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ABSTRACT

An exper imenta l  work  concerned  w i th  a  moduìa r  R i j ke  t ype

combus to r  deve loped  fo r  unpu ìver i zed  fue ls ' i s  p resen ted .  The

combus to r ,  whose  d iamete r  was  0 .2  m,  was  tes ted  w i th  240  and  320  cm
' leng ths  

and  the  fue l  used  in  the  exper iments  was  charcoa l  s i zed  be tween

2 and  4  mm.  Resu l t s  o f  acous t i c  p ressure  ampì i tude ,  combus t ' i on

e f f j c iency ,  hea t  t rans fe r  ra tes ,  and  par t i cu la te  emiss ion  ra tes  a re

presen ted  fo r  the  two ' inves t ìga ted  leng ths .  The  observed  osc i l l a t ' i on

f requenc ' ies  were  on  the  o rder  o f  90  and  70  Hz ,  respec t i ve ]y ,  and  the

sound  in tens i t y  va r ied  be tween '157  and  l62  dg . .  The  max imum power

re ìeased  was  approx imate ìy  1 .7  l tw /nz  w ' i th  95% combus t ion  e f f  i c ' i ency

us ing  ì0% excess  a i r .  The  hea t  t rans fe r  to  the  wa l l  i nc reased  in  the

presence  o f  osc i l l a t ' i ons  and  was  h igher  fo r  the  320  cm combus to r .  For

the  same combus to r  leng th ,  the  p resence  o f  C0  in  the  exhaus t  gases  was

de tec ted  on ìy  fo r  0z  concen t ra t ions  lower  than  l%.0n  the  o ther

hand ,  in  the  240  cm combus to r ,  C0  concen t ra t jons  h igher  than  ì% were

measured  even  when the  0a  concen t ra t ions  were  o f  the  o rder  o f  Z%,

Key  words :  pu ì  sa t ìng  combus t ìon ,  R . i j ke  tube .
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I  NTRODUCT I ON

The pu lsat ' ing  combust ìon phenomenon was probabÌy  d iscovered by
I

Higg ins  when he observed the so caì ìed hydrogen "s ing ing"  f lames

in  tubes.  Later ,  in  1859,  Rì jke  2  d i r ror . red that  the f i rs t  acoust . ic

mode o f  a  tube opened a t  both  ends cou ld  be excì ted when a  prev iousìy

rneta ì ì ic  Ar id  was pos i t ined in  the lower  haì f  o f  the tube.  A s ìm' i la r

exper iment  was independent ìy  car r ied out  by  Bosscha and Riess 2  who

found that  acoust jc  osc i l la t ions v ,ere  a lso  exc i ted in  an open ended

tube when a  hot  f low a  gas lvas  coo led ' in  the upper  ha l f .

The puÌsat jng combust ion process has been used jn  a  var ie ty  o f

prac t ica ì  app l ica t ions.  Repor ts  in  the l ' i te ra ture  ind icate  that

contbustors  u t ' i ì ìz ing the process present  severa l  advantages such as

h igh cornbust ion e f f jc ienc jes  and in tens i t ies  t '0 ,  reduced poì  ìu tants
r - . ^ - - r i ^ -  5 1 6  !  ,  7 . 8fo rmat ion - ' -n  

increased convect ive  heat  t ransfer  ra tes  " - ,  and

cìean ing o f  heater  sur faces 
9 . *o . .  

recen i ly ,  Z inn anc l  co-workers  l0 -14

conf i rmed some of  these advantages wi th  the burn ing of  woods ch. ips

and ìow ash content  coa ls  in  a  R i jke  type puìsat ìng combustor  in

whic l t  the  or ig inaì  heated meta l l i c  ar Ìd  was repìaced by  a  combust ion

bed.

