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INTRODUCTION

The Republic of Uzbekistan is a country with a significantly developed
agriculture and large industrial production, however, in recent years, there has
been active development of small industrial enterprises; this development leads to
the emergence of small settlements and urban-type settlements with their own
infrastructure, in particular with small treatment facilities for one or several
settlements.
The volumes of wastewater from individual enterprises are small, while
the treatment systems capable of bringing the quality of the treated wastewater to
the norms of discharge into the sewer are usually complex and require qualified
service personnel. In this regard, such runoffs are discharged without treatment
into the existing sewer network.
Basically, biological ponds and small treatment plants of biological
purification using wetland plants are arranged for the treatment of the listed
wastewaters; however, to intensify the treatment, it is desirable to provide
artificial aeration.
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INTRODUCTION

• Of all the known methods, jet gas-liquid aeration is the most
effective way to oxygenate water. This method allows to generate
air bubbles and distribute them in the volume of water, and to
control the parameters of aeration, namely, the size of the formed
bubbles, their distribution in the treated volume.
• It can be concluded that, despite numerous studies, there is no
consensus on the size of the actively aerated zone. The limiting
factor in the wider use of jet-type devices is the imperfection of the
structures and the absence of a scientifically substantiated method
for calculating these aerators.

• The aim of this study is to develop a method for calculating
jet devices based on theoretical and experimental studies.
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METHODS

The purpose of the experiments conducted was to determine the optimal
height of the aerated liquid layer with the maximum possible volume of the
reservoir
The experiments consisted of photographing the process of penetration
of the gas-liquid jet into the thickness of the aerated liquid. The jet length in the air
was 30 cm, and the reservoir width was 1.06 of the jet penetration depth.
The liquid level changed sequentially. Initially, the liquid level was selected in
such a way that the gas-liquid jet was completely immersed without touching the
bottom.
Then the liquid level decreased, and the jet broke against the bottom of the
reservoir and air bubbles were distributed over the greatest part of the volume.
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METHODS

• An experimental setup was used for the study; it includes a reservoir with
a scale for measuring the liquid level and a weir, a supply pipeline with a
head-pressure control device and replaceable nozzles with holes in the
form of a keyway
Parameters of nozzles
Type

Number
holes

of Dimensions of holes, Total area of Total
perimeter of
mm
holes S, mm2
L
b=d
holes P, mm

I

1

29.2

14.6

595

104

II

2

20.6

10.3

595

147

III

4

14.6

7.3

595

208.5

IV

8

10.4

5.2

595

297
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RESULTS AND DISCUSSIONS
Analysis of variance of
the experimental results made it
possible to establish the degree of
influence of the relative height of
the liquid layer in the reservoir ht
/hpen on the sizes of the actively
aerated zone (the fraction of the
reservoir volume in %, occupied
by the spray pattern of gas
bubbles).
Shape of the aerated zone at
different thickness of water layer
in the reservoir
(Bt – tank width, hres – reservoir
depth (liquid layer))
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RESULTS AND DISCUSSIONS

Experiments conducted with jets
with different characteristics (velocity, flow
rate, nozzle shape) made it possible to
construct a generalized graph of dependence
of the utilization factor of reservoir volume
(with width 1.06 hpen) on the height of the
liquid level, expressed in fractions of the total
(possible) depth of penetration of the liquid
jet

Graph of dependence of the share of the
reservoir volume use on the ratio of the height
of the water layer and the penetration depth
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RESULTS AND DISCUSSIONS

Based on the results of our own research, as well as
using the data of Shukla using modeling in the Origin and Excel
packages, an equation was obtained for the dependence of the
required jet velocity on the depth of its penetration:
𝑣 = 0,0211

5
ℎ𝑝𝑒𝑛

1/2

𝑛0.775 ⋅𝑃1.8

Where n is the number of holes in the nozzle, P is total
perimeter of holes, mm
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RESULTS AND DISCUSSIONS

The obtained data can be used in calculating the aerator with certain liquid
flow rate Qm3/day, at given biological oxygen demand (BOD) in incoming water L0
and in purified water Lt, mg/l. The calculation is based on the determination of the
oxygen transfer coefficient provided by the design of this aerator and in comparing
this coefficient with the required KLa (20) in terms of the discharged liquid. Therefore,
for the calculation, it is necessary to have data on the dependencies of the jet
penetration depth hpen and the oxygen transfer coefficient on the liquid flow rate.

Graph of dependence of the oxygen transfer coefficient on jet velocity
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RESULTS AND DISCUSSIONS

The procedure for calculating the jet aerator
The number k of aerators with holes of the "keyway" type of a
certain type is accepted
The jet penetration depth is set, hpen, cm
The reservoir depth is set, hpen , cm
Gas-liquid plume diameter

Gas-liquid plume cross-sectional area, m2

Required surface area of the reservoir Fres, m2

Jet velocity v in the nozzle holes, m/s
Required water flow rate through one nozzle, q1, m3/s
Flow rate through k nozzles Q, m3/s
Standard volumetric mass transfer coefficient KLa(20) is determined
depending on q1
Aeration time 𝜏, s

Pump selection is done by Q value
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CONCLUSION

The results of the studies performed show that it is advisable to use jet
aeration for biological treatment in small facilities. Experimental verification for a
jet aerator with “keyway” holes showed that the sizes of the actively aerated zone
depend on the ratio of the possible depth of the reservoir (the water layer thickness)
and the possible penetration depth of the gas-liquid jet. At that, it was determined
that limiting the depth of the reservoir allows increasing the size of the aerated zone
and the degree of utilization of the reservoir volume: with a decrease in the relative
depth of the reservoir from 1.05 to 0.5 (2.1 times), the share of the beneficial use of
the reservoir volume increases from 29.8% to 50% (1.68 times).
The technique developed on the basis of experimental data allows for a
simple calculation of the jet aerator, which can accelerate the design processes of
small treatment facilities.

Photo of
corresponding
author

mabduqodirova78@mail.ru
M Abdukodirova

Tashkent, 2021

