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EFFECT OF THE INHOMOGENEITY OF THE GRANULAR 

CHARGE IN WATER-PURIFYING FILTERS ON THE 

INCREMENT IN THE HEAD LOSSES 

DURING COLMATATION 

R. I. Ayukaev, S. M. Shandalov, 
and M. E. A~rov 

UDC 532.546:621.187.121 

The r e su l t s  of some  expe r imen ta l  invest igat ions into the re la t ionship  between the inc rement  in 
the head losses  of the colmat iz ing g ranu la r  charge  of a wa te r -pur i fy ing  f i l ter  and its degree  of 
inhomogeneity a r e  p resen ted .  

Granu la r  f i l te rs  a r e  widely employed in p repar ing  water  for  indust r ia l  and drinking purposes ,  Regula-  
t ion of the s t ruc tu re  of the g ranu la r  bed (granulometr ic  composi t ion,  height, m i c r o g e o m e t r y  of the g ra ins ,  
etc.)  is one of the chief  ways of improving eff iciency.  Thus,  Mar tensen ' s  p roposa l  [1] to r ep l ace  quar tz  sand 
by crushed lightweight aggrega tes  of var ious  c l a s se s  having a high i n t e rg ranu la r  poros i ty  and a wel l-developed 
g ra in  su r face  inc reased  the product ivi ty of ord inary  f i l ter  const ruct ions  [2, 3] by a fac tor  of two or %hree t imes  
and led to  the development  of new and more  pe r fec t  s y s t e m s  [4]. In order  to make the bes t  poss ib le  use of the 
advantages  of the new f i l te r  m a t e r i a l s  it is e s sen t i a l  to  develop a re l iab le  method of calculat ing the i r  p r o p e r -  
t i e s ,  and, in pa r t i cu la r ,  a method of choosing the op t imum inhomogeneity of the bed with r e spec t  to g ra in  
s i ze .  

According to  Mints and Krishtul  [5, 6] the inc rement  in the head losses  of a si l t ing,  inhomogeneous charge 
0.5. -1 during~ the s epa ra t i on  of low-concent ra t ion  suspensions  is g iven by Ah = hcp~T c, where  T e = tdeq~ , deq = 

pidi . As r ega rds  charges  of quar tz  sand, it was found that  the s ize  inhomogeneity of the gra ins  could con-  

veniently be r ep re sen t ed  by a power function: 

= R -~, (1) 

where  R = d o 20d -1 is the inhomogeneity coeff icient .  The quantity d0_20 is obtained f r o m  a g ranu lomet r i c  ana ly-  - e q  
s is  of the charge .  It is here  a s sumed  that  during the per iodic  r e g e n e r a t i o n  of the charge  in a r i s ing  water  
flow with a 40-50% expansion of the bed a s t r i c t  c lass i f i ca t ion  of the g ra ins  is made with r e s p e c t  to  geome t r i ca l  
s ize  (in the normal  opera t ion of a s y s t e m  of wash ing-wate r  d is t r ibut ion  this r equ i r emen t  is met  by quar tz  
sand) .  

It was shown e a r l i e r  that lightweight aggrega te  gra ins  were  c lass i f ied  less  sharp ly  than quartz  in the 
course  of r egene ra t ion  [7]. This  is because  of the complex  m i c r o g e o m e t r y  of the aggrega te  gra ins  and a l so  
the i r  va r i ab l e  densi ty  --  the crushing opera t ion is applied s imul taneous ly  to  the fused c rus t s  and swollen mass  
of the aggrega te  g rave l .  Under these  conditions the use of Eq. (1) in calculat ing f i l te rs  with a lightweight 
aggrega te  charge  fails to sa t i s fy  engineer ing r e q u i r e m e n t s .  In o rder  to  improve  the equation we undertook 
some  exper imen t s  based on the method desc r ibed  in [6]. 
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Fig. 1. A r r a n g e m e n t  of the exper imen ta l  appara tus :  
1) columns of Plexiglas  (d = 0.1 m, H = 3.0 m); 2) 
d ra inage  tubes (for the two-f low scheme) ;  3) f i l t ra te  
s a m p l e r s ;  4) p iezomet r i c  panel; 5) a i r - s e p a r a t i n g  
pipes;  6) switching unit; 7) supply of water  for r egen -  
e ra t ing  the charge;  8) compensat ing tanks;  9) f low-ra te  
was he r s ;  10) dis t r ibut ing tank; 11), 12), 13), 14), 
supply of Volga water ,  t u rb id ize r  (for working with 
a r t i f i c ia l  suspensions) ,  coagulant,  and flocculant,  r e -  
spec t ive ly .  

