa.hron. A separatelv

nroni tored secondarv source oï hrgh pressurc air  is used for r tonr iz ing the 1ìquic1 iuel  in the

n r ì zz Ìe .  Thc  nozz le  ì s  c lpab le  o i  p roduc ìn r  ì rqu ìd  d rop le t s  i n  t he  rengc  ( ) f  lO  to  150  [ Ì ] ì .

Thc  cn t i re  bu rne r  l ssemb lv  i s  l oce ted  on  a  pos i t i on ine  dev i cc  i r  h i ch  c ln  bc  con t l c r l l ed  l ron t



outside to vary the locat ion of  rhe f lanre holder f rom Ll8 to Ll2 in the Ri jke combusror.

Flame blowout and ext incr ion led to a simple rnodi f icat ion in the f l lntc holdr-r  design. A

circular plate was placed just  below the nozzle to create a recirculat ion zone thu: stabi ì iz ing

the f lame and prevcnt ine blowout.  Also. a bluf f  body, located at a heìghr of  5 cm frorn the

nozzle was instal led. act ing as an instantaneous source of hear for re- ignrt ing thc fLrel  lnd

heÌpine to miì intain stabi Ì i ty dur ing combust ion. The problen-r wi th thìs modif ic: t r ion is thar i r

lead to a droplet  s ize distr ibut ion dur ing combust ion di f ferent than the onc obt l ined rhrough

thÈ characler izat ion of  the nozzÌe outside of  the reactor under the same operatÌns condit ions

using the PDPA system. This problem wrl l  be crrcumvented in Iatcr studies by performirrg

in -s ì tu  nozz Ìe  cha rac te r i za t i on  and  by  us ing  I  s r v i r ì i ng  nozz le  fo r  f ì ame  s tab i l i za t i on .

However.  i t  is  bel ieved that the resul ts presented here on the ef fect  of  droplet  Sluter ntean

dianretcr wi l ì  preserve their  quaÌ i tat ive charactcr.

P lessu re  uc tu i Ì t i ons  a le  mon i to red  us inq  two  K js t l e r  p ressu re  t ransduce rs  (n ìodc l  7 l6 l )

rv i th l  sensi t iv i ty of  2200 pC/bar.  posi t ioned ar L/ l  and 3L/4. The signaÌ coming l ì .onr rhe

lransducer is thcn conr,ened and dÌsplayed on a Tckrronix oscì l loscope model Ì -D- l lO using a

chlr . lc l t rnpÌ i f ier .  Prefcrred frequencies ìn the pressure t luctuat ion signl ìs l rc J i rcct Ìv read

from thc oscìÌ loscope in Hz. Rcactor po,"rer is calculated from the calorì f ic reluc i rnd the

t l l t tss f Ì r lu lx lc of  the fueì jn a sprcadsheel used to elalut te the data -s i Ì t l ìer .d. lur i r Ìs
c rpc r tn l cn t l t i on .  Th ìs  s ìmp ìe  p rog fam ana ì r ' zes  a ì l  i npu ts  and  d i sp la r :  t i t r .  cqu i ruJcncc  re t ro .

! ìower in kW. sound pressure level  in dB. f requency in Hz. and the f lame posrt ion inside the

fc- l ÌC I  Of

3.0  I Ì I 'SLLI 'S  . \ \D  DISCT.SSIO\

Th is  rec t i on  p resÈn ts  l i nd  d i scusscs  thc  resu Ì r s  o f  t Ì r e  e rp lo ra to r l  s tud l '  on  Ìhc  e l l cc t \  o t

atornizat lon p. l r i Ì Ì ì ìÈters on the Ri jke-tvpe pulse combustor prer iousl l  descr ibetÌ .  Three basrc

sludies have been per lonned. The f i rst  one is a character izat ion of  the rc i Ìctor using _rraseous
plÌ)pane. The second slr . Ìdv rcperts this characrer iz l t ion usìnc a l iqurd erhanoÌ l l lntc and the

th i rd  ìooks  a t  t he  qua ì i t a t i ve  e f fec ts  o f  a tomìza t i on  on  co rnbu  s t  i on -d r i r  en  osc r Ì l a t i on  i n  rhe

Rrjkc cornbustor.  The f lanie structure observed dur ing the studv discussed hcrc r . r  as highlv

tufbuÌent.  I ts length has been found to decrease lvr th osci i lat ions. The resuÌr :  presented

herein are ìntroduced in the order Ì Ì ìcnt joncd in this paratraph.

