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We present the results from theoretical and experimental investigations into the determina- 
tion of the velocities of vertically incident particles for Re < 2000 and for the volumes of 
air ejected by a stream of a free-flowing material being transferred through closed troughs. 

In designing aspiration systems, the greatest difficulties arise in determining the volumes of air en- 

trained (ejected) by the stream of free-flowing material. 

This problem was solved analytically for materials made up of heavy pieces [i], in which the coef- 

ficient of aerodynamic drag e is assumed to be constant. 

Theoretical and experimental investigations into the velocities of fine particles and ejected volumes 
of air in a transient particle streamlining regime in which c = f(Re) were undertaken to develop a method 
of calculating the volumes of air ejected by a finely dispersed material. 

For the solution of this problem the coefficient of frontal resistance is assumed on the basis of the 

equation 

c = 4.1Re-~ q ~. (1) 

Let us write the equation of motion for a solitary incident fine particle (without consideration of the 

velocity of the ejected air) 

dVt cV~f[3 a (2) 
m - - ~  = g i n - -  2 

Having  s u b s t i t u t e d  the va lue  of e f r o m  (1) into (2) and hav ing  i n t r o d u c e d  the no ta t ion  

E = /pa'4 ' l~~ --  0'131d-1"3 
2mgd~ Pm ' 

we find that 

(3) 

dr1 -- dt. (4) 
g - -  F, Vi.7r 

F o r  the s o l u t i o n  of (4) we e x p a n d  the d e n o m i n a t o r  a s  a Newton b i n o m i n a l  [2]. A f t e r  the e x p a n s i o n  and i n t e -  

g r a t i o n ,  we ob ta in  

5.06. lO-*Y~,Z~ 4.15.10-8V~,4r * 4.10-sV~ ,'q~ 4.2.10-x~ ~ 
t --  O. 102 V t -b 9d1,3 -~ -mo2d2'6 -~ '0343'91~ -~" "~ (5) 

The path h traversed by the particle is determined from the expression 
t 

h = f Vldt. 
o 

(6) 
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Fig. i. Nomogram (Pro = 3 tons/m 3) to determine the velocity (m/sec) of finely dispersed 

materials (the numerals with the curves denote the values of d, ram; Var = ~2gh). 

Fig. 2. Nomogram (V I = 6 m/sec, d = 2 ram, H = 5 �9 10 .3 , key: A ~ B ~ C ~ D, k = 0.55) 

for the determination of k when V i ~ Vfree (the numerals with the curve in (1) denote the 

values of d, ram, while those with the curves in (2) denote the values of k). 

A f t e r  so lu t ion  of (6) we f ina l ly  ob ta in  

d-l,W~.TO d-2,6 V~,402 
h = 0.051 V~ + 3,37.10 -4 . + 2,85.10 -8 

P::: P~m 
d -3.W:, :0  8 d-:.2 V~, 8r 

+2,6.10 -s  + 2,58.10 -1~ = 0,051 V 2 (7) 
pa p4 m ar 

With (7) we can determine the velocity V l for a single particle with consideration of the drag de- 

veloped by the air. In general form V I = r (d, Pm, Var)- 

We compiled nomograms to make the calculation more convenient; Fig. i shows the nomogram for 

P m  = 3 m / m  3. 

In d e t e r m i n i n g  the a i r  v o l u m e s  e j ec t ed  by the v e r t i c a l  s t r e a m  of f inely d i s p e r s e d  m a t e r i a : s ,  we 
adopted a mode l  of the p h e n o m e n o n  p r o p o s e d  in [3], where  the onse t  of mo t ion  for  the a i r  is t r ea t ed  as a 
c o n s e q u e n c e  of o v e r c o m i n g  the f ron ta l  r e s i s t a n c e  of the a i r  by the p a r t i c l e s  of the m a t e r i a l .  

