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Ship transportation has become one of the world's main commodities. There are many 
ways to improve the efficiency of sea transportation, one of them by reducing the 
resistance on the hull of the ship. The ship drags reduction technique that will be 
investigated in this experiment is the bubble drag reduction technique. In this 
simulation, microbubble injection analysis will be carried out to find the flow efficiency 
on the flat plate in the numerical calculation of ANSYS FLUENT. The equation that will 
be used in this simulation is Navier Stokes equation and the method that will be used 
is volume of fluid where the dimensions of the geometry are 90mm x 10mm with the 
injection bubble located on a flat plate wall with a distance of 30mm from the x-axis. 
The variations carried out are variations in bubble injection speed of 0m/s, 10.9m/s, 
21.8m/s, and 32.7m/s. Then 10 points will be given with a distance of 0.003mm from 
the plate wall to determine the fluid flow velocity and determine the efficiency of each 
flow. Efficiency from each simulation is 87.06%, 88.16%, 90.5%, and 84.41%. There is 
an increase in flow efficiency with the help of micro bubble injection at speeds of 10.9 
m/s and 21.8 m/s, respectively, an increase in efficiency of 1.1% and 3.44% which 
results in the highest efficiency in this simulation. Turbulence resulting from bubble 
injection starts to appear at a speed of 32.7 m/s thereby reducing the flow velocity and 
making the efficiency decrease by 2.6%. The flow efficiency increases with the injection 
of micro bubbles and has the highest value at a speed of 21.8 m/s then the efficiency 
begins to decrease at a speed of 32.8 m/s due to turbulence. 
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1. Introduction 
 

Resistance can be thought of as the net force in the direction opposite to the direction of fluid 
motion [1-3,5-8]. The boundary layer appears when the fluid flows over the surface. A boundary layer 
as a thin layer in the liquid adjacent to a wall or surface that develops due to viscosity [10,11,14-
16,19]. The effect of the boundary layer can be seen in Figure 1 below. In this velocity image, the 
profile velocity as it approaches the flat plate is uniform, after arriving at the surface the profile 
velocity changes instantaneously in the area closest to the wall. Inside the boundary layer, the 
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velocity profile of the fluid flows from zero at the wall or solid surface and gradually increases to a 
constant value, which is the flow velocity outside this region. 

This effect is depicted in Figure 2 where the non-dimensional velocity 𝑈/𝑈e is nearly zero when 
close to the wall, i.e. for small values of 𝑦/δ. As the liquid moves away from the wall and towards the 
top of the boundary layer, the velocity increases rapidly until it reaches the value of the flow velocity, 
for example, 𝑈/𝑈e =𝑦/δ=1. The velocity of the fluid on the wall is zero because the non-slip condition 
of the solid wall causes the fluid particles to stick to the wall. The thickness of the boundary layer 
increases as the flow moves downstream. 

 

 
Fig. 1.  Boundary layer depiction [4] 

 

 
Fig. 2. The non-dimensional velocity 
profile of the boundary layer [4] 

 
There has been previously extensive research on the effects of microbubble gas injection as a 

drag reduction method. The findings of previous studies are in a positive direction, giving the value 
of inhibition reduction of up to 80 and 90 percent, respectively. The drag reduction mode occurs 
because the microbubbles create a lubricating layer within the boundary layer which reduces the 
interaction between the fluid and the wall. Instead of the liquid particles sticking to the walls, they 
flow relative to the microbubbles. It is important to note that this method of reducing resistance, 
although theoretically effective, can depend on several factors such as flow rate, relative density, 
type of microbubble gas and others. In this simulation, we will see a comparison of the efficiency of 
various bubble injection speeds. 

 
2. Methodology 
2.1 Governing Equations 
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The study by [9] produced a single-phase computational fluid dynamics model to observe the 
flow of microbubbles over a flat plate. In the study of [9], water injection and microbubbles were 
modelled as a mass source in the first layer of cells on a flat plate. By varying the properties of the 
gas used for microbubble injection, this study attempted to determine the role of mixture density 
and density ratio in drag reduction. The coefficient of friction can be defined as friction per unit area 
divided by the numerator [20]. This coefficient of friction depends on the Reynolds number (Re). 

