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MAREK SOZAŃSKI* 

ON THE APPLICATION OF. RHEOLОGICAL METHODS TO THE 
DETERMINATION OF THE CHARACTERISTICS OF ALUM 

SLUDGE  HYDROTRANSPORT  IN CIRCULAR PIPES 

Rheological properties of sludges generated during alum coagulation are determined. 
Methods for calculating the parameters of sludge  hydrotransport  in circular pipes are re-
viewed. 

NOTATION 

A — constant in eq. (16) and (17); equal to 2 X 10-7  m, 
a, b, c, d — experimental constants in eqs. (2) and (3), 
B, b — constants of the Blasius - formula, - 
cD — coefficient of resistance (after Fanning), 
D,, R — diameter, radius of the pipe, 
d — equivalent diameter of the flocs (by volume), 
dv/dr — velocity gradient, 
g — acceleration, of gravity, 
He — Hedstгёm's number, 
L — length, 
Q — flow rate, . 
Re — Reynolds number, 
Re* — generalized Reynolds number, 
S, — surface area per unit volume of real particles, 
Ss — surface area per unit volume of a sphere of equivalent dimension equal to 6/d, 
Va —  solids volume concentration in the sludge, 
v — average flow velocity, 
W — water content,  
Wg,  — critical water content, 
Y — yield number 

— volume of semi-bounded water, 
Ау/д, — apparent velocity gradient, 

— head loss, 
— viscosity of a Newtonian fluid, 
— plastic viscosity, 
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sludge density, 
tangential stress, 
yield stress, 
tangential stress at the tube wall. 

1. INTRODUCTION 

Sludges produced in the process of water and wastewater treatment are dispersion 
systems of a highly complex structure. The properties of this structure are attributable to 
the particular phenomena that occur during water and wastewater coagulation processes. 
Hydromechanical effects, occurring during the flow of alum sludges and depending on the 
geometry of the flocs, and on the magnitude and character of the intermolecular forces, 
should be considered in terms of general Theological methods. The flow of the sludges 
should be described on models in which viscosity is represented by rheological parameters. 
The Theological model of the sludges is selected according to the shape of the experimental 
flow curves. The integration of the equation for the accepted model, determined by geometry 
of the circular pipe, allows to obtain the characteristics of the laminar flow. The applica-
tion of the flow characteristics of the given non-Newtonian fluid to the calculation of 
sludge  hydrotransport  parameters is justified by the rheological similarity which permits 
the determination of the relationships that exist among the geometrical dimensions of the 
pipes, the flow rates and the rheological parameters for other rheologically similar states. 

The paper does not cover the methods of conducting rheological experiments and 
their interpretation, due to space limitation. References [1-7] cover the subject in depth. 

2. RHEOLOGICAL PROPERTIES OF ALUM SLUDGES 

Sludges generated during treatment processes behave either as Newtonian fluids or as 
Bingham plastics. If the water content is markedly high, the rheological properties can be 
described in terms of Newton's model, and the flow curves produced are straight lines 
passing through the origin at an angle equal to their viscosity. 

The yield stress appears only below a certain moisture level, and then the laminar flow 
of the sludges is described by two rheological constants, .ro  and n p, which characterize 
Bingham behaviour. The flow curve for a classical Bingham plastic is a straight line with 
an intercept at To; the slope of the plot indicates the plastic viscosity n,, the equation 

being: 
dv 

--ro= yip
dY

. 

The experiments reported in [10] have revealed that the -o  and  np values of alum sludges 
depend first of all on water content, temperature, specific surface and alum hydroxide 
content. The rheological parameters of this sludge were plotted as a function of water 
content (fig. 1 and 2). This relationship was then approximated in terms of the following 

(1) 
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Fig. 1. Plastic viscosity vs. water content for precipitated alum sludge 
temperatures; 0 — 273.45 K, — 283.15 K, x — 293.15 K  

Rys.  1.  Wpływ uwodnienia osadu  pokoagulacyjnego  na wartość  lepkości plastycznej 

temperatury;  0 — 276,45 K, — 283,15, K, x — 293,15 K 

80 87  8г  В3  84  

Water content , % 

Fig. 2. Yield stress vs. water content for precipitated alum sludge 
temperatures; O —273.45 K, O — 283.15 K, • — 293.15 K  

Rys.  2.  Wpływ uwodnienia osadu  pokoagulacyjnego  na wartość  granicy płynięcia 

temperatury;  0 — 273,45 K, O — 273,15, K, • — 293,15 
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exponential functions 

and  
?%р1 = 

То  =  d*  ехр  [с* (W~г—  W)]  .  

