
I N V E S T I G A T I O N  OF AERODYNAMIC CHARACTERISTICS 

OF M A N G A N E S E  O R E *  

P .  N .  P l a t o n o v ,  F .  A .  F e d o r o v ,  
a n d  S .  I .  K i r i c h e n k o  

UDC 66. 096.5 

The r e su l t s  of an investigation of the ae rodynamic  c h a r a c t e r i s t i c s  of manganese  ore,  
r eady  for  de l ive ry  f rom the pit and sorted out in f rac t ions ,  a re  presented for  the 
humidity range 1.3 to 8 .5~ .  The fo rmu la s  for  computing the p r e s s u r e  drop in the 
bed, the veloci ty  of s t a r t  of fluidization, and the velocity of en t ra inment  of the p a r -  
t i t l e s  a re  a lso  given.  

In designing appa ra tuses  and p r o c e s s e s  based on the in teract ion of a gaseous  flux with the solid phase 
(boi l ing-layer  appara tus ,  pneumatic  t r anspor t ,  e tc . )  a knowledge of the ae rodynamic  c h a r a c t e r i s t i c s  of the 
ma t e r i a l  is n e c e s s a r y .  

In the p r oce s s  of p r epa r ing  the s tnter  cakes  the manganese  ore is subjected to drying in a boiling layer  
and to pneumatic  t r a n s p o r t .  

The ae rodynamic  c h a r a c t e r i s t i c s  of the manganese  ore were  invest igated main ly  for the purpose  of 
the subsequent  development  of a continuously operat ing drying appara tus ,  but the r e su l t s  obtained here  can 
be useful a lso  in other cases  in computing the in te rac t ionof  a gas flux with the l ayer  and individual p a r t i c l e s .  

During the invest igat ion the c h a r a c t e r i s t i c s  of the purged layer  were  de te rmined  at  different  s tages  
of its drying,  and a lso  of the individual pa r t i c les  dur[ng their  interact ion with the gas flux: the ae rodynamic  
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Fig .  1. Schemat ic  d i ag ram of the exper imenta l  equipment:  1) a i r -  
blowing station,  2) p rec ip i t a to r  bunker ,  3) m i c r o m a n o m e t e r ,  4) 
measu r ing  spher ica l  col lec tor ,  5) switch, 6) m i c r o m a n o m e t e r ,  7) 
va lves ,  8) p r e s s u r e  gauges,  9) gas -d i s t r i bu to r  g ra te ,  10) r e a c t o r .  
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Fig .  2. Aerodynamic  charac te r i s t ics :  Of a layer  of man-  
ganese ore with different  humidi t ies  for  po lydispers ive  
composi t ion  and for individual f rac t ions :  a) po lydispers ive  
m a t e r i a l  0-5 m m :  1) W=l.SV/c, 2) 5.0,  3) 6.5,  4) 8 .3 ,  5) 
7.2%; b) f rac t ion  d e =1.41 ram:  1) W=1.3%, 2) 4.2; 3) 5.85, 
4) W = 7.5%; c) f r a c t i o n d e = 4 . 2 4 m m :  1) W=1.3%, 2) 3.9,  
3) 5.2,  4) W=6.2%; d) f rac t ion  d e = 4 . 2 4 m m : l  ) W=1.3%,  
2) 4 .0 ,  3) 5.3,  4) W=6 .1%; I )  G/F a=l16kg/m 2, H0=53 
ram; II) 174 and 77; III) ~ 232 k g / m  2 and 105 m m .  AP, 
daN/m2; v,  m / s e c .  

r e s i s t a n c e  of the layer  AP, the veloc!ty of s t a r t  of fluidization W~r, expansion of the layer  at s t a r t  of f luid-  
ization and during the ent i re  period of exis tence  of the fluidized l aye r ,  the nature  and pecul ia r i t i es  of the 
fluidized layer ,  and the veloci ty  of r emova l  (en t ra inment )of  the pa r t i c l e s  Wen. 