To be effective in determining flow behavior, several systems of equations are used. Due to the 
turbulent nature of the model, the Reynolds-averaged Navier-Stokes (RANS) equation [9] was used 
to model the flow. The RANS equation is used because it allows for instantaneous flow properties to 
be obtained by looking at the combination of the average flow properties and the disturbance values. 

 

 
(1) 

 

 
(2) 

 
In the equation of conservation of momentum, the factor of -⅔ is presented according to the 

Stokes hypothesis. The use of this equation by the solver can be a potential source of error in 
calculations. The Stokes hypothesis stating that the coefficient of bulk viscosity is equal to zero was 
taken as a law for more than a century and is still a topic of controversy in fluid mechanics. While this 
factor can be thought of as a monatomic gas, it actually has a much larger positive number. There is 
experimental evidence to show that this factor is almost equal to 1000 for CO2 [18]. However, the 
term here is related to the enlarging factor, which can be neglected when the expansion viscosity is 
very small [17]. In modelling it is used to observe incompressible flow on a wide scale and the ANSYS 
formulation as well as by [9] can be considered sufficient for this simple model. 

In the equation shown, density and viscosity are mixtures. This allows calculations to combine 
the effects of both species. The density of the mixture is calculated using the volume-weighted mixing 
law. Based on the recommendations of the ANSYS theoretical guide, the viscosity of the mixture can 
be calculated using the mass fraction of the average pure species viscosity due to the component-
dependent model. This equation is also used by [9] to calculate the viscosity of the mixture and 
recommend this model. This model seeks to use a simple method that can effectively model the 
effectiveness of reducing the microbubble barrier and increasing it. There are other methods for 
viscous mixtures that can yield better results, such as Kirchhoff's law for mixed viscosities. 

 

 
(3) 

 

 (4) 
 
It is well documented that roughness affects the resistance experienced by fluids in motion. 

Generally, the roughness acts to limit the movement of the fluid along the wall, causing the fluid 
particles to adhere further to the wall. This increases the viscous drag and shear stress, decreasing 
the value of the average velocity profile in the boundary layer. In the solver, the modified wall law 
for roughness is used to analyse flow behaviour due to wall roughness (ANSYS). The wall law is 
modified to include the intercept, which depends on the roughness height, +, and the roughness 
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constant, r. This legal treatment uses the definition of the flow regime proposed by [12], where k is 
the average roughness height and + indicates the normalization of the roughness height with the unit 
wall [3]. The relationship is seen by using a system of equations. 

 

 (5) 

 
The wall coordinates are defined as 
 

 
(6) 

 
The wall function is defined as 
 

 (7) 
 
The frictional velocity is defined as 
 

 
(8) 

 
Intercepts are defined using the relationship below 
 

 
(9) 

 
In this case, 𝑓𝑟 is a roughness function that depends on the roughness condition because 

currently there is no universal function for all cases. 
The governing equations consist of the conservation of mass, Eq. (10), and momentum, Eq. (11). 
 

 
(10) 

 

 
(11) 

 
in which ρ, t, 𝑈 →, P, and μ donate density, time, velocity vector, pressure, and dynamic viscosity, 
respectively. 𝐹st is the surface tension force acting at the interface of two immiscible phases. The 
gravitational acceleration has been neglected since the length scale is in the order of a few microns. 
In the VOF model, an additional continuity equation is solved to track the interface for the volume 
fraction of Phase p. 𝛼𝑝 is a representation of the phase advection. 

 

 
(12) 

 
The portion of each computational cell filled with a specific phase is determined by the volume 

fraction of that phase using the following ally called an "indicator function", to determine the 
different phases as well as the position of the interface [13]. This method demonstrates higher 
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flexibility in handling topological changes and is, therefore, more suitable for microbubble simulation 
in ideal conditions. 