 

 

The correlation coefficients vary from 0.9172 to 0.9981. The effect of temperature 
(273.45-293.15 K) on the rheological properties of the sludges studied increases with the 
increasing water content. At increase in the specific surface and alum hydroxide content 
of the sludges is responsible not only for the increasing values of the rheological parameters 
(even though water content and temperature remain constant) but also for the decrease 
of critical water content, at which the yield stress is known to appear. 

In the experiments presented in [19] the increase of the specific surface from 22 m2 
g 1  to 35 m2  g 1  (due to the variation in the alum hydroxide content) has raised the 
critical water content of the sludges from 94 % to 98 %. Tiouns [20] suggests that the 
rheological properties of sludges containing floc particles be approximated in terms of the 
relations 

Т0= 7.55x10-2  x. 64 xVa, (4) 
and 

r/p  =   ехp [(2.5 -}- 8) Vd] (5) 

CD  
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Fig. 3. Coefficient of resistance as a function of Reynolds number and Hedstrdm's number  

Rys.  3. Zależność ,współczynnika  oporów od liczby  Reynoldsa  i liczby  Hedstrёma 
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where ó represents the ratio of the volume of water bounded by the solid phase to the 

volume of the solid phase. 
Both the qualitative and quantitative compositions of the sludges generated undergo. 

constant changes, and the presence of organic matter causes additional variations. These 
changes are responsible for the significant dispersion of the Theological parameter values, 
which in turn necessitates statistical interpretation of the experimental results. Examples 
illustrating such a dispersion are shown in fig. 3 and 4 (after Ciou [4]). As can be seen from  
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Fig. 4.  Critical Reynolds number vs.  нedstrёm's  number  

Rys. 4. Kryterium ruchu burzliwego określone dla liczb Reynoldsa i нedstrёma  

these figures, both water content and the anaerobic digestion exert a considerable effect 
on the rheological parameters of sludges produced in wastewater treatment processes. 

That is why Dices and EwiNG [5] have suggested that the effects of anaerobic sludge diges-
tion be evaluated in terms of rheometry. THoMAs [20] has established some interesting 
relations which describe the rheological properties of sludges containing 0.35-20 m 
particles of certain minerals with a 0.02-0.23 volumetric fraction of the solid phase: 

То  = 
1~25  

ехр г0.7 

\ s 

 —1)
J
Va, (6) 

and  

і р =T ехp +  14 
S~ 

Vd  [(2.5 
1!д,  Ss j 

(d, denotes the particle diameter, in l m; To is obtained in KGm-2). 
Both equations allow to describe the results for kaolin-, totanium dioxide-, boron- and 

carbon-oxide sludges. Their application to the interpretation of industrial sludges is, 

(7) 
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however, troublesome, due to the difficulties in the determination of Ss, S;  and d,. Never-
theless, from the equations it follows that a number of industrial sludges can be considered 
as having properties of a Bingham plasic. 

3.  HYDROTRANSPORT  OF SLUDGES 

The theory of  hydrotransport  for water-containing dispersion systems is still far from 
being developed and commonly accepted, even though many theoretical and experimental 
studies on this subject are reported in the literature. The theories of gravitation and diffu-
sion employed so far are based on hypotheses which have not been verified or justified 
by experiments. Neither any mathematical formula describing turbulent flow is available. 

Therefore some additional assumptions should be made to simplify the mathematical 
operations rather than to describe precisely the mechanism of the phenomenon. The 
conventional, simplified approach to these problems involves the hydraulic classification 
of sludges and determination of the  hydrotransport  characteristics for the particular 
types of sludge. 

Sludges generated in water- and wastewater-treatment processes are classified among 
the quasi-homogeneous systems which include particles of different kind and size. Tan-
gential stresses caused by velocity gradients during flow depend not only on the geometrical 
and hydromechanical factors but also on physical-chemical ones. As yet, an accurate 
mathematical formula describing tangential stresses to which the sludges are exposed, 
in terms of the theory of structure (initiated by EINsTEIN [6], BoEDER [3], S1мкA [17] and 
Кuіn [10]) is far from being completed. In this situation, the application of rheological 
models which provide a macroscopic description of some phenomena, and do not explain 
the structure of dispersion systems, seems the only way out. 

