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Resul ts  a r e  shown of studies concerning the des iccat ion of sewage wate r  sed iments ,  which 
have been dehydrated mechanical ly ,  in appara tus  with colliding je t s  of gaseous  suspension.  
Heat t r a n s f e r  re la t ions  and technological  p a r a m e t e r s  of this des iccat ion p r o c e s s  a re  
analyzed.  

Appara tus  with colliding gaseous - suspens ion  je t s  (Fig. 1) has been in recent  y e a r s  used by var ious  
indus t r ies  for  drying and roas t ing  var ious  d i spe r se  ma te r i a l ,  for  fuel combust ion,  and also for  comminu-  
tion and mixing [1-3]. 

The advantages  of t rea t ing  m a t e r i a l s  in such an appara tus  a r e  the feas ibi l i ty  of attaining r a the r  high 
veloci t ies  in the phases  combined with a longer  dwell t ime for  the d i spe r se  phase ,  and of at taining s t r e a m  
turbulizat ion by hydrodynamica l ly  brak ing  two colliding axial ly s y m m e t r i c a l  gaseous - suspens ion  je ts .  

At the Insti tute,  in col laborat ion with the NIIKhIMMASh, l abora to ry  and pilot  field s tudies were  made 
concerning the des iccat ion of sewage wa te r  sed iments  in colliding gaseous - suspens ion  je ts .  

The r e su l t s  of l abo ra to ry  tes ts  a r e  shown in Table  1. The tes t s  were  p e r f o r m e d  under  conditions 
conforming to the equation of convect ive heat  t r a n s f e r  (desiccation of sed iments  during the f i r s t  p r o c e s s  
stage with hot a i r  at  tm = 80-140~ 

Nu = B Re X. (1) 

In colliding jets the so l id-phase  pa r t i c l e s  undergo a r ec ip roca t ing  damped v ib ra to ry  motion. The 
ave rage  re la t ive  veloci ty  of the phases  may  be a s sumed  here  equal to the gas veloci ty  within the je t  i n t e r -  
f e rence  zone [1]. 

The g r ea t e s t  difficulty in designing the des icca t ion  p r o c e s s  for  pas t e s  in colliding je ts  is to define 
the governing geomet r i ca l  d imension of so l id-phase  pa r t i c l e s .  During desiccat ion in colliding je ts ,  ac -  
cording to our  s tudies ,  the s ize  of fluidized sediment  pa r t i c l e s  d e c r e a s e s  f rom a few tens of m i l l i m e t e r s  
at  the des i cca to r  ent rance  down to f rac t ions  of a m i l l i m e t e r  at the exit.  
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Fig. 1. Schematic  d i ag ram of an appara tus  with opposing 
gaseous - suspens ion  jets :  1) nozzle; 2) acce le ra t ion  tube; 
3) rece iv ing  chamber .  
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TABLE 1. T e s t  Resu l t s :  the Des i cca t ion  of Mechanica l ly  Dehydra ted  Sewage Wate r  
Sediments  in a L a b o r a t o r y  Appara tus  with Coll iding J e t s  

Performance parameter Variation limits 

Moisture content in mechanically dehydrated sediment, % 
Moisture content in reeirculated sediment mix entering the desiccator, ~/o 
Moisture content in the dry sediment 
Desiccator capacity, in terms of evaporated moisture, kg/h 

70--80 
57,3--72,4 
39,8--53,0 
4,2--12,3 

Air pressure before enetering the nozzle, atm 
Air temperature before entering the nozzle, *C 
Air temperature after leaving the nozzle, *C 
Air temperature after leaving the desiccator, *C 
Velocity of air discharge from the nozzle, m/see 
Air velocity in the acceleration tube, m/see 
Governing geometrical dimension (diameter) of dry sediment particles, m 
Delivered volume concentration of sediment in the desiccator 
Specific heat of desixxarion, kcal/kg of evaporated moisture 
Specific air comumption, kg/kg of evaporated moisture 

1,1--1,4 
130--250 
110--205- 
50--75 

129-267 
16, 6--34,1 

(0,440-0,637) �9 10 d 
"(0,089--0,152). lO -3 

1090--1230 
20,4--45,4 

appl icable  within the r anges :  
y ie lds  

Inasmuch  as  the ve loc i ty  of the heat  c a r r i e r  at the s ed imen t  inlet  to the appa ra tu s  r anged  f r o m  130 to 
300 m / s e e ,  a l m o s t  10 t imes  h igher  than the ve loc i ty  in the je t  i n t e r f e r ence  zone,  m o s t  of  the sed imen t  
comminu t ion  o c c u r r e d  at the f i r s t  con tac t  with a gas  jet .  

