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Abstract

A flow jet is a narrow stream of liquid that exits through a small diameter nozzle
with a high velocity. Today, the use of hydraulic jets is common in various fields
of engineering and industry. In this research, the properties of plunging jet in
aeration into a stagnant water reservoir was investigated. For this purpose, first a
physical model of reservoir was made and a circular nozzle was used to create a
plunging jet. The experiments were performed for two discharges (Q) of 0.036
and 0.067 L/s, six vertical distances between the nozzle and the water surface (Lj)
from 2 to 12 cm, six jet angles (0) from 150 to 900, and five concentrations of
reservoir fluid (C) from 0 to 200gr/L. High-speed imaging technique was
employed to investigate the characteristics of plunging jet. The results showed
that for Lj=2cm and 6=900, by increasing the Q from 0.036 to 0.067L/s, the hp
increased by 13.3 %. Also, with increasing the Lj from 2 to 12 cm, at Q=0.067L/s
and 6=900, the hp increased by 10.4%. In addition, the results showed that at Lj=2
cm, Q=0.067 L/s, and 6=900, by increasing the concentration of stagnant fluid
from 0 to 200 gr/L, the hp decreased by 4.1%. For the experiments of this study,
the highest penetration depth was observed at Q=0.067L/s, 6=90°, Lj=2cm at the
concentration of C=0.

1. Introduction

A flow jet is a narrow stream of liquid that exits through a small diameter nozzle with a high velocity.
Today, the use of hydraulic jets is common in various fields of engineering and industry such as the use
of flow jets in water and wastewater treatment plants, material dilution systems, sediments removal
from rivers and reservoirs, mixing processes in the dam reservoir to eliminate the thermal stratification,
aeration of aquaculture ponds, industrial cutting, dentistry, mixing fluids in the chemical industry, and
washing various surfaces for health purposes. A review of the literature shows that the laboratory studies
that have been done to identify the characteristics of the plunging jet phenomenon are limited and still
different aspects of this phenomenon need to be investigated. Therefore, it is necessary to conduct a
more comprehensive study on the characteristics of these jets in different geometric and hydraulic
conditions. In this regard, the present study investigates the characteristics of a plunging flow jet in a

stagnant water reservoir.
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2. Materials and Methods

For this purpose, first a physical model of reservoir was made with lengths, width and height of 0.8m,
0.6m, and 0.6m, respectively. The walls of the reservoir were made of glass with a thickness of 0.008m
to provide the possibility of observation and measurement based on the rapid photography and image
analysis. A circular nozzle with inner diameter of 4mm was used to create a plunging jet. The
experiments were performed for two discharges (Q) of 0.036 and 0.067 L/s, six vertical distances
between the nozzle and the water surface (Lj) from 2 to 12 cm, six jet angles (0) from 150 to 900, and
five concentrations of reservoir fluid (C) from 0 to 200gr/L (104 tests in total). The penetration depth
of the jet into the reservoir was measured using the Kodak PIXPRO AZ651 digital camera together with
the high-speed imaging technique. To analyze the captured videos, the Pandora KMP software was used
to extract the frames of the recorded videos in the form of images. Then, based on the obtained images,
the jet penetration depth was measured at different time intervals and the maximum penetration value
in each experiment was considered as the jet penetration depth.

3. Results

The results showed (at a vertical distance of 2 cm between the edge nozzle and the water surface and
the angle of placement of 90 degrees jet nozzle) with increasing the flow rate from 0.036 to 0.067 liters
per second, the penetration depth of the jet increased by 13.3 %. Also, with increasing the vertical
distance between the nozzle edge and the water surface (at a constant flow rate of 0.067 liters per second
and a 90 degree angle of the jet nozzle) from 2 to 12 cm, the penetration depth of the fluid jet increased
by 10.4 %. In addition, the test results showed that (at a vertical distance of 2 cm between the nozzle
edge and the water surface, the flow rate of 0.067 liters per second and the 90-degree angle of the jet
nozzle) with increasing dencity of static fluid in the tank from 0 g / cm”3 to 50, 100, 150 and 200 g/ I,
fluid jet penetration depth is reduced by 0.6, 2, 2.7 and 4.1%, respectively. It seems that a combination
of scenarios used in this study can be used to improve oxygenation processes in aquaculture ponds as
well as wastewater aeration processes in treatment plants. It seems that a combination of scenarios used
in this study can be used to improve oxygenation processes in aquaculture ponds as well as wastewater
aeration processes in treatment plants. Also, the aeration effect of submersible jets increases with
increasing jet flow and this result can be generalized.