ïh is  paper  descr ibes the character is t ics  o f  a  deveìoped Ri jke

type combustor  in  the burn ing o f  unpu lver ized charcoa l .  In  order  to

search the combust ion per formance under  new operat ing cond i t ions,  i i
possesses severa l  d j f fe rences in  re la t ion  tp  that  o f  Z inn and

co-y;orkers ,  among them an improved feed rnechanism,  a double s ize

combust ion bed and a v^ ,ater  jacket  to  cool  the combust ion gases.  Two

çombustor  Ìengths vrere tested and the ' in f luence of  f requency and

ampl i tude o f  acoust ic  osc i ì la t ' ions  on combust ion e f f ic iency and heat

t ransfer  ra tes  is  anaìyzed.
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EXPTRIMENTAL FACiL ITY AND PROCEDURE

A cas t  i ron ,  20  cm in te rna l  d iamete r  moduìa r  combus to r  whose

schemat ic  j s  shown in  F igure  ì  was  deve loped  and  ins t rumented  fo r

the  inves t iga t ion .  The  dev ice  was  tes ted  in  the  leng ths  o f  240  cm
and 320  cm and  the  bo t tom gr id  o f  the  combus t ion  bed  was  in  a Ì l

cases  pos ' i t i oned  ì2  cn r  be low the  quar te r  leng th  sec t jon .  A  65  cm

ìn te rna ì  d iamete r ,  120  cm h ìgh  decoup ì ing  chamber  was  a t tached  to
the  bo t tom o f  the  tube  in  o rder  to  keep  the  requ i red  open  end

boundary  cond i t i on  a t  the  en t rance  sec t ion  and  to  a l low con t ro l  o f

the  a i r  feed  ra te .  ïhe  combus to r  possessed  a  feed  modu lus  w . i th  an

inc l ined  B  cm d iamete r  feed  tube  on  top  o f  wh ich  d i f fe ren t  feed

sys tems cou ld  be  mounted .  A  meta l ì i c  w i re  g r " id  a t tached  to  a  s tee l
r ing  he ld  the  combus t jon  bed .  The  g r . id  was  suppor ted  by  a  s ì id ing
rod  mechan ' i sm tha t  a l lows  var ja t ion  o f  the  combus t ion  bed  pos i t i on

ins ide  the  combus to r .

The  feed  sys tem cons ' i s ted  o f  a  per fo ra ted  cy ì jnder  a t tached  to
a  moto r  o f  va r iab ìe  speed .  As  shown in  F igure  z ,  the  sc raper  and  the
p lane  spr ing  keep  the  fue l  chunks  f rom pass ing  f ree ly  to  the  feed
tube .  The  p lane  spr ìng  e i the r  removes  the  excess  o f  fue l  f rom the
cy ì inder  ho ìes  o r  opens  to  a l low the  passage  o f  a  la rger  chunk .
D i f fe ren t  per fo ra ted  cy ì inders  can  be  used  depend ing  on  the

charac te r i s t i cs  o f  the  fue l ,  The  feed  sys tem opera ted  smooth ìy  and
kep t  the  fue ì  in  the  same s ize  tha t  i t  had . in  the  hopper .

A ' i r  was  p rov ided  th rough  the  decoup l ìng  chamber  by  an  IBRAM
mode l  cR B  rad ia ì  compressor .  The  a i r  f l ow ra te  was  con t ro ì ìed  by  a
vaJve  and  mete red  w i th  ã  ro tamete r .  A rnb ien t  tempera tu re ,  p ressure

and  re la t ' i ve  humid ì ty  were  ob ta ined  f rom a  nearby  meteoro ìog ica l

s ta t ion  fo r  the  necessary  co r rec t ions  to  the  a Í r  compos . i t i on .

The  combus t . ion  gases  were  con t inuous ìy  ana lyzed  by  a  c0 /c }z
Brumark  mode l  BR-AR-4 ìZ  . in f ra red  ana Ìyzer  and  an  0e  Junka ìo r  modeJ
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Permo ly t  2  the rmo-magnet i c  ana ìyzer .  The  gas  sampì ing  p robe  was

loca ted  a  few cen t imete rs  f rom the  combus to r  ex i t  p ìane .  I t

cons is ted  o f  a  per fo ra ted  tube  con ta in ing  severa ì  h igh  mesh

meta ì l i c  sc reens .  A  sampì ' i ng  t r :a ìn  d r jed  the  sampìe  p r io r  to

ana ìys i  s .

