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The convection flow patterns are described in the space above a rotating axial high-speed impeller 
in a cylindrical vessel provided with radial baffles at its walls or with a draft-tube above the 'impeller. 
In both investigated systems liquid is forced by the impeller blades to the bottom of the vesseL 
The convection flow is described by means of a time-averaged streamlines distribution obtained 
as an analytical solution of a partial differential equation with corresponding boundary condi
tions. The resulting streamlines distribution indicates that the draft-tube used causes a significant 
improvement of the spacial homogeneity of flow in the agitated system, namely close to the 
liquid surface. In case of turbulent flow, the shape of streamlines in the investigated space is not 
exceedingly affected by the relative impeller-to-vessel size. 

The convective or circulation flow in a technological equipment with axial high-speed 
agitator often influences both the efficiency of the apparatus and the quality of the 
product, e.g. crystals or products of a chemical reaction. The shape of the vessel, 
of its interior parts and of the impeller as well, should secure intensive circulation 
of the charge. In particular, an appropriate draft-tube may influence the originally 
inhomogeneous distribution of streamlines in such a way that the flow produced 
by the rotation of the impeller blades would run through every part of the vessel. 

The convective flow of the liquid agitated by an axia l high-speed impeller (Fig. 1) was investigat
ed both qualitativelyl ,2 and quantitatively3 - 8, either in the entire volume of the vessel or in some 
of its important parts, e.g. at the bottom, near the walls, close to the liquid surface etc. For the 
circulation under turbulent conditions in a cylindrical vessel with radial baffes at its walls, and 
for the direction of flow from the impeller to the bottom, these results can be summarized as 
follows: J. In the convection flow, with the exception of the space occupied by the impeller itself 
and that immediately linking up (between the rotor and the bottom) axial and radial velocity com
ponents predominate. 2. Mechanical energy dissipation in unit volume of the space under the 
rotating impeller is over 25times higher than in the space above it; this ratio increases with de
creasing impeller-to-vessel diameter ratio. 3. In the space under the rotation impeller the flow 
of the stirred charge shows a significant velocity gradient caused among others by a steep 
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and non-monotonous velocity profile in the currents travelling through this space. 4. The velocity 
gradient in the space above the rotating impeller is insignifiqlllt. This is illustrated by a very 
flat (nearly piston-like) velocity profile in the downward . flow immediately above the stirrer. 
5. Except for the immediately adjacent region, the influence of the baffles on the axial symmetry 
of the convection flow may be neglected, as long as the axis 'of the agitator coincides with that 
of the vessel. Considering these facts a draft-tube has been designed for a model-size crystallizer 
with a high speed axial stirrer8 ,9 consisting of a cylindrical part surrounding the impeller and 
a conical part above it (Fig. 2) . The vessel has a conical bottom fitted in its lower part with a dis
charge opening Dz = Dj6, with vertex10 angle p = 1200

• From the measurements of the liquid 
circulation by means of a tracer particle8 suitable dimensions of the draft-tube and its position 
in the vessel have been derived, so that the entire charge would be more uniformly affected by the 
energy-rich flow from the impeller. 

The spacial distribution of streamlines in the region where the circulation has thus 
been improved could not be determined by following the circulation of the tracer 
particl~, as the available numerical solution of the partial "differential equationS 
for the streamlines distribution in the region in question required a more detailled 
and time-consuming experimental investigation of the velocity distribution at its 
boundaries. Therefore a way of description of the liquid flow in the part of the vessel 
above the rotating impeller (or above the upper base of the draft-tube) has been 
considered based on an analytical solution of the partial differential equation de
scribing the distribution of streamlines in this part of the agitated charge. 

