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The distribution of solids over the height and cross section of a counter- 
flow baffled gas-suspension chamber has been investigated by the 
beta-ray method. The particles are decelerated by introducing spiral 
mesh baffles. 

Start ing f rom the pene t ra t ing  power of the r ad ia t ion  
and the expected concen t ra t ion  of sol ids  in the appa-  
r a tus ,  as the r ad ia t ion  source  we chose a BI-1 s t an -  
dard beta  emi t t e r  (a s t r on t i um 90 + y t t r ium 90 p r e p a -  
ra t ion  with m a x i m u m  energy  Ema x = 2.]8 MeV). 

When f l - rad ia t ion  p a s s e s  through a l ayer  of m a t t e r ,  
the change in the in tens i ty  of the rad ia t ion  can be ap- 
p rox imate ly  (up to about x = 7 / p )  desc r ibed  by the 
equation 

N = Noe--M1 x (1) 

It has been expe r imen ta l l y  es tab l i shed  [1] that the 
ra t io  M 1 / p  depends only s l ight ly on the chemica l  c o m -  
posi t ion  of the abso rbe r .  This r a t io  is cal led the m a s s  
absorp t ion  coefficient  M m and is de t e rmined  f rom the 
formula M m -i  83 = 22Em~.  

In the case of quartz sand the M m for the beta emis- 
sion of Sr 3U + y~0 is equal to Mm = 22 �9 2.18 -1"33 = 7.8 

cm2/g, whence M l = MmP = 7.8-1.6 = 12.5 em -I, where 
p = ].6 g/cm 3 is the bulk density of the investigated 
fraction. 

Knowing the linear attenuation factor Ml, and the 

beta particle flux in the absence of an absorber No 

and after passage through the absorber N, we can de- 

termine from ( i ) t he  thickness of the irradiated layer 

and then the linear concentration: 

lnNo - -  In N 
x - (2) 

M, 

To check (2) we pe r f o r me d  ca l ib ra t ion  tes t s .  We 
f i r s t  m e a s u r e d  the in tens i ty  of the r ad ia t ion  N o pass ing  
through the empty channel  and then the in tens i ty  of the 
r ad ia t ion  pass ing  through a l ayer  of sand of va ry ing  
th ickness .  During each expe r imen t  (durat ion 1 rain) 
we m e a s u r e d  the background N b. In accordance  with 
Fig.  1, the d i s c r e p a n c i e s  between the expe r imen ta l  
and ca lcula ted  data do not exceed 3% at x -< 0.3 cm. 

The expe r imen ta l  appara tus  cons is ted  of a "baffled 
g a s - s u s p e n s i o n "  r ig,  a type P P - 8  r a d i ome te r ,  and 
BI-1 f l - rad ia t ion  source .  The "baffled gas - suspens ion"  
r ig  is  de sc r ibed  in [2]. 

The a i r  veloci ty in the chamber  was va r i ed  f rom 0 
to 1.3 m / s e c .  The g r a n u l a r  charge ,  whose flow ra te  
was var ied  f rom 500 to 1240 kg /h r ,  en te red  the chamber  
through a per fora ted  s l id ingp la te  in a d i rec t ion  opposite 

to that 'of the a i r  s t r e a m.  In addit ion to e s t ima t ing  
the d i s t r ibu t ion  of sol ids over  the height and c ros s  
sec t ion  of the chamber  in va r ious  opera t ing r e g i m e s  
with and without (free suspens ion)  va r ious  sp i r a l  baff les ,  
we studied the effects of these  fac tors  on the ae rody-  
namic  drag Ap of the chamber .  

The expe r imen ta l  data obtained in [2] enabled us to 
e s t ab l i sh  the opt imal  v a r i a n t s  and geomet r i c  cha r ac -  
t e r i s t i c s  of the sp i r a l  baff les  used in that r e s ea r ch .  
For  the mechan ica l  dece l e ra t i on  of the fa l l ing pa r t i c l e s  
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Fig. i. Calibration curves (a: 1--calculated, 2--experimental; 
x in cm) and distribution of measuring points (b). 

