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The resu l t s  a r e  shown of an exper imenta l  study concerning pneumatic  t r a n s p o r t  with a dense 
medium by var ious  routes .  I t  is shown that adding complexi ty  to the route resu l t s  in a phase  
d i sp lacement  at the ent rance  to the duct. 

The c h a r a c t e r i s t i c s  of pneumat ic  t r a n s p o r t  with a dense medium of high admixture  concentrat ion a r e  
ve ry  different  than those of o rd ina ry  p r e s s u r i z e d  pneumatic  t r a n s p o r t  with a low admixture  concentrat ion 
[1, 2, 3]. 

A special  fea ture  of the pneumat ic  t r a n s p o r t  p r o c e s s  with a dense medium is the se l f - regula t ing  ac -  
c e s s o r y  equipment ( e . g . ,  the c o m p r e s s o r  pumps) ,  i . e . ,  that  for  each t r a n s p o r t  route at  a specif ic  flow ra te  
the t r a n s p o r t  mode is es tab l i shed  - au tomat ica l ly  - to p e r f o r m  in accordance  with any speci f ic  conditions. 

Changing the route ,  o r  increas ing  or  decreas ing  the a i r  flow ra te ,  r e su l t s  in a corresponding change 
of d i scharge  p r e s s u r e  and d i scharge  eff icacy.  

This  fact ,  although mentioned by seve ra l  authors  [4, 5], has not yet  been explained sa t i s fac tor i ly .  

The unavai labi l i ty  of sufficient  exper imenta l  data which would revea l  the physical  c h a r a c t e r  of the 
p r o c e s s e s  taking place he re  makes  it imposs ib le  to develop a genera l ly  acceptable  method of designing 
pneumat ic  t r a n s p o r t  equipment  for  such a dense medium,  which is an obs tac le  in making this pneumat ic  
t r a n s p o r t  technique m o r e  widespread .  

In o rde r  to detect  the bas ic  re la t ions  underlying the operat ion of pneumatic  t r a n s p o r t  with a dense 
medium,  a l abo ra to ry  model of a c o m p r e s s o r  pump was built for  per iodic  duty with d ischarge  on top (Fig. 
1). The appara tus  consis ted  of an a i r  chambe r  1, a t r a n s p o r t  duct 2, and a rece iv ing  tank 3. The a i r  
c h a m b e r  was cyl indr ical ,  D = 300 m m  in d i a m e t e r  and h = 1500 m m  high. In the lower  pa r t  of the a i r  cham-  
ber  the re  was  installed a porous  15artition 4. The t r a n s p o r t  duct 2 was made of s teel  with an inside d i a m e -  
t e r  D T = 20 m m  and with s eve ra l  g lass  segments  for  visual  inspection and c inematographic  record ing  Of 
the a i r - d u s t  mix tu re  flow. The ent rance  segment  of the dust was conical ly  d ivergent  and sepa ra ted  f rom 
the porous  par t i t ion by a h 0 = 60 m m  c lea rance .  

Ins ide  the upper  pa r t  of the rece iv ing  tank 3 the re  was  instal led a cloth f i l t e r  9 to ensure  a fine p u r i -  
f ication of the exhaust  a i r .  The rece iv ing  tank and the a i r  chamber  were  connected through a flexible o v e r -  
flow tube, along which and through a valve 6 the charge  was re turned  to the a i r  chamber  1. 

As the charge  ma te r i a l  we used apat i te  concent ra te  - a mul t id i spe r sed  dust  with the ave rage  par t ic le  
s ize  dp = 60 #m.  The moi s tu re  content in the apat i te  concentra te  was  0.3-0.4% by weight. The following 
p r o c e s s  p a r a m e t e r s  w e r e  recorded  ose i l lographica l ly  during the pneumat ic  t r a n s p o r t  t es t s :  

a) the m a s s  flow ra te  of a i r  (Ga); 

b) the a i r  p r e s s u r e  ahead of the measur ing  d iaphragm (P0), underneath the porous  part i t ion (Pl), in 
the upper  zone of the a i r  cham be r  above the charge  (1 )2)  , and in the receiving tank (P3)~ 

e) the d i scharge  eff icacy (Gm); 

d) the densi ty  of the a i r - d u s t  mix ture  (p) at the en t rance  sect ion to the t r a n s p o r t  duct; 
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Fig. 1. Schematic diagram of the tes t  ap-  
paratus:  1) a i r  chamber ,  2) t r anspor t  duct, 
3) tank, 4) porous part i t ion,  5, 6) sampling 
valves,  7) p r e s su re  gage, 8) manometer ,  
9) f i l ter ,  10) weight gage, 1i) p r e s s u r e - d r o p  
gage, 12) diaphragm, 13) U-tube manometer ,  
14) T-radiat ion r ece ive r ,  15) T-radiat ion 
source ,  16) ampl i f ie r ,  17) model S1-4 osc i l -  
loscope,  18) demodulator ,  19} model N-102 
osci l lograph,  20) ampl i f ier ,  21) power supply. 

e) the t ime of unloading the a i r  chamber  (t). 