4.  Discussion and Conclusion

Experimental observations revealed that in a constant distance between the nozzle and the water surface,
with increasing the flow rate from 0.036 to 0.067 L/s, the penetration depth of the flow jet increases in
all experiments. As the flow rate increased, the area of jet flow field increased (the dimensions of the
jet flow mixing zone in the stagnant fluid became larger). As the jet flow rate increases, which in fact
indicates an increase in the jet flow velocity, the aeration efficiency of the plunging jets increases
significantly. As the nozzle distance from the water surface increases, the penetration depth of the flow
jet also increases. For example, at flow rates of 0.036 and 0.067 L/s, when the vertical distance from
the nozzle to the water surface changes from 2 cm to 12 cm, the penetration depth of the inlet jet
increases by 13.3% and 10.4%, respectively. At a fixed vertical distance, for example 2cm, by reducing
the angle of jet from 90 to 15 degrees, the penetration depth of jet in the two discharges of 0.036 and
0.067 L/s decreased by 37.7% and 42.4%, respectively. With increasing the fluid concentration inside
the reservoir, the jet penetration depth decreased in all Lj values. For example, for the flow rate of 0.067
L/s and a nozzle distance from the water surface of 2 cm, the penetration depth of the jet at a
concentration of 50 g/l was 8.1cm, while for the same condition, the penetration depth in the
concentration of 200 g/l has reached 7.5cm. This was observed at different nozzle distances from the
reservoir water surface as well as different collision angles at both discharges. At a flow rate of 0.036
L/s, the nozzle angle of 15 degrees and the vertical distance of 12cm between the nozzle and the water
surface, with increasing the fluid concentration up to 200 g/l, the jet penetration depth relative to pure
water condition was reduced by 7.7%. Also, in the experiment with the flow rate of 0.067 L/s, the nozzle
angle of 90 degrees, the nozzle distance from the water surface of 2cm and the fluid with a concentration
of 100 g/l, the penetration depth of the flow jet was 14.1 cm, while by increasing the concentration to
200g /1, jet penetration depth decreased to 13.8 cm, which is equivalent to 2.1% reduction in flow jet
penetration depth. In fact, by increasing the concentration of fluid in the reservoir, the penetration and
movement of the flow jet inside the reservoir decreases Also, it was observed that with the increase of
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flow rate from 0.036 to 0.067 L/s, when the nozzle distance from the water surface was 2 cm and the
jet angle was 15 degrees, the penetration depth at the concentration of 200 g/L was approximately 1.1
times the pure water. It can be concluded that in order to increase the penetration depth and to enhance
the performance of the plunging jet at high concentrations, a jet with more flow rate is required.
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Investigation of Plunging Jet Characteristics in Aeration to the Stagnant
Water Reservoir

Meysam Soltaninejad?, Majid Rahimpour?, Mohamad Reza Madadi®*

Abstract

A flow jet is a narrow stream of liquid that exits through a small diameter nozzle with a high velocity.
Today, the use of hydraulic jets is of importance in various fields of engineering and industry. In this
research, the characteristics of plunging jet in aeration into a stagnant water reservoir was investigated.
For this purpose, first a physical model of reservoir was made and a circular nozzle was used to create
a plunging jet. The experiments were performed for two discharges (Q) of 0.036 and 0.067 L/s, six
vertical distances between the nozzle and the water surface (L;) from 2 to 12 cm, six jet angles (6)
from 15° to 90° and five densities of reservoir fluid (C) from O to 200gr/L. High-speed imaging
technique was employed to investigate the characteristics of plunging jet. The results showed that for
Lj=2cm and 6=90°, by increasing the Q from 0.036 to 0.067L/s, the h, increased by 13.3 %. Also, with
increasing the Lj from 2 to 12 cm, at Q=0.067L/s and 6=90°, the h, increased by 10.4%. In addition,
the results showed that at Lj=2 cm, Q=0.067 L/s, and #=90°, by increasing the density of stagnant fluid
from 0 to 200 gr/L, the h, decreased by 4.1%. For the experiments of this study, the highest
penetration depth was observed at Q=0.067L/s, 6=90°, Li=2cm at the density of C=0, which can be
used as a recommendation in the aeration of sewage treatment plants, and at the oxygenation to the
aquaculture ponds.

Keywords: Image analysis, Oxygen injection, Wastewater treatment, Plunging jet,
Experimental study.
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