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Test  data pertaining to the effect of gas fil tration on the discharge of loose mater ia l  f rom 
hoppers are  presented systemat ical ly  covering a wide range of pa rame te r  values. 

In [1] we considered the discharge of quartz sand (equivalent diameter  de = 0.55 mm) f rom a fiat 
hopper through a slot ac ros s  the entire bottom (Fig. 1) with gas fil tering through the loose mater ia l  in the 
direct ion of flow. 

Empir ica l  relat ions have been derived to descr ibe  the p rocess .  Beginning at cer tain levels of the 
gas flow rate through the hopper, the pa rame te r  n charac ter iz ing  the effect of gas fil tration on the d is-  
charge rate of loose mater ia l  was found to depend only on thed imens ion less  slot width, namely: 

n =  38+  6.3& 

P a r a m e t e r  n was var ied in those tests  by only varying the actual slot width b. 

The purpose of this study was to establish the feasibility of generalizing the resul ts  in [1] to cover  
loose mater ia ls  of various specific weights and par t ic le  s izes .  

The tests were per formed with the following size fract ions of polystyrene par t ic les :  equivalent 
diameter  de = 0.55, 0.995, 1.45, 1.92, 2.31, and 3.2 mm. Thus, the specific weight of the loose medium 
(1.05 g / cm 3) was 2.5 t imes higher than in [1] and the par t ic le  size was varied through a factor  of 6. The 
dimensionless width 5 was varied over a wide range by varying both b and d e. 

According to the resul ts  in [1], the relation G S = f(G G, b) is l inear.  Our polystyrene tests  have 
shown that it remains  l inear also for the d e = 0.55 mm fraction, but the initial range becomes  nonlinear 
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Fig. 1. Flow rate of loose mater ia l  
(G S, kg /sec ,  de = 3.2 mm) as a func- 
tion of the gas injection rate (G G, 
g /see) :  1) b = 1 0 m m ;  2) 20ram;  3) 
3 0 m m ;  4) 5 0 m m ;  5) 7 0 m m ;  6) 100 
mm. Schematic d iagram of hoppe r  
bottom. 
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Fig. 2. Comparison between resul ts  in [11 
(dashed line) and tes tdata  of this study: 1) d e 
-- 0.55 ram; 2) 0.995; 3} 1.45 ram; 4) 1.92 
mm; 5) 2.31 mm; 6) 3.2 mm. 

with increasing size d e and wider as the slot width b is 
increased for a fixed par t ic le  diameter  de (Fig. 1). 

It follows f rom Fig. 1 that, beginning at some gas 
flow rate GGS, the quantity dGs(GG, b)/dG G becomes 
independent of G G. Test  data evaluated in 5, n coordi-  
nates are  shown in Fig. 2 for G G > GGS. The test points 
fit closely on the curve 

n ~ 12 (5 - -  2) ~ (2) 

It has been mentioned in [1, 3] that the flow rate of 
loose mater ia l  f rom a flat hopper may be affected by the 
dimensionless width 5 = b /d  e and by the slot elongation 
?~ = b / a .  

The dependence of the flow rate of loose mater ia l  
on the dimensionless width 6 can be expressed in te rms  
of Eq. (2). P a r a m e t e r  k in the cr i ter ia l  flow number 
for gravi ty discharge of loose mater ia l  f rom a flat hop- 
per  [3] was in our study var ied over the range 0.077 -< k 
-< 3.1 and, according to the resul ts ,  was found not to 
govern the fi l tered discharge of a loose mater ia l .  This 

had also been explained in [1] by the fast decrease  of the gravi ty discharge fract ion Gg r in the expression 
for  the pa r ame te r  n becoming negligible when G G > GGS. 

It has been mentioned in [2] that pa r ame te r  f = f /b affects the flow rate of loose ma te r i a l du r ing  
gravity discharge,  as long as f <  3. In our tests  pa r ame te r  f w a s  varied over  the range 1.2 -< f -<- 24 
during gravi ty  discharge of loose mater ia l  [2] and over  the range 1.71 --< f-< 68.5 during fi l tered discharge 
of such a mater ia l  (quartz sand, polystyrene) mentioned by F. E. Keneman. 