The invest igat ions were  conducted with manganese  ore ready  for de l ivery  f rom the pits  of the mining 
indus t ry .  The ore is a po lydispers ive  m a t e r i a l  with range of size of the pa r t i c les  f rom 0 to 5 m m  and ini -  
tial humidity of 1.3 to 8.5%. The individual f rac t ions  of this ore have the following cha rac t e r i s t i c s :  d I = 
0 . 5 - 1 . 0  ram,  dei =0.71 ram,  d 2 = 1 . 0 - 2 . 0  ram, de2 =1.41 ram,  d 3 = 2 . 0 - 2 . 5  m m ,  de3 =2.24 mm,  d 4 = 3 . 0 -  
3.5 ram,  de4 =3.24 mm0 d 5 = 4 . 0 - 4 . 5  mm,  and de5=4.24 m m  in the same range  of humidi ty .  The inves t i -  
gations were  ca r r i ed  out on the equipment whose schemat ic  d iagram is shown in Fig .  1. A weighed amount 
of the invest igated m a t e r i a l  was placed on the gas -d i s t r ibu to r  grate  9 in r e a c t o r  10 and was blown through 
by a i r  s t r e a m  f rom the blowing stat ion 1. The flow ra te  of a i r  was regulated by valves  7 and controlled by  
the inlet spher ica l  co l lec tors  4 having different  nominal  ducts; this made it possible  to va ry  and m e a s u r e  
the r a t e  of f i l t ra t ion in the r ange  f rom ze ro  to the veloci ty  of en t ra inment  of the pa r t i c l e s  f rom the r e a c -  
t o r .  The pa r t i c l e s  removed  f rom the r eac t o r  were  deposited in chamber  2. Switch 5 connected the m e a -  
sur ing m i c r o m a n o m e t e r  6 to one or  the other co l l ec to r .  The p r e s s u r e  drop in the l aye r  was regulated by 
m i c r o m a n o m e t e r  3. The p r e s s u r e  drop was m e a s u r e d  by the d i rec t  method using needle gauges 8 mounted 
above the ga s -d i s t r i bu to r  grate  and above the l a y e r .  The initial height of the l aye r  filling and i ts  expansion 
during the exper iment  were  m eas u red  f rom the graduat ion of the r e a c t o r .  The nature  of the flutdized l aye r  
was es t imated  v isua l ly .  
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Fig. 3. Aerodynamic characteristics of a layer of 
manganese ore for equilibrium humidity of 1.3~: 1) 
fractionde=1.41mm, 2) 2.24, 3) 3.24, 4) de=4.24 
ram, 5) polydispersive material 0-5 ram; I, G/F a = 

116 kg/m 2, H0=53 ram, II, 174 and 77, HI, 232 and 
107, IV, G/F a =290 kg/m 2 and H 0 =135 ram, v, m/sec. 

The resul ts  of the experimental  investigation are  presented in Figs .  2 and 3 for  a polydispersive 
layer  and for some f rac t ions .  An analysis  of these resul ts  shows that the rate of s tar t  of fluidization de-  
pends on the humidity of the ore (Fig. 4). An increase  in the humidity of the manganese ore leads to an in- 
c rease  of the cr i t ical  velocity of s tar t  of fluidization both for the polydispersive mater ia l  and individual 
f rac t ions .  For  a velocity of s tar t  of fluidization W~r for dry  ore {humidity 1.3~ equal to 1 .0 -2 .4  m / s e c  
an increase  of the humidity to 5% resul ts  in an increase  of W~r by 0 .05-0 .08  m / s e c  per 1~ humidity; on 
increasing the humidity f rom 5 to 8~ the increase  in W~r is a l ready 0 .2 -0 .35  m / s e c  per 1% humidity (the 
l a rge r  values pertain to smal le r  f ract ions and the smal ler ,  to la rger  fract ions) .  The reasons  for the in- 
c rease  of W~r with the humidity are  the following: 1) formation of an aggregate of par t ic les  resul t ing in 
an increase  of the mean size; this phenomenon is especial ly typical of the polyd[spersive mater ia l ;  2) f o r -  
mation of stable channels,  which appears  especial ly in the humidity range 5-8%, since there occurs  a 
change of the initial s t ruc ture  of the layer ,  a decrease  of its filled mass  f rom 2.2 �9 103 at 1.3~ humidity 
to 1.77 �9 103 at 7.3% humidity.  For  the humidity of the mater ia l  equal to 8% or more  the layer  ceases  to 
be friable and goes over into a viscous state.  

The velocity of s tar t  of fluidization for a polydispersive mater ia l  with the same humidity changes de-  
pending on the percentage content of large and small f ract ions  in the layer ,  but it always remains  lower 
than the velocity of fluidization of the larges t  fraction ~n this layer .  For  a fixed humidity this rate is a l -  
most  independent of the height of the layer of the mater ia l  in the r e a c t o r .  

The res i s tance  of the layer  of a given initial humidity and height is a lmost  independent of the average 
size of the f rac t ions .  At the instant of its transit ion into the fluidized state the res i s tance  of the layer  ex-  
ceeds the res i s tance  of the flu[dized layer  and the grea te r  the humidity and polydispers iveness  of the layer ,  
the l a rger  is this exceedance; this is explained by the necess i ty  of overcoming the force of adhesion of the 
par t i c les .  

The expansion of the layer  at the instant of transit ion into the fluidized state is 15-20% for the mono-  
dispers ive  layer  and 25--40% for the polydispersive layer .  Subsequently, with the increase  of the rate  of 
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Fig .  4.  Rate  of s t a r t  of flutdization as  a 
function of the humidity of the manganese  
ore :  1) po lyd ispers tve  m a t e r i a l  0-5 ram,  
2) f rac t ion  de = 1.41 mm,  3) 2.24, 4) 4.24 
m m . W ,  %. 

f i l t ra t ion of the gas flux to 2 Whr the height of the boil ing l aye r  of the po lydispers ive  ma te r i a l  i nc rea se s  by 
a fac tor  of 2 -2 .5  compared  to the initial height H 0. 

