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A description is given of a method of determining the diffusion coeffi- 

cient for the motion of a liquid through a packing. The effect of the 

physical properties of the system on the diffusion coefficient and 
standard deviation are noted. 

In o rder  to desc r ibe  the motion of a liquid through 
a packing var ious  models  are  used [1-3].  The actual  
p rocess  is best  ref lected by the diffusion model [2,3]. 

For  this model the different ia l  equation of motion 
in cy l indr ica l  coordinates  has the form 

&v(r, t0, h)_ D (  az~ + I &a 4_ I &~ ) 
at, ~ a~' 3 -  0-7-- ' ~ a---c-- " (i) 

The solution of Eqo (1) with the boundary condit ions 

w ( R ,  0 ) = 0  for 0 < R ~ I ,  lira w(0, H)=  oc 
H-0 

is given [2] by the express ion  

i Jo(z,R) 
~ ( R ,  H ) =  I -~- e x p ( - - z ~ a H ) .  (2) 

At the same time, it has been noted [4] that the motion 
of the liquid is characterized by a high degree of non- 
uniformity of the irrigation density for elements of the 
bed cross section existing under identical conditions. 

l# 

5 ~ ..__.. 

o aOt a02 0a3 aao a# 

Fig. 1. Mean i r r iga t ion  densi ty  over 
c ross  sect ion w (relat ive units) of 
cen t ra l  tube as a function of the thick- 
ness  of the packing and the diffusion 

coefficient aH (re la t ive  units) .  

This makes it n e c e s s a r y  to adopt a s ta t i s t ica l  
approach. The motion of water  admit ted along the 
axis of the apparatus  was exper imen ta l ly  invest igated 
in packings of different  kinds. The d iamete r  of the 
apparatus  was 106 mm.  The d i ame te r  of the tube for 
introducing the water  was 4 ram, i.e. ,  less  than the 
d iamete r  of the packings.  This made it possible  to 
assume that the liquid is introduced in a thin jet  along 
the axis of the apparatus .  The packing was supported 
on a grid of s t re tched wires .  Underneath the bed 
the liquid was col lected in a tube 23 mm in d iamete r  

mounted along the axis of the apparatus  and in the 
annular  space formed by the walls  of the apparatus  
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Fig. 2. Mean i r r iga t ion  densi ty  
d is t r ibut ion curves  for var ious  
packings (~ is the f ract ion of the 
total flow enter ing  the cen t ra l  
tube, and P is the probabi l i ty) :  
1) Raschig r ings  8 • 8 x 1.5; 
2 and 3) ce ramic  and polyethy- 
lene granules  with r m m  and 

l = 7 r a m .  

and the walls  of the tube. It is c lear  f rom Eq. {2) that 
the i r r iga t ion  densi ty  is a function of the rad ius  and 
var ies  with the rad ius ;  therefore  when the liquid is 
collected in a cen t ra l  tube it is possible  to de te rmine  
only the mean value of the i r r iga t ion  densi ty  for the 
c ross  sect ion of that tube. This method of inves t iga-  
tion pe r mi t s  mult iple repet i t ion of the exper iments  
and the de te rmina t ion  of the mos t  probable value of 
the mean  i r r iga t ion  densi ty  for the c ros s  sect ion 
of the cent ra l  tube from the r e su l t s  of a number  of 
exper iments .  

The numer i ca l  solution of (2} for the exper imenta l  
conditions (R = 0-0.217 for the c ross  sect ion of the 
bed above the cen t ra l  tube} gives the mean  i r r iga t ion  
densi ty of the par t  of the flow that en te r s  the cen t ra l  
tube as a function of the height of the bed and the 
diffusion coefficient in the  form of the graph presen ted  
in Fig. 1. 

F rom this graph we de te rmined  the diffusion co-  
efficient for a known bed thickness  and the most  
probable value of the mean i r r iga t ion  densi ty  obtained 
in the exper iments .  

The curves  in Fig. 2 show the probabi l i ty  d i s t r i -  
butions of the mean i r r iga t ion  densi ty  for different  
packings of thickness  h = 28 mm. Each curve is based 
on the r e su l t s  of 50 exper iments .  Before each exper i -  
ment  the packing was shaken to change the s t ruc ture  
of the bed. F rom the d is t r ibut ion  curve  we de termined 
the most  probable value of the mean  i r r iga t ion  densi ty  
and the s tandard deviation. 
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It is c lear  f rom Fig. 2 that for a packing consis t ing 
of polyethylene granules  the s tandard  deviation is 
g rea te r  than for the ident ical  ce ramic  granules .  Re-  
ducing the surface tens ion  of the water  by introducing 
sur face-ac t ive  agent OP-10 leads to the same v a r i a -  
tion. These effects can be a t t r ibuted to the influence 
of the wettabi l i ty  of the packing and surface  tension.  
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Fig. 3. Diffusion coefficient D (cm) 
as a function of the thickness  h (cm) 

of the bed of c e r amic  granules .  

For  a bed consis t ing  of bal ls  6 mm in d iamete r  the 
r e su l t s  were contradic tory .  This may be at t r ibutable  
to the dense packing of this pa r t i cu l a r  bed and the flow 
of l iquid in the fo rm of a continuous f i lm completely 
f i l l ing the pores  between the ba l l s .  

In the proposed method of de te rmin ing  the diffusion 
coefficient the thickness of the packing can be var ied  
only within na r row l imi t s ,  s ince when the diffusion 
coefficient is  de te rmined  at the ends of the curve in 
Fig. 1 the accuracy  of the de te rmina t ion  is reduced.  

Measurements  of the diffusion coefficient made within 
the range of pe r mi s s i b l e  th icknesses  are shown in 
Fig. 3, f rom which it  follows that the nondependence 
of the diffusion coefficient on bed thickness  conf i rms 
the val idi ty  of the diffusion model as a descr ip t ion  
of the motion of a liquid through a packing: 

NOTATION 

w(R, H) = Wloc/W m is the d imens ion less  i r r iga t ion  
densi ty;  Wlo c and w m are  the local and mean  i r r i g a ,  
t ion in tens i t i es ;  R = r / r a  is the d imens ion less  rad ius ;  
r a is the radius  of the apparatus;  H = h / r  a is the 
d imens ion less  th ickness  of the bed; a = D / r a  is the 
d imens ion less  diffusion coefficient;  J0(z) is a zero-  
o rder  cyl indr ica l  function of the f i r s t  kind; zi are  
roots of the equation dJ0(z)/dz = 0; r is an angle in 
the cyl indr ical  coordinate sys tem.  
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