THEORETICAL 

The mixed system under consideration consists of a cylindrical vessel and of an axial 
high-speed impeller (a propeller or a paddle agitator with flat, inclined blades). In the 
vessel there are radial baffles near the wall or the system with a draft-tube. In the 
case of the draft-tube, an impeller is placed in the cylindrical part of the draft-tube. 
The sense of rotation of the impeller is always such that the liquid is forced to the 
bottom. The system is filled with Newtonian liquid to the extent that the stationary 
height H of the liquid level above a flat bottom or above the horizontal plane dividing 
cylindrical and conical sections of the ves~ el equals the inside diameter D of the vessel. 
The flow of the stirred liquid is turbulent. In this agitated system, a cylindrical co
ordinate system (Figs 1, 2) is defined. Its origin coincides with the point of inter
section of the axis of symmetry of the cylindrical vessel (the coordinate axis z) and the 
flat bottom (or the horizontal plane dividing the cylindrical and the conical parts 
of the vessel). Within the volume of the charge, region VII above the impeller (or above 
the upper base of the draft-tube) is defined, which is confined by the cross-section SII, 

the liquid level, and the respective p'art of the wall with radial baffles or grips for 
fastening the draft-tube. For liquid flow in this region the following simplifying 
assumptions are introduced: (A.l) The agitated liquid is incompressible. (A.2) Region 
VII is axisymmetrical. (A .3) The flow pattern relates to the stationaty state. (A.4). 
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Homogenization of Streamlines Field 3557 

The exchange of mass between region VII and its surroundings takes place only through 
the cross-section SII' (A.S). The flow velocity on the surface equals practically zero. 
(A.6) The flow in region VII is supposed to be irrotational. 

Let us define dimensionless quantities by the following relations: 

R == riD, Z == zlH , (la , lb) 

Wa x == wa x/(n dn), »'rad == wrad/(n dn)' (2a,2b) 

(3) 

The solution is based on the mathematical model described in F ig. 3. For the calcula
tion, the point r = 0; z = H is taken as origin of coordinates and reversed orienta
tion of the z-axis is chosen according to the substitution 

z' = H - z. (4) 

'" 
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FiG. 1 

Standard Agitated System with Axial High
Speed Impeller Placed in Axis and with 
Radial Baffles a t Vessel Wall 

Six blade impeller with inclined plane 
blades (IX = 45°). H2/D = 1/4. 4 radial 
baffles biD = 1/10, d i D = 1/5; 1/4; 1/3; 
H / D = 1; D = 290 mm. 
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FIG. 2 

Agitated System with High-Speed Impeller 
Placed in Axis and with Draft-Tube8 ,9 

Six blade impeller with inclined plane bla
des (IX = 45°). D j /D = 0'367; D3 /D = .J2/2; 
H2 /D = 1/ 10; hi D = 0'067; h1 /D = 3/4; 
diD = 1/3; H / D = I; D = 290 mm. 
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The distribution of streamlines in the investigated region may be described by the 
, Stokes stream function I/I(r, z') which is a solution of the partial differential equationll 

(5) 

satisfying the boundary conditions 

1/1(0, z') 

ljJ(r, O) 

= ljJ(DI2; z' ) = 0, 

= 0, 

[Z' E <0; Z;I)] 

[r E <0; DI2)] 

(6a) 

(6b) 

- wax(r, Z;I) = (Ilr) iN(r, z;,)/ar = f(r). [r E <0; DI2)] (6c) 

In the cross-section SII between the regions VI and VII, the radial profile of the com
ponent Wax> i.e. the shape of the function f(r) , is determined by a piston flow. In the 
boundary between the regions VII and VIII the profile of this component is linear 
with maximum value at r = DI2 and minimum value (being the zero value of the 
component wz) at r = bDI2 (Fig. 4). Taking into account the equation of continuity 
for incompressible fluid, the boundary condition f(r) at the cross-section SII is 
finally defined as follows: 

and 

FIG. 3 

f(r) = }' fo(r) , 

{ 

8nd(dlbD)2 , [r E <0; bDI2)] 

fo(r) = -48nd(dID)2 riD - b . [rE <bDI2; D/2)] 
(1 - by (2 + b) 

FIG. 4 
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(7) 

(8a) 

(8 b) 

Scheme of Mathematical Model of Flow 
in Region VII 

Velocity Profiles on Boundaries of Regions 
VI and VII and VI and VIII 
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The choice of }' = 1 corresponds to the nominal flow rate of 2rr m3 S-1 entering 
or leaving the volume VII and to the unit value of the stream function on the inter
face of regions VI and VIII in the cross-section SI!> i.e. 

