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Resu l t s  a r e  shown of a study concerning the pneumat ic  t r a n s p o r t  p r o c e s s  in the init ial  s tage 
of a ve r t i c a l  conveyor  conduit. A re la t ion  is der ived  for  calculat ing the local  d rag  coefficient .  

A ve r t i c a l  init ial  s tage of a conduit for  conveying m a t e r i a l  is widely used in m o d e r n  pneumat ic  t r a n s -  
po r t  s y s t e m s  and m o s t  often with r ec ip roca t ing  pumps.  A hydrodynamic  ana lys i s  of va r ious  routing s y s -  
t e m s  has shown that  a ve r t i c a l  init ial  s tage is m o s t  effect ive in every  case ,  inasmuch as  it  e n s u r e s  a high 
s tabi l i ty  of the pneumat ic  t r a n s p o r t  p r o c e s s  and is economica l  in t e r m s  of lower  t r a n s p o r t  ve loc i t i es ,  l e s s  
conduit  w e a r ,  and lower  a i r  flow ra te s .  The hydrodynamic  re la t ions  in a ve r t i c a l  pneumat ic  t r a n s p o r t  
s y s t e m  have been studied in [2-5], but ve ry  litt le is known about the initial  s tage [1]. 

The initial  s tage of a pneumat ic  t r a n s p o r t  s y s t e m  includes a r e c e i v e r  device followed by a s t ra ight  
pipe segment .  The d rag  in the initial  s tage is ,  during pneumat ic  t r a n s p o r t ,  r e f l ec ted  in the energy  loss  
on mixing the phases  in the r e c e i v e r  and on acce l e ra t ing  the solid pa r t i c l e s  up to the m a x i m u m  veloci ty  a t  
which the t r a n s p o r t  then p roceeds  along the s tabi l ized s tage of the conduit. A concent ra t ion  and veloci ty  
field typica l  of a s tabi l ized two-phase  flow is gradual ly  developing in the init ial  s tage as  the pa r t i c l e s  a re  
acce l e ra t ed .  

With the addit ivi ty pr inc ip le  applied to the d r ags  of both phase s ,  the c a r r i e r  med ium and the conveyed 
m a t e r i a l ,  the total  d rag  coeff icient  in the init ial  s tage during pneumat ic  t r a n s p o r t  can be e x p r e s s e d  as  
follows: 

l 
; = ;M-I- L--~- + ;~.o. (1) 

The local  d rag  coeff ic ient  CM is an analog of the local  d rag  coeff ic ient  in a one -phase  flow and c o m -  
p r i s e s  the sum of two components :  

~M= ~M, -~ .~.~. (2) 

Ortly the f i r s t  t e r m  ~ r ep resen t ing  the energy  loss  on acce l e r a t i on  of the solid component  has a 
•  1 

t heore t i ca l  bas i s  and is defined by the re la t ion  [2, 3, et  al. ] 

~M, = 2~ v0 - -  Vm (3) 
v0 

Some l inear iza t ion  of the pneumat ic  p r o c e s s  along the initial  s tage of the conduit is involved in the 
der iva t ion  of fo rmula  (3), and the resul t ing  degree  of approx imat ion  has  been evaluated in [1]. One usually 
d i s r e g a r d s  the in te rac t ion  between solid pa r t i c l e s  and the conduit wal l  as  wel l  as  the c o m p r e s s i b i l i t y  of the 
c a r r i e r  med ium within the ini t ial  s tage ,  one then begins with a ze ro  init ial  veloci ty  of p a r t i c l e s ,  and one 
d e t e r m i n e s  the resu l tan t  final ve loci ty  of pa r t i c l e s  as  the d i f fe rence  between the c a r r i e r  veloci ty  and the 
descen t  ve loci ty  of pa r t i c l e s .  