3.1. LAMINAR FLOW OF SLUDGES 
EXHIBITING GINGHAM PLASTIC BEHAVIOUR 

Unlike Newtonian fluids (e.g., water) the flow of a Bingham plastic does not develop 
at arbitrarily low tangential stresses and requires the application of a tangential stress 
exceeding the yield stress. 

The volume of a Bingham plastic transported in circular pipes in a unit of time, is 
defined by Buckingham's and REINERS [15] formula 

Q  = 
8L  

nR4  л  Г1— 
э  ~ хк  ) 

 ±1 3 
 ~ хк  )4

j 

(8)  

Following REJNER [16], the last term on the right-hand side of eq. (8) can be neglected, 
if To/Ti? G 0.5. РARzoNкA [12] shows that this situation occurs in the majority of cases 
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considered here. Hence eq. (8) becomes 

8v 4 
2R  =  D

т 
 -}- 3  Zo  . 

8v 
Eq. (9) in the 

D 
 , -cR  co-ordinates is a straight line for which the plastic viscosity is 
r 4 

an angular coefficient, and  zo  is the initial ordinate of the straight line with the abscissa 

ЛУ/O, equal to zero. From the eq. (9), the rheological parameters of sludges exhibiting 
Bingham plastic behaviour (referred to as Bingham sludges) can be calculated basing on the 
experimental flow curve. The pressure drop in the pipes, caused by the friction resistance 
of Bingham plastics, takes the form 

32  ro  + vХ~7n 
L (6D, D,. 

obtained by the substitution of TR  = D,Op/4L into eq. (9) and its suitable transformation. 

Eq. (10) is often used in engineering practice. CALDWELL and BABBITT [1] have employed this 
equation to establish the flow characteristics for wastewater sludges. Using the same 

equation, KowAі, and Sozailsкі  [9] have interpreted the investigation results for the  hydro-

transport  of precipitated alum sludge. The Reynolds number modified for the laminar 
flow of a Bingham plastic in pipes is given by 

Re*= 
ухD,X (11) 

TOD,. 
"]p+ 

6v 

Assuming that Re = 2300, and solving the equation for v the following expression is 

obtained 

SOD, 

which defines the average critical value, above which the flow of Bingham sludges is no 
longer laminar. 

Another method aimed to calculate the laminar flow parameters for Bingham sludges 
is based on the dimensional analysis and has been developed by HEDsTROM [8], and Gov!uB. 

and Wп  NIG [7]. НЕDsткём  has determined the character of relationship existing between 

the coefficient of hydraulic resistance cD  and the basic parameters of  hydrotransport  

f 1 
Ore  ТoD. e )  с (13)  

~ — 1
\\ 

2 nр nр  

(CD  is a function both of the Reynolds number — in which Hedstrёm has replaced the 
viscosity of a Newtonian liquid with the plastic viscosity of the Bingham plastic — and of 

 

 

Y  

г  ProD.  
3450 

v  =  1150  (12) 
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the Hedstrdm number). Eq. (13) is a basis for the diagram (fig. 3) developed by Hedstrdm 
and illustrating the variation of the CD  values under laminar flow. A criterion indicating 
the development of a turbulent flow has been determined by HАі tкs and PRATT [8] (fig. 4) 
on the basis of dimensionless relations proposed by іЕDsтRём. Fig. 4 shows that the 
development of a turbulent flow can be determined from both the Reynolds number (Re) 
and the Hedstrdm number (He). GoviER and Wп  мo [7] have described the laminar 
flow of a Bingham plastic as 

_— f (0,e  
~oDrcD  

rip '  vyfР 1 
(14) 

where 1D  depends on Re and Y = He(Re = ТoD~/vпp). 
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Fig. 5. Coefficient of resistance as a function of Reynolds number and yield number  
Rys.  5.  Zależność  współczynnika oporów od liczby  Reynoldsa  i liczby plastyczności  

