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Abstract

There is a vacuum created when water goes past a pipe constriction. Air may be pulled into the main flow by drilling a hole in the pipe near
where the vacuum happens. Venturi aerator is an example of the application in action. A vacuum is formed at the suction holes of the Venturi
tube when there is a small difference in pressure between the input and output sides. To demonstrate the link between total flow rate and
Venturi aerator performance, a Venturi aerator (model 1584) was introduced at a specific point in a Biopipe system. For this purpose, a
physical model on a pilot scale was constructed and installed in an existing sewage treatment plant. Dissolved oxygen concentrations were
measured at four locations along the Biopipe at different values of wastewater flowrates. The study results showed that raising the total flow
rate increased the amount of air injected by the Venturi aerator. When the total flow rate was less than 4 m/hour, the Venturi aerator stops

sucking air and produces negative consequences.
Keywords: Vacuum, Venturi aerator, Biopipe system, Performance.

© 2023 The Authors. Published by the University of Basrah. Open-access article.

https://doi.org/10.33971/bjes.23.1.1

1. Introduction

As the number of people on the earth grows every year, the
need for clean water is rising quickly. People are now more
aware that climate changes and urbanization are likely to cause
less rain in many parts of the world [1]. The problem of
managing water quality has a big impact on how river basins
are planned and how water pollution is stopped. In the last few
decades, the need to keep an eye on the water quality of many
rivers by taking the same measurements of different water
quality variables has changed [2].

Water’s ecological quality is heavily reliant on its oxygen
content. The better the water system, the greater the
concentration of dissolved oxygen must be. Dissolved oxygen
(DO) is a key indicator of water quality and ecosystem health.
Air bubbles entrain oxygen into water. Air bubble entrainment
is used in many industrial and environmental operations to
aerate a liquid [3]. Water aeration is often used to enhance the
quality of lakes and rivers by increasing the concentration of
DO. In aeration, tiny bubbles of air are introduced into a stream
and allowed to ascend through the water column. When there
is a shortage of dissolved oxygen in the system, aeration aids
in its replenishment. DO levels may be raised by introducing a
variety of hydraulic devices that shake up the water and create
air bubbles. Wastewater treatment facilities are estimated to
use around 4 % of the nation's total energy consumption [4].
Over 60 % of the total energy utilized in wastewater treatment
facilities is used in aeration operations [5].

More and more hydraulic and environmental engineers are
discovering the benefits of the relatively new Venturi aeration
method, which has seen an increase in interest recently [6].
Venturi aeration is one of the best methods for increasing
water body oxygen content and air entrainment. Vacuum (air

suction) develops at the venturi tube suction holes when the
input and output sides of the venturi tube have a small
difference in pressure as shown in Fig. 1. High-velocity jet
streams are formed when pressurized operational (motive)
fluids (such as wastewater or water), reach the Venturi tube
entrance. The drop in pressure in the throat part of the venturi
tube is caused by an increase in velocity in the throat segment
due to the differential pressure. This pressure decrease allows
for air to be pushed via the suction ports and dynamically
absorbed into the primary stream. Pressure energy is
transformed back into kinetic energy as the jet stream diffuses
near the venturi tube exit (but at a level lower than the venturi
tube inlet pressure). Venturi tubes are very efficient, needing a
difference of less than 20 percent to commence suction.
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Fig. 1 Venturi tube induced air suction [3].

There are several benefits of using Venturi tubes into water
aeration systems. The Venturi tube requires no external power
to function. It has no moving components, which boosts its
durability and reduces the likelihood of collapse. It's common
for the Venturi tube to be made of plastic, which is resistant to
a variety of chemicals. Maintenance and operator attentions
are low with this device. Simple in design, it's inexpensive in
comparison to other devices with comparable capabilities.
Almost any new or existing system can be made to work with
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this as long as there is enough pressure in the system to provide
the necessary pressure difference. There are no large
concentrations of material in the Venturi tube since it uses a
vacuum principle instead of a pressure concept. There is less
risk of caustic chemicals being released into the atmosphere
via cracks or fractures in the pipe.

2. Venturi tube air injection technique

Diverging tubes convert velocity heads to pressure heads,
whereas converging tubes convert pressure heads to velocity
heads. The two can be joined to create a venturi tube, named
for the Italian scientist who discovered its concept in 1791 [3].
As seen in Fig. 2, it comprises a tube with a narrower throat
that results in a rise in velocity and a decrease in pressure,
followed by a progressively diverging section where the
velocity is converted back into pressure with little frictional
loss.