It was mentioned ea r l i e r  here that the specific weight of our mater ia l  differed f rom that of the mate-  
r ial  which had been used in [1]. Taking this into consideration, we will assume,  for the sake of compar i -  
son, that the increase  in the volume flow rate of loose mater ia l  due to fi l tration is constant at given values 
of 5 and G G > GGS, i .e . ,  that 

AG 1 AG., 

7sz 7s2 (3) 

Relation (I) with (3) taken into account is indicated in Fig. 2 by a dashed line. The results within the 

test range 18 -< 5 -< 55 for quartz sand seem to agree closely with formula (2) when d e -< 0.995, which indi- 

cates the correctness of our assumption. Rewriting relation (2) with (3) taken into account, we have 

n= 12 (6-- 2) ~ PG . (4) 
Ps(1 --e) 

The density and the volume flow rate of the gas must be determined at the same section. In this study 

QG and PG were calculated from the criterial relations for a converging nozzle through which gas is sup- 
plied to a hopper: 

! 

k i 1] g R T  o' k + l  " 

For  a i r  

PG= 2"21"10-3 s QG= 18.3FV'7"~ 
TO ~ 

In Eq. (4) there should appear the density of some loose mater ia l ;  we have selected polystyrene 
(YS = 1.05 g/cm3). 

The poros i ty  e was determined f rom an empir ical  relation applicable to the most  compact packing: 

e = 0,422 
0.0244 

de 
with d e measured  in mm. 
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Fig. 3. Compensating gas rate (GGc, g/sec)  as a func- 
tion of the gravity flow rate of loose mater ia l  (Gg r, 

Symbols the same as in Fig. 2. 

The possibil i ty has been mentioned [1, 4] that, in the case of loose material ,  the rate of fi l tered flow 
may become lower than the rate of gravity flow. The lat ter  is indicated in Fig. 1 by dashed lines paral le l  
to the axis of absc issas  and drawn till intersect ion with the respect ive f i l tered-flow curves.  These in ter -  
section points corresponds  to the so-cal led compensating flow rate of gas GGc, which during fi l tered dis-  
charge ensures  the same flow rate of loose mater ia l  as during gravity discharge through the same slot. 
The compensating gas rate has been plotted in Fig. 3 as a function of the gravity flow rate of loose mate-  
rial.  The size of loose mater ia l  par t ic les  obviously does not affect this relation. 

Thus, the relation G S = f(G G, b) is general ly nonlinear. Gas fil tration through loose mater ia l  dis-  
charging f rom a hopper increases  the flow rate of that mater ia l  above the level of gravity discharge,  but 
only when G G > GGc. At a given G G > GGS the volume flow rate of loose mater ia l  depends only on the di-  
mensionless  slot width. Relation (4) has been derived to descr ibe  the p rocess  within the following range 
of pa rame te r  values: 6 = 2-150, PG = 0.155-1.65 kg.  sec2/m 4, and PS = 107-270 kg.  sec2/m 4. 

N O T A T I O N  

a,  b are the slot dimensions; 
c, f are the hopper dimensions; 
X = a /b  is the slot elongation; 
G is the weight flow rate;  
Q is the volume flow rate;  
d e is the equivalent d iameter  of loose mater ia l  par t ic le ;  
6 = b /de  is the dimensionless slot width; 
3~S is the specific weight of loose mater ia l ;  
p is the density; 
e is the porosi ty;  
P0, To are  the stagnation p res su re  and temperature  of injected gas; 
R is the gas constant; 
F is the area of smal les t  section in the converging nozzle; 
k is the exponent of isentropic adiabate; 

n = (GS-Ggr)/GG; 

= (Qs-Qgr)/QG. 

S u b s c r i p t s  

S denotes the solid phase; 
G d e n o t e s  g a s ;  

gr  denotes gravity;  
c denotes compensating. 
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