The ampì i tude and f requency  o f  acous t ìc  p ressure  were  measured

a t  a  ha ì f  ìeng th  f rom the  bo t tom o f  the  tube  us ing  K is t ìe r  t ype

7261  p iezoe ìec t r i c  p ressure  t ransducers ,  K js t le r  t ype  5006  cnarge

amp ' l i f i e rs ,  and  an  Ana log  modeì  F  B ì00  A  f requency  mete r .  The

ìnd ica ted  measurement  pos i t i on  co r responds  to  the  acous t ' i c  p ressure

max ' imum amp' l ì tude o f  the  fundamenta l  mode o f  osc  j  I  ìa t . ion .  The

s ìgna ls  f rom the  p ressure  t ransducers  were  d ' i sp layed  in  a  Tek t ron jx

mode l  7633  osc ì ì l oscope  sc reen .

Tempera tures  v {ere  nreasured w i th  beaded type chromeì -aJumeì

Omega thermocoup ìes .  A ì1  the  da ta  f rom the  exper iments  were

co l lec ted ,  s to red  and  p rocessed  by  a  compute r i zed  da ta  co ì lec t ion /

ana ìys is  sys tem.  A  schemat ic  o f  the  jns t runren ta t ion  i s  shown in

F ìgure  3 .

The  fue ì  burned  jn  the  tes ts  was  unpu lve r j zed  charcoa l .  I t s

e ìementa ry  ana ìys is ,  g ranu lomet ry ,  hea t  va ìue  and  mo is tu re  con ten t

a re  p resen ted  in  ïab ìe  I .  t l u t r ia ted  par t i c les  were  c0 ì lec ted  jn

a  box  p ìaced  on  the  top  o f  the  combus to r .

Four  se r ies  o f  exper iments  were  ca r r ied  ou t  and  they  a re

spec i f i ed  in  Tab le  I I .  The  coo l ing  wa te r  f l ow ra te  in  the  wa te r
jacke ts  was  in  a l l  cases  l0  ì /m in .  Ign i t i on  was  ach ieved  ì igh t ing

wood ch ips  soaked  in  a lcoho l .
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TABLE I

u l t ima te  ana lys is  and  s lze  d is t r lbu t lon  o f  charcoa l

ULTIMAÏE ANALYSIS,

DRY BASIS ("/" moss)

SIZE DISTRIBUTTON

OtMENStON (mm ) 7c mqSS

CAREON r  87 ,5

HYDFOGEN ,  0 .3

O X Y G E N  ,  9 .  I

N I T R O G E N  ,  O .  l

A S H  ,  3 . 0

2 . O O  4 . O O

1.00  -  2 .oo

o .50  -  1 .00

o .oo  0 .50

95 .3

4 .5

o.  l

o .  l

LOW HEAï  VALUE;3 l r74O J /s

MOISïURE,  Io .9  % (  AVERAGE )
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TABLE I I

Se r i es  o f  expe r lmen ts  pe r f o rmed

COMBUSÏOR
LENGïH (cm)

NOMINAL
AIR FLOW
RATE (gZmin.)

REAL AIR
FLOW RAÏE
(g/min.)

