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O P T I M A L  H O R I Z O N T A L  P N E U M A T I C  T R A N S P O R T  

V. V. K a z a n t s e v  a n d  M .  B. R i v k i n  UDC 621.867.8 

A study has been made of the effects of periodic large-scale pressure perturbations on the pas- 
sage of air through a moving bed of granular material  in dense-phase horizontal pneumatic 
transport. 

Experiment shows [1] that horizontal pneumatic transport allows the throughput to be increased by in- 
creasing the air speed up to some limit, after which an adverse effect sets in, which cannot be explained in 
terms of existing views on the mechanism of motion in high-concentration two-phase mixtures,  according to 
which the mixing in the lower layer of material  (bed) occurs on account of the tangential s tresses proportional 
to the air speed acting at the phase interface [2]. Also, this model falls to explain the very considerable pres-  
sure fluctuations accompanying the motion of the mixture through the pipeline (Fig. 1). 

The studies on the structure of high-concentration flows [3] provide the following model for the trans-  
port; most of the material  is transported in the lower part of the pipeline at a constant porosity m 0 as a 
bed whose height and structure vary little along the length [2]. Ridges or dunes travel along the upper sur-  
face of thebed [4]~ and the air  flowing over thesegives rise to periodic pressure perturbations, which in- 
teract  with the air  flowing through the bed. This in turn gives rise to an oscillating force within the bea~ 
which is directed along the line of flow and tends to accelerate the bed. 

As the frequency of ridge passage is a single-valued function of the air speed, we have to examine the 
transient-state passage of the air through the bed for a fixed porosity in response to two forces: a constant 
pressure gradient and a periodic pressure perturbation at the upper boundary. 

The following is [5] the linearized equation for isothermal infiltration: 

02P 02P OP 
- -  - - - - M  = 0 ,  

~,x ~ -+ Oz 2 Ot (1) 

O < x < L ,  O . < z < H ,  t > O ,  M=emo/kpo,  p = p 2 .  
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Fig. 1. Cha rac t e r i s t i c  p r e s s u r e - p u l s a t i o n  
o s c i l l o g r a m  for  a t r a n s p o r t  pipeline;  D = 
2 . 1 . 1 0  -2 m ,  L = 14 m,  m a t e r i a l  a lumina.  

Fig. 2. Calculat ion scheme.  

x 

The boundary conditions are 

P(O, x, t) : [Po + p~(1 ~ x / L )  + pe(x ~vt ) l  ~, (2) 

o P(H, x, t)= O, O<~x~L, (3) 
Oz 

where  Pd(X-vt)  is a per iod ic  pe r tu rba t ion  of given f o r m  moving with a speed v with r e s p e c t  to the bed, and 

P (z, o, t) = (Po + p~)2, (4) 

P (z, L, t) = pg, 0 ~< z < I/.  (5) 

The initial  condition is 

P(x, z, 0 )=p~ ,  0 < x < L ,  0 < z < H .  (6) 

Equations (1)-(6) may  be solved by finite in tegra l  t r an s fo rma t ion  [6]; the solution is sought in the f o r m  

HL n=O = 
where  

~2m2 
~ , . =  L2 , r e = l ,  2, . . . .  oo,  (s)  

=2(2n+ 1)2; n =  0, 1, 2 . . . .  oo. 
% 4H 2 ' (9) 

Pnm(t) is defined by the following: 

d P.m (t) + (% + xm) p . . ,  (t) = o . .~  (0 + ~ . . .  M d---- i- (10) 
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Fig. 3. 
o z ~ 

P r e s s u r e  dis t r ibut ion along a t r ans -  
por t  pipeline.  

~ sa t isf ies  the initial  condition 

P,,= (0) = - -  

Po 
(11) 

where  

(12) 

L 

r (t) = (v.) o.5 ; 
0 

[Po + P~ (1 - - x / L ) +  Pa (x --vt)] ~ sin X~ xdx. (13) 

We r ep r e se n t  the per iodic  per turbat ion  (Figs. 2 and 3) as a Four i e r  sine se r ies :  

Pa (x - -  or) = ~_~ b k sin k% (x - -  or). (14) 

where co o is the frequency of the pressure fluctuations, which is a single-valued function of the air speed. We 
have as follows up to terms of the second order of smallness: 

. t v~ , !  • (D,..(O,.. 'v. O.Sp~+ ,vn O.Sp~[l+(__l)m]+ )~'SL~ 

[ ~ " l ~ 0 . 5 [1-}- (--1) '1 + 2L (v.) ~ (Po + Pc)• X [(--  1)" - -  ]] + 2pop~ \ Z~ ] 

X ~ { ~ - [ s i n  ~ - c o s  ( ~ t - - 4 ) ] - - -  ~ [s in-~-cos(~?, - -  - ~ ) ] } -  

rcos,_A sin '~rt 
--Pe L ~_~ bk (COS= + asincz-- 1)+ (sincz--czco~)-- 

k= 1 t ~2 ~2 

cosyt (cos~ + ~s in~--  I)-- s!nyt (sin~--j}cos~)], (15) 

where  ~ = (kco o - (~.m)~ fl = (kcoo + (~.m)~ T = kcoov; we solve (10) and get after  cer ta in  s teps  that  

(~,.~,,.)o ~5 ~-:-] .,,,, + ~.,,, 

~. 0:~ 2p~(__ I) = Pe +r 
Pt + kr~L z ~L2 

+ 
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Fig.  4. Opt imum throughput Go, 
kg / sec ,  and calcula ted values  of 
m fo r  hor izonta l  p ipel ines  of 
va r ious  length L, m;  D = 2.1" 10 -2 
m ,  m a t e r i a l  a lumina.  

