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Àbstract

It ie wel]- know that tstÌe gfenerâl trênd in the deeigm of modern induet.rial

plante for energy generation, nawal propuleíon, ineineratore and aircrafts

turbinee is to eq>loy swirlere aB flame holdi-ng devicee, a€t theee

equipamentg do not suffer ae rrr,rch ae the bluff bodiee or ecrêenÊt from the

expos[re to elewated temperatr:ree while etill ahowing good behavior in the

flame holding action. Thie pa1>er prêsents e:<preeeione for the performance

parârneterÊ of induetsrial axial ewirlere with fixed (welded) bladee and of

thoee with continuouely rrariable pitch angle.

Keywords:  swir l ing f1ows,  ax ia l  swir lers,  f lame hold ing.

3 $'s

IMTRODUCTION

Although there ex is t  a large

number of devices being used as

f lame holders coupled to industr ia l

burners which are b lunt  bodies such

a6 spheres,  inver ted coneg and

cyl inders or  screens,  there is  no

general  theory awai lable for  the

design of  Èhese equipments,  which

are then bui l t  f rom emcir ica l

t : c h n i q u e s  a n d  r u l e s  [ 1 , 3 ]  .  B e s i d e s ,

the  f lame ho ld ing  ac t ion  ach ieved

wí th  these e lementa  leads  to  la rge

pressure  losses  and to  a  sure

abras ive  ac t ion  and cor ros ion

p r o c e s s e s  u p o n  t h e m [ 2 ] .  T h u s ,  t Ì r e

genera l  t rend in  the  des ign  o f

modern  indus t r ia l  p lan ts  fo r  energy

genera t ion ,  nava l  p ropu ls ion  or

inc inera tors  i s  to  employ  swi r le rs

a6 f lame ho ld ing  dev ices ,  aa  these

?ã r ,
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equipments do not  i -mpose large
6

pressu re  l osses  i n  t he  f l ow  f i e l d

nei ther  suf fer  as much as the b lunt .

bodies f rom the erposure to e levated

ternperature whi le  s t i1 l  showing good

pe r fo rmance  as  f l ame  ho Ìde rs  12 ,3 l  .

Àx ia l  sw i r l e r s  i n  pa r t i cu la r  a re

w ide l y  used  i n  i ndus t r y .  Th i s  pape r

ê s t a b l i s h e s  a n a l y t í c a 1  e x p r e s s i o n s

fOr  t he  nc rmoeh i  I  i  t - r '  and  the

I f  AS  i s  t he  sw i r l e r  swepc

c r o s s -  s e c t i o n ,  i .  e .  ,

Ar : rQ:  - r : )  , r ,

and '4r7 is  the ef fect ive a i r  passage

area through t .he swir ler  d isk,  then

t .he swir l -er  permeabi l i t .y  ï r ,  usual ly

def ined as the rat io  between the

ac tua l  mass  f l ow  th rough  the  sw i r l e r

t o  t he  mass  f Ì ow  wh ich  wou ld  t ake

p lace  t . h rough  i t  i n  t he  absence  o f

b i a d e s ,  c a n  b e  w r i t t e n  a s

4r -4
I - L  :  -  ( 2 )

As-4,

where  Á6  rep resen ts  t he  ex i s t i ng  a i r

leakage area between the b lades and

the hub,

F t l  a n Ì . r a o
|  ? i

c 3 e :  !  r c t e ! ' ì : fo r

i n j ' : s t : : a -  a : ' : ' a -  s e . : ' : l e r s  r : ' ! : :  f  : i : e d

; e l d e d  : ^ a i 3 - .  a s ; e l -  e s  i o r  a > : : a 1

s . ; : - : - e : s  ï : . : : 1  : : : : : : - : : - : o _ : s 1 . , -  - . . a r : i a b ì e

I  t  a- r -  so shows the

in f Ì uence  o f  t he  seve ra ]  geomet r i ca l

va r i ab les  upon  these  pa rame te rs .

SWTRIJER CEÀRÀCTERISTTCS

Consider  a guide vane swir ler

in  an ax iaÌ  tube f fow as sketched in
Figure 1,  where fh is  the rub

radíus,  13 is  the duct .  inner  radius,

rS is  the swir ler  radius and cy is

the  vane  p i t ch  ang1e .  Th i s  i s  t he

usual  caae where onÌy the secondary

a i r  f l ow  i s  sw i r l ed ,  t he  p r imary

f l o w  ( i . e . ,  t h e  f u e l  f e e f i n g  s y s t e m ,

i f  th is  vrere the cage of  a furnace

a i r  r eg i s te r )  r ema in ing  unsw i r l ed .

