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Abstract

The entry of large volumes of industrial effluents containing organic pollutants and dyes into water has
made pollution an important issue and led to more attention being paid to advanced oxidation processes
for industrial wastewater treatment. Cavitation, due to its ability to produce active free radicals, is a
technique that has been considered to increase the efficiency of water and wastewater treatment processes
in order to remove organic chemical compounds and decompose pollutants resistant to biological
decomposition. The purpose of this research is to use hydrodynamic cavitation to remove the methyl
orange dye and optimize the operating parameters for color removal efficiency. For this purpose,
cavitation was produced through the use of a pump and an orifice plate with a 4 mm diameter hole, and
methyl orange with a concentration of 2 mg/L was tested at each stage. In the following, the effect of
operating parameters, including pressure in the range of 0.5 to 6.5 bar, temperature in the range of 8 to 40
°C, pH in acidic, neutral, and alkaline conditions after 135 minutes was determined to achieve the
maximum decolonization in optimal conditions. In this study, optimal conditions for achieving the
highest removal efficiency (51.7%) were obtained at an inlet pressure of 5.5 bar and a cavitation number
of about 0.14 (Ca=~0.14). The results of this investigation showed that the decomposition and removal of
methyl orange dye using the hydrodynamic cavitation method is sensitive to the pH of the solution,
especially in acidic conditions, which are more suitable conditions for the production of hydroxyl radicals
than in alkaline conditions, and has higher efficiency in acidic conditions. Also, increasing the
temperature of the solution due to the effect on the saturated vapor pressure will increase the
decolonization rate.

Keywords: Hydrodynamic Cavitation, Cavitation Number, Operational Parameters, Organic
Pollutants, Dye.
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Experimental investigation of hydrodynamic cavitation ...

1. Introduction

The pollution of water bodies by the industrial
effluent, especially the dyeing industry, has
become a problem and threatens human health
and the environment (Yang et al., 2017). Every
year, more than ten thousand different types of
synthetic dyes are produced in the world, causing
concerns about water pollution (Saharan et al.,
2011).

Usually, the effluents of these industries
contain high amounts of dyes and organic
pollutants with complex compounds, high BOD
and COD, which, firstly, have Ilow
biodegradability and, more importantly, do not
have constant quality. Low biodegradability and
the possibility of cancer even in very small
amounts increases the concerns (Randhavane
Shrikant, 2019; Sejie and Tabbiruka, 2016).

Currently, various advanced oxidation
processes are used alone or in combination with
other methods to decompose and remove dye and
organic pollutants from water which, in addition
to removing the target pollutant, also have some
disadvantages (Zhang et al., 2018; Mancuso et
al., 2020).

The purpose of this research is to use
hydrodynamic cavitation to remove methyl
orange dye and optimize the operating
parameters for decolorisation. For this purpose,
cavitation was produced through the use of a
pump and an orifice plate with a 4 mm diameter
hole, and methyl orange with a concentration of
3.52 mg/L was tested at each stage. In the
following, the effect of operating parameters
including pressure in the range of 0.5 to 6.5 bar,
temperature in the range of 8 to 40 °C, pH in
acidic, neutral and alkaline conditions after 135

minutes in order to achieve the maximum
decolorisation in optimal conditions was
determined.

2. Materials and methods

In each stage of this research, the initial input
solution was added to the tank, and for a duration
of 15 minutes, the flow was recirculated back to
the tank by the pump and through the bypass
path, to ensure effective mixing. After the initial
start-up, the bypass path was closed, and the flow
in the main line and with determined conditions
(pressure, pH, and temperature) entered the
cavitation reactor, and sampling was done from
the lower valve of the tank at time points of 0,
45, 90 and 135 minutes.

In this research, the effect of inlet pressure
parameters (in the range of 0.5 to 6.5 bar),
circulation times in the system, inlet pollutant
concentration (in 2 values of 2 mg/L and 3.5
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mg/L), temperature (in 4 values of 8, 22, 30 and
40 degrees Celsius) and solution pH (in acidic,
neutral and alkaline  conditions)  were
investigated separately. Also, the pressure
parameter was continuously controlled by
pressure gauges.

The concentration of the methyl orange
pollutant could be calculated based on the
changes in the absorption rate, and the amount
and percentage of color removal of the samples
in this research were measured and evaluated by
a spectrophotometer using calibration at a
wavelength of 464 nm, and then the percentage
of pollutant removal from water was calculated.