 
2.2 Computational Fluid Dynamics Setup 
 

Computational Fluid Dynamics (CFD) is a field that, while effective, can have many obstacles that 
can quickly become a stumbling block for investigators. It is very important to use the correct 
modelling so that get optimal results. To perform CFD analysis, there are several tools software that 
are commercially available and can be selected by the researcher. For this research, the ANSYS 
program is used to model and simulate system behaviour the purpose is simply to compare and test 
theories and perform analysis. It was chosen because of its strong track record, commercial 
availability and due to the fact that this software has been used to model the system [9]. 

The geometry is made with a size of 90 mm x 10 mm with a microbubble inlet on the top wall at 
a distance of 30 mm from the x-axis. The wall in the section on the geometry measuring 30 mm is the 
slip wall, then the rest is the non-slip wall. The geometric design can be seen in Figure 3 below. 

 

 
Fig. 3. Geometric design 

 
The meshing made in this experiment uses an element size of 0.0001 so that a meshing of 90010 

elements is obtained so that a dense meshing form is obtained so that the data is more convergent. 
The computational models chosen are:  

i. Volume of Fluid  
ii. Viscosity – k and ω 
 
The k and ω models are used for modelling turbulence. The values of k and are selected as 1.2 × 

10−5 and 1.2 × 10−3 respectively and the values of this are selected for system initialization. The 
selected ingredients are water (liquid) and carbon dioxide for the mixed model which allows the 
model to accurately predict the behaviour of the two interacting fluids as a mixture. For the fluid 
zone, water is selected as the upstream liquid and carbon dioxide gas to act as injected microbubbles. 

The cell zone is set to accurately mimic the flow and injection conditions of micro bubbles. There 
are two differences for cell zones with both zones defined as fluid. The first zone assignment is the 
microbubble injection area, which is designated as the source term for CO2 set at a level that matches 
the values by [9]. The second cell zone which serves as the microbubble injection zone, this area is 
defined as the fluid zone. 

The inlet was defined as an inlet velocity limit condition using values of 10.9 s and 4.2 s which are 
consistent with the values used by [9]. Symmetry boundary conditions are used at the leading edge 
of the domain as well as the far-field system which effectively predicts the behaviour of flat plates in 
waterways. The no-slip boundary condition is applied to all walls which makes the plate act as a flat 
plate. A constant pressure limit condition is applied at the outlet. System initialization using the inlet 
as a reference point allows the simulation to adopt the values of k and ω as initial guesses. 
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3. Results 
 

In the resistance reduction experiment with microbubbles, 4 simulations were carried out with 
differences in flow velocity at the water inlet, namely 0 M/S, 10.9 M/S, 21.8 M/S, and 32.7 M/S. 
Variation of the inlet with a speed of 0 M/S will be used as a flow reference in the absence of incoming 
bubbles. Iterations selected in conducting the simulation amounted to 20 per timestep with a 
number of timesteps of 500 and the time of each timestep of 0.001s. Total The timesteps performed 
in one simulation experiment are 10000. 

In calculating the fluid flow velocity, 10 points are entered to calculate flow speed. The form of 
visualization after the inclusion of these 10 points can be seen in Figure 4. 

 

 
Fig. 4. Injection speed calculation point 0 m/s 

 
The black round dot is the point where the fluid velocity calculation is carried out and the blue 

box is the injection site for micro bubbles into the system. The results are then exported and the fluid 
flow velocity can be seen in Table 1 below. The same thing was done at the inlet speed of 10.9 m/s, 
21.8 m/s, and 32.7 m/s (Table 2-4). 
 