(9) 

Let us further have 

(10) 

and the mathematical model is then defined by the diameter D, the two dimension
less parameters b, e describing the geometry of the arrangement, and the dimension
less parameter }' determining the flow velocity with regard to the nominal flow 
1ji(t5D/2, eD) defined by (9). 

Separation of variables 

Iji(r, z') = Q(r) . ~(z') (II) 

leads to differential equatio~s12 

(12) 

(13) 

with boundary conditions 

~(O) = 0, Q(O) = Q(D/2) = O. (I4a, 14b) 

The convenient fundamental system of independent solutions for Eq. (12) is r J 1 (,,1.r), 
r y 1 (,,1.r) and for Eq. (13) sinh ,,1.Z', cosh ,,1.Z'. 

Boundary conditions (14) require solutions in the following form: const r J 1 (2,,1.k • 

. r/D). sinh (2,,1.k z'/D), where ,,1.k are zeros13 of the Bessel function of the first kind 
J I (z'). Thus the Stokes stream function is obtained in the following series repre
sentation: 

00 

Iji(r, z') = nd 3(2}'/ D) L Akr J I (2,,1.kr/ D) sinh (2,,1.kz' / D) . (15) 
k=l 

Axial and radial components of the mean time velocity are 

Wax = -(l/r) iN/or, wr = (i/r) lji%z' , (16a, 16b) 
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Hence 
<Xl 

wair, z') = - 4nd y(djDY I AkAk Jo(2AkrjD) sinh (2Akz'jD) , (17a) 
k=l 

<Xl 

wr(r, z,) = 4nd y(djD)2 I AkAk J1(2AkrjD) cosh (2Ak z'jD). (17b) 
k=l 

Coefficients Ak are obtained from boundary condition (6c) for z' = aD, that is to say 

<Xl 

fer) = 4nd y(djD)2 I AkAk Jo(2Akr/D) sinh (dk) , 

k=l 

in the usual way13: 

where 

Finally, with respect to Eqs (7) and (8) we have 

Ak = 4[bA; Jo(Ak) sinh (dk)J- 1 
. [Jl(bAk) + 3b{b Jo(bAk) -

-Jo(Ak) - A;1[m(6Ak ) - m(Ak)J} . [Jek(l - by (2 + b)J- 1J, (18) 

where 

J
x \ 

m(x) = /o(Y) dy . (19) 

For the agitated system under consideration H equals D and the dimensionless 

variables Wax' Wrad and P (Eqs (2) and (3)) and dimensionless arguments Rand Z 
(Eq. (1)) are defined. lfthe transformation 

z'jD = (1 - Z) (20) 

is applied, we have the following results valid in region VII: 

<Xl 

peR, z) = (2yjnd 3
) I AkR J 1(2AkR) sinh [2Ak(1 - Z)J, (2la) 
k=l 

<Xl 

Wax(R, Z) = -(4yjn)(djD)2 I AkAk Jo(2AkR) sinh [2Ak(l - Z)J, (2Ib) 
k=1 
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00 

wraiR, z) = (4y/rc)(d/D)2 I AkAk J1(2Ak R) cosh (2Ak(l - Z)]. (2Ie) 
k=1 

With R E <0; 1/2) and Z E <ZII; 1) , where ZII = zJI/H, that is at any point of the 
investigated region VII, the sought kinematic characteristics may be calculated from 
Eqs (21). 