3. Results and discussion

3.1. Effect of inlet pressure

According to the inlet pressure and the recovered
pressure downstream, followed by the calculation
of the cavitation number, it can be seen that with
increasing inlet pressure from 0.5 to 6.5 bar, the
cavitation number decreases from 4.29 to 0.075.
The results show that by decreasing the
cavitation number up to 0.14, pollutant removal
increases and reaches 51.7%, and further, the
removal efficiency decreases.

Observations during this process show that by
decreasing the cavitation number, more cavities
are creating in the reactor; they deteriorate and
collapse (visible in the line consisting of
plexiglass tubes), which leads to the formation of
more active hydroxyl radicals in the reactor, and
finally increases efficiency of pollutant removal.
3.2. Effect of circulation times in the
reactor
The results of this phase show that as the
retention time in the system increases, the
number of times the fluid circulates in the system
increases, and then the efficiency of pollutant
removal from water increases. This increase in
efficiency is due to the collision of more
molecules with the collapsed cavities, followed
by more contact with shock waves and active
hydroxyl radicals as an oxidizing agent.

3.3. Effect of initial concentration of the
pollutant

It has been shown that in the same condition, the
efficiency of a lower concentration will be
higher. Conversely, while the initial pollutant
concentration is higher, the decolorisation rate
will be higher. Although the dye removal
efficiency may be close in both tests after more
time, a higher initial concentration will have a
faster rate of pollutant removal.
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3.4. Effect of temperature
The temperature of the solution has an effect on
the saturated vapor pressure of the liquid, and
according to the standard tables, increasing the
temperature of the solution leads to an increase
in the saturated vapor pressure. Based on the
results, since in the process of cavitation, the
expectation is that the pressure after the orifice
plate (assuming cavitation occurs) will decrease
below the vapor pressure, therefore, with the
increase in the temperature of the solution
entering the reactor, the saturated vapor pressure
will increase, and in the process of cavitation, the
pressure will decrease. Therefore, by increasing
the temperature of the inlet solution, the
efficiency of decomposition and removal of
methyl orange pollutants will increase.

In addition, based on the kinetic theory,
increasing the temperature of the solution
intensifies molecular movements, which results

in the acceleration of chemical oxidation
between oxidizing agents and pollutant
molecules. Also, increasing the temperature

increases the reaction rate of hydroxyl radicals
and increases the collision rate (between
pollutant molecules and radicals).

3.5. Effect of pH
The results indicate that the pH of the solution is
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an important parameter in determining the
effectiveness of hydrodynamic cavitation due to
the possibility of influencing the chemical
properties of the solution and the possible
location of the dissolved substance.

The results show that the effect of pH on the
removal efficiency of methyl orange pollutant is
slightly better in acidic conditions than in neutral
conditions. But in alkaline conditions, the
removal efficiency decreases relatively. The
reason for this is the molecular structure of
methyl orange in acidic and alkaline conditions.

4. Conclusion

The results of this research show that using the
hydrodynamic cavitation method to decolorize
water is an efficient method that has the ability to
decompose and remove this pollutant from water
without any byproducts.

The maximum removal efficiency at 5.5 bar
pressure (cavitation number 0.14) was achieved
by 51.7% and after that, the efficiency decreases.
The main parameter affecting the efficiency of
cavitation in this process, apart from the
geometry of the orifices, is the cavitation
number, which plays a major role in the
beginning of this process.
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inlet

V=70L
By pass

Reactor No. 1: Steel Cavitation Reactor

Reactor No. 2: Plexiglass Cavitation Reactor

VO0: Sampling/Drainage Valve

V2: Inlet Valve to Reactor No. 1

V3: Outlet Valve from Reactor No. 1 (Controlling
downstream pressure)

V4: Bypass Valve

V5: Inlet Valve to Reactor No. 2

V6: Outlet Valve from Reactor No. 2 (Controlling
downstream pressure)

G1: Inlet pressure measuring gauge for reactor No.
1 (Upstream)

G2: Outlet pressure measuring gauge for reactor
No. 1 (Downstream)

G3: Inlet pressure measuring gauge for reactor No.
2 (Upstream)

G4: Outlet pressure measuring gauge for reactor
No. 2 (Downstream)

Fig. 1. Schematic representation of hydrodynamic cavitation reactor set-up
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Table 2. Orifice hydraulic specifications
(Hole size: 4 mm)

Inlet pressure Q Cavitation number

(Bar) (L/s) (Ca)
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3.5 0.197 0.47
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6.5 0.272 0.075
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Fig. 2. Effect of cavitation number on the degradation
rate of Methyl Orange (MO)
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Fig. 6. Effect of initial concentration on the degradation
rate of MO Phase 1) Co=2mg/L and
Phase 2) Co=3.3 mg/L
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