FUEL FEED
RATES (g/min.)

sEnrEs # r 3 2 0 9 0 0 8 8 0 6 5 r 7 4 , 7 9

sEnres# a 3 2 0 r 200 I  t 6 0 9  |  , 9 9  r r 08

SERTES # 3 ? 4 0 9 0 0 9 3 0 7 ?  , 8  3 ,  9 2  , 9 7

sEnrEs # q 2 4 0 |  2 0 0 1230 g 7 r l l 3 , i l 6 , l l 7
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RESULTS AND DISCUSSION

The f  i r s t  se t  o f  resu l t s  i s  shown ' i n  F ' igu re  4  wh ' i cn  ' i l  l us t ra tes ,

fo r  a  t yp ica ì  tes t ,  the  t ime var ìa t ion  o f  gas  concen t ra t ìons ,

f requency ,  p ressure  amp l ì tude  and  tempera tu res .  As  ' i t  can  be  seen

f rom the  f igu re ,  a f te r  the  ÌS th  m ' inu te  o f  the  exper iment ,  the  gas

concent ra t ions  remained approx imate ly  cons tan t  and opera t ìon  proceeded

s tead ' i ì y .  For  the  combus to r  mounted  in  the  ìeng th  o f  320  cm,  C0  was

on ' l y  de tec ted  in  the  exhaus t  gases  i f  the  0z  concen t ra t ion  were  Ìower

than  l%.0n  the  o ther  hand ,  when  the  combus to r  leng th  was  240  cm,

C0 concen t ra t ìons  h igher  than  l% were  observed  even  fo r  0a

concen t ra t ions  n igher  than  ?%,

PuÌsa t ing  opera t ion  s ta r ted  in  a ' l ì  t es ts  3  to  5  m inu tes  a f te r

ign i t i on .  The  sh i f t  f rom non  pu ìsa t ' i ng  to  pu ìsa t ing  opera t ion

was  a ìways  fo l lowed by  a  s t rong  ag i ta t ion  o f  the  fue l  pa r t i c ìes

wh ich  behaved  l ì ke  a  spou t " ing  bed ,  ìnd jca t ing  the  occur rence  o f  a

be t te r  mìx ìng  p rocess  be tween ox id ize r  and  fue Ì .

The  e f fec t  o f  pu ìsa t ions  on  hea t  t rans fe r  can  be  c ìear ìy  seen

by  fu r ther  observa t ion  o f  F ' i gu re  4 .  As  pu lsa t jons  s ta r ted ,  the  f l ue

gas  tempera tu re  decreased .  As  the  exper iment  con t ' i nued ,  the

ampì ì tude  o f  acous t ìc  p ressure  decreased ,  the  f ìue  gas  tempera tu re

increased and the  water  tempera ture  decreased.

The  decrease  w ' i th  t ime  o f  the  acous t i c  p ressure  ampì ' i t ude

occur red  in  a ì l  the  tes ts .  Th is  happened  because  as  a  tes t  p roceeds

and the  combust ion  equ ipment  becomes ho t te r  the  combust ion  bed

pos ì t ìon  fo r  max imum acous t i c  ampì i f i ca t ion  i s  sh i f ted  downwards  f rom

the  in i t i a l  quar te r  leng th  pos ì t ìon .

The per fo rmance o f  the  combustor  fo r  the  tes ted  cond i t ' i ons  is

p resen ted  in  F igures5-B  and  Tab le  I I I .  In  a l ' l  g raphs ,  the

normaì i zed  a i r / fue l  ra t io  j s  the  ra t io  ( f rn tn / f r f ) / ( Í i rA IR /úF)ST0tC

ìr.

:
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TABLE I  I  I

Q u a n t i t y  a n d  m e a n  c h a r a c t e r i s t l c s  o f  e Ì u t r i a t e d  p a n t l c u l a t e s

p e r c e n t a g e  o f  p a r t i c u ì a t e s  i n  r e l a t l o n  t o  t o t a ì  c h a r c o a L  b u r n e d
s e r i e s ;  ( 2 ) .  ( D  =  p a r t i c l e  i l i a m e t e r ,  d i m e n s i o n s  i n  m m ;  ( 3 ) :  A h c

o f  c o m b u s t i o n ;  ( 4 ) :  U C L  =  u n b u r n e d  c a n b o n  l o s s )