EXPERIMENTAL 

Flow Measurements 

The liquid flow in both types of agitated systems was investigated either by measurements of pres
sure using directional Pitot tubes4 (in the standard system with radial baffles - Fig. 1) or by the 
measurement of circulation time of a tracer particle8

,9 (the system with a draft-tube). The liquid 
used was water or water solutions of glycerol. The conditions in the system were always such that 
the type of flow within it was turbulent , i.e. the value of the mixing Reynolds number ReM > 1'0 . 
. 104

. In all experiments, the frequency of revolution of impeller 11, the kinematic viscosity of liquid 
v and the impeller diameter d, were considered as independent variables. In case of the local 
measurements of pressure in the charge, the total pressures taken from the individual holes 
of the directional Pitot tube were chosen as dependent variables. In case of the measurements 
using the tracer particle, the circulation time, was taken as dependent variable, i.e. the time 
interval during which the particle (representing by its shape and behaviour a particle of the flowing 
liquid l4

) would complete a circulation loop between two subsequent crossings of the upper 
base of the draft-tube. For agitating the charge a standard six blade paddle impeller with flat, 
inclined blades (IX = 45°) was used 15. The impeller was placed in the axis of the cylindrical vessel 
and its direction of rotation was that (0 force the liquid to the bottom. 

Calculation of Streamlines Pattern 

The calculation of the pattern of streamlines in region VII was carried out on the TESLA 200 
computer using equations (21), from which, together with the dimensionless Stokes stream 
function 'P(R, Z), the values of WaX<R, Z) and Wrad(R, Z) were obtained as functions of posi
tion in the considered region. The subroutine for the computations of the Bessel functions Jo(x), 
J I (x) and of m(x) in Eq. (19) was for small x(x < 20) based on (he sum of a power series repre
sentation, and for large x (x E <20; 50») on an asymptotic expansion13 . Roots Ak of the Bessel 
function J I (x) were transferred from tables16 and the whole calculation was performed with 
double precision - i.e. with 14 non-zero digits. The quantities i5 and Ii characterizing the geometry 
of region VII were obtained from the arrangements of the two investigated types of systems. The 
following values have been used: 

For the standard system: J = .J2/2; d / D = 1/5; 1/4, 1/3; 

y = 0'514,0'382, 0'314; Ii = 0·69. 

For the system with a draft-tube: i5 = .J2/2; d / D = 1/3; 

y = 0'113; Ii = 21/ 2 /8. 

The coefficient y expresses, in a dimensionless form, the maximum value of stream function 
in the cross-section SJI. It was determined from the known discharge rate in the respective cross-

Collection Czechoslov. Chern. Cornrnun. [Vol. 421 [19771 



3562 Fort, Jaroch, Hosialek : 

section and in the given direction (upwards or downwards), according to the relation 

The overall flow rate Veil in the cross-section SII in the given direction was for the standard 
arrangement with radial baffles evaluated from the profile of the velocity component lVax[r, 
(1 - Ii) DJ. The latter was determined from the pressure distribution measured in this cross
section by means of directional Pitot tubes4

,17. For the system with the draft-tube Veil was 
determined flOm the mean circulation time1' of the tracer particle, using relations8

,9 

(23) 

where Vis total volume of the charge. Moreover, as there had been set up several levels of quanti
ties n and v, for the considered geometric arrangement of the system, the mean value of the overall 
flow rate criterion Kell in the cross-section SlI (see relation (22)) was always obtained as the 
arithmetic mean of values at the respective levels of variables. At the same time, the fact that 
Kell does not depend on ReM' as far as ReM > 1'0.104

, was taken into account. 

RESULTS AND DISCUSSION 

Streamlines Pattern in a System with Axial High-Speed Agitator 

Figs 5 - 7 show the patterns of streamlines in the volume VI! above the rotating 
high-speed impeller in the baffled vessel. In Fig. 8 the flow pattern in the vessel 

1·0.--.-- ---.-- --r-- --r----..., 

0·2 

0-4 R 

FIG. 5 

- E::'£3-
I 
i 

R 

Streamlines Pattern in Section VII (standard 
cylindrical system with axial high-speed im
peller and radial baffles, d / D = 1/5) 

10; 20'002; 30'005; 40'01; 50'015; 60'025; 
70'035; 80'05; 90'07; 100'1; 110'2; 120'3; 
130'45. 