Le t  us  compi le  the ba lance  of the e n e r g y  expended  on the de ve l opme n t  of a i r  ve loc i ty :  

6-4,1 Re-~ [~d2Pa(Vi--;~Vl)2 l 
dT = ~d~'a Pm 8, gidt 

_ 3.75 GOV~, T (I - -  )~)',7 6.1,22.qS.G.4.1 V~-~ 3 ( I - -  k)-0,~ d-0,a V~(1 - -  k)2 dt d[, 
8PrndV-~ pm dl,3 v-o,3 

dT -- MV~'V (1 - -  ~)1.7 
d 1,3 dr, 

(s) 

(9) 

whe re 

3,75 GO 
M =  

QITI~--0.3 ' 

Va 
V, 

(10) 

(11) 

Two cases are possible in the motion of finely dispersed materials in troughs. 
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Fig.  3. T e s t  s tand to s tudy the e j e c t i on  p r o p e r t i e s  of m a t e r i a l s :  1) bunker ;  2) s l ide va lve ;  3) t rough;  
4) h e r m e t i c a l l y  s ea l ed  bunker ;  5) condui t ;  6) e j e c t o r ;  7) c o m p r e s s o r ;  8) d i aphragm;  9) a i r  va lve ;  10) 
m i c r o m a n o m e t e r s ;  11) v i b r a t o r ;  12) v iewing window. 

\ 

Fig.  4. Compar i son  of ana ly t ica l  and e x p e r i m e n t a l  a i r  vo lumes  for  d = 0.44 ram,  F = 0.0132 m z, R 
= 7200 N . sec2 /mS:  1) ana ly t i ca l  c u r v e ;  2) (x = 90 ~ 3) 64; 4) 57; 5) 54; Qej ,  roB/h;  G, t o n s / h .  

Case  I. The ve loc i ty  of  mot ion  fo r  the p a r t i c l e s  of the m a t e r i a l  r e a c h e d  its l imi t  va lue ,  i .e . ,  V t 
= V f r e e .  Here  we a s s u m e  that  X will  be cons tan t  throughout  the en t i r e  he ight  of the t rough .  Then ,  i n t e -  
g ra t ing  (9), we obtain 

T =  MV~'7(I--X)"r 
d,,3 t + C. (12) 

Since fo r  t = 0, T = 0, we have C = 0. 
mind  that  

we find 

Having subs t i tu ted  the value  of t f r o m  (5) into (12) and bea r ing  in 

T = R ~ j  = R~YV]F 3, (13) 

RO~j MV~ '7 (1 - -  N)',e [ 0,131 d - ' ' a  ( 0.131 d-"a/2  ~2V~., = di,a 0,102 V t +3,85,10 -3 qbV~'7 + 2"42"10-a \ Pl~ / 
Pm 

.-I- 1.77. I0-5 ( 0'131 d-"a]a  Ca V ~ " ~  1 -}- 1.41.10-' K(0'131d-I '3)a@'v~'S]=0.102V,~ / 

5.06.10-. cv~, ~ 4.15.10-, ~ w  I,' 4.10-~r 4.2.10-1o q~v~, ~ 
d- dl,a pi n q- d 2,6 9~2 -~ d3'9 Pma -F a'5'2 Pro4 

In (13) R is the hydraulic characteristic of the trough and is determined from the formula 

= 2F2-. 

(14) 

(15) 

Having subs t i tu ted  (13) into (14), 

k a 
(i-- k)', 7 

We denote  

h~ t~aVa ~ 

ej 

3,75 G~b 
- o  3 ~i  3 

O ~  " a '  R F W  ~ 

3,75 Oq b 
v -~ ~ RF ~ 

m 

2 =FWZa, i.e., R= ~a Z~ Qej - 2 F 2 " 

0,13 Gq5 
pm~ff r - -H ,  

t. (16) 

(17) 
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t 
- = N .  ( 1 8 )  d~,3vO,3 

Then 
~3 

HN. (19) (1 _~.)l,z 

In genera l  f o r m  

L=f~(H,  N ) = ~ t ( H ,  d, W~, 9m q~)" 

For convenience of calculation we compiled nomograms based on (19) for a coefficient of the :Form 
= 3.49 [4]. 

Case II. The particle velocity V i did not reach its maximum value, i.e., V i ~ Vfree. In this case the 

coefficient X is a variable. After solution of the differential equation (9) and simplifications, we derived 
an equation for X, i.e., 

U _-- H.2.8.10 -~V~ '7 (20) 
(1--72.28 ~, + 1,28 k s) dZ, 3 

As we can see from (20), here k is indepenendent of material density Pm. 

For convenience of calculation, according to (20), we compiled the nomogram shown in Fig. 2: 

To test the analytical equations (19) and (20), by means of which we can determine the air volumes 

ejected by the stream of finely dispersed material, we undertook experimental studies on a special test 
stand (Fig. 3). 

The investigations were carried out on a material in which particle size was in the range day = 14.1- 

0.15 mm and for various regimes (the angle of trough inclination was varied, as was the cross section of 
the trough, and the height of the material drop). 