The 1D  values suitable for practical purposes are listed in fig. 5, after GovIER and Wiыmгo. 
The effect of the yield number on the critical Re number is shown in fig.  б  (after HANKS 
and PRATT [8]). 
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Fig. 6.  Critical Reynolds number vs. yield number  

Rys. 6. Kryterium ruchu burzliwego określone dla liczby Reynoldsa i liczby plastyczności 

3.2. TURBULENT FLOW OF BINGHAM SLUDGES 

Owing to the rheological properties of sludges produced in water and wastewater 
treatment both the flow in pipes and the flow velocity fall either in the range of the laminar 
flow or in the smooth region of the turbulent flow. Turbulent flow with a developed rough-
ness effect is initiated at a water content exceeding the critical value. When the critical 
value is exceeded, both sludges and wastewater behave as Newtonian fluids. The turbulent 
flow of sludges which falls in the region of hydraulic smoothness is also characterized by 
a marked influence of the rheological parameters on the resistance coefficient. It is advisable 
to calculate the pipeline for Bingham sludges in terms of the Blasius formula generalized 

by THOMAS [20] 

I  
1 

l
-Ь  иЛ.о 

 
cD  В  

 ~р  
•  

Basing on experimental results, Thomas has evaluated the B, b constants 

В  =0.079 г(_-°48 
~ l. 

ri,A, 71, \~7p/+  

[(0.15 ,r Агг
b=0.25

\~1л 1 + ~ 2  / 

Ј 
(17) 
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Some other relationships proposed for the same fluids (as for example the Torrance 
equation) are mathematically quite sophisticated, therefore, less applicable in engineering 
practice. 

Equations (8)—(17) show that the state of flow is significantly influenced by the rheologi-
cal and physical properties of the sludge, by the pipe diameter and the flow velocity. The 
choice of the pipe diameter and flow velocity should be economically justified for any 
situation and based on the flow characteristics of the sludge which take into account 
its rheological properties. , 

As yet, no criteria are available for the optimal design of the  hydrotransport  of sludges. 
The formulae discussed here are suitable for the calculations of some conventional opera-
tion requirements for a  hydrotransport  installation, and in the case of a steady flow they 
take into account the extreme water content values and different types of sludges. 

The design methods presented in this paper are fully accurate only for sludges having 
the properties of an idealized Bingham plastic with constant physical, chemical and biolo-
gical composition. Since there are not two sludges of identical composition and properties 
in practice, the sludge samples used for rheometric experiments are likely to differ from the 
sludge which will be transported in the designed pipeline. Some deviations between real 
rheological properties and those adopted in the Bingham model for approximation pro-
cedures should also be expected. 

It is to be noticed here that thixotropy is also likely to occur. The passage through 
the pumps results in the damage of the thixotropic structure of the sludge transported; 
nevertheless, an extended stagnation of the sludge in the pipes (e.g., during failure) can 
cause an overload of the motor when the pump is set in operation. During operation the 
insides of pipes become covered with growth and crust decreasing the capacity of the system. 
This decrease is not taken into account here. 

The design methods described in this paper should be considered as approximate 
ones. At the present time our knowledge is insufficient, and we are not able to include in 
our calculations all the factors that affect the  hydrotransport  parameters. It is only after 
a long-term operation of the system, supported additionally with routine testing, that 
more accurate data will be obtained. 

4. EXAMPLE 

Let us calculate the characteristics of the hydraulic transport for primary sludges 
with given water contents, when the flow velocity in a 400 mm diameter pipe is equal to 
0.5mз /s, 1.0  m/s,  and 2.0  m/s.  The Theological properties accepted for calculations are listed 
in table 1. 

The calculations depend on the character of the flow and involve either the simplified 
Bingham model or Blasius formula generalized by Thomas. 