The a r r a n g e m e n t  of the exper imenta l  appara tus  is shown in Fig.  1. Into the five columns,  d is t in-  
guished solely by the g ranu lome t r i c  composi t ion  of the g ranu la r  bed, we passed  Volga water  at an  identical  
veloci ty  in a specif ied di rec t ion:  top to  bot tom ~R < 1) or bot tom to top fl~ > 1). The f i l ter ing charge  was 
composed of f ract ionated g ranu la r  m a t e r i a l  obtained by crushing lightweight aggrega te  granules  of the 550 
type (bulk densi ty  550 kg/m3).  Specified f rac t ions  were  p repa red  by sifting the dry  ma te r i a l  through 
woven wire  s i eves ,  and {after wetting) additionally subjecting these  to hydraulic sor t ing  in an ascending 
flow. The c h a r a c t e r i s t i c s  of the charge  a re  presented  in Table  1. Five s e r i e s  of exper iments  were  c a r -  
r ied  out: s e r i e s  I - IV with a r i s ing  and s e r i e s  V with a falling flow of Volga water  having a turbidi ty  of 4-6 
m g / l i t e r  and a color  index of 25-35% t rea ted  with a coagulating e lec t ro ly te  (aluminum sulfate) at a dose of 
30-60 r ag / l i t e r ,  and in s e r i e s  I I - IV with a coagulating e lec t ro ly te  (same dose) and a floeculant (polyacry l -  
amide)  at a dose of 0.05-0.1 r ag / l i t e r .  The f i l t ra t ion  ra t e  was 8.7-8.9 m / h .  

In o rder  to  de t e rmine  ~ we used the concept of the re la t ive  intensity of the inc rement  in head losses ,  

Ri = (r (r = Ah i Ah~-'. (2) 

Here  the indices i and 0, r e spec t ive ly ,  r e l a t e  to  inhomngeneous and homogeneous (standard) cha rges .  
Since the amount of water  incident upon the charges  under compar i son  was exact ly  the same  in these  ex-  
pe r imen t s ,  we have Ti = T 0. For  the column with the s tandard charge  ~ = 1. In this case  f r o m  Eq. (2) we 
have R i = ~i- The resu l tan t  values  of (~o, T)i and ~o i a r e  given in Table  2. To  each type of charge  the re  
co r responds  a specif ic  value of ~i- It was d e s i r a b l e  to es tab l i sh  the dependence of this quantity on the 
p a r a m e t e r  of the g ranu la r  l ayer  (the la t ter  being quite easy  to  de te rmine  exper imenta l ly) .  Krishtul  
showed that  among the many re la t ionships  tes ted  Eq. (1) was the most  success fu l ,  but gave no explanation 
for th i s .  The explanation may be seen  f r o m  physical  considera t ions  of the f i l t ra t ion  p r o c e s s ,  a high de-  
g ree  of as tab i l iza t ion  of the suspension,  achieved by introducing a coagulating e lec t ro ly te  into the f i l ter ing 
wa te r ,  ensu res  the a r r e s t  and rapid accumula t ion  of contaminants ,  and hence a rapid incremen~ in the head 
losses  within the f i r s t  l ayers  (beds) of the charge .  The th ickness  of these  is comparab le  with the th ickness  
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Grain size, mm Content of th~ fractions in.the columns., % 

rain. max. mean I 2 3 

0,73 
1,03 
1,25 
1,32 
1,50 
2,30 
3,70 
4,30 

Equivalent 
Coefficient of inhomogeneity (rising filtration) 
Cpe ffi.cient" of inhomogeneit y 