( ( r ) :

i n  t h e

=  h e a t

S E R I E  S

,ÂFITICULATE

("/"1
I

ME AN GRÂNULOME TRtC COMPOS|TION (o /o) MEAN

ô h c
( J / c )  (  5 l

U C L

P/"1
{ 4 )9 > Z . O ( Z l 2  0 < q  < t  . o |  .o> 0>0.590 .59>0>O 35 0 < 0 . 3 5

I t . 7 *1_
I

_ l: _
4 0

4 l r 5 3 4 -  t 6 , 6 0 0 o .9

2 5 . 5 I 6 l t 8 - 2 7 r 8 0 0 5 . 1

5 2 . 5 I 5 4 3 6 I z l - 2 7 , O O O ? . 1

4 5 . 7 3 6 9 t 5 5 il -  2 9 , O O O 5 . 2

A r ("/") 4 3 5 l 9 66

a h ç  (  J / 9  ) - J 1 , 7 4 0 -  3 1 , 7 4 0 - 3  t , 7 4 O - 2 6 r 5 0 0 -  i l  , t o 0
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where f i ^ ,^  js  the a i r  f low ra te ,  f t -  ìs  the fue l  feed ra te  and
A I K  T

( f rOrO/úr) r r ' r r ' is  the sto ich iometr ic  a i r / fue l  rat io .

Fìgure  5  shows the  dependence  o f  the  acous t ' i c  p ressure

amp ' l i t ude  upon  the  norma l j zed  a j r / fue l  ra t io .  I t  can  be  observed

tha t  in  mos t  o f  the  tes ts  the  p ressure  anrp ì  j t ude  was  h ' igher  a t  the
' la rger  

a i r  f Ìow ra tes  and  d jd  no t  depend  on  the  con tbus to r  leng th .

Th is  can  be  exp la . ined  by  the  fac t  t l ra t ,  fo r  a  ce r ta in  a ' i r / fue l

ra t jo ,  a t  the  ìa rger  a i r  f l ow ra tes ,  the  abso lu te  hea t  re lease  ra tes

are  ìa rger  and  more  energy  becornes  ava j lab le  fo r  the  acous t j c

osc i l l a t ions .

Combus t ion  e f  f  i c ienc ' ies  were  ca lcu l  a ted  f  rom t f re  measured  C0

concen t ra t ions  and  carbon  con ten t  o f  emi t ted  par t j cu la tes .  The  da ta

are  p resen ted  jn  F igure  6 .  As  i t  can  be  observed  f ronr  the  f i gu re ,

h igher  combus t ' i on  e f f i c ienc ies  were  ob ta jned  w l ren  t f re  combus to r  v ras

mounted  ' i n  a  ìeng th  o f  320  cnr  and  opera ted  a t  a  nor r r ina ì  a j r  f l ov r

ra te  o f  900  g /mìn .  The  da ta  f ron r  the  exper i rnen ts  o í ' the  o t l re r

th ree  ser ies  f  i t  approx jn ia te ' l y  the  same I  i ne .  P robab ìy  two

c0ncur ren t  e f  f  ec ts  con t r  j  bu ted  f  o r  the  a r ranger ì ren t  o l '  t he  da ta  as

they  a re  shown ' i n  F igure  6 :  the  gas  res ' idence  t  i n re  a r rd  the

ampl ì tude  o f  pu ìsa t jons .  The  gas  res ' idence  t i rne  was  appr0x ìmate ìy

ì .8  sec  fo r  the  exper jments  o f  se r jes  #  2  and  #  3 ,  60 i ,  ìa rger  fo r

se r ies  #  I  and  50% shor te r  fp r  se r ies  #  4 .  H ìghesL  conrbus t jon

e f f i c jenc ies  r ' re re  ob ta ìned  fo r  the  la rges t . res idence  t in res .  The

shor tes t  res idence  t imes  o f  se r ies  #  4  were  apparen t l y  co rnpensaLed

by  the  h igher  observed  amp l  ì tude  o f  pu ìsa t ions  in  l ,he  saLne  ser jes

(excep t  fo r  the  tes t  ca r r ied  ou t  w j th  u  =  . | .47 ) .