4.1. First of all the critical values of flow velocity, above which the sludge begins to 
move under turbulent flow, are calculated. The calculations are carried out according to 
eq. (12) for three water content values; the results are presented in table 2. 
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Table 1 

Water 
content 

Density  
kg/m°  

Yield stress 
Nm-2  

Plastic 
viscosity 
Nsm-2  

98.2 1004 0.955 0.0037 
96.0 1020 2.389 0.0148 
93.3 1035 4.300 0.0282 

Table 2 

ylp  

Dr  
Nsm-3  

рто  
!
р  + ( 0 1150 

 
ms-i  3450 

N2s2m 6  
Dr 3450  
Nsm_3  

O  
m3 kg-3 

0.0092 0.2779 0.5273 1.1454 0.6145 

0.0370 0.7063 0.8414 1.1274 0.9903 

0.0705 1.2900 1.1380 1.111 1.3427 

As can be seen in this table, the development of a turbulent flow from the laminar 
regime, in a 400 mm diameter pipe, depends on the water content of the sludge and takes 
place at a flow velocity ranging from 0.61 to 1.34  m/s.  For water flowing in a 400 mm 

diameter pipe, at 293 K, the critical flow velocity is equal to only 5.0 X 10- 3  m/s.  The values 
obtained for wastewater sludges fall in the same flow velocity range as that characteris-
tic of wastewater treatment plants. Hence, it follows that sludges in a wastewater treatment 
plant behave either as laminar or as turbulent flows, depending on the moisture content. 
Energy losses should, therefore, be calculated for both types of flow. 

4.2. Head loss due to the laminar flow of sludges in 400 mm diameter pipes is calculated 
using eq. (10). The results are shown in table 3 

Table 3 

Zp 
и~Р  Nm-3  лР  . Nm 3  

I, 
, 

D2  г  6Dr  

Nm-3  
v=0.5 V = 1.0 v = 2.0 v = 0.5 v = 1.0 v=2.0 

0.3979 0.0115 turbulent flow 13.103 turbulent flow 

0.9955 0.0462 turbulent flow 33.333 turbulent flow 

1.7917 0.0881 0,1762 turbulent 
flow 

60.154 62.973 turbulent 
flow 

The values presented range from 13.103 to 62.973 Nm 3. It is first of all the yield stress 

which contributes to the head loss which is evident from the inequality Тo/6D, > -Ip/D,. 
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4.3. The determination of head loss under turbulent flow requires that B, b, Re, and 
cD  be established in terms of eq. (16), (17), (11) and (15), respectively. The results are 
presented in tables 4 and 5. 

For water, b and Bare equal to 0.25 and 0.3164, respectively. In the sludges investigated 
B is markedly lower and falls in the range (0.420-0.161) x 10-1. 

The calculated c»  values are below the Blasius curve which is valid for water. This 
may be explained by the laminarizing effect of the sludge structure. 

4.4. Head loss under turbulent flow in 400 mm diameter pipes are listed in table 6. 

Table 4 

( 7 )0.15 ( іі )о.4в ( і.тоАг )г  

Р 
yI
р 

q/
р 

y/  г  b В  

0.2780 0.8253 0.5409 8.4 x 10-6 0.2063 0.0420 
0.0695 0.6703 0.2781 54.6 x 10-6 0.1675 0.0219 
0.0365 0.6086 0.2041 182.2 x 10-6 0.1522 0.0161 

Table 5 

Re  = vDr  Р  
4сD  

Р  
v=0.5 v=1.0 v=2.O v=0.5 v=1.0'v=2:0`` 

m/s .  

Laminar 108540 217080 laminar 0.01536 0.01332 
flow flow 
Laminar 27567 55132 laminar 0.01580 0.01408 
flow flow 
Laminar flow 30592 laminar flow 0.01345 

Table 6 

4сD  
D  ,

т  
r  

Qуг  

2 
--,kg 

m-1 s-2 

д
L  , Nm 3  

v=0.5 v=1.0 v=2.0 v'=0.5 v=1.0 
m/s  

v=1.0 v=0.5 v=1.0 v=2.0  

Laminar 
flow 

0.0384 0.0330 laminar 
flow 

502.0 2008.0 laminar 
flow 

19.277 66.264 

Laminar 
flow 

0.0395 0.0352 laminar 
flow 

507.0 2030.0 laminar 
flow 

20.046 71.456 

Laminar flow 0.0336 laminar flow 2070.0 laminar flow 69.552 

Head loss in 400 mm diameter pipes at a flow velocity between 0.5 and 2.0  m/s  varies from about 
8.0 N/m3  to about 120 N/m3. 
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CONCLUSIONS 

The description of hydromechanical properties of sludges generated: in water and 
wastewater treatment processes cannot involve the Newton model, because viscosity 
is an empirical and not a physical parameter. 

