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The problem of assessing the power consumption of an agitator has not as yet been completely solved.

Equations are still being published which are based on the operation of stirrers in an infinite liquid medium
with coefficients of resistance which are theoretically unfounded. In the present paper theoretical equations and a
calculation equation are given which have been derived by the author from numerous experiments with laboratory
and industrial radial~blade stirrers working in a dimensionally limited liquid.

Figure 1 shows two cylindrical flat-bottomed vessels which were filled with water and transformer oil at 20°C
to a height of H} = D = 240 mm.

The vessels were fitted with a standard plate stirrer with by = L = 2Ry, and a two-blade stirring element L=2Ry
(here Ry, is the radius of the stirrer blade)and h = 0.079; in both cases
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D

By varying the stirrer speed vortex cones, funnels of equal size were produced in the liquids (measured with a
tracer device in a meridianal section) which was an indication of a steady motion of liquids in the vessels. Experi-

ments showed that this result is achieved at a lower speed with a plate~type stirrer, since it has a smaller blade area
than a two=blade stirrer.

It should be pointed out that, in the case of identical profiles of the vortex cone in both vessels, the reaction
moments caused by the interaction between the liquid being agitated and the walls and bottoms of vessels measured
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Fig. 1, Schematic diagrams of stirrers. a) Standard plate stirrer; b) two-blade stimer,
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to the working surfaces of the blades. The fact
that part of the liquid flows at radial and axial velocities produces an insignificant sliding friction on the surfaces of
the blades, which has no appreciable effect on the change of the main portion of the head resistance.

Figure 2 gives as an example the angular velocity curves for transformer oil stirred in the vessel and also of
the blades of the plate and the two-blade stirrers..The angular velocity of the two=blade stirrer is much higher than
that of the plate-type stirrer. This can be attributed to the fact that the volume of liquid moved by the two-blade
agitator per second is smaller than that of the plate~type stirrer, as a result of which two stirrers which produce the
same hydrodynamic conditions in two vessels must have different angular velocities.

Figure 3 gives the diagrams of the relative angular velocities of transforiner oil particles in the vortex and non-
vortex zones of the flow,

According to these curves the angular velocities of moving particles of the liquid being agitated in the vortex
and the nonvortex zones may be expressed as follows:
Vrel, = (0 — o)1

¢
Urel, =“’r‘——;"

where c is the tension or the intensity of circulation, w the angular velocity of the blade, and r the variable current
radius.

From the kinematic investigation [2], we know that

c=0R2
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TABLE 2. Results Obtained in Testing Blade and Plate
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the angular velocity of the liguid in the zone
of the vortex flow wy and the radius of the core
of the vortex cross section Ry.

Experimental investigations carried out with the radial-blade stirrers in cylindrical flat-bottom vessels with a
diameter of 600-1250 mm filled to a height Hy = D with liquids of different viscosities produced the following

relationship:
(3 () (e
Ss By R

where the coefficient A = 3.02, sy the working area of the blades being investigated submerged in the liquid, sq =12=
4Rb the standard working area of the plate-type stirrer, Hy and py; the absolute viscosities of water and of the lignid
being investigated at 20°C in cP, Ry = 120 mm the radius of the standard vessel, and R the radius of various vessels
in mm.

For the blades of stirring elements with a ratio L/D = 0.5, the following data were obtained: n = 0,115, m =
0.105,and b = 1.35. For L/D = 0.66, the values of m and p remained the same while n = 0,143,

Thus, for plate-type stirrers with L/D = 0.5 and 0.66 (D = 600 mm, Hy = D} we obtained for low=viscosity
liquids the following calculation equation:

115 1.35
0, :3«02w(—“l)0 : (ﬁ) .
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For two-blade stirrers working in the same conditi i
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Fig. 3. Diagrams of the relative angular and, finally,
velocities for transformer oil in a direc~ R\-0.78
tion normal to the working surfaces of the tany == (0.527 (- —R~> . (4)
stirrer, a) Plate-type stirrer; b) two-blade
propeller stirrer. Equations (2)~-(4) can be used for calculating radial-blade stir-

rers with a ratio Rp/R of 0.3-1,

The masses of the liquid being agitated in the zones of the vortex and nonvortex flows with which the blades of
the two-blade stirrer make continuous contact can be determined from the following equation:

dm, - ik (0 —o)rdr, dm,= Y.LL’_‘(Q, e L) dr,
g g r

where ¢ is the intensity of circulation.