( 3 )

For a swir ler  wi th Z vanes of

t h i c k n e s s  S ,  t h e  e f f e c t i v e  a i r
passage area 4f  ,  can be calculated

by subtract ing f rom the a i r  passage
c ros6  sec t i on ,  ASS,  t he  b lock ing

area due to the b lades f  in í t .e
th i ckness ,  A f  ,  and  by  add ing  t t h

Then :

( *
Au :z ltan -11 "

I zz |,' 
,,n o

where

and

4r:Áss-Ar+4, . , ( 4 )

Ar, :rQ: -:).oro

F i g . 1  À x i a l  S w i r l - e r
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t \  be ing  the  a i r  passage c rosÊ-

s e c t i o n  o u t s i d e  t h e  s w i r l e r ,

h :ÁÊ -,3 )  rsr

NoÈlce that  o i6  the rat io  between

the swir ler  b lock ing area and the

a i r  duc t  c ross -sec t i on .

Final ly ,  the most  usual  waY of

charact .er iz ing the swir l  in tenEi ty

ie through the d imensionless rat io

-  known aË the swir l  number[2] ,  which,

for the secondary flow, can be

wr i t t en  as

Ss=

j e t s  o r  f l a m e s ,  a n d  Í 3  - r h  i s  t h e

a i r  p a s s a g e  r a d ì - i  d j . f  f e r e n c e .

As t.he evaluation of G,

requ i res  the  knowledge o f  the  f low

v e l o c i t y  a n d  s t a t i c  p r e s s u r e

p r o f i l e s  t h e  s w i r l  n u m b e r  S s  i s

noma ì  ì  v  s r rbs t -  i  tu ted  bw .ç - .  thel l v l l ' l q l r l " 5 ,

a l t e r n a C i v e  s w j - r 1  n u m - b e r ,  g i v e n  b y

ç ^ - ( r 1 )
G . , \ 4  -  1 6 )

A r  = z s ( r ,  - 1 6 ) c o s o  ( 6 )

I f  the  f low P.eyno lds  Number  has

s m a 1 l  r n f l u e n c e  i - n  t h e  s w i - r 1 e r

h  ì  oe l :  i  no  ncr fo rmance then one Can
Y g r  r v _ '

a . r - s o  o b ' - a r e  C B ,  a  b l o c k a g e

: O e i i : a : e : : : .  ' i : : : - C a ,  ; : r -  : h e : :  d e p e n d

c:: : : .e : : : :  * e: :e:-;--e :  l '  : : :  -  ' ' -  .  I  i ì

v B  -

|  - o  ,

GÔ

w h e r e  o  i s  a  b l o c k a g e  f a c t o r ,

(n t -4 t \
o  - l  -  I  ( 8 )

\  4+As )

w h e r e  G ,  i s  G ,  l e s 6

l ^ 1
p r e s s u r e  t e r m  t = r

A6 the  pr imary  a i r  f low i8

u n s w i r l e d ,  â o  o v e r a l l  a Ì t e r n a t i v e

swi r l  number ,  . t  can  be  wr i t ten
|  4 1a s .  - ,

t h e  s t a t i c

( L 2 )

f lux

GÓ

.s:  I  s"
L+MR

where MR, the axial momentum

ra t i o ,  i s  g i ven  by :

,, =4(', '1 ( 'Í - 'f ), . ,R 
nr\r, ) , !

n.U.
M R  = u  ( 1 3 )

hsus

where hp.S and Up,S are the ma66

f l ow  ra tes  and  ax ia l  ve loc i - t i es

(assumed uni form) of  the pr imary and

secondary f Iows,  respect ive ly .

Equa t i on  (13 )  can  a l so  be  wr i t t en

G,\4  -  16)

where Gó is the axía1

angr.rlar momentrm, G* is

f lux of  ax ia l  momentum/

which are conserved in swi

( 1 4  )

where  r i  i s  the  f  ue1 in j  ec t  j -on

rad ius  and p , r r ,S  are  dens i t . ies  o f  the

( 1 0 )

f l ux  o f

t he  ax ia l

guan t i t i es

r l i ng  f r ee

a E n
z,J I
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pr lmary ã  n a ì  q ê a Õ n a ì â  n / f 1 o w s ,

respecE .ave l . y .
n ^ ^ . . - . :  . . -  ! L ^ !  ! L ^  ' ^ - - e n t i a Ìâ > > u r r r r r Y  L l 1 q L  L l r ç  L q r r Y Ì

cornponent  of  the secondary a i r  f low

ve loc i t y ,  W,  i s  equa l  t o  U tanu  and

tak ing  the  i ncompress ib le  f l ow

approximat ion,  then Gó and G, can

b e  w r i t t e n  a s :

t^n 
" 