Table 1 
Injection speed 0 m/s at 10 points 
No X Y Z Velocity (m/s) 
1 0.03 -0.0003 0.0000506 10.7 
2 0.035 -0.0003 0.0000506 10.4 
3 0.04 -0.0003 0.0000506 9.97 
4 0.045 -0.0003 0.0000506 9.63 
5 0.05 -0.0003 0.0000506 9.38 
6 0.055 -0.0003 0.0000506 9.20 
7 0.06 -0.0003 0.0000506 9.06 
8 0.065 -0.0003 0.0000506 8.94 
9 0.07 -0.0003 0.0000506 8.85 
10 0.075 -0.0003 0.0000506 8.77 
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Table 2 
Injection speed 10.9 m/s at 10 points 
No X Y Z Velocity (m/s) 
1 0.03 -0.0003 0.0000506 10.6 
2 0.035 -0.0003 0.0000506 10.3 
3 0.04 -0.0003 0.0000506 9.93 
4 0.045 -0.0003 0.0000506 9.69 
5 0.05 -0.0003 0.0000506 9.52 
6 0.055 -0.0003 0.0000506 9.39 
7 0.06 -0.0003 0.0000506 9.29 
8 0.065 -0.0003 0.0000506 9.20 
9 0.07 -0.0003 0.0000506 9.12 
10 0.075 -0.0003 0.0000506 9.06 

 
Table 3 
Injection speed 21.8 m/s at 10 points 
No X Y Z Velocity (m/s) 
1 0.03 -0.0003 0.0000506 10.6 
2 0.035 -0.0003 0.0000506 10.2 
3 0.04 -0.0003 0.0000506 9.96 
4 0.045 -0.0003 0.0000506 9.85 
5 0.05 -0.0003 0.0000506 9.78 
6 0.055 -0.0003 0.0000506 9.73 
7 0.06 -0.0003 0.0000506 9.70 
8 0.065 -0.0003 0.0000506 9.65 
9 0.07 -0.0003 0.0000506 9.61 
10 0.075 -0.0003 0.0000506 9.57 

 
Table 4 
Injection speed 32.7 m/s at 10 points 
No X Y Z Velocity (m/s) 
1 0.03 -0.0003 0.0000506 10 
2 0.035 -0.0003 0.0000506 9.34 
3 0.04 -0.0003 0.0000506 8.47 
4 0.045 -0.0003 0.0000506 6.91 
5 0.05 -0.0003 0.0000506 7.14 
6 0.055 -0.0003 0.0000506 10.01 
7 0.06 -0.0003 0.0000506 10.02 
8 0.065 -0.0003 0.0000506 10.03 
9 0.07 -0.0003 0.0000506 10.04 
10 0.075 -0.0003 0.0000506 10.05 

 
After the fluid flow velocity from the four simulations with variations in air injection speed from 

0 M/S, 10.9 M/S, 21.8 M/S, and 32.7 M/S was obtained. Three simulations with speeds of 10.9 M/S, 
21.8 M/S, and 32.7 M/S were then compared each with a simulation of 0 M/S to obtain the effect 
and efficiency of the microbubble injection. In seeking efficiency, the average velocity of the two 
simulations was calculated and compared with the difference in fluid flow velocity at a distance of 
0.0003m from the wall. The calculation of the average speed can be seen in Table 5-7 below. 
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Table 5 
Simulation Comparison of 0 M/S with 10.9 M/S 
No Injection of 0 m/s Injection of 10.9 m/s 
1 10.7 10.6 
2 10.4 10.3 
3 9.97 9.93 
4 9.63 9.69 
5 9.38 9.52 
6 9.20 9.39 
7 9.06 9.29 
8 8.94 9.20 
9 8.85 9.12 
10 8.77 9.06 
Mean 9.49 9.61 

 
Table 6 
Simulation Comparison of 0 M/S with 21.8 M/S 
No Injection of 0 m/s Injection of 21.8 m/s 
1 10.7 10.6 
2 10.4 10.2 
3 9.97 9.96 
4 9.63 9.85 
5 9.38 9.78 
6 9.20 9.73 
7 9.06 9.70 
8 8.94 9.65 
9 8.85 9.61 
10 8.77 9.57 
Mean 9.49 9.865 

