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Abstract

The paper presents the results of studies on negative pressure generated in propeller and
tube agitators. The value of negative pressure depending on the number of agitator revolu-
tions 7<5000 min! under conditions of the turbulent area (Reynolds number Re,,<2- 10%) was
determined.
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Streszczenie

Przedstawiono wyniki badan podci$nienia, ktore powstaje w mieszadtach samozasysajacych —
$miglowym i rurkowym. Okreslono wielkosci podcisnienia w zaleznosci od liczby obrotéw mie-
szadta n5000 min-1 w warunkach obszaru turbulentnego (liczba Reynoldsa Re,,,« 2-10°).

Introduction and goal of the study

In the processes of biological wastewaters treatment aeration is applied
to supply oxygen for aerobic microorganisms and for oxidation of organic
compounds. Aeration is also used in various configurations during water
preparation processes. Aeration with appropriate compression devices at ca.
0.15 MPa through diffusers or porous plates is commonly used. Such instal-
lations are complicated and costly and, as a consequence, it was proposed to
apply suction agitators with turbine agitator in modern treatment plants
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and in chemical industry (Karcz 2001, BrasiNskI et al. 1991, Kowar 2001).
Such agitators create the radial stream of gas-liquid medium and do not
cause uplifting the microorganic sediment from the bottom. Additionally,
during the process of mixing air with water in turbine agitator air bubbles of
large diameters are formed, which contributes to small contact surfaces
between water and air. It is known (AKSIELRUD 1981, LEwick1 1999) that the
speed of mass exchange between the gas bubbles and the liquid increases
with increasing the own surface of contact between phases (m2/m?) and the
speed of sliding of the bubbles in the liquid. There is a possibility of creating
conditions for intensification of mass exchange (absorption of air oxygen)
through movement of agitator blades with orifices on the surface through
which the air is sucked. Under such conditions gas bubbles smaller in
diameter than the bubbles formed in the turbine agitator are torn off the
rotating surface.

This study aimed at investigating the dependence of negative pressure
AP on agitator blade surface with orifices and at the end of the tubes of the
tube agitator from the revolutions frequency. That negative pressure provi-
des the base for computation of the sucked air velocity W, its flow intensity
@ and agitator immersion depth H (KocH 1998):

2AP

W= T,m/s (1)
2
Q=%W,m3/s (2)
AP
H="—"
ce , m (3)

where:

d — diameter of suction orifice, m/s?;
g — acceleration of gravity,

¢— air density, kg/m3

In case of suction agitators at a depth exceeding the H value the air is
not sucked and that is why computing the H value from formula (3) on the
basis of AP determined experimentally is so important. Computing the
value from formula (2) is needed for computation of technological quantities
of oxygen sucked from the air (LEwickr 1999).

Selection of agitator types and experimental parameters

The above information indicates that testing the triple blade propeller
agitator designed by the Kiev Institute of Technology (KowaAL 2001), that
assures movement of the liquid towards the tank bottom raising the active
sediment containing microorganisms would be helpful (Fig. 1a).
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a b d =12 mm

Fig. 1. Scheme of propeller agitator a) and tube agitator b) I — casing, 2 — tube, 3 — screw

The diameter of that agitator is d, = 50 mm. At high revolutions
(n<5000 min!) such an agitator secures generating a turbulent zone, which
is generally applied (Kocu, Noworyra 1998, Heim et al. 1995) with Re,,:

ndmz 5
Re, =—"-<2-10
v
where:

v — kinematical viscosity coefficient, m?/s,

The study by Heim et al. 1995 presents the results of studies on tube and
disk suction agitators. The oxygen volume penetration coefficient was calcu-
lated showing practically equal effectiveness of those agitators. The rube
agitator, however, is simpler and cheaper. That is why the triple tube agita-
tor with the diameter d,, = 50 mm was chosen.

Description of the laboratory station
and the methodology of experiments

The diagram of the laboratory station is presented in Figure 2. It consi-
sted of a tank in which the agitators in the form of perforated cone or with
triple blade agitator with the diameter d,, = 50 mm were mounted (MoLcHA-
Nov 2003).

Electric motor (1) is connected through the clutch (2) with the shaft (3)
that is installed on bearings in the case with a flange. The water container
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inflow of water from
the thermostatic
device

water outflow

Fig. 2. Diagram of the laboratory test station for the propeller agitator I — motor, 2 — clutch,
3 — shaft, 4 — container, 5 — tank, 6 — fins, 7 — propeller agitator, 8 — vacuum meter,
9 — tachometer, 10 — power meter

is made of stainless steel. It possesses a mantle to which a thermostatic
device is connected. The propeller agitators are operated at high speeds and
as a consequence they can operate without reduction or belt couplings. At
high rotation speeds of agitators a funnel forms, which can uncover the
entire propeller. In this case the power demand decreases, the suction of air
starts and the mixing effectiveness decreases rapidly. To avoid funnel forma-
tion 4 fins are mounted on the walls of the tank (6). The pressure behind the
blade is measured using the vacuum meter (8), the revolutions frequency
with a tachometer (9) and engine power with a wattmeter (10).

The methodology of the experiment involves measurement of negative
pressure AP at various revolutions frequencies of the agitator n. The gases
dissolved in the liquid were sucked through the orifices in agitator blades
and they accumulated in the container (4), from which the water was going
to the tank (5). Water from the tank (5) was filling the lidded container (not
shown in Figure 2).

Results and analysis of experiments

The average results from three tests are presented in table 1.
It was determined experimentally that the negative pressure AP on
agitator blade increases with the increase of propeller and tube agitator
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Table 1

Dependence of negative pressure AP on revolutions
frequency of studied agitators

n AP, KPa for agitators
No. min’! propeller agitator tube agitator
1 1000 2,5 -
2 2000 15 10
3 3000 27 35
4 4000 35 46
5 5000 38 50

revolutions frequency. On the basis of the determined value of negative
pressure AP increase the velocity of air sucked and the intensity of its flow
Q@ as well as the agitator immersion depth H can be computed.

Conclusions

On the basis of the examination of negative pressure that is generated in
suction propeller and tube agitators:

— a method for computing the immersion depth H for those agitators on
the basis of the experimentally determined value of negative pressure AP
was developed;

— the value of negative pressure depending on the revolutions of the
agitator n < 5000 min! under the turbulent zone conditions (Reynolds
number Re,,=nd, % v < 2-10%) was determined;

— it was concluded that although the tube agitator is simpler and che-
aper, it creates a radial stream and as a consequence application of
a combination of two agitators on a single shaft: at the top an ordinary
propeller agitator that forms the vertical stream and a suction tube agitator
under it, seems rational.
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