The second t e r m  in (2) r e p r e s e n t s  the energy  loss  on mixing the phases  in the r e c i e v e r  and the en-  
e rgy  loss ,  not accounted for  by the f i r s t  t e r m ,  on acce l e r a t i ng  the conveyed pa r t i c l e s  to the i r  s tabi l ized 
veloci ty.  A re la t ion  for  calcula t ing the second t e r m  can be found f rom expe r imen t s  based on the theory of 
s imi l a r i ty .  
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Fig. 1. Schematic  d i ag ram of the t e s t  appara tus :  1), 
8), and 9 ) r e c o r d i n g  m a n o m e t e r s ,  2 ) m a n o m e t e r ,  3) 
d i aphragm,  4) d i f fe rent ia l  m a n o m e t e r ,  5) e lec t ronic  
br idge c i rcu i t ,  6) r e s i s t a n c e  t h e r m o m e t e r ,  7) a i r  con-  
duit ,  10) T - c h a m b e r  r e c e i v e r ,  11) dr ive  box, 12) 
f eede r ,  13) weighing balance ,  14) conveyor  conduit,  
15) and 16) bins,  17) s e p a r a t o r ,  18) t rough,  19) m e a -  
sur ing c h a m b e r ,  I to VII I  r ecord ing  d i f fe rent ia l  m a n o -  
m e t e r s .  

M e a s u r e m e n t s  n e c e s s a r y  for  de te rmin ing  ~M were  made  on the pneumat ic  t r a n s p o r t  appara tus  a v a i l -  
able at the BIZhT (Beloruss ian  Institute of Ra i l road  Engineers)  l abora to ry  [6]. This appara tus  is shown 
schemat ica l ly  in Fig. 1. ]~s e s sen t i a l  f e a t u r e s  a re :  a long ve r t i c a l  conduit,  a wide range  of va lues  ove r  
which the two-phase  flow p a r a m e t e r s  can be va r i ed ,  and p rov i s ions  fo r  automat ic  data recording.  F o r  
our  t e s t s  the appara tus  included two pa ra l l e l  s tee l  conduits with d i f ferent  p a r a m e t e r s :  125 m m  and 69 ram. 
The height of the s t ra igh t  r i s e r  was  27m.  

Each conduit was  equipped with an in terchangeable  r e c e i v e r  compr i s ing  a T- jo in t ,  a T - c h a m b e r ,  o r  
a r ec ip roca t ing  pump. In the f i r s t  two va r i a n t s  the d i spe r s e  m a t e r i a l  was  fed into the r e c e i v e r  f rom the 
bin by means  of a m e t e r i n g  sc rew which, d r iven  by an e lec t r i c  m o t o r  through a s p e e d - r e d u c e r  gea r  box, 
ensured  that  the solid phase  could be fed at a s teady but adjustable  ra te  into the a i r  s t r e a m .  In the th i rd  
va r i an t  the s ame  feed s y s t e m  was  used only for  p recha rg ing  the pump with m a t e r i a l .  The e s sen t i a l  p a r a -  
m e t e r s  of al l  equipment  a r e  l is ted in Table  1. 

In an ana lys i s  of the init ial  s tage ,  the a ccu racy  of the r e su l t s  will  l a rge ly  depend on sat is fying the 
condition that p r e s s u r e  d rops  AP be m e a s u r e d  over  a conduit length L g r e a t e r  than the length of the init ial  
s tage  l i, i. e . ,  that  the acce l e r a t i on  of conveyed pa r t i c l e s  be a l r eady  comple ted  within a conduit segment  
of such a length L. This  condition was  sa t i s f ied  in all  t e s t s  by ca l ib ra t ion  aga ins t  the AP (L) curve.  

In o r d e r  to have this AP(L) cu rve ,  we had seven m e a s u r i n g  segmen t s  instal led in the conduit: 3 m  
long each,  except  the fourth one 6 m long. The number  of segments  and the i r  length had been se lec ted  so 
a s  to pinpoint the conduit segment  where  the solid component  ceased  to be acce l e r a t ed ,  a l so  to sa t i s fy  the 
r e q u i r e m e n t  that  L > l i. 
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TABLE 1. Basic Dimensions, Coefficients ~M.O and fl of Various 
Types of Receivers 