x b. . . . .  Tex" I sin --. . 
k=l y2 + Nz I~ 

cos cr + a sin a - -  I 
N ~z 2 

where  the symbols  a r e  

, (  

,sin,.) cos ~ + 132 + Vz +/V~ x 

since-- ~cosa  sin I~--13 cos ~ ) ]}  

• 

(is) 

1 ( % + X m ) ;  T = N c o s - -  +3,sin ; N =  ~ -  2 

( ~  O = N c o s  - ~ - + ~ t  + ? s i n  + ' r  ; 

S=Ncos(-~---,t)--ysin(~---vt)" R = N c o s  I ~ - -  ~ "  ' 2 y s in , 

V = N c o s  ?t + T sin yt; W = N sin yt" y cos ~/t. 

The compolaents of the volume inf i l t ra t ion fo rce  a r e  as follows: 

0 p 0 . 5  ,~, n = 0  m = l  

n=O rr~=l 

~__ pO.5 _ n=0 ~=1 (18) 

tZ~O rn= 1 

We see f r o m  (15)-(18) that  the a i r  p ressu re ,  and bulk inf i l t ra t ion fo rce  take the f o r m  of undamped osc i l l a -  
t ions for  t - -  oo, with the f requency  dependent  on the speed of propagat ion  of the per tu rba t ion  at the sur face  of 
the bed. 

I t  is c l ea r  that  p rovided  

Jim 
C~=0, i.e., - -  = k o  0, 

L (19) 

the p r e s s u r e  osci l la t ions  in the bed will be in phase  with the sur face  per turba t ion ,  then the bulk inf i l t rat ion 
fo rce  is m a x i m a l ,  which t he re fo re  i n c r e a s e s  the ca r ry ing  capaci ty  of the a i r  flow. 

F igure  4 shows the m a x i m a l  throughput of a hor izonta l  pneumat ic  t r a n s p o r t  pipeline for  va r ious  lengths,  
together  with the calcula ted values  of m for  each of the opt imal  s ta tes .  The m = f(L) re la t ionsh ip  allows one 
to de t e rmine  co 0 and hence the a i r  speed v giving op t imum p e r f o r m a n c e .  
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0 j  p = p  

Pe, P0 

m0 
v09 v 
L 
H 
X, Z 
t 
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NOTATION 

is the p r e s s u r e ,  Nm-2; 
are  the initial and a tmospher ic  p r e s s u r e s ,  Nm-2; 
is the concentra t ion,  kg/kg; 
is the poros i ty ;  
a re  the initial a i r  speed end speed re la t ive  to ma te r i a l ,  m/sec ;  
is the pipeline length; 
is the depth of bed in tube; 
a re  the coordinates ;  
is the t ime.  
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R E M O V A L  O F  A L I Q U I D  F R O M  AN O P E N - C E L L  B O D Y  

BY F L U I D I Z E D  P O R O U S  P A R T I C L E S  1.  

E .  N.  P r o z o r o v ,  V.  M. S t a r o v ,  
a n d  N.  V .  C h u r a e v  

UDC 621.785:66.096.5 

It is shown that an analytic descr ip t ion  can be given for  the el imination of a bound mate r i a l  f rom 
a porous body i m m e r s e d  in a fluidized bed composed of small  porous par t ic les ;  the equations for  
fluid t r anspo r t  in a porous space can be used. 

Here  we consider  the el imination of a bound fluid f rom a porous ce ramic  semffinished product  during 
p re l iminary  the rmal  p rocess ing  in a fluidized bed [1-3]. 

Pure -ox ide  ce ramics  are  produced mainly in semffinished fo rm by hot p ress ing  with a wax binding agent 
[4]. A major  step in manufacturing such components that p recedes  the final f i r ing is to el iminate the binding 
agent,  which may be pe r fo rmed  in a fluidized bed [5]. The p rocess  is opera ted  at  t empera tu re s  below the on-  
set  of evaporat ion of the binding agent. In that case ,  the vapor  t r anspor t  can be essent ia l ly  neglected,  so the 
internal  mass  t r a n s f e r  in the porous sys tem occurs  only in the liquid state. 

A difference of our  t r ea tmen t  f rom previous  ones [6, 7] is that we der ive solutions f rom the l iqu id- t rans-  
por t  equations for  fi lm motion [8, 9] in a model porous medium. The model  is a sys tem consist ing of capil-  
l a r i es  of radi i  R t and R 2 interconnected throughout the i r  length. This cor responds  to the actual porous s t ruc -  
ture  of numerous  ce r amic  ma te r i a l s ,  in pa r t i cu la r  in that it fits the bimodal p o re - s i z e  distr ibution [10, 11]. 
If the body is immer sed  in a fluidized bed at a t empera tu re  well  below the evaporat ion point of the liquid, the 
only cause of ex terna l  mass  t r anspor t  is liquid loss to the par t i c les  on collision with the surface  (Fig. 1). 

The capi l lary potential  of a porous par t ic le  Pp = 2~ cos 0/r is less  than the potential  of the liquid at the 
surface of the body P0(T), SO the liquid is drawn into the capi l lar ies  of the par t ic les  when the la t ter  a re  near  
the surface.  

The following is the equation for  the momentum change for  the liquid in a par t ic le  capi l lary:  
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