Sludges produced during water and wastewater treatment are quasi-homogeneous 
mixtures of mineral and organic particles and colloids . as well as macromolecules and 
micro-organisms — with water. The phase conditions of sludges have a considerable 
influence on the behaviour of the flowing sludge, which can be described by a suitable 
theological model, provided that the regime is laminał. 

The theological properties of sludges are determined experimentally in viscometers 
(whose geometry is adjusted to the range and accuracy of measurements, as well as to the 
shape and size of the particles) with the use of models which ensures an optimum approxi-
mation of the experimental results. Satisfactory results obtained with a co-axial cylinder 
viscometer have been interpreted in terms the Gingham's model. 

At a water content below the critical value the sludges exhibit the properties of 
a non-Newtonian fluid owing to the structure generated by the flocs compaction. 

The rheological characteristic of the sludges allows to determine dynamic similarity 
for the laminar now in circular pipes by means of generalized cD  = f(Re) criterion. The 
conventional form of the Reynolds number, involving plastic viscosity instead of Newton- 
ian viscosity, is insufficient and cannot be regarded as a similarity criterion until being 
supplemented either the Нedstróш  number with yield number. 

The experiments confirm the usability of the similarity criteria for sludge transport 
in pipes and enable the application of the Buckingham and Blasius equations to the calcu-

lation of the  hydrotransport  characteristics. 
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ZASTOSOWANIE METOD REOLOGICZNYCH DO CHARAKTERYSTYKI 
HYDROTRANSPORTU OSADÓW POKOAGULACYJNYCH W RUROCIĄGACH 

Praca jest poświęcona eksperymentalnej ocenie wpływu podstawowych parametrów fizycznych i reolo-
gicznych osadów z procesów oczyszczania wód i ścieków na ich hydraulikę  w rurociągach. Właś-
ciwości reologiczne tych osadów można opisać  modelem Binghama, charakteryzującym się  dwiema stały-
mi: granicą  płynięcia i lepkością  plastyczną, a parametry fizyczne pozwalają  zakwalifikować  je do układów 
dyspersyjnych quasi-jednorodnych. Podano reologiczne kryteria podobieństwa zjawiska ruchu osadów 
ściekowych, takich jak ciecze binghameoskie, w rurociągach. Wyszczególniono uogólnioną  liczbę  Reynol-
dsa, liczbę  Hedstrёma i liczbę  plastyczności. Przedstawiono prawidłowość  rządzącą  przepływem uwodnio-
nych osadów w rurociągach, którą  następnie zastosowano do określenia i analizy parametrów ruchu lami-
narnego i burzliwego w konkretnym przykładzie obliczeniowym. Podano sposób wykorzystania ogólnych 
zależności hydrotransportu cieczy jednorodnych podanych przez Buchinghama, Reinera, Hedstrёma, 
Groviera, Winninga, Parzonkę  i innych, do analizy zjawisk ruchu osadów ściekowych. Przytoczono wyniki 
badań  własnych określających wpływ uwodnienia osadów pokoagulacyjnych i temperatury na ich właści-
wości reologiczne. Przedstawione zależności umożliwiają  zarówno interpretację  wyników badań  hydro-
transportu osadów oraz obliczenie rurociągów różnych osadów ściekowych pod warunkiem, że ich właś-
ciwości reologiczne można aproksymować  modelem Binghama. Wyszczególniono również  wyniki prac 
eksperymentalnych, w których wykazane zostały binghamowskie właściwości osadów ściekowych poko-
agulacyjnych. 

ANWENDUNG RHEOLOGISCHER METHODEN ZUR CHARAKTERISIERUNG 
VON KOAGULATIONSSCHLAMMEN BEIM HYDRAULISCHEN TRANSPORT 

IN ROHRLEITUNGEN 

Der Bericht ist der experimentellen Bewertung des Einflusses grundlegender physikalischer and rheolo-
gischer Parameter von Schlammen die aus Wasseraufbereitungs- and Abwasserreinigungsanlagen stamm-
ten, auf dеreп  Flie13verhalten in Rohrleitungen gewidmet. Die rheologischen Eigenschaften dieser Schlamme 
sind  mit  dem BINGHAM' schen Modell beschreibbar;  sil  zeichnen sich durch zwei Konstanten aus: 
durch die FlieBgrenze and durch die plastische Viskositat. Die Werte der physikalischen Parameter lassen 
die Schlamme in quasi-homogene Dispersoide einzureihen. 
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Rheologische Ahnlichkeitskriterien des Bewegungsvorganges von Klarschlammen  wie  von BINGHAM' 

schen Fllssigkeiten in Rohrleitungen werden aufgefйhrt. Man spezifizierte die verallgemeinerten RaY-