Type of receiver 

T-joint 

T-chamber 

Reciprocating pump from the 
Krasnogorsk Works 

Reciprocating pump from the 
Slavinsk Works 

_ Receiver dimensions _ _  Localdrag 
D ~ coefficient 

[ D,, mm - ~  ~ e g  ~M.O 

125 

69 
125 

150 

69 

2,5 
2,5 

9,3 

14,5 

45 

45 
45 

0,10 

0,85 
0,59 

2,2 

2,2--2,5 

Coefficient B 
in formulas 
(7) and (8) 

1,54 

1,0 

1,31 

1,20 

Notes: 1) gM.O is referred to the effective conduit section; 2) gM~O for the reciprocating 
pumps is calculated without the drag in the sprayer and in the aerators taken into account, 

T h e  i n i t i a l  s t a g e  w a s  no t  l o n g e r  t h a n  18 m fo~ a l l  t h e  k i n d s  o f  p a r t i c l e s  c o n v e y e d  t h r o u g h  the  c o n d u i t  

o v e r  t h e  e n t i r e  t e s t  r a n g e  o f  v e l o c i t i e s  and  c o n c e n t r a t i o n s .  T h e  a c c e l e r a t i o n  s t a g e  b e c a m e  l o n g e r ,  a s  t he  

c o n c e n t r a t i o n  and  the  v e l o c i t y  o f  t h e  s o l i d  c o m p o n e n t  in t h e  t w o - p h a s e  s t r e a m  i n c r e a s e d .  In a l l  t e s t s  t he  

p r e s s u r e  d r o p  A P  w a s  the  s a m e  a c r o s s  a t  l e a s t  two  o r  t h r e e  s e g m e n t s  b e h i n d  t h e  a c c e l e r a t i o n  s t a g e .  F o r  

t h i s  r e a s o n ,  t he  d r a g  c o e f f i c i e n t  X d e t e r m i n e d  on the  b a s i s  o f  t he  p r e s s u r e  d r o p s  a c r o s s  t h e s e  s e g m e n t s  

c o r r e s p o n d e d  to t h a t  in  a s t a b i l i z e d  t w o - p h a s e  s t r e a m .  

Not less important in an analysis of two-phase flow, especially with a fine dispersion of solid mate- 
rial, is the design of the pressure sampling system along the conduit. The device for pressure sampling 
has been described in [6] but, in addition, each measuring chamber was equipped with a nozzle for passing 
compressed air during as well as before each test. In order to prevent conveyed material from straying 
into the measuring system, special filters with very low drag and easily removable for periodic cleaning 
had been installed in the surge tubes. 

B e c a u s e  the  p r e s s u r e  in t he  c o n d u i t  w a s  p u l s a t i n g  in m o s t  t r a n s p o r t  t e s t s ,  a l l  p r e s s u r e  d r o p s  w e r e  

r e c o r d e d  a u t o m a t i c a l l y  t h r o u g h  d i f f e r e n t i a l  m a n o m e t e r s  f o r  b e t t e r  a c c u r a c y ,  and  the  m e a n  p r e s s u r e  w a s  

d e t e r m i n e d  f r o m  t h e  d i a g r a m .  

T h e  m e t h o d  o f  a n a l y s i s  and  t e s t  d a t a  e v a l u a t i o n  w a s  b a s e d  on  two  e q u a t i o n s :  

Ap = 0.5~vo%, (4) 

I - -  2~ v o - -  v.~ (5) 
~ = .~ - -  ~,.o - -  ~" D v0 

T A B L E  2. 

u.~ 

T e s t  C o n d i t i o n s  

Conveyed material 

Ground limestone 

Mineral powder 

Apatite concentrate 
Quartz sand 
Firebrick crumbs 
Wheat 
Ceres1 
Dolomite powder 

Apatite concentrate 
Dolomite flour 
Quartz sand 
Quartz sand 
Cereal 
Quartz sand 