616 



Table  1 

G e o m e t r i c  C h a r a c t e r i s t i c s  of the Spira l  Mesh Baff les  

Tye of mesh 
opening 

Square(woven 
mesh) 

Round (punched 
mesh) 

Fuc 

0 .66  

0 .327 

d e Pitch of  sprial, 
mm 

2.2 150 

5.0 150 

Angle of in- 
clination o~ ~ 

Number of 
turns n 

5 .33  

5 .33 

de/dp 

3 .66  

8-33  

we used  the two sp i r a l  m e s h  baff les  whose g e o m e t r i c  
c h a r a c t e r i s t i c s  a re  given in Table  1. As the g ranu la r  
charge  we used f r ac t iona ted  quar tz  sand with d p =  
= 0.6 ram. 

The rad ia t ion  s o u r c e  and the pho tomul t ip l i e r  unit  
w e r e  p laced in lead con ta ine r s  to r e d u c e  the back-  
ground and diffuse radia t ion .  In o r d e r  to c r e a t e  a 

n a r r o w  beam,coax i a l  cy l i nd r i ca l  channels  ( co l l ima to r s )  
with openings 5 m m  in d i a m e t e r  w e r e  f o r m e d  in the, 
lead con ta ine r s .  At the m e a s u r i n g  points  through 

openings 5 m m  in d i a m e t e r  w e r e  fo rmed  coaxia l ly  

with the e m i t t e r - r e c e i v e r ,  which a lso  improved  the 
co l l ima t ion  of the beam.  The r o l l e r  stand of a GUP-  
type appara tus  was used  to s t ab i l i ze  the r e l a t i v e  pos i -  
t ion of the c o l l i m a t o r  axes  and for the d i sp l acemen t ,  
r e l a t i v e  to height  and c r o s s  sec t ion ,  of the s o u r c e -  
r e c e i v e r  sy s t em.  

I r r ad ia t ion  was c a r r i e d  out be tween the t u r n s  of the 
s p i r a l  baffle in t h r e e  c r o s s  s ec t ions  along the height  
of the c h a m b e r  and at 3 - 5  points  in each sec t ion  in 
two mutua l ly  pe rpend icu l a r  d i r ec t i ons  (Fig.  lb).  At 
each point we m e a s u r e d  the in tens i ty  of the rad ia t ion  

N o in the empty  chamber .  Then we c r e a t e d  the n e c e s -  

s a r y  counter f low g a s - s u s p e n s i o n  r e g i m e  and m e a s u r e d  
the in tens i ty  of the r ad ia t ion  N at the s a m e  point (not 
l e s s  than 4 - 5  t imes ) .  F r o m  the ca l ib ra t ion  c u r v e  (Fig.  

l a )  we found the th ickness  of the i r r a d i a t e d  l aye r  x of 
sol id  component  and f r o m  t h e r a t i o  of the l aye r  th ick-  
ness  to the c r o s s  sec t ion  of the chambe r  at the g iven 
point we d e t e r m i n e d  the l i nea r  p a r t i c l e  concen t ra t ion  
fi~. We then cons t ruc ted  concen t ra t ion  d i s t r ibu t ion  
d i a g r a m s  over  the height  and c r o s s  sec t ion  of the 

chamber  and by p l a n i m e t r y  found the m e a n  vo lume  
concent ra t ion /3 .  Fo r  compar i son ,  we a lso  used the 
rap id  cutoff  method,  which enabled us to d e t e r m i n e  
the m e a n  vo lume concen t r a t ion  rio. Fo r  the purpose  

we ins ta l l ed  cutoff va lves  at the chamber  inlet  and 
outlet.  

The s tandard  devia t ion  of the number  of r e g i s t e r e d  
p a r t i c l e s  can be e s t i m a t e d  in a cco rdance  with [3]: 
G r = 100/(NT)I/2, where  N is the counting ra te ,  pps. 
In our  e x p e r i m e n t s  NT was on the o r d e r  of 7000pulses ,  
whence G r = • Dur ing  the mot ion of the d i s p e r s e  
f lowG r i n c r e a s e d  and at/3 = 38 -10  -4 reached  • 
Al toge ther  we p e r f o r m e d  24 s e r i e s  of e x p e r i m e n t s  
with a total  of 336 m e a s u r e d  points .  