-á:"1



3.1 Gaseous Propane Data

Pressure f luctuat ions and f lame str Ì ìctr Ì re oi  the gaseous piopane f lante are very stable

compared to those of the ethanol f lame. This is due to rhe enhrnccd rnirrng of  thr.  fucl  :Lnd

the oxidant caused by the intr icate burncr design. The f lamc is short  and mostÌy yel iow.

Figure 3 shows the ef1'ect  oi  equivalencc rat ìo on the Sound Prcssure l -evel  (SPL) inside rhe

combustor for tbur di f ferent reactor power sett ings rv i th the burner t ì ìa jntained at 0.53 m tbr

aÌ l  the tests.  Here. the normal ized air / fuei  rat io is dei ined as rhe rat io of  acruaÌ Lo

sto icÌ Ì ioÌ Ì letr ic air / fuel  rat ios --  thus a value greater than one indicates an overaÌÌ  lean f lame.

As  obse rved  i n  F ig .3 ,  t he  SPL  peak  i nc reased  i n  magn i tude  and  sh i f t s  rowards

stoichiometnc condit ions as the reactor po* 'er increased. l  he normal jzcd air / fuel  rat io rarìge

shortened as power increased and in generaÌ nrost osci l ìat ions rvcre observed lor Ìean

condit ìons. The increase in SPL peak magnitude r , , ' i th rcacror power can be attr ibured to the

fact that.  wrth rhe increasc in rc: lLtor po!\er,  nìore enersl  is i rvai lable to dr ive the preisure

osci l lat ions. The reason for the shi f t  towards stoichiometrv is based on the facr that the

osci l lat ions are strongest r . r 'hen the heat relelse and the pressure weve aÍe in phase. This

phase is depcndent on the totaÌ  Í low rate and the mlss [ ìurnìns rate.  rvhjch ìn this case rs

dependent on rhe por ler of  the reactor.  Mclntosh (  l99i) .  . { t  ìorver pouer.  the fuel  t lorv rare

is reduced. so to reaci ì  the sarne level  of  total  t low condit ions as w r th thc higher pou er.  more

.r i r  I l  ou'  is rcqu i re d.

.{nother thìng to not ice rn Fi ,g.  I  r :  t l ìe narro* ì Ì ìg ol  the LÌuui  hund ls the po\\  er oi  t l ìc '  r 'c i Ìctor

incre.t :cs.  This r :  t ìcpendcni on three l - i rct()rs.  nìnìÈiv the iL:cÌ  l - lor i .  ÌurbuÌencc aÍ ì ,J thc Ìr ì t . i i

l lu\  rate.  \or.r  Ìhc ìef t r Ì lo\ t  d lr tü point  at  ctch po\\  cf  \cI  jns is de pcÌìdcnt on the i rL.- t  th l t  . r .

thc crcesr l i r  r lccrelscs. thc . i rnc- bccorncs long tnd he . Ì l  J i : ì t Í ibut ion is no lon, icf  in the

lo r i  e r  ha ì i  o f  t he  r l - ac ro r  c , rL rs ing  the  osc i ì ì a t i ons  to  s toD .  rnd  thc  nsh Ìmos t  da r , i  po in t  r :

dependent on blo\ \  of l 'dLrc too high turbulence and t ' lor i  rate.  fhu: one can siry rhi t t  r t

h igher porr  er.  due tu hrghr-r  luei  f low rate.  the f lame becomes longer rhan L/ l  at  a iester rate

lhan that at  t ï r r ' Ìo\ \er poter and also at  higher porver.  c lue to high turbuìence and l lorr  ratc.

i t  h;rs tendencr to blow off  faster than that i ì t  Ìo\ \cr  pouer.  This explains rhe fact  that the

data band becomes narrow a5 the pt twer increases.