F o r  measuring the density of the a i r -dus t  mixture ,  a segment was set  apar t  f rom the a i r  chamber  at 
the entrance to the t ranspor t  duct and separated f rom the charge (Fig. 1) by a cyl indrical  tube containing a 
T-radiat ion source  15 at one end and a T-radiat ion pickup 14 at the other .  A radioact ive Cs-137 isotope 
2000 mg equiv, radium strong was used as the 2/-radiation source  and a differential  ionization chamber  was 
used as the radiation pickup. 

The signal, proport ional  to the a i r -dus t  mixture  density,  was fed to the e lect ronic  ampl i f ie r  16 and 
to the osci l loscope 17. The same signal, a f te r  having been passed through the demodulator  18, was r e -  
corded on the loop osci l lograph 19. With the aid of a cal ibrat ing curve,  the t rue  densi ty of the a i r -dus t  
mixture  was de termined  f rom the magnitude of this signal. 

F o r  plotting the calibrat ion curve and obtaining the mass  coefficient  of apati te absorption,  a special  
exper imental  study bad been conducted in [7]. 

On this tes t  apparatus we studied the pneumatic t r anspor t  with a dense medium along four different  
routes:  

a) route No. 1 with a ver t ica l  segment H = 2.6 m, 

b) route No. 2 with a ver t ica l  segment H = 2.6 m and a horizontal  segment  2L = 6.8 m, 

Fig. 2. Osei l logram of the t ranspor t  p rocess :  1) density 
of the a i r - d u s t  mixture  p (kg/m3), 2) a i r  p r e s su re  Pl (N/m2), 
3) discharge eff icacy Gm (Kg/h), 4) a i r  p r e s su re  P2 (N/m2), 
5) t ime t (sec). 
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TABLE i.  Values of the Constants  A, B, C, and 
D for  Different  T r a n s p o r t  Routes 

Values of the constants 

Route No. A B C D 

--0,96 
--0,65 
--0,99 
--0,69 

0,83 
0,80 
1,18 
1,10 

--2,16 
--3,17 
--4,62 
--5,77 

2,80 
5,30 
7,32 

12,00 

c) route No. 3 with a ve r t i ca l  segment  H = 2.6 m 
and a horizontal  segment  2L = 9.2 m,  

d) route No. 4 with a ve r t i ca l  segment  H = 2.6 m 
and a hor izon ta l  segment  2L = 18.4 m. 

F o r  each route the t e s t  was p e r f o r m e d  under  six 
d i f ferent  operat ing conditions (a i r  flow ra tes ) .  The 
d ischarging was  done ten t imes  for  each operat ing 
mode and all t e s t s  were  osc i l lographed.  

The c h a r a c t e r i s t i c s  of the c o m p r e s s o r  pump 
d i scharge  p r o c e s s  is depicted on the osc i l l og ram in 

Fig. 2. One d i scharge  cycle consis ted of th ree  s tages :  p r e l i m i n a r y  s tage (a i r  pumping) tt ,  s t eady-s t a t e  
d i scha rge  t2, and shut off s tage t~. 

Af te r  the o sc i l l og rams  had been in te rpre ted ,  the t e s t  r e su l t s  were  evaluated and averaged .  The 
r e f e r e n c e  a i r  veloci ty  w 0, i . e .  the a i r  veloci ty  at the ent rance  section r e f e r r e d  to the duct a r e a  was used 
as the c r i t e r i a l  p a r a m e t e r  in the data evaluation. The d i scharge  eff icacy G m and the weight  concentrat ion 

of the dust  admix ture  a r e  shown in Fig. 3 as functions of the a i r  veloci ty  w 0 for  the var ious  t r a n s p o r t  
routes .  I t  is evident f rom the g raphs  that  the route configuration has a cons iderable  effect  on the pneumatic  
t r a n s p o r t  p r o c e s s  p a r a m e t e r s ,  and that  making the route m o r e  complex (adding to the horizontal  segments)  
will r e su l t  in a lower  d i scharge  ef f icacy  as wel l  as a lower  weight  concentrat ion of the dust  admixture .  

I t  can be seen f rom Fig. 3b that  the a i r - d u s t  mix ture  poros i ty  e 0 at the duct entrance is a s ing l e -va l -  
ued function of the r e f e r r e d  a i r  veloci ty  w 0 and is a lmos t  independent of the route configuration.  