The cu rves  in Fig.  2a r e p r e s e n t  the d i s t r ibu t ion  of 
the l i nea r  concen t ra t ion  fil over  the height  and c r o s s  
sec t ion  of the c h a m b e r  fo r  the f r e e  and baff led suspen -  
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Fig. 2. Diagrams showing the distribution of solids 
over  the c r o s s  sec t ion  (a) and height  of the chambe r  
as a function of the number  of turns  n of the sp i ra l  
baff le  and Re (b) (rid /3 in m3/m3): a) 1 - - f r ee  suspen -  

sion; 2--woven m e s h  d e / d  p = 3.66; 3 - - p u n c h e d m e s h  
d e / d  p = 8.33; b) 1--Re = 0; 2 - -Re  = 2.03.  103; 3- -Re  = 

= 2.86 �9 103. 

sion,  o ther  things being equal.  Varying the p a r a m e t e r s  
o v e r  the i n t e r v a l s  Re = 0 - 2 . 8 6 . 1 0 3  and p = 1 .24-2 .91  

kg .  h r / ~ g -  hr  had no e f fec t  on the na tu re  of the d i s t r i -  
bution: In this case  mechan ica l  d e c e l e r a t i o n  causes  an 
i n c r e a s e  in the sol ids  concen t r a t ion  by a f a c t o r  of 2 - 3 .  
Since the p a r t i c l e s  now fal l  by ro l l i ng  along the turns  
of the m e s h  and spi l l ing  through,  the i n c r e a s e  in dwell  
t i m e  and hence the i n c r e a s e  in concen t ra t ion  a re  p e r -  
fec t ly  na tura l .  Aerodynamic  d e c e l e r a t i o n  of the fal l ing 

p a r t i c l e s  by the a i r  counter f low i n c r e a s e d  the sol ids  

concen t ra t ion  by only 20% as compared  with the case  
v a = 0). A fu r the r  i n c r e a s e  in a i r  ve loc i ty  above 
1.9 m / s e c  led to en t r a inmen t  of the p a r t i c l e s .  Fo r  the 

f r ee  suspens ion  the m e a n  concen t ra t ion  over  the c r o s s  

sec t ion  did not v a r y  along the height  of the chamber ,  
which indica tes  the rapid  onset  of un i form mot ion  in a 
counter f low [4]. In the baff led suspens ion ,  how- 
e v e r ,  the concen t r a t ion  did not r e m a i n  constant  with 
r e s p e c t  to height ,  but the nature  of the pa r t i c l e  d i s -  
t r ibu t ion  over  the c r o s s  sec t ion  was the same  as in 
the f r e e  suspens ion - - the  c u r v e s  a r e  a lmos t  equidis tant  
with a m a x i m u m  along the c h a m b e r  axis  and a s y m -  
m e t r i c a l  va r i a t i on  of concen t ra t ion  toward  the pe r iphe ry .  
However ,  in a cco rdance  with Table  2, the d e g r e e  of 
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Table  2 

D e g r e e  of Nonuniformi ty  of P a r t i c l e  Dis t r ibu t ion  Over  Cham ber  

Free suspension 

e.104 
I II III I II 

0 0-863 0.832 0.825 0.805 0.814 
2.03 10.832 0.84510.8851 0.803 0.770 

O. 722 0.814 2.86 10.880 0.840 0.808 

Remark. I, II, and 111 denote the chamber cross sections. 

Woven mesh de/d p = 3.66 Punched mesh de/d p = 8.33 

I l i  III 

0.740 
0.840 
0.785 

I II 

0.787 0.750 
0.610 0.650 
0.620 0.740 

0.633 
0.600 
0.690 

Table  3 

Concen t ra t ion  Data Obtained by the Cutoff Method and the f l -Ray Method 

550 
1026 
608 374 

1090 374 
663 526 

1233 526 

' Mean volume concentration b'- 104, m~/m si 

Cutoff method fl-ray m e t h o d  

II III I II 

I~'64 
2 91 
1.26 
2.34 

5.8 
9 .6  
6.53 

12.0 
9 .20  

14.4 

12.6 
22.3 
15.6 
27.8 
22.5 
32:2  

12 8 
22.0 
14.4 
28.3 
24-0 
32.0 

5.75 
9.64 
6.35 
12.0 
8.90 
14.0 

11.8 
20.6 
14.5 
25 .0  
21.0 
29,8 

III 

12.0 
20.2 
14.0 
25-7 
22 .0  
30.0 

Remark. I--free suspension, n and llI--baffled suspension, mesh de/d p respectively equal to 3.66 and 8.33. 