F o r  this r ea son ,  our  ana lys i s  was b a s e d  on the a s s u m p t i o n  that  the p a r t i c l e  s ize  r e m a i n e d  cons tan t  
in the je t  i n t e r f e r e nc e  zone.  The  govern ing  g e o m e t r i c a l  d imens ion  of  sed imen t  p a r t i c l e s  could then be de -  
t e r m i n e d  f r o m  a s ieve  ana lys i s  of  the d r y  sed iment .  Fol lowing the r e c o m m e n d a t i o n s  by  Gorb is  [4], we in-  
eluded a f o r m  f a c t o r  in our  ca lcu la t ions .  

The hea t  t r a n s f e r  coeff ic ient  was  d e t e r m i n e d  f r o m  the equat ion of convect ive  heat  t r a n s f e r ,  where  the 
hea t  n e c e s s a r y  for  r a i s i ng  the t e m p e r a t u r e  of  a sed imen t  and for  r e m o v i n g  the m o i s t u r e  f r o m  it by  e v a p o r a -  
t ion was  ca lcu la ted  on the b a s i s  of t e s t  data  and by applying the equat ions  of heat  and m a t e r i a l  ba lance  to 
the d e s i c c a t o r  [5]. 

In defining the ac t ive  heat  t r a n s f e r  su r f ace ,  we have a s s u m e d  that the des i cca t ion  p r o c e s s  in col l iding 
je t s  o c c u r s  only within the ac t ive  zone of the  appa ra tus ,  where  the sol id  p a r t i c l e s  v ib ra te .  The hea t  t r a n s -  
fe r  su r f ace  in this zone is  l a r g e r  than in a pla in  gaseous  suspens ion ,  in the s a m e  ra t io  as  the a v e r a g e  dwetl 
t ime  of a p a r t i c l e  in the ac t ive  zone to the p a s s a g e  t ime of  gas  th rough  this zone.  

The heat  t r a n s f e r  su r f ace  was  ca lcu la ted  by  the f o r m u l a  

6f 1"s Va[~ p ~s (2) 

F-- as 7-" 
The length of the ac t ive  zone and the re ten t ion  f ac to r  w e r e  ca lcu la ted  by the f o r m u l a s  in [2, 6]: 

ia_= 2 ( 1 2 . 6 _ 2 , 8  H._H../ 10-,Reds P s.., (3) 
\ / - ) /  P 

__'rs = 1.7.10-iReS4 ( D )k33(1 - -  2.74 ~g" ), (4) 
\ d , /  

val id  Within the r anges  102 < Re < 103 and Op < 0.9" 10 -3, r e s p e c t i v e l y .  

The tes t  data on hea t  t r a n s f e r  dur ing des icca t ion  of s ed imen t s  in col l iding g a s e o u s - s u s p e n s i o n  je ts  
have been  b a s e d  on f o r m u l a s  (2)-(4), with a m e a n - s q u a r e d - e r r o r  of ~:12.5% and shown in Fig.  2, can be 
app rox ima ted  by  the r e l a t ion  

Nu = 1.9 Re 0,~, (5) 

4 4 0 < R e <  570, 2 0 < R e f <  50, /3p< 0 .9 -10  -3, and 6 0 < D / d s <  90. This  

= 1.9 dOs.lZ , (6) 

Q = 3 . 0 4 . 1 0  -7 12,6--2.8 D 3'a ~ .  P-~s f"SRe}'4~p(l--2.74~~ 
d~s '5 p 

(7) 

1250 



l~ Nq~ 

~55 

o 

~ ;i 

�9 i i 
gT~ tc)~e o,3~ go 25 ~o 3~- w 

Fig. 2 Fig. 3 

Fig. 2. Tes t  data on heat  t r a n s f e r  during des icca t ion  of dehydrated 
sed iments  in an appara tus  with colliding je ts .  

Fig. 3. Equivalent d i ame te r  of dehydrated sediment  pa r t i c l e s  as a 
function of the veloci ty  of the drying agent. 

As is well known, the ae rodynamic  drag  in colliding je t s  in an appara tus  is propor t iona l  to the ve loc-  
ity of the gaseous - suspens ion  squared  [1]. 

The power  exponent of veloci ty  in fo rmula  (7) for  the drying agent  is also a lmos t  equal to 2. During 
sediment  des iccat ion in colliding je ts ,  there fore ,  an inc rease  in the veloci ty  of the drying agent is not 
l imited by an even more  inc reas ing  drag  in the des icca to r ,  and this is an important  fea ture  of the p roces s .  