This  relat ion can be r ep re sen t ed  with sufficient a c c u r a c y  by the formula  

% = ~0 + ~ o  for ~0 = 0.7; ~ = 0 , 0 0 7  (1) 

In Fig. 3c we show graphica l ly  how, for  different  t r a n s p o r t  routes ,  the d i sp lacement  coefficient  K 0 
at  the duct ent rance  va r i e s  with a i r  velocity.  This coeff icient  was calculated by the formula :  

Ko Wa __ Tin(1--.eo)P o Ga" (2) 
am YoeoPGrn 

The curve  r ep resen t ing  K 0 "-- f(w 0) is fitted by means  of the Lagrange  interpolat ion polynomial .  The 
sought re la t ion  can be wr i t t en  in the form:  

Ko = A (Wo) 3 + B @0) 2 + C (Wo) + D. (3) 

The values  of the constants  A, B, C, and D a re  l i s ted in Table  1 for  the var ious  t r a n s p o r t  routes .  

I t  can be seen in Fig. 3c that  a change of the route r e su l t s  au tomat ica l ly  in a different  phase  d i sp lace -  
ment  coefficient  in the ent rance  segment  of the t r a n s p o r t  duct. 

As the t r a n s p o r t  route becomes  more  complex,  the d i sp lacement  coefficient  i nc reases  and this r e -  
sults  in a reduced d i scharge  eff icacy at  equal m a s s  r a t e s  of a i r  flow. Fo r  each route there  is a min imum 
d i sp lacement  coefficient ,  cor responding  to the r e f e r r e d  a i r  veloci ty  at  which the t r a n s p o r t  takes  place with 
the m a x i m u m  weight  concentrat ion of the dust admixture .  

An ana lys i s  of the obtained r e su l t s  shows that  for  each route there  exis ts  an opt imum t r a n s p o r t  mode,  
at  which the value of the d i sp lacement  coeff icient  is min imum (see Fig. 3c) while the weight  concentrat ion 
of the dust admix ture  is m a x i m u m  (see Fig. 3a). 

I nc r ea s ing  the a i r  veloci ty  above the opt imum will  r e su l t  in an inc rease  of beth the a i r - d u s t  mix ture  
po ros i ty  (see Fig. 3b) and the phase  d i sp lacement  (see Fig. 3c), which explains the a l r eady  mentioned [2, 6] 
lower  d ischarge  ef f icacy  and the lower  weight concentrat ion of the dust admixture .  

Fu r the r  exper imenta l  s tudies  were  made on l a r g e - s c a l e  models  of a c o m p r e s s o r  pump with ducts 150 
m m  (H = 28 m) and 300 m m  (H = 13.5 m, L = 22 m) in d i ame te r .  

The l a b o r a t o r y  data obtained for  these  l a r g e - s c a l e  models  have yielded a re la t ion  which with suf-  
f icient  a c c u r a c y  d e s c r i b e s  the heat  l o s s e s  in a pneumatic  t r a n s p o r t  with a dense medium along a route in-  
eluding both ver t i ca l  (H) and hor izontal  (L) segments :  
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Fig. 3. a: Discharge  eff icacy {solid lines) G m kg/h  and concentrat ion of dust admix ture  by weight  
u kg/kg; b: poros i ty  of a i r - d u s t  mixture  e 0 at  t r a n s p o r t  duct ent rance ,  c: phase d i sp lacement  
coefficient  K 0, all  as  functions of the r e f e r r e d  a i r  veloci ty  w0 m / s e c .  1-4) Routes.  

Lequ 
AP = X 7a( l - -e0)  DO.3dO,7 , 

where  ~, is a modified coefficient  of r e s i s t ance  

A* 
~ =  +B*,  

Fr~ 

A* and B* a re  constants ,  A = 6730, B = 0.751 �9 10 -~, m is a power  exponent (m = 3.54), Leq u is the equi-  
valent  length of t r a n s p o r t  (Lequ = ~lH + ~2 L with s t = 2 and ~2 = 0.3). 

(4) 

DT 
H 
L 
Lequ 
dp 
Ga 
Gm 
P 
Po, Pi ,  P2, P3 
AP 
w a 
w o 
Wm 
Tm 
To 
k 

Ko 
F r  = w0/gd p 

N O T A T I O N  

m the duct d iamete r ,  m; 
m the duct height, m; 
is the duct length, m; 
is the equivalent  duct length, m; 
Is the par t i c le  d i ame te r ,  pm;  
m the a i r  flow ra te ,  kg/h; 
is the d i scharge  eff icacy,  kg/h; 
m the a i r - d u s t  mix tu re  densi ty,  kg/m~; 
a re  the a i r  p r e s s u r e ,  N/m2; 
ts the p r e s s u r e  head loss ,  N/m2; 
ts the a i r  veloci ty,  m / s e e ;  
is the r e f e r r e d  a i r  velocity,  m / s e e ;  
is the p a r t i c l e s '  veloci ty,  m / s e e ;  
is the specif ic  weight  of pa r t i c l e s ,  kg/m3; 
is the specif ic  weight  of a i r ,  kg/m3; 
is the modified coefficient  of res i s tance ;  
is the poros i ty  of a i r - d u s t  mixture;  
is the phase  d i sp lacement  coefficient; 
is the Froude  number;  
is the weight  concentrat ion of dust  admixture .  
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