nonuni formi ty  of pa r t i c l e  d i s t r ibu t ion  ove r  the c r o s s  
sect ion,  e s t i m a t e d  f r o m  the ra t io  of the m a x i m u m  to 
the m e a n  value of/3l, is  d i f fe ren t .  F o r  flow d e c e l e r a -  
t ion using a punched m e s h  the nonuni formi ty  is much 
g r e a t e r  than for a f r ee  suspension,  and for d e c e l e r a -  

t ion using a woven m e s h  app rox ima te ly  the same .  It 

is impor tan t  to note the ef fec t  of the number  of baff les  
on the va r i a t i on  of the mean  concent ra t ion ,  which 
could be e s t i m a t e d  thanks to the use  of the f i - ray  
method.  In a cco rdance  with Fig.  2b, each s u c c e s s i v e  
turn of the sp i r a l  baff le  i n c r e a s e s  the concent ra t ion .  
Beyond the f i r s t  turn  the dependence is  l inear ;  the 
s lope depends on the Re number  and a lso  on the g e o m -  
e t ry  of the mesh .  The use of a punched m e s h  with 

Fuc = 0.327 and d e / d  p = 8.33 g ives  the s a m e  d e c e l e r a -  
t ion ef fec t  as a woven m e s h  with Fuc = 0.66 and de /dp  = 
= 3.66 (Fig.  2a). This  r e s u l t  can be a t t r ibuted  to the 
opposi te  ef fec t  of Fuc and d e / d  p on the i n c r e a s e  in 
the dwell  t ime  of tile m a s s  of p a r t i c l e s  in the a i r  flow. 
However ,  woven m e s h  is to be p r e f e r r e d ,  s ince  

punched m e s h  causes  a d e t e r i o r a t i o n  in the un i fo rmi ty  

of d i s t r ibu t ion  of the cha rge  and c r e a t e s  a g r e a t e r  
r e s i s t a n c e  to the Passage  of a i r .  The r e s u l t s  obtained 
b y / 3 - r a y  i r r a d i a t i o n  in mutua l ly  pe rpend icu l a r  d i r e c -  
t ions showed that the concen t ra t ion  d i s t r ibu t ion  is 
s y m m e t r i c a l .  

The t r a n s p a r e n t  chamber  a lso  enabled us to make  
v i sua l  obse rva t ions .  The fo rma t ion  on the m e s h  of an 
undeveloped f luidized moving  bed d i s t r ibu ted  over  the 
turns  of the sp i r a l  is  typical .  The mot ion  of the p a r -  
t i c l e s  a l t e rna te s  with sp i l l ing  through the m e s h  open-  
ings onto the lower  turns  of the sp i ra l .  The th ickness  
of the f lu id ized bed f luc tuates  with the p a r t i c l e  flow 
ra t e ,  the a i r  ve loc i ty  in the chamber ,  and the type of 
mesh .  The m a x i m u m  th ickness  r e ached  about 25 -30  dp 
on a m e s h  with d e / d  p = 8.33. 
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The r e s u l t s  of d e t e r m i n i n g  the mean  vo lume  con-  
cen t ra t ion /3  ove r  the chamber ,  obtained by the cutoff 

method  and the f i - r ay  method,  a r e  s u m m a r i z e d  in 
Table  3 (the d i s c r e p a n c i e s  do not exceed  10%). The 
va lues  of/3 obtained by t h e / 3 - r a y  method  give r e s u l t s  
that a re  somewhat  too low, s ince  the i n c r e a s e  in con-  
cen t ra t ion  due to f lu id iza t ion  of the p a r t i c l e s  on the 

turns  of the m e s h  was not taken ful ly into account .  
D e t e rm ina t i on  of/3 fo r  a nonuni form supply of sol id  
phase  o v e r  the c h a m b e r  c r o s s  sec t ion  (the p a r t i c l e s  
w e r e  in t roduced  cen t r a l l y  through two openings 25 m m  
in d i a m e t e r )  r e v e a l e d  the equa l i z ing  e f fec t  of the sp i ra l  
baffle.  However ,  at  n = 5.33 i t  was not  poss ib l e  to 
ach ieve  total  un i fo rm i ty  of d is t r ibut ion .  