1·0.--,----,----,----,----,---, 

R R 

FIG. 6 

Streamlines Pattern in Section VII (standard 
cylindrical system with axial high-speed im
peller and radial baffles, di D = 1/4) 

1 0; 20'002; 30'005; 40'01; 50'015; 60'025; 
70'035; 80'05; 90'07; 100'1 ; 110'2; 120·3. 
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with a draft-tube is shown. These spacial distributions have been obtained by solving 
equation (5) under consideration of a definite distribution of the flow function 
on the boundary of the region investigated (see system of equations (6) to (8)). 
The solution of the boundary-value problem in Egs (5)-(6) and (12)-(13) is peR, z) 
as given in Eg. (21a) and graphically expressed in Figs 5-8. The curves with con
stant values of the dimensionless Stokes function P = const describe the flow pattern, 
as the stream function is constant along a streamline. The value of this constant is 
marked against each streamline in Figs 5 - 8. The dashed line represents the projec
tion of the boundary of region VII, namely the cross-section SII' 

In Fig. 9 are drawn the velocity profiles Wax = W.X (R, ZII) for the cases solved. 
i.e. the profiles of the dimensionless axial component of the mean velocity in the 
cross section Sn (with the coordinate Z,,). Here, the solid lines represent the velocity 
component profiles on the boundary of the investigated section obtained from rela
tion (21 b). The dashed lines represent the given profiles, i.e. the functions f(r) or fo(r) 
from Eqs (7) and (8), here expressed in dimensionless form: 

F(R) = l' Fo(R) , (24) 

10,-,-----,-----,-----,----,--, 

FIG. 7 

Streamlines Pattern in Section VII (standard 
cylindrical system with axial high-speed im
peller and radial baffles, diD = 1/3) 

10; 20'002; 30'005; 40,01; 50,015; 60'025; 
70'035; 80'05; 90,07; 100'1; 11 0·2. 
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FIG. 8 

Streamlines Pattern in Section VII (cylindrical 
system with axial hi gh-speed impeller and 
draft-tube, d iD = 1/3) 

10; 20,002; 30'005; 40'01; 50'015; 60,25; 
7 0,035; 8 0'05; 9 0,07; 10 0,1. -- cal
culated streamlines, ----- supposed course 
of streamlines. 
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[R E <0; (j/2)] , (25a) 

{ 

-(8/re) (d/(jD)2 , 

Fo(R) = R - (j 
48(d/D)2 re(1 _ (jy (2 + (j) , [R E <(j/2; 1/2) ] . (25b) 

(In relations (24) and (25) the direction of the z-axis coincides with that in Figs 1 
and 2; it differs from the direction in Figs 3 and 4 and in equations (7) and (8) where 
the opposite orientation was introduced only for the sake of convenience.) 

, Discussion of Validity of Simplifying Assumptions 

Out of the six assumptions introduced, assumption (A.1) on the liquid incompres
sibility, as well as (A.3), on the stationarity (or better, quasistationarity) of flow, 
are evidently satisfied for current types of stirred charges (e.g. liquids or liquid
- liquid and liquid-solid dispersions). As a rule, these systems are sti rred for a suf
ficiently long time in comparison with the interval after which, frequency of revo!tl-
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-0'2 _I -.~ 
0·1 03 R 0'5 

FIG. 9 

Comparison of Experimentally Obtained and 
Calculated Velocity Profiles Wax = W./R). 
. [Z = ZlIl in Cross-section SII 

----;- - Velocity profile obtained experi
mentally, -- velocity profile calculated; 
a d i D = 1/5; b d iD = 1/4; c di D = 1/3; 
d draft-tube. 