Points 1 and 2 are located before and at the contraction of
the Venturi tube, see Fig. 2, are used to write the Bernoulli
equation, and in case of ideal liquid, it can be written as:

+z,+ — (1)

Where, p is the pressure (kPa), y is the specific weight
(kN/m3), z is the elevation (m), V is the flow velocity (m/sec),
g is the gravity acceleration (m/sec?), and the subscripts 1 and
2 indicate the first and second points, respectively.

Since z; equals z, Equation (1) may indeed be written as
follows:

L2 2)

We can define the flow rate at point 1 as a function of the
flow rate at point 2 and the ratio of the two flow regions by
using the continuity equation at points 1 and 2.
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Fig. 2 Venturi tube explanation diagram [7].

where A; and A; represent the flow areas at locations of
points 1 and 2, respectively, and Ax/A; represents the ratio of
the Venturi tube's throat flow area to its entrance flow area.
Equation (2) may be solved by substituting 8 value.
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The venturi impact occurs as a result of a decrease in throat
pressure as throat velocity rises. As a consequence of the
differential pressure, the increase in velocity V, through the
throat of the Venturi tunnel causes a reduction in pressure p;
in the throat. Air is dynamically entrained into the motive
stream when the pressure p; in the throat region decreases
below the atmospheric pressure.

3. Literature review

Using inclined plunging water jets, Bagatur et al. (2002)
[8] tested the influence of nozzle shape on air entrainment rate
and oxygen transfer efficiency and came up with promising
results. Baylar et al. (2003) [9] studied the air - entraining rate
and oxygen conversion efficiency of the convergent divergent
passage of the Venturi nozzle with ventilation holes along its
length and in particular the impact of altering the number,
location, and open/close state of the air holes. Bagatur and
Sekerdag (2003) [10] studied the air - entraining rate of circle
nozzles with and without air vents, and in particular, the
influence of various numbers and placements of the air holes
and the distance between air hole sites and the nozzle outlet.
Ozkan et al. (2006) [11] performed a series of laboratory
experiments on tap water for studying the efficiency of air
injection using Venturi aerator considering the effects of many
parameters such as; the dimensions of Venturi aerator and the
pipe at which it is installed, and liquid density and viscosity on
air injection rate. Zhu et al. (2007) [12] investigated the air
entrainment properties in a descending water jet setup with
rectangular nozzles and rounded ends. Zhu et al. (2007) [13]
applied Venturi aerator to aerate the lagoon of fish’s
production and investigated the possibility of increasing its
aeration efficiency by connecting more than one injector and
examined two connection orientations; in parallel and in series.
Khound et al. (2017) [14] investigated, experimentally, the
efficiency of Venturi aerator as an air supply device in its
relation to the hole diameter and location (from the start of the
throat section) under different flow conditions (three values of
flow rates). Bagatur et al. (2018) [15] conducted an
experimental study using tap water to evaluate the
performance of different configurations of Venturi aerators.
The configurations differed in the number of inlet and outlet
pipes.

From the literature review presented above, it can be shown
the impact of wastewater flowrate on air injection using a
Venturi aerator has not been considered in the previous
available studies which highlight the necessity of performing
the present study.

4. Materials and methods
4.1. Description of the biopipe physical model

For the study's main objective, a physical model for the
Biopipe system was designed. With the help of the physical
model, it is possible to determine the amount of dissolved
oxygen in wastewater flowing in the Biopipe according to total
flowrate of wastewater. The physical model was built in the
form of a pilot plant, which will be used for the practical
implementation of Venturi aerator. As seen in Fig. 3, the
physical model is comprised of a DC electric motor linked to
two centrifugal pumps, a storage tank, a sedimentation tank,
PVC pipes, flow meters, and a pressure gauge. It also includes
four taps which were used as sampling points and gate valves
for controlling wastewater flowrate.
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Both the sedimentation tank and the storage tank have a
capacity of 1 m3. The pumping of wastewater was maintained
by the alternative operation of two provided pumps. The two
pumps work in succession, one after the other. The pressure
and flowrate of wastewater were adjusted by the flow meters
and the pressure gauge, respectively. A Venturi aerator was
installed at the beginning of the system for the intent of air
supply.