Da ta  on  hea t  tnans fe r  to  the  wa te r  jacke t  a re  p resen ted  in

F igure  7 ,  wh ich  shows,  fo r  d i f fe ren t  a i r / fue ' l  ra t ios ,  the

percen tage  o f  the  fue l  hea t  va lue  tha t  was  co l lec ted  by  i l re  wa te r

f low.  Aga ìn ,  the  gas  res idence  t ' ime  and  the  anrp l i tude  o f  pu lsa t ' i ons
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af fec ted  the  ob ta ìned  da ta .  For  the  same hea t  t rans fe r  a rea-see  the

p lo t  co r respondong to  the  combus t ion  bed  modu lus  -  h ighes t  hea t

t rans fe r  e f f i c ienc ies  occur red  fo r  the  ìa rges t  res ' i dence  t jmes .

when the  res idence  t imes  were  approx ' imate ìy  the  same,  as ' in  se r ies

#2  and  #  3 ,  h " igher  hea t  t rans fe r  e f f ì c ienc ' ies  occur red  when the

anrp ì i tude  o f  pu Ìsa t jons  were  h ìgher .  The  shor tes t  res jdence  t in res

o f  se r jes  #  4  v íe re  apparen t ìy  compensa ted  by  the  h igh  ampì i tude  o f

pu ì  sa t " ions  observed .

Data  express ing  the  amounts  o f  pa r t i cu la tes  enr i t ted  to  the

a t rnosphere  a re  p resen ted  in  F igure  B  and  Tab le  I I I .  As  seen  jn  the

da ta  o f  F igure  B ,  
' l a rger  

quan t ì t j es  o f  pa r t ' i c 'u les  were  e rn ì t ted

dur ìng  the  exper iments  fo r  wh jch  the  a i r  f ìow ra tes  v re re  la rqer

and  the  combus to r  was  shor te r .  Tab le  I I I  shows the  average

quan t j t ' i es  o f  pa r t i cu la tes  and  the j r  hea t  con ten t  rneasured  fo r

each  ser ies .  I t  can  be  observed  f rom the  tab le  tha t  pa r t i cu la tes

w j  th  s i  zes  ì  a rger  than  0 .59nrm had  i l re  sanre  hea t  va ' lue  o f  the

charcoa l  and  they  con t r ibu ted  s ign i f i can t ìy  fo r  the  bu i ì c l  up  o f

unburned  carbon  ìoss .  Th is  loss  was  on ìy  0 .9% when the  par t j cu la tes

cor responded ,  ' t n  mass ,  to  ì .7% o f  the  fue l  supp ì ìed ,  fo r  the  320  cnr

conrbus to r  opera t ìng  w i th  a  nomjna l  a j r  f ìow ra te  o f  900  g / r r r in .  0n

the  o ther  hand ,  the  unburned  carbon  ìoss  inc reased  to  5 .2% fo r  a

par t i cu la te  emjss ' ion  ra te  o f  5 .5% a f  the  fue l ,  fo r  the  240  cnr

cornbus to r  opera t ìng  w i th  a  hom' ina l  a  j r  f  l ow ra te  o f  ì  200  g / r r r in .

