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Abstract

The dimensions of bubbles were measured in a stirrer tank electrochemical reactor, where the analysis of the bubble size
distribution has a substantial impact on the flow dynamics. The high-speed camera and image processing methods were used to
obtain a reliable photo. The influence of varied air flow rates (0.3; 0.5; 1 I/min) on BSD was thoroughly investigated. Two types of
distributors (cubic and circular) were examined, and the impact of various airflow rates on BSD was investigated in detail. The
results showed that the bubbles for the two distributors were between 0.5 and 4.5 mm. For both distributors at each airflow, the
Sauter mean diameter for the bubbles was calculated. According to the results, as the flow rate raised, the bubble size for cubic
distributors increased from 2.35 to 2.41 mm and for circular distributors from 2.76 to 2.88 mm.
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1- Introduction

Many industrial processes generate toxic and polluted
wastewater that is difficult to degrade and requires costly
physical or physic-chemical treatments [1]. One of the
most essential and efficient treatment methods is electro-
oxidation, which has become a viable alternative for
wastewater treatment via redox reactions. As a result, the
electrochemical reactor (ECR) systems have great interest
daily [2, 3].

The continuous stirred tank electrochemical reactor with
gas-liquid flow is commonly used in wastewater
treatment plants as multiphase reactors. Bubble reactors
are employed in several process industries because of
their simple structure and ease of use [4]. The dispersed
aeration is the dominant parameter that enhances oxygen
transmission in several applications. The aeration
involves the diffusion of air into the liquid in the form of
bubbles through small holes of a distributor [5]. The
performance of gas-liquid systems is affected by the
dispersion of the gas into the reactor. Tiny bubbles with a
uniform distribution over the equipment's cross section
are preferred to increase the interfacial area and enhance
transport phenomena [6].

One of the most critical parameters impacting the
efficiency of this form of operation is the contact time of
air bubbles with the liquid. The contact time depends on
the size of the bubble, its terminal velocity, diffuser
submergence, and water velocity [7]. The speed of a
bubble in a continuous fluid is affected by many physical

properties, such as the density, viscosity, and surface
tension of both gas and liquid, as well as by outside
factors, such as mixing conditions [8].

The bubble size distribution (BSD) is a significant
parameter in reactor design and the performance of gas-
liquid contact [9]. Large bubbles prefer to escape quickly
at the top surface, whereas tiny bubbles are more likely to
reach the side wall and mold depth. Also, tiny bubbles
increase the gas-liquid interface area, the contact time
between the air bubble and the water rises, and the mass
transfer process and flow behavior change [10,11]. For
optimizing bubble reactor processes, knowing the BSD in
the specific system under various operating conditions is
crucial. However, the BSD in an industrial bubble reactor
is extremely challenging to quantify. In order to analyse
the bubble size, various types of laboratory-scale bubble
reactors have been used [12]. Intrusive and non-intrusive
techniques can be used to measure BSD. Non-intrusive
techniques, such as image analysis of bubble photos, are
often favored since they do not impact the reactor's
hydrodynamics [13-15]. The high-speed camera captures
the bubble images directly, retrieving image features
through digital image processing to determine bubble
sizes and their distribution [16,17].

The goal of this work is to figure out the bubble size
distribution for two types of distributors in a continuous
stirred tank electrochemical reactor and figure out the
Sauter mean diameter for each distributor at different air
flow rates.
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2- Experimental Work

Using a camera (Nikon D750, 1/20000s), 24
megapixels, and an objective lens (Nikon 40X),
connected to a high-speed flash source (NiceFoto n4).
The camera was also connected to the PC (Laptop type
Lenovo Legion y530) to analyze the images by computer
programming. All parts of the camera were self-
assembled and designed. The dimensions of the bubbles
were photographed in a glass box with dimensions of (15
cm x 22 cm x 17cm) in length, width, and height,
respectively. Air bubbles were introduced through the
distributor in the test region of the box at the required
flow rate. The camera and the flash were operated.
Images were taken of the bubbles while they were rising
throughout the water. These images appeared on the
laptop screen and were recorded. Images were captured
near the box wall nearest the camera, pointing at the
reactor's centerline to reduce image distortion. In this
situation, the bubbles along the wall are assumed to be
typical of those within the box. Two types of distributors
were tested, cubic (sands and stone; 12 x 25 mm) and
circular (sands and stone, plastic; 10.1 x 6.9 x 1.2 cm;
hole diameter: 3 mm). Each air distributor was
photographed at (0.3, 0.5, 1 I/min) air flow rates. Several
images were captured while the bubbles were rising in the
liquid, and then the photos were processed by ImageJ
software [18] to calculate the size of the bubbles. A
reference scale was used for calibration, and after that, an
‘analysis tool' was used to measure the effective bubble
diameter. Fig. 1 shows the schematic diagram of the lab-
scale system.