The stable r eg ime  of boiling of manganese  ore occurs  for  the height of the l ayer  equal to 1 .2 -1 .25  
t imes  the d i ame te r  of the appara tus  and for  humidity up to 6.5-7.0~ An inc rease  of the height of the layer  
or  of the humidity up to 7% r e s u l t s  in the fo rmat ion  of channels  and p i s tons .  In o rde r  to avoid such a r e -  
g ime it is n e c e s s a r y  to inc rease  the r a t e  of f i l t ra t ion of the gas considerably ,  which is inadmiss ible  b e -  
cause  of apprec iab le  r emova l  of smal l  f r ac t ions  f rom the l a y e r .  

The range  of exis tence of the fluidtzed (boiling) l ayer  for  f rac t ions  of different  equivalent d iamete r  
l ies  within the range  of va lues  of the r a t io  of the en t ra inment  veloci ty  Wen to the veloci ty of s t a r t  of f lu id iza-  
tion ' Wcr, 

Wen - -  7.5--14. 

The ana lys i s  of the exper imenta l  r e s u l t s  showed that  the r e s i s t a n c e  of the boiling l ayer  can be ca l -  
culated f r o m  the well-known formula  [1, 4, 5] 

AP = (I - -  %) (Vs-- 7g) Ho, daN/re'. (1) 

The dependence of the r e s i s t a n c e  of the boiling l ayer  on the load a t  the gas -d i s t r i bu to r  gra te  is  l inear  
and can be de termined f r o m  the equation 

AP = 0.973 ~ - -  15.4, daN/m s. (1') 
Fa 

For  overcoming  the force  of adhesion during the t rans i t ion  of the l ayer  to the fluidized state the 
blowing equipment mus t  have a p r e s s u r e  r e s e r v e  of 25% above the value computed f r o m  fo rmulas  (1) and (1'). 

The exper imen ta l  values  of the cr i t ica l  ve loci ty  of s t a r t  of fluidtzation at  humidi t ies  of the ore up to 
3.5% a re  in good a g r e e m e n t  with the values  computed f r o m  the fo rmula  [1,5] 

A r .  e 4-~5 

Reef = 18 + 0.61 V ~ . A r  (2) 

With the inc rease  of the humidity of the ore  above 3.5~o the computed values of the r a t e  mus t  be increased  
in accordance  with the r ecommenda t ions  made e a r l i e r .  Here  

Rear = Werde 
'V 

and 

veloci ty  of en t ra inment  of the pa r t i c l e s ,  that ts ,  the upper  l imi t  For  e = l . 0  fo rmula  (2) gives a value of the 
of ex is tence  of the boiling layer :  

Ar ( 2 ' )  

Recn, = 18 -:- 0.61 -! A-7 " 
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The ra te  of complete fluidization for the polydispers ive layer  of manganese ore can be determined from fo r -  
mula (2) or f rom the formula 

where 

Re T = 0.049 [(1 --  %)Ar] ~ (Dine)~ ( '2g'/'~~ ' 
\~/s ] (3) 

Dine -- de ' Ai 

The p a r a m e t e r s  computed f rom formulas  (1)-(3) diverge f rom the exper imenta l  values by 6-10%; this d iver -  
gence is total ly admissible  for  prac t ica l  computat ions.  

N O T A  TI  ON 

AP, l ayer  res i s t ance ,  daN/m 2 (ram of water column); W~r, velocity of onset of fluidization, m / s e c ;  
Wen, dr i f t  velocity (entrainment) of par t ic les ,  m / s e c ;  d, par t ic le  d iameter ,  m; d e, equivalent d iameter  of 
par t ic les ,  m; Co, e, l ayer  poros i t ies  of fixed and fluidized layers  respect ive ly ;  7s,  specific weight of sotid 
par t i c les ,  kg/m3; 7g, specific weight of gas phase,  kg/m3; Ho, initial height of the layer ,  m; G, layer  mass  
on gas-dis t r ibut ing grate ,  kg; F a ,  a rea  of gas distr ibuting grate ,  m2; Re~r,  ReT, Reen , Reynolds numbers  
corresponding to layer  t ransi t ion to flutdized state,  totaI fluidization, and par t ic le  entrainment;  Ar = (gd3/v2). 
[(Ts - 7g)/Yg],  Archimedes  number; g ,accelera t ion  due to gravity; At, par t ic le  f ract ion in mixture  over  mass  
size dr, calculated as mean harmonic  size of cel ls  of adjacent sieves;  Dme , modified polydispersion number;  
dma x, maximum size of par t ic les ,  m.  
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