No  conc ìus ive  e f fec t  o f  pu lsa t jons  on  the  par t i cu la te  em. iss ion

ra tes  cou ld  be  d rawn f rom the  exper iments .
:

F' ina l  ì y ,  the  heat  ou tpu t  o f  the  combustor  was computec l  fo r

a l ì  exper iments .  A  max in rum hea t  ou tpu t  o f  l . l  Mw/m'was  de te rmined

fo r  the  320  c rn  combus to r  opera t , i ng  w i th  a  combus t ion  e f f i c ìency

of  95%.  The heat  ou tpu t  cor respond ' ing  to  the  max jmum combust ion

e f f i c ìency  o f  997 .  was  
. | .3  

Mw/nr?  and  j t  was  a lso  ob ta - ined  w j th

the  320  cm combus to r .  These  va ìues  compare  very  favorab ly  w i th

ex is t ìng  f ì xed  and  f lu jd i zed  bed  combus to rs .
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CONCLUS I  ON

The ma in  f i nd ings  o f th i s  work  can  be  summar ized  as  fo l lows :

a)  A  compar ison be tween the  exper iments  showed tha t  an  improved

per fo rmance o f  the  deve loped R i jke  type  combustor  was ob ta ined fo r  a

leng th  o f  320  cm w i th  nomina l  a j r  f l ow ra te  o f  900  g /m in .  Under

these  cond  j  t i  ons ,  the  f  requency  o f  osc i  1  l  a t ' i ons  was  approx in ra te ly

70Hz and  the  acous t ìc  p ressure  amp l i tude  var ied  be tween 20  and

lOmBar  (160 .0  and  157 .5  dB) .  Under  the  same opera t ìng  cond i t ' i ons ,  the

percen tage  o f  e lu t r ja ted  par t i cu la tes  was  o f  the  o rder  o f  2% o f  the

fue ' l  ,  wh ' i ch  impì  ied  jn  I  ? í  ìoss  o f  combus t ion  e f  f  i c iency .

b  )  The max ' in runr  power  re l  eased per  un i  t  a rea  was I  .7  Mw/mz ,  a

va ìue  ob ta jned  w i th  a  co rnbus t ion  e f f ì c ìency  o f  95% and  a  norn ìa l i zed

a i r / fue l  ra t io  o f  1 .10 .  In  the  cond i t i on  o f  max imum combus t ion

e f f j c ìency  ( ,99 ' ' / " )  the  power  per  un i t  a rea  was  1 .3  Mw/m'z ,  wh ich  was

ob ta i  ned  w i  th  a  norma l  ì  zed  a ' i  r / fue l  ra t i  o  o f  1  .  I  3 .  The  combus to r

ìeng th  was  s t i l l  320  cm.

c)  In  the 320 cm combustor  the presence of  C0 in  the exhaust

was detected onìy for  0z concentrat ions lower than l%, 0n the other

hand,  ' in  the 240 crn combustor ,  C0 concentrat ions h igher  than l%

were  measured  even  when the  0 '  concen t ra t ions  were  o f  the  o rder  o f

l / " .

d )  The  exper in ren ts  showed s t rong  ev idence  tha t .  the  hea t  t . rans fe r

to  the  wa ' l  ì  o f  the  conr t :us to r  i s  favored  by  the  acous l . i c  osc i  I  ìa t ions .

For  sanre  p ressure  anr l - ) l i  t udes ,  l -he  e f  fec t  ' i s  r r ro re  s  ign i f  i canb  fo r

opera t ' i on  w ì th  the  320  cm combus to r  (and  f requenc ies  o f  approx ìmate ìy

70  Hz  ) .

l BB



ACKNOI{LEDGEIIIENT

The authors are grateful

Pro je tos,Braz i l l  for  suppor t  o f

44/85/0260/00.

to  FINEP (F inanc iadora de Estudos

this work under contract number

189



2

3

REFTRTNCES

Tynda l ì .  J . :  0n  sound ing  and  sens i t i ve  f l ames .  Phys icaL  Se ienees ,

1970 ,  2 ,  p .  30 .

Lord  Ray ' le igh :  The Theong o f  sound,  
. |945,  

vo l .  2 ,  p .  ? .24 .