The bubble size distribution was characterized by Sauter
mean diameter (ds). Its expression is given by Eq. 1 [19]:

_Z:nidi3
ds _Znidiz (1)

Where d; is the bubble diameter (mm) and n; is the
number of bubbles of diameter d;. The relative frequency

can be determined as the ratio between the number of
bubbles in each range and the total number of bubbles.
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Fig. 1. Schematic Diagram of the Lab-Scale System
3- Results and Discussion

The photographic method was used to determine the
size of the bubbles at different air flow rates (0.3; 0.5; 1
I/min).

Fig. 2, and Fig. 3 show the photographed bubbles at 0.3;
0.5; 1 U/min for cubic and circular distributors,
respectively. The only clear images in all the photographs
are of bubbles near the vessel wall. Some bubbles do not
have a perfect sphere shape, but an oblate spheroid can be
used to approximate it. It can also be observed that the
bubble size is not uniform in all images. The ImageJ
program processed the photos, and the Sauter mean
diameter of the bubble for each distributor was calculated.

Fig. 4 shows the cubic distributor's BSD. It can be
observed from Figure 4 at a flow rate of 0.3 I/min that
bubbles with diameters ranging from 2 to 2.5 mm have a
greater relative frequency when compared to other ranges.
Furthermore, with approximately 40%, the 2-2.5 mm
range was the most dominating. At an airflow rate of 0.5
I/min, bubbles with diameters ranging from 1.5 to 2 mm
have a higher relative frequency of 0.37. As a result, the
size range between 1.5-2 mm was the most dominating
range. Figure 4 presents BSD at a flow rate of 1 I/min.
Bubbles with sizes between 1 and 1.5 mm have a relative
frequency of 0.37. The lowest relative frequency was
observed between the bubble diameters of 0.5-1, 3-3.5,
and 3.5-4 mm.

Fig. 2. Cubic Distributor Bubbles (a: 0.31/min; b: 0.5 I/min; c: 1 I/min)
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Fig. 5 shows BSD for a circular distributor at 0.3, 0.5,
and 1 I/min. At air flow rate of 0.3 I/min, Fig. 4 indicates
that the higher relative frequency was at bubble size from
1.5 to 2 mm range which reached 0.47; thus, the size
range between 1.5-2 was the most dominating range. At
0.5 I/min, the same dominant range was observed with a
relative frequency of 0.3. In comparison, the lowest
relative frequency was in the size range between 4-4.5
mm. Figure 4 noted that at 1 I/min, the lowest relative
frequency was observed between the bubble diameters of
3.5-4 mm. The most dominant range (approximately
35%) was clearly between 0.5-1 mm.
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Fig. 4. BSD for Cubic Distributor (0.3 I/min; 0.5 I/min; 1
1/min)

Table 1 represents the Sauter mean diameter (ds) value
for the bubbles of cubic and circular distributors
calculated from Eq. 1. At 0.3 I/min, the cubic distributor
bubbles' size was equal to 2.35 mm, which is smaller than
the size of the bubbles for the circular distributor (2.76
mm). As the airflow increases, the bubble size of both
distributors increases from 2.35 mm to 2.41 mm for the
cubic distributor and from 2.76 mm to 3.88 mm for the

(b)

Fig. 3. Circular Distributor Bubbles (a: 0.3 I/min; b: 0.5 I/min; c¢: I/min)

circular distributor, but the bubble size of the cubic
distributor remains smaller than the bubble size of the
circular distributor. This increase in the size of the
bubbles occurred because the airflow rate directly
contributes to the bubble expansion process during bubble
formation. The higher the flow rate, the faster the bubble
forms, resulting in a larger bubble size. Since it is known
that the smallest bubble size is the best air distributor
thus, the cubic distributor has been selected.
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Fig. 5. BSD for Circular Distributor (0.3 I/min; 0.5 I/min;
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Table 1. The Value of Sauter Mean Diameter for the
Bubbles of Cubic and Circular Distributor

Air flow rate ds (mm)
(I/min) Cubic distributor Circular distributor
03 2.35 2.76
05 2.38 2.98
1 2.41 3.88
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4-  Conclusion

BSD and the Sauter mean diameter for the two-phase
continuous stirred tank electrochemical reactor were
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measured photographically. Two types of distributors
were studied at different air flow rates (0.3; 0.5; 1 I/min).
The results show that the highest relative frequency for a
cubic distributor at 0.3 I/min was at bubble diameters
ranging between 2 to 2.5 mm. In comparison, at 0.5 I/min
the bubbles with diameters ranging from 1.5 to 2 mm
have a higher relative frequency. The bubble size range
between 1-1.5 mm has a higher relative frequency at 1
I/min. For circular distributor, the highest relative
frequency ranged between 1.5-2 mm at 0.3 I/min and 0.5
I/min, 0.5-1 mm at 1 I/min. The Sauter mean diameter of
the bubbles was increased with an increase in the airflow
rate for each distributor. Still, the cubic distributor has a
smaller bubble size than the circular distributor under all
conditions.
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