Wastewater samples were collected from the four sampling
points in order to monitor the DO concentrations along the
Biopipe. The DO concentration was measured by using a
calibrated portable DO meter type B.C OD 125.2. The
wastewater samples were withdrawn at regular intervals at
various values of total flowrate. The properties of influent
wastewater during the operation time of the pilot plant were;
COD is 403 mg/l, TSS is 342 mg/l, pH is 6.94, and NH3-N is
17.3 mg/l.

4.2. Construction of biopipe physical model

The physical model was constructed and installed at the
AL-Baraki Wastewater Treatment Plant in Kufa City, Najaf
Governorate, Iraq. The physical model was installed on this
site in order to maintain the pilot plant's operation by providing
a continuous supply of wastewater. Fig. 4 shows photos of the
model at its installation site.

Legend

(A) DC electric motor (B) Centrifugal pumps

(C) Storage tank (D) PVC pipe

(E) Flow meter (F) Pressure gauge

(G) Gate valve (H) Sampling point Nos.1, 2, 3, and 4
() Venturi aerator. (J) Sedimentation tank.

Fig. 3 Schematic diagram of Biopipe physical model.
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Fig. 4 Photos of the Biopipe physical model.

4.3. Venturi model selection

Selecting the right model of Venturi aerator is necessary to
match the hydraulic conditions and at the same time to supply
the required DO. The four criteria permit the selection of any
air injector model are; inlet pressure, motive flow rate, outlet
pressure, and injection rate [16]. Based on this restriction,
Venturi aerator (model 1584) was chosen. Fig. 5 depicts the
primary component and dimension of this aerator.
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Fig. 5 Specifications of Venturi aerator (model 1584) [16].

5. Results and discussion

The availability of adequate dissolved oxygen (DO) is a
significant indicator of water quality and is necessary for
aerobic biological waste water treatment. The first experiment
was conducted on January 10, 2021 by stabilizing the
wastewater total flow rate at 5 m%hour and then measuring the
DO at the four sampling points every 8 hours. The temporal
variation of DO is shown in Fig. 6.
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Fig. 6 DO variation with time at the locations of the four sampling points for
total flowrate of wastewater equals 5 m%hour.

Fig. 6 shows that the DO concentration increases as the
running time increases, and the maximum values are reached
after 24 hours of plant operation. After 24 operation hours, the
highest DO concentration was at sampling point No.2 which
equals 4.98 mg/l. The figure shows, also, that there is a jump
in the value of the DO concentration at all the locations of
sampling points at the 8th hour of plant operation, followed by
a slight rise in the DO concentrations beyond this hour.

A second experiment was conducted by raising the overall
flow rate to 8 m3/hour and measuring the DO at all the
sampling points and the results are shown in Fig. 7. During the
first 8 hours of plant operation, the DO values were somewhat
lower than those observed in the first experiment, but beyond
this period, the DO concentrations were greater than those in
the first experiment. The maximum value of DO was 5.26 mg/|
and sampling point No. 2.
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(d) Sampling point No. 4.

Fig. 7 DO variation with time at the locations of the four sampling
points for total flowrate of wastewater equals 8 m*/hour.

The total flow rate was raised to 9 m¥hour in the third
experiment, and the concentration of DO was measured at each
sampling point. The measured DO concentrations in this
experiment were higher than those in the first two experiments.
Herein, the maximal DO was measured at locations No. 2 and
3 which were 5.64 and 5.75 mg/I, respectively.

To show the distribution of DO along the entire length of
the Biopipe system, the measured values were consistently
gathered in Fig. 9 after 24 hours of plant operation. Fig. 9
shows that when the system's total flowrate was increased to
its maximum value, the DO reached its highest levels.
Maximum DO values were observed at sampling point No. 3
and at the maximum total flow rate (9 m%hour).
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Fig. 8 DO variation with time at the locations of the four sampling
points for total flowrate of wastewater equals 9 m¥/hour.
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Fig. 9 DO concentration distribution along the Biopipe for different total
flowrate values.

6. Conclusions

The main outcomes of this study include:

1. The concentration of DO increases with the increase of
operation time. The first eight hours of trials and for all
flow rate values, a significant rise in DO concentration
values was found; however, beyond this period, the
increase becomes minimal.

2. The DO increases with the increase of total flowrate. When
the total discharge was 9 m%hour, the greatest value of DO
was obtained which was 5.75 mg/I.

3. The value of the DO increased with the distance along the
Biopipe until the mid-span was reached. After that point,
the DO concentration slightly decreased over the
remaining length of the pipes.

4. When the total flowrate reached a value of 4 mnhour,
Venturi aerator model (1584) ceased to inject air into the
Biopipe.
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