Using the theorem on the kinetic moment of the system we determine the maximum bending moment due to
external forces acting on one blade of the two-blade stirrer:
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The torque on the stirrer shaft is determined from the equation
// J— max
My = 2Mp2
The power consumption of the two-blade stirrer during steady motion is determined from the equation

N ="0 Mo (6)

The volumes of the liquid thrust by the elementary areas of blades (Fig. 2) per second during steady motion in
the vortex and nonvortex zones of the flow are

dQ,=h(® —w)rdr; dQ,=h (“’ r—)dr
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Fig. 4. Schematic diagrams of the stirrers being investigated, a) Three-blade propelier; b) four-blade
propeller; c) two-blade two-stage type; and d) rectangular armature type.

The total volume of the liquid thrust in the vessel by the two-blade stirrer per second during steady motion is

o R r ’
omufeafros [ )] e o]

The masses of the agitated liquid dm, and dm, in the vortex and nonvortex zones of the flow with which the
elementary areas of the plate-type stirrer make contact during rotation for one second can be determined from the

following equations

d,l’l"LJ == Yh{f ({:) —— (;)J> ]"d‘r;
4

d”ll o= _Y_Ii..[;(m r— _Ew) dr.
g r

The maximum bending moment due to external forces acting on one blade of the plate-type stirrer is deter~
mined from the theorem on the kinetic moment of the system:
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The torque acting on the stirrer shaft is found from the equation

Myg = 20,

The power consumption of the plate -type stirrer for low-viscosity liquids during established motion is deter -
mined from Eq. (6).

The above equations show that the formula of the plate-type stimer is a general equation and can produce as
special cases the equations for calculating the two=-blade and other stirrers.

For the plate~type stirrer the author obtained
=R, fo R — ¢ (1 Qmﬁ)'l.
Q R b[ Rb D Rol
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In a similar way the values of wy, Mpe, Mg: N, and Q were determined for stirrers of other designs,

We consider the operation of four stirrer types, the sketches and dimensions of which are given in Fig. 4. The
following data were obtained for the three~blade stirrer:

for L/D = 0.5:

115 0.115 1.35
o, =3.02 (n(—3—h——-)) " (—”—‘i) v (”R—) ;
4Ry i R

and for L/D = 0.66:

0, =3020 (ﬂ)O.MS (M)O‘“‘r’ (ES_)L%.
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Mgleax is determined from Eq. (5) while Mg = BM&?X. N is found from Eq. (6):

Q=15[0 Ry —c 1+ 21n o)l

For the four-blade stirrer with L/D = 0.5,

‘01 — 3.02(‘0(—}%—)().115 (iﬂ>0.115 (&)1."5’ (7)
Ry w1i R
and for L/D = 0.66,
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Mg(‘aax is determined from Eq. (5), and
— max
Mo = 4Mbe ©)
N is found from Eq. (6):

Q— 2% {w R — ¢ (1 £ 21n 5‘2)] . (10)

v

For the two-blade two-stage stirrer w; (for L/D = 0.5) is determined from Eq. (7) and for L/D = 0.66 from
Eq. (8).
M]r)réax is found from Eq. (5) and Mto, N, and Q from Eqgs. (9), (6), and (10), respectively.