(ratting iiltration) 

1,03 
1,25 
1,32 
! ,50 
2,30 
3,70 
4,30 
5,70 

,ameter 

0,88 
1,14 
1,29 
1,41 
1,90 
3,00 
4,00 
5,00 

10 
I0 
20 
20 
20 
2O 

I0 
10 
20 
20 
20 

1,53 

2,61 

0,66 1,0 

- -  I0 
10 
20 

~ 40 
20 
m 

~1 1~4 

,0 1,42 

0,75 

1,49 

2,01 

0,68 

0,649 
0,648 
0,658 
0,548 
0,628 
0,625 

0,640 
0,588 
0,650 
0,635 
0,617 
0,603 

0,567 
O, 628 
0,698 
0,683 
0,644 

0,634 
0,594 
O, 624 
0,692 
0,661 

1,280 
1,146 
1,230 
1,219 
1,209 
1,217 

4 5 

20 
20 
10 
10 
10 
6 
4 

20 
1,49 

3,36 

0,59 

T A B L E  2. 
D a t a  

No. I No. ] of of 
series expt. 

13 

D e t e r m i n a t i o n  of the  P a r a m e t e r  ~ f r o m  E x p e r i m e n t a l  

Values of (q~)i for columns Values of r  for columns 
I 

1 2 3 1 2 3 ] 4 5 I 

44,2 
39,3 
38,7 
43,7 
38,0 

90,6 
82,7 

II I0 80,4 
I1 72,6 
12 74,9 

14 61,8 
15 64,7 
16 56,0 

;IIl 17 56,6 

18 I 80,1 
19 7t,3 

.IV 20 75,9 
21 ]103,0 

22 57,7 
23 61,8 

V 24 70,3 
25 60,4 
26 63,2 

34,5 
31,1 
31,0 
34,0 
31,0 

77,4 
65,1 
66,2 
60,2 
59,4 

47,2 
51,5 
52,1 
53,0 

70,6[ 
62,6 
69,7 
86,6 t 

65,4 
71,3 
74,8 
67,3 
69,5 

31,1 
27,1 
28,6 
28,7 
27,5 

64,2 
57,0 
58,9 
53,0 
52,3 

37,4 
45,4 
42,7 
42,2 

58,9 
50,9 
53, l 
76,7 

71,9 
67,7 
81,4 
70,6 
70,0 

4 5 

28,7 25,1 
25,5 24,9 
25,5 24,7 
23,9 22,3 
23,9 22,1 

58,0 53,4 
48,6 44,4 
52,2 49.1 
46,1 40,9 
46,3 42,8 

35,0 34, 
40,7 ' 32,11 
39,1 I 31,6 
38,7 I 31,1 

(PZ 

50,9 46,7 
42,3 39,7 
47,4 43,3 
71,2 69,8 

73,8 83,3 
70,8 79,5 
86,4 93,1 
73,5 81,7 
73,9 81,5 

TABLE i. Characterist ics of the Granular Charge of the Filters 

0,568 
0,633 
0,638 
0,510 
O, 583 
0,587 

0,589 
0,537 
0,612 
0,563 
0,572 
0,575 

0,552 
0,496 
O, 564 
O, 549 
0,540 

0,573 
0,554 
0,570 
0,678 
0,596 

1 ~445 
! ,290 
1,323 
1,353 
1,359 
1,352 

of t he  bed  in  which  c o m p l e t e  mix ing  of a l l  t he  c ompone n t s  of the  f low is  a c h i e v e d ,  t he  s o - c a l l e d  c o m p l e t e  
mix ing  c e l l  (in the  p a r t i c u l a r  c a s e  of the  m o t i o n  of n o n a d s o r b e d  s o l u t i o n s  t h i s  i s  a func t ion  of the  R e y n o l d s  
n u m b e r )  [8]. The  l eng th  of such  a c e l l  in  t he  r a n g e  of v e l o c i t i e s ,  g r a i n  s i z e s ,  and c h a r g e  he igh t s  e x i s t i n g  
in  p r a c t i c a l  f i l t e r s  i s  10-30% of t he  t o t a l  he igh t  of the  bed .  The  m e a n  va lue  of t h i s  l ength  p r o v e d  qui te  
a c c e p t a b l e  fo r  exp l a in ing  the  e x p e r i m e n t a l  r e s u l t s  of [6]. In  o r d e r  to  a n a l y z e  the  e x p e r i m e n t a l  da t a  for  
t he  c r u s h e d  l igh twe igh t  a g g r e g a t e  h e r e  u n d e r  c o n s i d e r a t i o n  we m a y  a l s o  u se  the  quan t i ty  d0_20. S u b s e -  
quen t ly ,  i t  w i l l  be  d e s i r a b l e  to  e s t a b l i s h  a m o r e  r i g o r o u s  d e p e n d e n c e  of R on the  c o m p l e t e - m i x i n g  c e l l  
