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Experimental results on the influence of gas filtration on the discharge of loose material 
from a hopper in a broad range of variation of the parameters are classified. 

The regularities to which the discharge of loose material during both its gravitational [1, 2] and pres-  
sure [3] escape from a hopper have been examined in a number of recently published papers. Here the 
pressure escape is understood to be when the gas is filtered through the material being dumped in the di- 
rection of the lat ter 's  motion. 

We have classified the results of a large quantity (about 5000)of tests to determine the discharge of a 
loose medium under a pressure escape. The experiments were conducted on plane hoppers with c x f x h 
= 33 • 120 • 520 mm and 64 x 400 • 850 mm dimensions. The hoppers had transparent walls. The loose 
material escaped through a slot running clear across the bottom of the hopper (Fig. 1), whereupon the fol- 
lowing relations were satisfied: 

a /c= 1, b~<O.83f, 0,15.~L.~4. 

Fig. I 
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Fig. 2 
Fig. 1. Diagram of the experimental apparatus: 1) reduction gear; 2) mixing 
chamber; 3) manometer; 4) sound nozzle; 5) gas distributor grating; 6) plane 
hopper; 7) loose material; 8) diagram of the base of the plane hopper. 

Fig. 2. Dependence of the discharge of loose material on the discharge of the 
delivered gas (GT, kg/see,  Gg, g/sec): 1) b = 10 mm; 2) 15; 3) 20; 4) 25; 5) 30. 
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Fig. 4 

Fig.  3. Dependence of the relat ionship between the solid and gas phase 
d ischarges  on Gg: 1) 6 = 28; 2) 36; 3) 46; 4) 55. 

Fig.  4. Nomogram to compute the p a r a m e t e r s  6; n; G g mini" 

The flow of loose mate r i a l  was determined by taking motion p ic tures  of the level  of the f ree  surface  
in the bunker and also measur ing  the elapse of t ime;  calculations were  based on the formula  

A S  
G T = ~ c  

At" 

The a rea  bounded by the f ree  surface  line was determined by using the i n t e r f e rome te r  IF -2 .  The t ime 
to empty the hopper va r ied  between 2-600 sec,  depending on the width of the escape slot .  The t ime interval  
between two success ive  measurements  of the a r ea  var ied  within 0.3-60 sec .  The survey  f requency was 48 
f r a m e s / s e c .  The exposure  t ime was 1/120 sec .  The method used a s su red  comparat ively  slight sca t t e r  of 
the tes t  points (Fig.2) .  An es t imate  made of the e r r o r s  showed that the e r r o r  in measuring the discharge 
increases  as the d ischarge ,  but did not exceed 10% in the exper iments  made.  

The discharge  of the gas del ivered to the hopper through a Venturi contracting nozzle was computed 
by means of the known formula:  

= 04 ~ q (~1), Gg 

in which the dimensionless  reduced discharge q was de termined by means of the dimensionless  p r e s s u r e  
~t at the nozzle sect ion.  

The gas d ischarge  var ied  between 0-20 g / sec  f rom exper iment  to exper iment .  Quartz sand ( re - s t ra ined  
between s ieves  No. 0.355; 0.6 GOST 3584-50) with an equivalent par t ic le  d iameter  of deq = 0.55 mm was used 
as the loose ma te r i a l .  

In contras t  to [3], where  the exper iments  were  conducted at the maximal 0.04 ati {gage atmosphere)  
p r e s s u r e  drop, the p r e s s u r e  drop here in  reached 3 ati,  which permi t ted  detection of pecul iar i t ies  in the d i s -  
charge of the solid phase for  a sufficiently high discharge of the gas being f i l te red .  

The d i rec t  tes t  r e su l t s  a re  presented  in F ig .2 .  The dependence GT(Gg , b) is l inear  and can be ex-  
p re s sed  by the equation 

G, -- A -/- B6g, (1) 

where  the coefficients A and B a re  ftmetions of the slot dimensions.  A fo rmal  passage to the l imit  as Gg--- 0 
in (1) resu l t s  in the equali ty GT = A, however,  the actual  d ischarge of the solid phase f rom a hopper with a 
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Fig.  5. Nature o f t h e p r e s s u r e  change 
over  the sur face  of loose mater ia l  
during escape (6 = const): 1) Gg = 6 
g / sec ;  2) 5; 3) 4; 4) 3; 5) 2; 6) 1. 

closed cover  differs f rom both A and G . . . .  in the sense  taken ~.t v.v 
in [1]. The coefficient A < Ggra v is introduced only to de te rmine  
the location of the appropr ia te  l ine.  The case GT < Ggrav,  which 
can hold for the p r e s s u r e  escape of loose mater ia l  f r o m  a hop- 
per ,  r equ i res  a special  examination and will be elucidated by the 
authors  in another  paper .  