The p r e s s u r e  loss  Ap of the air  flow in the chambe r  
fo r  a f r e e  and a baff led gas suspens ion  was de -  
t e r m i n e d  us ing s ta t ic  taps  in the upper  and lower  pa r t s  

of the chamber  and an MMN m i c r o m a n o m e t e r  g r a d -  
uated in 0.2 k g / m  2. Accord ing  to Fig.  3, the use  of 

m e s h  baff les  causes  an i n c r e a s e  in the r e s i s t a n c e  to 
the pa s sage  of a i r ,  which is a t t r ibu tab le  to the in-  
c r e a s e d  blocking of the cham be r  and a loca l  i n c r e a s e  
in ve loc i ty .  The r e s i s t a n c e  of the baff les  is a function 
of the number  of tu rns  and the useful  c r o s s  sec t ion  of 
the mesh .  The ra t io  d e / d  p c h a r a c t e r i z e s  the deg ree  
to which the pa s sage  of p a r t i c l e s  through the m e s h  
openings is r e s t r i c t e d  and the extent  to which the m e s h  
blocks  the passage  of a i r .  The f i r s t  f ac to r  i n c r e a s e s  
the m e c h a n i c a l  dece l e r a t i on ,  while the second c r e a t e s  
the condi t ions  for the nonuni form d i s t r ibu t ion  of a i r  
over  the c h a m b e r  c r o s s  sec t ion  leading to an i n c r e a s e  
in the m e c h a n i c a l  d e c e l e r a t i o n  effect .  As the f l o w - r a t e  
concen t ra t ion  p i n c r e a s e s ,  so does the ae rodynamic  
d rag  of the chamber ,  which is na tu ra l  s ince  the number  
of p a r t i c l e s  s imu l t aneous ly  in the cham be r  i n c r e a s e s .  
This  r e l a t i on  is shown in Fig.  3 as a continuous l ine.  
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Fig. 3. P r e s s u r e  loss  (kg/m 2) as 
a funct ion of concen t ra t ion  (kg/  
hr , /kg/hr)  (a--Ap/&po): 1) f ree  
suspens ion;  2) woven mesh;  3) 

punched mesh.  

However,  the r e l a t ive  p r e s s u r e  loss  Ap/Ap0 (Ap0 is 
the r e s i s t a n c e  of the chamber  without a charge)  is 
l ess  than in the f ree  suspens ion .  

The poss ib i l i t i e s  of i n c r e a s i n g  the eff iciency of 
counterf low d i s p e r s e  s y s t e m s  us ing  sp i r a l  mesh  ba f -  
fles a re  not  exhausted by the data p resen ted .  Thus,  
in [2] in the r o l l i n g - s p i l l i n g  r e g i m e  at de /d  p = 1.1 
and Fuc = 0.327 the r e s idence  t ime  of the pa r t i c l e s  
i nc r ea sed  approx imate ly  by a factor  of 18, which is 
chiefly a t t r ibu tab le  to the i n c r e a s e  in the per iod  of 
ro l l i ng  along the tu rns  of the sp i ra l .  As a r e s u l t  of 
the improved  ae rodynamics  in a chamber  with a m e s h  
opening d i ame te r  d o = 2.8 ram, i . e . ,  de /d  p = 4.66, 
Fuc - 28%, it proved poss ib le  to achieve an i n c r e a s e  
in the pa r t i c l e  r e s idence  t ime  by a factor  of approx i -  
ma te ly  9. 

The use  of the f l - ray method to e s t ima te  the varza-  
t ion of the t rue  concen t r a t ions  over the c ro s s  sec t ion  

and height of a counterf low chamber  enabled us to 
detect  an i n c r e a s e  in  t rue  concen t ra t ion  along the path 
of the pa r t i c l e s  and a fa i r ly  un i form d is t r ibu t ion  of 
the pa r t i c l e s  over the c ros s  sect ion,  and to conf i rm 
the de s i r ab i l i t y  of us ing  m e s h  with a sma l l  de /d  p ra t io  
and a la rge  useful  c ros s  sec t ion.  The la t te r  a l s o m a k e s  

�9 poss ib le  a s igni f icant  reduc t ion  in ae rodynamic  drag 
(Fig. 3). 

For a complete evaluation of the proposed method 
of mechanical deceleration it will subsequently be 
necessary to obtain data on the heat transfer in such 

systems. 

NOTATION 

N is the beta flux; #l,m is the linear mass fl-flux 

attenuation factor; x is the thiekness of the absorber; 

p is the density; dp is the particle size;deistheequiv- 

alent diameter of the openings; v a is the air veloeity; 

Vc is the eritical velocity; Fuc is the useful cross 
section; p is the volume concentration; Ap is the pres- 

sure drop; p is the flow-rate mass concentration; H e 

is the height of the chamber. 
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