Apatite concentrate 

Mineral powder 

d, fVm, Ps' 
mm ]m/sec kg/m ~ 

0,049 

0,048 

0,088 
0,250 
2,830 
3,800 
1,700 
0,140 

O, 088 
O, 140 
O. 250 

1,700 
0,250 

0,088 

0,048 

O, 37 2730 
i 

0,41 2530 

O, 82 3220 
1,92 2650 
8,58 - -  
7,80 1260 
6,00 1330 
1,15 2709 

O, 82 3220 
1,15 2700 
1,92 2650 

 ,"oo 1;30 
1,92 2650 

O, 82 3220 

0,41 2530 

Transport modes .~, 

o,mm 

] m/see I I z  o 

2--46 

10--45 

7--80 
5--35 
2--19 
4--2C 
4--24 
5--65 

8--30 
3--17 
2--21 
6--7 
3--11 
6--21 

12--25 

33--70 

69 

69 

69 
69 
69 
69 
69 
69 

125 
125 
125 
125 
125 
125 

150 

69 

8--31 1,3--1,9 14 

7--21[ 1,3--1,8 17 

6--29 1,5--2,5 12 
11--27 1,3--1,8 8 
14--31 1,3--1,5 6 
12--28 1,3--1,5 10 
5--28 1,3--1,9 7 
8--30 1,4--2,3 14 

11--32 1,4--1,6 8 
13--43 1,3--1,5 6 
9--45 1,3--1,9 12 

12--13 1,5--3,7 10 
9--36 1,3--1,5 12 
9--27 1,3--1,5 7 

8--!2 3,7--4,7 14 

8--19 1,6--2,3 30 
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Fig. 2. Drag  t e s t  data  per ta in ing  to the initial  s tage  of a 
pneumat ic  t r a n s p o r t  conduit conveying: a) ground l imes tone ,  
b) quar tz  sand, c ) m i n e r a l  powder.  

The local  d rag  coeff ic ient  ~M.O in the init ial  s tage was  de te rmined  in p r e l i m i n a r y  t e s t s  with pure  
a i r  blown through the conduit. Its va lues  a r e  l is ted in Table  1. The drag  coeff ic ient  ~ under  pneumatic  
t r a n s p o r t  co~ditions was  de te rmined  f r o m  t e s t  data  per ta in ing  to the s tabi l ized s tage of a two-phase  flow 
immedia t e ly  following the initial  s tage in the conduit [7]. The end purpose  of the t e s t  data evaluation was  
to de t e rmine  the ~M2 component  of the local  d rag  coeff ic ient  during pneumatic  t r anspor t .  

The t r a n s p o r t  modes  and the c h a r a c t e r i s t i c s  of d i spe r s e  m a t e r i a l s  used in the study on this a p p a -  
ra tus*  a r e  l is ted in Table  2. The t e s t s  cove red  a wide range  of concent ra t ions  and veloci t ies .  The use  
of  a s tepwise  inclined end conduit before  the unloading s tage [8] instead of the conventional  bent with a 
t r ans i t ion  f r o m  ve r t i c a l  to hor izonta l  flow, for  ins tance ,  made  it n e c e s s a r y  to t e s t  a t  high concent ra t ions  
of the solid phase  (u = 30 to 80) and low c a r r i e r  ve loc i t ies  (v 0 = 6 to 15 m / s e e ) .  The t r a n s p o r t  of powders  
In these  modes  p roceeded  continuously and s tably ,  although at the upper  l imit  of concentra t ions  and the 
lower  l imi t  of ve loc i t ies  there  occu r r ed  apprec iab le  pulsat ions.  The highest  m a s s  concentra t ion  of powder 
was/z  = 20 and the co r respond ing  lowest  veloci ty  was  v 0 = 1 2 m / s e e .  Higher  concentra t ions  could not be 
a t ta ined,  owing to the l imi ted  supply of g r anu la r  m a t e r i a l .  At low and high concentra t ions  the veloci ty  at  
the en t rance  to the init ial  s tage was  de t e rmined  with the change in the c a r r i e r  densi ty  P0 taken into account.  