For the rectangular armature-type stirrer the bending moment of blade 1 in the cross section AA is determined
from Eq. (5) adapted for the calculation of the two-blade stirrer:

for L/D = 0.5

0, = 3020 | LuRbF R (Rh—r) 701 (ﬂv)o'm (&_)1.35;
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for L/D = 0.66
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The maximum bending moment for blade 1 in the section AA about the axis of rotation is determined from
the equations

Mgéx = Mbe -1 + Mbe-2 ’
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and

M. — o Mmax
to = 2MT
The power consumption N by a rectangular armature-type stirrer during a working period is found from Eq. (6):
Q=h, [u) Ry —o(1-+210n %bﬂ-m._, ‘[o.sm(;e;_rg) —cln B,
0 24

For calculating the strength of blades 1 and 2, it is necessary to find the bending moment of blade 2 in cross
section BB:

2 3 3
. Yk | , Rp—1a \ o2
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be 2g L 3 (Rb -) r )

1t may be seen from the design of the rectanguiar armature -type stirrer that blade 2 is subjected to bending in
section BB while section AA of blade 1 is subjected to bending by M{13* and to torsion by Mpe_,. Consequently,
blade 1 must be proportioned for the combined stress while blade 2 must be proportioned for bending stress only.

Using the theoretical and experimental investigation of the power consumed by the radial~blade stirrers and
of the volume of liquid thrust per second,we now proceed to the consideration of the problems of intensity and effi~
ciency of agitation.

The author believes that the intensity of agitation must be determined from the amount of energy rationally
introduced per unit volume of liquid moved by the stirrer per unit time:

Thus, the intepsity of agitation is characterized by the pressure of the liquid produced by the stirrer in the
rotating flow enclosed in the vessel. A change of stirrer speed instantaneously changes the pressure in the flow of the
liquid being stirred as well as the profile of the vortex cone which characterizes the magnitude of the velocity head
and of the power consumption.

It should be pointed out that the increasing intensity of agitation correspondingly increases the power consump-
tion, but the technological effect of the increasing intensity of agitation has its strict limitations. For this reason the
intensity of agitation in vessels with stirrers must be selected on the basis of the experimental data and the conditions
of agitation at minimum power consumption.

The author believes that the efficiency of agitation is best characterized by the attainable degree of uniformiry
of a unit volume and the intensity requiring minimum power consumption and time for performing the process. In
this case the efficiency of agitation can be expressed by the equation

N V

E = S T T

e Q

where V is the unit volume of the liquid being agitated in m?,

Consequently, the efficiency is characterized by the intensity of agitation and the time spent for the circulation
of a unit of the volume being agitated. In this case, the aspects of efficiency and intensity of agitation are closely
interrelated.

The resulis of investigation [1] are of particular practical interest since it was carried out for determining the
most rational designs of radial~blade (propeller) mixers by studying their performance in low-viscosity liquids at
equal levels of power consumption. Experiments showed that various types of stirrer require, at the same values of
the ratio L/D, viscosity, and power consumption, different speeds to bring the liguid contained in the vessel to the
same hydrodynamic condition characterized by a definite deformation of the free surface (profile of the vortex cone).
Consequently, the intensity and efficiency of simple and more sophisticated designs of radial-blade stirrers are equal.

These considerations are in good agreement with the experimental results given in Fig. 5.
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Fig. 5. Curves representing the dissolution of solid oxalic acid in water during the
stirring of the solution with various propeller stirrers. a) Two-blade stirrer at h =
12,5 mm, n = 230 rpm; b) the same at h = 12.5 mm, n = 200 1pm; c) four-blade
stirrer at n = 235 rpm; d) six-blade stirrer at n = 218 rpm; e) armature -type rec-
tangular stirrer at n = 195 rpm.

Thus, this investigation shows that, during the stirring of low-viscous liquids of j = 1-75 cP, the simplest stir=
rers should be used with their number reduced to a rational minimum.

From the point of view of a correct distribution of power, the three~blade stirrer with a blade spacing of 120°
is the most satisfactory since it produces the most favorable conditions for the operation of the shaft and the drive.

For stimers working in low-viscosity liquids,it is recommended to use the ratio L/D = 0,50, since in this case
the power consumption is most efficient. In stirring more viscous liquids (¢ > 75 c¢P),this ratio should be made 0.66
because of the reduced size of the core of the vortex section.
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