Sommers ,  H . :  Exper iences  v r i th  pu lsa t ing  tube  f  i r " i ng  in  an

exper imenta ì  ins ta l  la t ion ,  PuLeat ' íng  Combust ion ,  the  CoLLected

Works  o f  F . l l .  Regns t ,  M. l . J .  ïh r ing ,  €d . ,  Pergamon,  1961 ,  p .  262 .

l l anby ,  V . i .  and  Brown,  D .J .  A  50  lb /h r  pu lsa t ìng  combus to r  fo r

pu lve r i zed  coa l .  J .  Ins t .  FueL ,  1968 ,  41 ,  p .  423 .

Be l les ,  F .E . :  R  &  D and  o ther  needs  fo r  exp ' lo ' i t a t ion  o f  pu lse

combus t ion  in  space-hea t ' i ng  app l i ca t ions ,  r roe ,  o f  the  Sympos iun

on PuLse-Combust ion T'eehnology fon Heat ing AppLieat ions,

Argonne  Nat iona ì  Labora to ry ,  1979 , ,  p .  167 .

Pu tnam,  A .A . :  A  rev iew o f  pu lse -combus to r  techno ìogy .  Proe .  o f

the Symposium on PuLse-Conbust,ion TechnoLogy for l leattng

AppL ica t , ions ,  A rgonne  Nat jona l  Labora to ry ,  ì979 ,  f , .  1 .

Federov ,  B .N. :  Exper imenta l  s tudy  o f  the  e f fec t  o f  acous t i c

osc i ì l a t ions  on  hea t  t rans fe r  in  a  gas  f ìow.  Inshenmo -  F is i chek í i

Zhurna l ,  1977 ,  3 l  (1  ) ,  p .  61 .

Hanby ,  V . l . :  Convec t i ve  hea t  t rans fe r in  a  gas- f  i red  pu ' l sa t ing

combus to r .  Pub I i shed  by  ASME,  1968 ,  paper  ne  68- IüA/FU- I .

Babk in ,  Y .L . :  Pu lsa t ing  combus t ion  chambers  as  fu rnaces  fo r  s team

bo i ìe rs .  Thenmo L 'ng ineer íng ,  
. |965 ,  

l2 (9 ) ,  p .  ZJ .

Z inn ,8 .T . ,  Carva ìho ,  J .4 . ,  J r . ,  M i l l e r ,  N .  and  Dan ie ì ,  B .R . :

Deve lopment  o f  a  pu lsa t ing  combustor  fo r  burn ing  o f  wood.  p roe .

of the Synposium on PuLse-Conbustion AppLieations, lgBZ,

GR I  -8210009. 2,  p . .  ì  
' l  

.  
' l  

.

Z inn ,8 .T . ,  I ' l i l l e r ,  N . ,  Carva lho ,  J .A . ,  J r . ,  and  Dan ie ì ,  B .R . :

Puìsat ' ing combust ion of  coal  in  a Ri jke type combustor ,  proc,  of
t .he Ninet,eenth Symposiwr ( Intennacional ) on Combustion,

ïhe  Combust ion Ins t i tu te ,  ì982,  p .  l lg7 .

l0

il

190



l2 Carva lho,  J .4 . ,  J r . ,  ü ' lang,  M.R. ;  Mi l le r ,  N. ,  Dan ie l ,8 .R, ,  and Z inn,
B.T. :  cont ro l l ing mechanisms and per formance of  coal  burn ing r i jke
type pufsating combustors. proc. o! the Tuentieth symposiLün
(International) on Combuetíon, The Combustion Inst i tute, 1994,

p .  20ì1 .

I ' lang,  M.R. :  Mechanisms and per formance of  coal  burnong Ri  jke type
puÌsat ing combustors .  ph.D.  Thesis ,  lgB5,  Georg ia  Inst i tu te  of
Technoì og1.

Carva lho,  J .A. ,  J r . ,  Mi l le r ,  N. ,  Dan ie l ,  B .R.  and Z inn,  B.T. :
combust ion character is t ics  o f  unpurver ized coa l  under  puìsat ing

and non-pu lsat ing cond i t ions.  FueL,  1987,  66( ì  )  p .  4 ,

l3

ì4

191