According to Table  2, the s i zes  as  well  as  the ve loc i t ies  and dens i t ies  of p a r t i c l e s  typified the c h a r a c -  
t e r i s t i c s  of m o s t  indust r ia l  m a t e r i a l s  conveyed pneumat ica l ly .  Bes ides  de te rmin ing  ~M and its components ,  
s e v e r a l  s e r i e s  of t e s t s  were  p e r f o r m e d  to evaluate  the dependence of ~M2 on the basic  hydrodynamic s i m i -  
l a r i ty  groups.  

A m a j o r  effect  on coeff ic ient  ~M2has the Froude number  F r  0, which r e f e r s  the re la t ive  veloci ty  at  
the exit  f rom the init ial  s tage to the ave rage  weighted size of conveyed pa r t i c l e s .  In Fig. 2a is shown the 
re la t ion  ~M2/# = f (F r  0) plotted for  t e s t  s e r i e s  No. l with ground l imestone.  The power - l aw  c h a r a c t e r  of 
this  re la t ion  has been conf i rmed  also  by an evaluat ion of data per ta in ing to other  t es t  s e r i e s .  

On the bas i s  of t e s t  s e r i e s  No. 12 (Table 2), the effect  of the densi ty  ra t io  P/Po, density of solid to 
dens i ty  of a i r ,  in the conveyed mix tu re  on the magnitude of ~M2 has been es tab l i shed  for  quar tz  sand. A 
wide va r ia t ion  in the ra t io  p/Po was achieved by adjusting the b a c k p r e s s u r e  in the s e p a r a t o r  of the t es t  
appara tus .  The t r a n s p o r t  modes  in this t e s t  s e r i e s  we re  c h a r a c t e r i z e d  by F r  o ~ idem and p ~ idem (air 

8 - 

5 /5 25 a, 

Fig. 3. Local  d rag  coeff icient  in the 
ini t ial  s tage ,  as a function of the 
t r a n s p o r t  velocity.  

veloci ty  v 0 = 12.5 ~0.5 m / s e e  and weight Concentration # = 6.5 
• 0.5). An evaluat ion of the t es t  r e su l t s  is shown in Fig. 2b. 
The d rag  coeff icient  in the  initial  s tage remained  cons tan tunder  
the given pneumatic  t r a n s p o r t  conditions,  although the ra t io  
P/P o was va r i ed  ove r  a wide range.  

The t e s t s  in s e r i e s  No. 2 included pneumatic  t r a n s p o r t  
of m i n e r a l  powder  in the 6 9 m m  (diameter)  conduit,  with F r  o 
= idem and/z = va t .  These  conditions were  sa t is f ied by holding 
the s tabi l izat ion veloci ty  of the c a r r i e r  within 20 • 1 m / s e e ,  
i. e . ,  with negligible f luctuations,  while changing the load, i. e . ,  
the amount  of conveyed solid phase  in each test .  According to 
Fig. 2c, the local  d rag  coeff icient  during pneumatic  t r a n s p o r t  
~M and its  component  ~M2 were  propor t iona l  to the weight con-  
cen t ra t ion  at  d i scharge .  

*M. P.  Kuehma a s s i s t e d  in p e r f o r m i n g  these exper iments .  
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Fig. 4. Local  d rag  coeff icient  ~M2 as  a func-  
t ion of the Mach nu m ber  Ma,  in the init ial  s tage 
of the pneumat ic  s y s t e m  with a T - c h a m b e r  r e -  
c e i v e r  and e i the r  the D = 6 9 . 4 m m  conduit  con-  
veying: 2) apat i te  concen t ra te ,  3) quar tz  sand, 
6) m i n e r a l  powder ,  7) ground l imes tone ,  9) 
c e r e a l ,  10) f i r eb r i ck  c r u m b s ,  and 11) wheat ,  
o r  the D = 125 m m  conduit  conveying: 1) apat i te  
concen t ra t e ,  4) quar tz  sand, 5) dolomite  f lour ,  
and 8) ce rea l .  

No effect  of the d i a m e t e r  ra t io  D/d,  conduit d i a -  
m e t e r  to pa r t i c l e  d i a m e t e r ,  on the magnitude of coe f -  
f ic ient  ~VI2 was  detected.  