The stand consists of bunker 1 into which the test material is charged. The material moves along 

trough 3 into hermetically sealed bunker 4. The ejected air is withdrawn along conduit 5 by means of 

pneumatic ejector 6. The supply of air for the ejector comes from compressor 7. 

The quantity of air passing through conduit 5 is measured on the basis of the pressure difference 
across a preealibrated diaphragm 8. 

The volume of air withdrawn from bunker 4 is regulated by slide valve 9. The uniformity of material 
outflow is ensured by operation of vibrator ii. 

In performing these tests on the stand to determine the volumes of ejected air, we used slide valve 2 

to pass the material into the trough, and slide valve 9 assumed a position such that the rarefaction in the 
bunker amounts to • 0 N/m 2. At precisely this moment the quantity of the withdrawn air is measured on 

the basis of the pressure difference across the micromanometer. 

Since the bunker, the air conduit, and the trough are hermetically sealed, the quantity of air entrained 
with the material is equal to the volume of air removed from bunker 4 (with a rarefaction of :~ 0 N/m 2 in 
the bunker). 

The tests were carried out on a speeiallyprepared ore with day = 14.1 ram, 7.06,2.5,0.89, 0.44, 0.21 ram, 

andd < 0.15 ram. It was established that for the analytical determination of the ejected-air volumes of a material 

with day = 14.1 and 7.06 mm it is necessary to use the earlier developed method for materials consisting 

of large pieces [i], where the coefficient of frontal resistance is assumed to be constant (the self-similarity 

region). For a material with 0.2 mm -< dav< 2.5 mm the actual volumes of air are in satisfactory agree- 
ment with the analytical volumes, determined from (19) and (20) for trough inclination angles of ~ = 90 ~ 64, 

54. With an inclination angle of c~ = 48 ~ the actual volumes differed from the analytical volumes by 70-80%, 
which can be explained by the presence of a layer of material and, correspondingly, by a change in the re- 
gime of streamlining the particles with air. 
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Figure 4 shows the curve for the analytical volumes and the experimental points for various angles 
of inclination for day = 0.44 mm; F = 0.0132 m 2, and R = 7200 N "sec2/m 8. The experimental volumes were 
obtained by averaging 10-12 measurements, and the confidence coefficient was 0.92-0.95. Comparison of 
the experimental and analytical air volumes (Fig. 4) shows satisfactory agreement for the results (for a 
standard deviation of 20% the confidence coefficient is 0.91-0.99 [5]). 

With a material particles diameter of d < 0.15 mm the actual volumes of air were substantially greater 
than the theoretical, which can be explained by the fact that the motion of the powder-like materials pro- 
ceeds in "packets" of particles. 

These results thus make it possible to recommend (19) and (20) to determine the volumes of air 
ejected by the gravity flow of the granular material (0.2 mm - day _< 2.5 ram). 

c 

V1 
r 

d 
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Pm 
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Var  
Pa 
T 
G 
V a 
R 

V free  
X 

NOTATION 

Is the coefficient of frontal drag; 
is the velocity of material particle motion, with consideration of air drag, m/sec; 
is the dynamic shape factor for the particle; 
is the k inemat ic  coeff icient  of v i scos i ty  for  the a i r ,  m 2 / s e c ;  
is the par t i c le  d i a m e t e r ,  m;  
is the midsec t ion ,  m2; 
is the m a t e r i a l  densi ty ,  kg / m 3 ;  
~s the load height,  m;  
is the veloci ty  of pa r t i c l e  mot ion without considera t ion of the r e s i s t ance  of the a i r  medium,  m / s e c ;  

is the a i r  dens i ty ,  kg /m3;  
is the k inemat ic  ene rgy  expended on the development  of the e ject ion a i r  flow, N " m / s e c ;  
is the m a t e r i a l  flow ra t e ,  k g / s e c ;  
is the veloci ty  of the e jec ted  a i r ,  m / s e c ;  
is the t rough r e s i s t a n c e  c h a r a c t e r i s t i c ,  N .  sec2/m8;  
is the f r e e - f a l l  ve loci ty  for  the pa r t i c l e ,  m / s e c ;  
is the coefficient  by means  of which we take into cons idera t ion  the lag in the a i r  ve loci ty  f rom 
the veloci ty  of the m a t e r i a l .  

1. 

2. 
3. 

4. 
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