)(
1 \

rÃ  I  ( 1s )' - )
/  )  * \  t
I  L t t  \ l  n  , , 2( J ^  = l  -  l l  D L  p L ,

r ' \ a l , . J ì

G, ="PL '2(  i

CB is

1 6 )

coe f f i c i en t  g i ven  by  Equa t . i on  (7 )

Then  Equa t i on  (11 )  becomes

t' )t"n " ( 1 7 )

_ l ì- t h  
I

where the b lockage

2c'(,1 -
sb:

I

r(r :  - , )(r !  -r Ì )

RESIII,TS À}TD CONCLI'STONS

E q u a t i o n s  ( 2 )  a n d  ( 7 )  y i e l d

the  behav io r  o f  t he  pe rmeab i l i t y  p ,

and  the  b lockage  coe f f i c i en t ,  C6 ,

which then can be used j -n the design

o f  an  ax ia l  sw i r l e r .  F igu res  2  and

3 show p and CB vs rg and d and

Figures 4 and 5 show p and C6 vs a

fo r  a  con t i nuous l y  wa r i ab le  p i t ch

sw i r l e r  o f  r ad ius  rS :78 .5mm.  These

f i g :u res  a l so  dep i c t  f i ve  i so la ted

po in t s  f o r  equ i va len t  i ndus t r i a l

sw i r l e r s  w i t h  p i t ch  ang les  f i xed  a t

1 5 o ,  3 0 " ,  4 5 o  6 0 o  a n d  7 5 o

respecL i ve l y .  The  s l i gh t  d i f f e rence

shown t .heie i -s  due to the fact  that

t . he  e fec t i ve  a i r  passage  a rea

- h r a r r n h  r h o ì r  . ì i ^ ì - -  r ê  - i , , ê n  h r r* 1 r - U U v r r  L r l s f r  u a > h >  I >  l l V L  q I V u r r  p !

Ecpra t i on  (4 )  anymore ,  bu t  i ns tead  by

t h e  f o l l o w i n g  e g u a t i o n :

4n=Ass-Ar ( 4 a  )

a s  i t  c a n  b e  e a s i Ì y  s e e n ,  f o r  t h o s e

sw i r l e r s  have  the i r  b l ades  we lded  to

t h e  h u b .

1

a r 5

o . 5

o .  25

o

Fíg.2 p v6 rs(rnrn) vs

r s

a ( rad )

2

1. 75

1 . 5
L .  25

!

o -  
r a

F i g . 3  C s  v s  r s ( m m )  v s  c Y  ( r a d )
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Pig .+  l . r  \ . 6  0 (  rad t  f  o r  15  =7E  5mn

v t t

= f 5

f o
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2 0

15

1()

5

o . 2 s  o . s  o . ' r 5  t  L 2 s  1 . 5 c x

F i g . 5  C g  w s  a ( r a d )  ,  Í s  = 7 8 . 5 n n n .

Equat ion (7)  is  then used in

Equation (L7) to obt,ain ^Sr, and the

alternatiwe ewirl nunber, i,

follows from Bquat.ion (12) . Fignrre

6 shows the behavior of i vE the

pi tch angIe,  d,  for  the fo l lowing

c o n d i t i o n s :  z = E b l a d e s ,  s = 2 . O m n t ,

ri =2.5 nmt , rh :21.0 nm , Í3 =79.0 nrn,

rS =7E-Sm, -S =lE0.0ds,  fup = l .3ds ,
- 1  1

PS : I  . 2Kg ld  and  I  O :2 . lE1n í  .  Those

resul t .s  1ed to the design and

conatruct.ion of an air register

which per formed precisely  a6

p r e d i c t e d [ 5 ] .

F i g . 6  . t  
" s  

a ( r a d )  f o r  r g  = 7 8 . 5 n m .
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- ait Leakage Area between

Blades and Èhe Hub Surface;
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4n - Effective Àir Paaaage Àrea

acrosE a Swirler with víelded
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Áss - Àir Passage Àrea through the

Sw i r l e r ;
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- Àir Paesage Àrea outeide the

Sw i r l e r  D i sk ;
Cg -  Blockage Coef f ic ient ;

Uò,  Ux -  Àxia1 Fluxes of  Àngular

and Àxial MomenLa [4] ;
MR - Àxia1 Momentum FIux Rat.io;

mp, mS - Primary and Secondary

MaEE Flow Rates;
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