The ef fec t  of the governing s i m i l a r i t y  groups  
on the d rag  coeff ic ient  in the init ial  s tage was e v a l -  
uated in t e r m s  of the following un ive r sa l  re la t ion  to 
c o v e r  a l l  t e s t s :  

~ ,  = C~ Fr; ~ Fr~. (6) 

The values  of coeff icient  C and of exponents m,  
n we re  found by p roces s ing  the t es t  data  on a Minsk-  
22 compu te r  by the method of l eas t  squares .  The 
veloci ty  of p a r t i c l e s  in the phase  mixing s tage v m 
was  tenta t ively  taken as  1 m / s e c  for  al l  m a t e r i a l s .  
An evaluat ion of t e s t s  the T - c h a m b e r  r e c e i v e r  yielded 
C = 2863, m = 1.36, and n = 1.31. 

In o r d e r  to find whether  the un ive r sa l  re la t ion  
(6) wouid a lso  apply to o ther  types  of r e c e i v e r ,  we 
p e r f o r m e d  the t e s t  s e r i e s  No. 14 on this appara tus  
with the T- jo in t  r e c e i v e r  and t e s t  s e r i e s  Nos. 15, 
16 with the rec ip roca t ing  pump. These  t e s t s  have 
conf i rmed  the un iversa l i ty  of re la t ion  (6) with the 
e a r l i e r  es tab l i shed  values  of exponents m and n, but 
the coeff ic ient  C was  found to inc rease  with the higher  
d rag  in those other  two types  of r ece ive r .  

Taking into account  the type of r e c e i v e r  (the 
ini t ial  conditions and the g e o m e t r y  of the mixing p r o -  
c e s s ) ,  one may  wr i te  the un ive r sa l  re la t ion  (6) m o r e  
reasonab ly  in the following form:  

$~ = 2863~t Fro -1'36 Fr~ "m. (7) 

F o r  the r e c e i v e r  types  in this study the coeff ic ient  fi v a r i e s  between 1.0 and 1.5, i ts  specif ic  va lues  
a r e  l i s ted in Table  1. It is to be noted that  the values  obtained he re  for  fi c o r r e s p o n d  to those  for  industr ia l  
mode l s  of r ec ip roca t ing  pumps  and a fixed g e o m e t r y  of T - jo in t  and T - c h a m b e r  r e c e i v e r s .  

In mos t  published r e f e r e n c e s  the au thors  r e c o m m e n d  that the design of a ve r t i c a l  ini t ial  s tage be 
based  on a d rag  value compr i s ing  the ~M~-term alone. The inaccuracy  of such a des ign  is  made  evident  
by the g raphs  in Fig. 3 r ep re sen t i ng  the local  d rag  coeff ic ients  ~MI and ~M2 as  functions of the c a r r i e r  
ve loc i ty  dur ing pneumat ic  t r a n s p o r t  of ground l imes tone ,  r e f e r r e d  to # = 1. At p r a c t i c a l  t r a n s p o r t  v e l o c -  
i t ies  in a ve r t i c a l  ini t ial  s tage v 0 < 1 5 m / s e c ,  ~M~ is 1.5 to 4.4 t imes  lower  than the t rue  local  d rag  coe f -  
f ic ient  ~M. The lower  the ini t ial  t r a n s p o r t  ve lomty  is ,  the l a r g e r  becomes  the e r r o r  in calcula t ing the 
d rag  in the init ial  s tage on the bas i s  of ~M1 alone. 