length ,  which  in  g e n e r a l  depends  on the  s i z e  and m i c r o g e o m e t r y o f t h e  g r a i n s ,  the  f i l t r a t i o n  v e l o c i t y ,  the  
f o r m  of t r e a t m e n t  wi th  t he  r e a g e n t ,  t he  t i m e  of con tac t  b e t w e e n  the  r e a g e n t  and the  w a t e r  b e f o r e  p a s s i n g  
in to  t he  g r a n u l a r  l a y e r ,  and s o  on. 

T h e  e x p e r i m e n t a l  po in t s  fo r  c r u s h e d  a g g r e g a t e  (Table  2) a r e  a p p r o x i m a t e d  by a c u r v e  of the  h y p e r -  
�9 b o l i c  t y p e :  
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r = R -~ (3) 

This expression may be used in technological calculations. According to [5] the inhomogeneity of the 
charge has the greatest effect on the time of operation of the filter before the limiting head losses are 
reached : 

�9 (+) tc = (Hlira-- h0) r (4) 

It is quite clear from an analysis of Eqs. (1), (3), and (4) that the same degree of charge inhomogeneity iS 
less significant for a lightweight aggregate bed. This is in conformity with the results of observations re-  
lating to the operation of industrial filters with aggregate and quartz charges, and (a~ already indicated) 
may be explained by the less sharp classification of the lightweight aggregate during its regeneration in a 
rising flow of water. In filters with a falling type of filtration, this latter circumstance ensures a more 
complete use of the capacity of the charge to accommodate corCaminants, by virtue of the easier penetra- 
tion of the contaminants into its interior. In filters with a rising type of filtration, it may also be appro- 
priate to use charges with an increased inhomogeneity. The normal conditions of regeneration are then 
preserved, and a more complete use of the crushed lightweight aggregate in creating the filtering charge 
is achieved. 

NOTATION 

h, h 0, losses of head in the clean and silted charges; Ah, increment in head losses during the period 
of operation of the filter t; Tc, cri terial  complex characterizing the total duration of the filtering cycle; 
d, diameter of the charge; x, height of the filter bed; ~0, coefficient allowing for the physicochemical 
properties of the water being filtered, the mode of t reatmert  with the reagent, and the properties of the 
granular bed: ~, parameter taking account of the bed nonuniformity; deq, equivalent diameter; Pi, percentage 
content of the fractions with average grain diameter di (average with respect to the cell dimensions of adjacent 
sieves); R, inhomogeneity coefficient; d0-s0, mean grain diameter of the first  (reckoning along the direction of 
the filtering flow) bed, having a thickness equal to 20% of the total height; tc, period of operation of the fil ter 
before reaching the limiting loss of head Hlim. 
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