To study the ef fect  of  f ì rntc posi t ion inside the Ri jke tuLre on osci Ì lat ion for rhe gi Ìseou\

prop,rne f l rme. the pou'e r  of  the reactor '  \ ì  i ìs set : Ì t  80 k\ \ '  lnd rhe plopene air  nt i r rure w., .

Ì r ì t f { )dL Ìced  i Ì l  s tL ì r ch iomet r i c  cond i t i ons .  The  bu rnc r  1 ;Os r t i on  $ l s  ra | i ed  i ro rn  -15  en r  t o  65

crÌ ì  f foÌ Ì1 lhc bol torÌ ì  o l  thc tubc and the SPL * 'as nreasured. as rhor in in Fic.  .1.  The cenrcr



nìeasurements showed a Ì l ìaKiÌ Ì turn SPL of 163 dB at a burner posir ion of  57 cm from the

bottorn,  whìch corresponds to a l laÌne center locì t ion near 75 cm {L/4).  Frequencl ,  was

found to increase sÌ ight lv u ' i th porver and a var i i ì t ion ofJ Hz was observed ( lver a power

range of 50 to 200 kW as shorvn in Fig.  5.  I t  should be notcd that rhts sÌ ight increase in

l ìcquency may also har e been caused by a changc in exhaust grs tempcr: ì turc 1ch:rnging the

speed of sound in the hot sect ion of  the reactor)  rv i ih t imc rathcr than a change jn f - ' lame

posit ion.

3.2 Liquid Ethanol Data

Figure 6 shows the ef ïect  of  equivaience rat io on SPL using ethenol fueì for two di f ferent

power sett ings (75 and 1 l5 kW). The burne r  r .vas kept l | t  the sanre 0.53 m posir ion in these

tests.  The pattern observed in this graph is s ir l i Ì : r r  to thar obscr\cd in Fig.3.  A dataset as

comp le te  as  the  one  shown  in  F ig .3  * ' as  no t  oh ta ined  f ( ì r  r he  \p r i r \ '  f l rme  hcc : i use  o f

instabi l i ty and blowout ploblems. but the trends seenl to indicare rhat rhe SPL peak increases

w ì th power and shi f ts to\ \ ' r rds l Ì ìc stoichiometr ic condit ions as the Íc i ìcror porver increased.

l lorvever.  the increase in SPI- peak ntagnitrrde with rea.tor por.r  cr  is r Ìor es large ts the ones

observed for the saseous t larnes. \ote also that.  lor  ' int ì ìar re: Ìcror pr- ì \ \ 'er  leveìs.  rhe SPL

peak takes place at Ìeaner conditrons for the l iquìd fueì as compared ro the gaseous f lame
(compa Íe  the  77 -  and  l l i  kW cu rves  i n  F ig .  3  to  thc  7 - i -  and  I  l - 5  kW cu rves  rn  F ig .  6 .

rcrpect iveÌ\ ' ) .

Thc et Íect  o f  f l rn tc  post Ì jon on rhe SPL -seents to  fo ì Ìo i r ,  . , in t i ìar  r rcnds ior  the eth iutLr ì  t l lme.

. \  m l r i m u m  S P L  o f  I  ó 8  . i B  * a :  t n c t : u r e d  a t  e  1 ' l e Ì r e  p L r s i t : o n  u r o L r n i i  L i - l  i n  t h e  t u L r c  L F r g .