Trans forming  (1) to dimensionless  fo rm,  we obtain 

B 1(1~ Gg ravA ) (2) 

where  the p a r am e te r  n = (G T-G ~rav /G g  ) re f lec ts  the influence 
of gas f i l t ra t ion on the p r e s s u r e  Vdischarge of the loose mate r ia l ,  
and Gg = Gg/Ggra  v. The quantities A and B in (2) can be con- 
s idered  functions of the dimensionless  slot width 6 on the basis  
of a dimensional  analysis .  

The graphical  in terpre ta t ion  of (2) is r ep resen ted  in Fig.  
3. It follows f rom (2) that n ~ B  as ~g--.~o. The dif ference be-  

tween the quantit ies n and B tends to zero  quite rapidly as Gg grows.  Having been given a 5 %  e r r o r  c o r r e -  
sponding to the spread  in the tes t  points (Fig. 2), we obtain n ~ B for  small  values of Gg = Gg min, which 
_having been achieved, the re la t ion of d ischarges  of the phases n is prac t ica l ly  independent of the p a r a m e t e r  
Gg, F o r  Gg > Gg min the quantity n depends only on the dimensionless  slot width 6. The last  dependence 
is l inear  (Fig.4 on the right) 

n = 38 + 6.3 & (3) 

Shown on the left in the same f igure is the re la t ion between the p a r a m e t e r  n and the values of Gg min: 

Ggrat~ = 5.10 -5 (770 - -  n). (4~ 

Having been given one of the th ree  p a r a m e t e r s  6; n;Gg min, the f igure pe rmi t s  finding the values of the other  
tWO. 

Taking account of the definition of n and of (3), we find that in the domain of values Gg > G g m i  n 
the dimensionless  d ischarges  of loose mater ia l  and gas a re  re la ted  by a s impler  dependence than (2): 

GT = 1 + (38 + 6.36) Gg, (5) 

Exper iments  were  conducted as the level  of the loose mater ia l  was lowered in the hopper .  However ,  
a careful  check of the d ischarge  during each test  showed that the d ischarge  is nei ther  de termined by the 
level  of the mater ia l  nor  the absolute p r e s s u r e  over  its sur face ,  which var ied during the exper iment .  The 
governing p a r a m e t e r  is the p r e s s u r e  gradient  in the loose medium or  its equivalent d ischarge  of the gas 
del ivered to the hopper.  This is ver i f ied  by Fig.  5, wherein a re  shown graphs of the p r e s s u r e  over  the s u r -  
face of the loose medium as a function of the height of the layer  above the bot tom of the hopper .  A p a r a m -  
e te r  on these graphs is the quantity Gg, which is constant on each l ine.  At the same t ime exper iments  have 
shown that a constant d ischarge  of loose mater ia l  indeed corresponds  to each line. The graphs of T)(TI) a re  
p resen ted  only to lines where  the influence of the nea rness  of the escape hole is manifested in the fo rm  of a 
nonl inear i ty .  Natural ly the dependences examined ea r l i e r  a re  valid only up to the t ime when the level  of 
loose mater ia l  in the hopper becomes  on the order  of the height of the dynamic a rch  over  the escape hole.  

a , b  
c , f ,  h 
?t = b / a  

3/H 
S 

P0, To 
Pl 
F 

N O T A T I O N  

a re  the slot dimensions;  
a re  the hopper dimensions;  
is the slot aspect  rat io;  
is the bulk specif ic  density; 
is the a r ea  of the volume occupied by the loose mater ia l  in the hopper  pro jec ted  onaphotographic  
table; 
a re  the stagnation p r e s s u r e  and t empera tu re  of the del ivered gas in the mixing chamber;  
is the p r e s s u r e  at the Venturi nozzle sect ion;  
is the leas t  c ros s - sec t iona l  a r ea  of the Venturi nozzle; 
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G 
deq 
H 

P 
t 
5 T = GT/Ggrav; 
Gg = Gg/Ggrav; 
6 = b/deq; 
H = H/Hmax; 
P = P/Pmax; 
~r = Pl/P0. 

is the mass flow; 
is the equivalent diameter of loose material particles; 
is the height of the loose material layer; 
is the pressure  over the loose material surface; 
is the time; 

S u b s c r i p t s  

T is solid phase; 
gray is gravitation; 
g is gas. 
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