0·5,----,---..,.----r---., 

r 

0'3 

0'1 

0 ·2 1{) 

FIG. 10 

Graph of Function ljJ = ljJ(Z) for R = 0/2 

Profile 4: Arrangement: standard system 
di D = 1/ 5; Profile 3: Arrangement: standard 
system di D = 1/4; Profile 2: Arrangement: 
standard system d/ D = 1/3; Profile 1: Ar
rangement: draft-tube d / D = 1/3. 
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tion being constant, no further changes of the circulation take place. The axial sym
metry of the region VII (A.2) is apparently not complete. However, the influence 
of radial baffles or draft-tube grips manifests itself in a very small part of this section, 
so that it may be neglected. In the considered case, the agitated system has no flow
-through. Hence the stirred medium enters and leaves VII only through SII (A.4). 
As the vessel is fitted with baffles and the flow is directed downwards , the liquid 
surface may be considered calm (A.5) . Assumption (A.6) on the irrotational flow 
in the region VII (above the impeller) may appear rather daring, but it is supported 
by the results of our experimental investigation of the velocity field in the agitated 
system: In the examined region, the volumetric rate of mechanical energy dissipation 
is very low, in comparison with other parts of the system. Only 10% of the total 
agitator power input is dissipated here (in case of the standard system, Fig. 1). 
Also the mean velocity profiles at the entrance of the section (Fig. 9) and within 
it (Fig. 11) are very flat, which implies low values of velocity gradients and low shear 
stresses. Thus the proposed description of the velocity distribution by means of the 
equation of irrotational flow appears as adequate and feasible for analytical solution 
leading to an integral description of convection flow in VII, though, for an exact 
description, the Reynolds equations of time averaged flow of incompressible fluid ll 

should be used. 

In examining the adequacy of the introduced assumptions the degree of corres
pondence of the suggested solution to the actual flow pattern in the region ought 
to be also assessed. In the first place, the suggested velocity profile Wax = Wax(R, ZII) 

FIG . 11 

Dependence of Velocity Profile Wax = 

= Wax(R) on Value of Dimensionless Axial 
Coordinate Z (agitated system with draft
-tube; d/ D = 1/3) 

1 00,---~----,----~---.----~ 
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is to be compared with the corresponding experimental results, the shape of the 
profile has indeed been confirmed in an experimental way to conform4 with equa
tions (24)-(25) and (7)-(9). It is, however, necessary to mention the fact that in the 
surroundings of the point R = ol2,the direction of the velocity vector changes not 
stepwise, but continuously. This also implies that the calculated velocity profile 
is nearer to the real one than the given function F(R) itself, considered as the boundary 
condition of the solution of equations (5) in VII, although the difference between 
the prescribed and the calculated profiles (Fig. 9) is here the greatest, due to the 
adopted accuracy of calculation of the Bessel functions. The distribution of stream
lines in the whole volume above the rotating impeller does not differ from the real 
one in more than ± 10%, which is in accord with the accuracy of local velocity 
measurements in the examined sections18

. This error, however, significantly increases · 
in the vicinity of the vessel wall, as the irrotational flow sQlution cannot correctly 
describe the conditions in the boundary layer. A corollary ofthis is the fact that the 
proposed description of the convection flow in VII relates to the flow in the bulk 
of liquid and to the processes controlled by it (e.g. blending of miscible liquids, 
suspension of particulate solids etc.). To this end the solution was sought in the form 
of a system of equations interpreting the convective flow intensity, which would be 
suitable for description of such processes. 

Homogenation of Streamlines Field 

Both the issues of experimental investigation of spacial distribution of mechanical 
energy dissipation in the system with an axial impeller and radial baffles4