, -  t  
- Ì - Ì r i s  

c l e p e  n d c n c c  i s  c r p c c t e d  r n  a c c o r i i l n c e  t o  t h e  p r e  d i c r t o n s  L r f  R l v l e i g h  :  t r i [ e r i o n

\ L r t i c c  h e r w e r c r .  i h t t  . ì  l Ì ì ( ) r c  d i : t l | c t  p e t k  i n  t h e  c u r r c  i s  o b 5 L - r \ c C  i n  l h e  l i q u i i i  i - u e Ì  e a : c .

rndic l t j r ig  l  t lame ntorc \en\ j Ì ive to  posi t ion than the gaseou:  f lante.

l : igure 8 shor .vs the e i l -ect  o f  equivaìencc rat io  on thc f rcquel rcv of  o- ic i Ì la t ions.  A dome

shaped var i l t ion ìs  obsened at  a po\ \er  se t t tng of  I  l5  kW. r .v i th  a pe ak f requencr  of  11 Hz

i Ì t . ì r o u n d  ô  =  l . l - 5 .  T h r s  c u  b e  a t t r i b u t e d  t o  t h e  f ì e t  t h a t  $ l r h  a n  i n c r c a s e  i n  e q u l r ' a l e n c e

rxt jo .  heat  lnput  decreases rvhìch rcsul ts  in  a decrease of  f requcncl .  but  as the a i r / fue l

m i \ t u r c  b e e  o n ì c r  r i e  l r e r .  t h e  f l l m c  h a :  . r  t c r r d e n c r  t o  ( l o n c i r t e  c i r u . l n , r  h l : ' h c r  t c r n p ( r J t L Ì r c :  i n

t h r  h o t  r c g i o n  o f  t l r c  c Õ t Ì ì b J . t o r .  J c ( r ( r . l l ) S  t h r  f r e q u c r r c r .



3.3 Effect  of  Atomizat ion Parameter

The nozzle used for spray cor lbust ion jn this study was character ized outsic le the reactor

wjth water for s inrì lar  f low condìtrons. In-si tu measurements htve been pÌanned and wi l ì  be

soon conducted. Furthermore. c lue to t - l lnte stabi l i ty problems as previousl l ,  d iscussed. the

use of an impinsemenr pÌate was inevi table.  causing the sprav charrcter iz l t ion to chlnge in

lhe reactor compared to the coìd-f low clses character ized outside the reactor usìng wiÌ tef .

Horvever,  r t  is bel ieved that the sanìe qul l i tat ivc behavior ol  the sprar character izar ion rs

obtained as thc l iquid and air  f low rates in the nozzle are changed. Figure 9 shou.s the ef Íect

of  Sauter-mean dìameter (D32) on the sound pfessìJre level .  Thc SPL is obscrved tcr

increase with increasc in droplct  s izc and then drops of f  af ter reaching I  peek Ìevcì oi  168.7

dB at 15 microns. This suggests that the pressurc osci l iat ion ls stronglv dependenr on the

dropÌet diameter and veÌmity prof i ìes.

J .O  CONCI -UDING REIV . IARKS

An exp€rì Ì lental  study to characterìzc e neu, Ri jke combustor and to dclermjne the ctTect oi

atoÌ Ír iz i l l ion pararÌ . ìeters on spray combust ion rvas per lormed. A cLrntpar ison bctween
glseoLis cor lbustìon t lame and l iqurd i1.rpÌet  l ìarre hls been rnadc. and i t  has been :ho* n

that there are nìore jnstabi l i t ies present for a l iquid droplet  t lane. I t  has r Ìso been found that

the sound prcssurÈ ìer,eì  is cìepenclent on the ìntensi t r  of  hcl t  rcÌcese insìcc thc conrbustor.  l t

ì l ts bcr 'n Ì ìund th. i t  thc i rcorÌsÌ ic ! !  i rvc prL-\e r ì t  rnside the eonthLr: tor t \  \ Ì r  rngÌ)  depcndcnt on

l Ì ìc Si ÌutcÍ  mean diameter o1-rhe l iquid iLre ì  JropÌets.
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