NoLDs-, Hansтaём- and Plastizitatszahlen. Dargestellt ist die RegehnaIigkeit die beim Fliessen der 
wasserhaltigen Schlarnme in Rohrleitungen herrscht; dies wird nachher zur Bestimmung and zur Analyse 
von Parametern der laminaren and der turbulenten Strёmung am praktischen Rechnungsbeispiel ausgenutzt. 

Ein Verfahren wird genannt, in dem allgemeine Formeln des hydraulischen Transportes von  homo-

genin  Fliissigkeiten  fach  ВUскіNоіАМ, REINBR, НвDsтиёN4, GROVIER, WINNING,  PARZONKA  u.a. zur Analyse 

der Strёmung von Klarschlammen angewandt werden. Wiedergegeben werden Ergebnisse eigener Versuche, 

in denen der Einflufi des Wassergehaltes and der  Temperatur  von Koagulationsschlammen auf  derm  rheolo- 

gische Eigenschaften getestet wurde. 
Die dargelegten Abhangigkeiten ermёglichen sowohl eine Interpretation der Ergebnisse des Hydro-

transportes von Schlammen,  wie  die Berechnung von Rohrleitungen far verschiedene Schlamme unter der 

Bedingung, daB  derm  rheologische Eigenschaften sich  fach  dem BINGHAM-Modell approximieren 

lassen. 
Ergebnisse von Untersuchungen an Kоagulationsschlammen, bei denen man die BINounM'schen 

Eigenschaften nachweisen konnte, werden dargestellt.  

ПРИМЕНЕНИЕ  РЕОЛОГИЧЕСКИХ  МЕТОДОВ  ДЛЯ  ХАРАКТЕРИСТИКИ  
ГИДРОТРАНСПОРТА  ОСАДКА  ОТ  КОАГУЛЯЦИИ  В  ТРУБОПРОВОДАХ  

Работа  посвящена  экспериментальной  оценке  влияния  осиовиктх  физических  и  реологических  

параметров  осадков  от  очистки  воды  и  сточных  вод  на  гидpaвлику  их  текучести  в  трубопpоводах. 

Реологические  свойства  этих  осадков  могут  быть  описaны  моделью  Бинхэма, характеризующейся  

двумя  постоянными  — пpеделом  текучести  и  пластической  вязкостью,  a  физические  параметры 
 

позволяюто  тнести  их  к  квазиоднородным  дисперсиоикым  системам. Приведеикт  
реологические  

кpитерии  подобия  явлений  движения  водосточных  осадков  в  трубопроводах. Предстaвлены  обо
-

бщенное  число  Рейнольдса, число  Гедстрёма  и  число  пластичности. Описана  
закономерность, 

управляющая  тeчением  гидратированного  осадка  в  трубопроводах, которые  затем  пpименялись  

для  определения  и  aнaлиза  параметров  ламинарного  и  турбулентного  течений  на  конкретном  рас-

четном  пpимеpe. Изложен  способ  использовaния  общин  зaвисимостей  гидротраиспорта  однород-

ной  жидкости, пpиводимыx Бучинхемом, Гедстрёмом, Гроувьером, Виннингом, Пажоикой  и  дру-

гими, для  aнaлиза  явлений  движения  сточного  осадка. Предcтaвлены  результаты  собственных  

исследований  автора, определяющих  влияние  гидратации  осадка  от  коагуляции  и  температуры  

на  их  реологические  свойства. Изложенные  зaвисимocти  позволяют  интерпpeтиpовать  резуль-

таты  исследовaний  гидротраиспорта  осадка  и  производить  расчет  трубопроводов  для  разньи  

сточныx осадков  при  условии, что  их  реологические  свойства  могут  быть  приближены  моделью  

Бинхэма. Приведеикт  также  результаты  опытныx работ, в  которых  были  докaзaны  „бинхэмские" 

свойства  сточныx осадков  от  коaгуляции.  
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