, and the 
results of the calculations of spacial distribution of the liquid circulation intensity 
carried out in this contribution, show that above the impeller, even in the case 
of turbulent regime, mixing is brought about mainly by the convection flow of the 
agitated medium. Moreover, nearly a third of the liquid volume included in this 
space (i.e. a part of the volume VII, whose dimensionless axial coordinate ZII is 
from the interval <0·65; 1») is flown through by almost the same quantity of liquid, 
disregarding the relative size of the impeller diD (Fig. 10). The spacial distribution 
of streamlines in this subsection is also practically independent of the impeller-to-ves
sel diameter ratio. Therefore it may be concluded that the suggested construction 
of the draft-tube9 corresponding in shape to that proposed for the improvement 
of blending of miscible liquids19, will have a favourable influence on the spacial 
distribution of circulation as it has been in the systems evaluated in this study. Here, 
the volumetric flow rate through the cross-section with the dimensionless coordinate 
Z = 1 - .J2/8 in one direction (upwards or downwards), increased, after installing 
the draft-tube, to more than one order with respect to the standard conditions (Fig. 
10), the flow intensity above this cross-section having increased similarly (Figs 8 and 
9). This fact has been reflected also by the profiles of the axial component of me~n 
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velocity in this arrangement (Fig. 11) being significantly non-zero, even near the 
liquid surface. Worth mentioning is also the invariability of the position of the 
boundary between the ascending and decsending flows (dimensionless radial 
coordinate R = <5/2) with increasing Z: this is an evidence of appropriate choice 
of the upper base diameter of the draft-tube D 3 , so that equal upflow and downflow 
areas might be obtained. (This corresponds to the value Z = 1 - e = 1 - -/2/8 intro
duced earlier.) Therefore, the type of the draft-tube proposed here may be useful 
especially in such operations where a high degree of homogeneity of velocity distri
bution is desirable, e.g. in agitated crystallizers, homogeneous mixed reactors etc., 
where the whole volume filled with the charge should contribute to producing the 
output of a technological process. 

The authors are obliged to express their thanks to Mrs M . Spicarova for her invaluable help 
in preparing figures included in this paper. 

LIST OF SYMBOLS 

Ak 
b 
d 
D 
D1 
D3 
D2 
fer) 

fo(r) 

F(R) 

Fo(R) 
h 
h' 

h, 
H 

coefficient in Eq. (I5) 
width of radial baffle, m 
diameter of impeller, m 
diameter of vessel, m 
diameter of lower (cylindrical) part of draft-tube, m 
diameter of upper base of draft-tube, m 
diameter of outlet of crystals from model crystallizer, m 
function defined by Eq. (7) 
function defined by Eq. (8) 
function defined by Eq. (24) 
function defined by Eq. (25) 
height of impeller blade, m 
height of cylindrical part of draft-tube, m 
height of conical part of draft-tube, m 
height of still liquid level above flat bottom of vessel or above horizontal plane dividing 
cylindrical and conical sections of vessel, m 
height of lower edge of blades above flat bottom of vessel, m 
height of lower edge of blades above horizontal plane dividing cylindrical and conical 
parts of vessel, m 
Bessel function of the first kind of order 1 
Bessel function of the first kind of order 2 
overall flow rate criterion in cross section SII 
function defined by Eq. (19) 
impeller frequency of revolution, S-l 

radial coordinate (radius), m 
dimensionless radial coordinate 
cross-section· separating region VII from the rest of agitated charge, m2 

total charge volume, m3 

charge volume above rotating impeller, m 3 

region of inflow into volume VII' m
3 
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w 
x 

region of outflow from volume VII' 01
3 

mean time velocity, m S-1 
dimensionless mean time velocity 
general variable 
general variable 
Bessel function of the secbnd kind of order 1 
axial coordinate, 01 

z' transformed axial coordinate, 01 

Z dimensionless axial coordinate 
ex angle of inclination of impeller blades (from horizontal plane) 
fJ angle of inclination of conical bottom of model crystallizer 

Fort, Jaroch, Hosfalek: 

J' value of dimensionless stream function at r = oD / 2, z = (1 - s) D 
0/2 dimensionless radial coordinate of the point where the direction of flow changes in cross-

-section SII 
1 - s dimensionless axial coordinate of area S rr 
Ak Zeros of Bessel function J 1 (x) 
If! Stokes stream function, 01

3 S- 1 
'P dimensionless Stokes stream function 

kinematic viscosity of liquid, 01
2 s-1 

variable in differential Eq. (12) 
variable in differential Eq. (13) 

r time of circulation of tracer particle, s 
ReM = nd2 /v Reynolds number for mixing 

Subscripts and Superscripts 

ax axial 
M for mixing 
rad radial 
11 related to cross-section SlI 

time average quantity 
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