As the veloci ty  of the drying agent  i nc reases ,  the inc rease  in the ra te  of heat t r an s f e r  to the sedi -  
ment  is somewhat  slowed down by the accompanying reduction in the size of sediment  pa r t i c l e s  on account 
of the i r  comminution.  According to Fig. 3, however ,  this reduct ion of the equivalent par t ic le  d i ame te r  
occurs  s lower  than the r i se  in velocity.  Owing to comminution,  m o r e o v e r ,  the moi s t  sediment  su r faces  
a r e  r e s t o r e d  and this makes  it feas ib le  to extend the f i r s t  s tage of des icca t ion  with the highest  ra te  of 
drying.  

I t  follows f rom Eq. (7) that, for  sediment  desiccat ion by colliding je ts ,  it would be worthwhile to in-  
c r e a s e  the concentra t ion of so l id-phase  pa r t i c l e s  in the gaseous  suspension.  This can be achieved by 
par t i a l  r ee i rcu la t ion  (retouring) of the dr ied ma te r i a l .  

In appara tus  with colliding je ts ,  because  of the shor t  p r o c e s s  t ime,  one pas sage  of the ma t e r i a l  does 
not produce thorough enough desiccat ion.  F o r  instance,  by one passage  through the des icca tor ,  the m o i s -  
ture content in the sediment  could, in our case ,  be reduced f rom 57.3-72.4% to 39.8-53.0%. 

F o r  m a t e r i a l s  containing phys icomechanica l ly  bonded sur face  mois tu re ,  a m o r e  thorough desiccat ion 
can be achieved in mul t i s tage  counterf low appara tus ,  as p roposed  by E l ' pe r i n  in [1], o r  by multiple r e c i r -  
eulation of the ma te r i a l .  Many m a t e r i a l s  contain, bes ides  sur face  mois tu re ,  a lso  phys icochemica l ly  
bonded mois tu re ,  which is difficult to r emove  by desiccat ion,  and its content in dehydrated municipal  
sewage sediments ,  for  example ,  const i tutes  30% or  more  of the total mois tu re .  The des icca t ion  of such 
m a t e r i a l s  is bes t  achieved by v a r i a b l e - p r o c e s s  t r ea tment ,  namely  by an apprec iab le  reduction of the d ry -  
lag agent  veloci ty  during the second stage and by a l a r g e r  contact  between ma te r i a l  and gas.  

Consider ing this,  we p ropose  a method of drying pas tes  and loose m a t e r i a l s  with a subsequent t r ea t -  
mea t  by a hot drying agent  in colliding je t s  with an a i r  spout mechan i sm [7]. 

On a pilot  stand opera t ing in this mode with flue gases  at 600-700~ and with rec i rcu la t ion  of the 
ma te r i a l ,  we obtained the following desiccat ion p e r f o r m a n c e  levels:  volume intensity of moi s tu re  evapora -  
tion 715-800 k g / m  ~ �9 h, specif ic  heat  of desiccat ion 790-875 kca l /kg  of evapora ted  mois tu re ,  and specif ic  
consumption of e lec t r i c  energy  73-81 kWh/ton of evapora ted  mois tu re .  

Nu = a d s / X  
Re = wds /v  
l~ef = wfds /v  

ds 

N O T A T I O N  

is the Nussel t  number  for  heat  t r ans fe r ;  
is the Reynolds number;  
is the Reynolds number  for  f ree  fall  of solid pa r t i c l e s ;  
is the heat t r an s f e r  coefficient,  k c a l / m  2. h .  ~ 
is the governing geome t r i ca l  d imension of sed iment  pa r t i c l e s ,  m; 
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is the mean t empe ra tu r e  of the gas in the des icca tor :  t m = 0.5(tin + tout); 
is  the the rma l  conductivity of the gas  at  t e m p e r a t u r e  t m,  k c a l / m ,  h-~  
is  the k inemat ic  coefficient  of the gas at t m, m2 / sec ;  
is the velocity of gas in the ~/cceleratiag tubes at  t empe ra tu r e  t m (with moi s tu re  evapora t -  
ing f rom the sediment  also taken into account); 
is the veloci ty of f ree  fall of dr ied sediment  pa r t i c l e s  (diameter  ds), m / s e c ;  
is the density of the dr ied sediment  pa r t i c l e s ,  kg/m3; 
is the density of the gas at t empe ra tu r e  t m, kg/m~; 
Is the geomet r i ca t  fo rm fac tor  of dr ied sediment  pa r t i c les ;  
is the heat  t r a n s f e r  sur face ,  m2; 
IS the length of the act ive zone, m; 
is the volume of the active zone, m3; 
is the d iamete r  of the acce le ra t ing  tubes,  m; 
is the dis tance between the open cads of the acce le ra t ing  tubes,  m; 
is the retent ion coefficient;  
is the de l ivered  concentrat ion of solid pa r t i c l e s  in gaseous suspension;  
is the heat  consumption for  ra i s ing  the t e m p e r a t u r e  of the sediment  and evapora t ing  the 
mois tu re  f rom it, kca l /h .  
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