An evaluat ion of t e s t  data in t e r m s  of the c r i t e r i a l  r e la t ion  (7) is shown in Fig. 4. Here  the a b s c i s s a  
axis  r e p r e s e n t s  M = ~Fr0 -1"86 F r s  1"31 and the ordinate  axis  r e p r e s e n t s  ~M2. The genera l i z ing  s t ra igh t  line 
c o r r e s p o n d s  he re  to the c o m p u t e r - e v a l u a t e d  t e s t  r esu l t s .  According to Fig. 4, a l l  t e s t s  a r e  c lose ly  enough 
gene ra l i zed  by the c r i t e r i a l  r e la t ion  der ived  here .  The computed  s tandard  deviat ion is 15.2%. L a r g e  
devia t ions  a r e  typica l  main ly  of the t r a n s p o r t  t e s t s  at  high concent ra t ions  and low veloci t ies .  In such 
t r a n s p o r t  modes  the r e c o r d e d  p a r a m e t e r s  we re  fluctuating widely and the m e a s u r i n g  c h a m b e r s  clogged up 
r a t h e r  fast .  

Based  on the total  set  of e x p e r i m e n t s ,  the design equation fo r  the local  d rag  coeff ic ient  in the initial  
s tage  of v e r t i c a l  conduit  is 

~ = 2F v~ - -  Vrn -t- 2863~tx Fro I36 Fr~ 31. (8) 
9 o 

The val idi ty  of re la t ion  (8) has  been es tab l i shed  o v e r  a wide va r ia t ion  range  of the s i m i l a r i t y  groups  
and s i m p l e x e s : 5  <p <80 ,  15.102 < F r o  < 2 0 - 1 0  ~, 26 < F r  s <21 .102  . Coefficient  {~ is found in Table  1, 
depending on the type of r e c e i v e r .  
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Bes ides  the c r i t e r i a l  re la t ion  (7) the re  is a lso  a fo rmula  for  ~M2: 

dO,O5 
~., = 3200~ ~o.~ 2 . (9) 

In this case  the re l iabi l i ty  of ca lcula t ions  fo r  powder  m a t e r i a l s  has been ver i f ied  for  ve loci t ies  of the c a r -  
r i e r  med ium within the v 0 = 6 to 45 m / s e c  range,  ensur ing a weight concentra t ion of conveyed m a t e r i a l  
f rom 80 to 5. F o r  g r anu la r  m a t e r i a l s  these  r anges  of v 0 and ~ a r e  na r rower .  As the t r a n s p o r t  veloci ty  
was  va r i ed  f rom 6 to 3 6 m / s e c ,  the m a x i m u m  concentra t ion  cor responding  to a s table  t r a n s p o r t  mode was 

= 20. In al l  c a s e s  tes ted  he re ,  the t r a n s p o r t  mode was  c h a r a c t e r i z e d  by a veloci ty  v 0 > v s. 

A c o m p a r i s o n  between the p r e s s u r e  drop AP calcula ted according to the re la t ions  der ived here  and 
i ts  value de te rmined  in t e s t s  indicates  that  fo r  90% of a l l t e s t s t h e e r r o r  did not exceed 17%. 

~M is the 
is the 

~M.O is the 
is the 

v 0 is the 
AP is  the 
P 0 is the 
F r  o = v~/gd is the 

= v~/gd  is  the F r  s 
is  the 

d is the 
v m is the 

is the Ps  
D 2 is the 

N O T A T I O N  

local  d rag  coeff ic ient  fo r  the initial  s tage during pneumat ic  t r anspor t ;  
d r ag  coeff ic ient  fo r  the s tabi l ized s tage with a two-phase  flow; 
local  d rag  coeff ic ient  for  the initial  s tage during flow of pure  a i r ;  
weight  concentra t ion  at  d i scharge ;  
c a r r i e r  ve loci ty  a t  the en t rance  to the initial  stage;  
p r e s s u r e  drop a c r o s s  the m e a s u r e m e n t  segment ;  
a i r  densi ty  at  the en t rance  to the init ial  s tage;  
Froude  num ber  r e f e r r e d  to the re la t ive  veloci ty  v0; 
Froude  number  r e f e r r e d  to the veloci ty  of p a r t i c l e s  v s in the phase  mixing stage; 
fo rm fac tor  of the r e c e i v e r ;  
a v e r a g e  weighted d i a m e t e r  of pa r t i c l e s ;  
descen t  veloci ty  of pa r t i c l e s ;  
densi ty  of pa r t i c l e s ;  
d i a m e t e r  of the r e c e i v e r  chamber .  
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