 
Table 7 
Simulation Comparison of 0 M/S with 32.7 M/S 
No Injection of 0 m/s Injection of 32.7 m/s 
1 10.7 10 
2 10.4 9.34 
3 9.97 8.47 
4 9.63 6.91 
5 9.38 7.14 
6 9.20 10.01 
7 9.06 10.02 
8 8.94 10.03 
9 8.85 10.04 
10 8.77 10.05 
Mean 9.49 9.201 

 
From the table above, it can be seen that the average speed of the injection with a velocity of 0 

m/s is 9.49 m/s and the average speed of the injection of 10.9 m/s is 9.61 m/s. Due to the flow of 
water in the system of 10.9 m/s, the resulting increase in efficiency is 1.1%. The average speed of 
injection with the velocity of 0 m/s is 9.49 m/s and the average speed of injection is 21.8 m/s is 9,865 
m/s. Due to the flow of water in the system of 10.9 m/s, the resulting increase in efficiency is 3.44%. 
Meanwhile, the average speed of injection with a velocity of 0 m/s is 9.49 m/s and the average speed 
of injection at 32.7 m/s is 9.201 m/s. Because the water flow in the system is 10.9 m/s, the efficiency 
is reduced by 2.6%. 
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In the experimental analysis of microbubbles in reducing resistance with variations in injection 
speed, 4 simulations were carried out. The results can be seen in Figure 5-8 below, where the X axis 
represents the point and the Y axis represents velocity. 

 

  
Fig. 5. Velocity of 0m/s Fig. 6. Velocity of 10.9m/s 

  

  
Fig. 7.  Velocity of 21.8m/s Fig. 8. Velocity of 32.7m/s 

 
4. Conclusions 
 

The first simulation uses 0 m/s injection speed to obtain fluid velocity data at a distance of 0.0003 
mm from the wall without being influenced by bubble flow with the same fluid flow velocity in all 
four simulations, namely 10.9 m/s. The velocity of the fluid flowing in this system has an average 
velocity of 9.49 m/s. Where the flow efficiency is 87.06%. 

For the second experiment, a simulation was carried out with the addition of a bubble injection 
speed of 10.9 m/s. The fluid velocity is then measured at the same distance as the first experiment, 
which is 0.0003 mm from the wall, then observe the effect of bubbles that appear in the flow. It can 
be seen from the graph that the injection of micro bubbles into the system can increase the efficiency 
of fluid flow. The velocity of the fluid flowing in this system has an average velocity of 9.61 m/s. Flow 
efficiency increased to 88.16%. 

The third experiment was simulated with the addition of a bubble injection speed of 21.8 m/s. 
The fluid velocity is then measured at the same distance as the first experiment, which is 0.0003 mm 
from the wall, then observe the effect of bubbles that appear in the flow. It can be seen from the 
graph that the efficiency of the fluid with a velocity of 21.8 m/s has increased compared to the 
previous experiment. The velocity of the fluid flowing in this system has an average velocity of 9,865 
m/s. Flow efficiency increased to 90.5%. 

In the fourth experiment, the same simulation as the previous simulation was carried out with 
the difference in bubble injection speed being 32.7 m/s. For a fixed speed point calculated at 0.0003 
m from the wall. As seen in the graph, there is a significant decrease in velocity from point 2 to point 
5. This occurs due to the emergence of turbulent flow from the air injection speed which is too large 
which inhibits the fluid flow rate. It can be seen from the graph of the fourth experiment, that the 
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flow efficiency actually decreases due to the turbulence, so it can be concluded that the injection 
flow velocity of 32.7 m/s does not reduce the flow resistance. The average speed of this flow is 9,201 
m/s with an efficiency of 84.41%. 

There is an increase in flow efficiency with the help of microbubble injection at speeds of 10.9 
m/s and 21.8 m/s, respectively, an increase in efficiency of 1.1% and 3.44% which results in the 
highest efficiency in this simulation. Turbulence resulting from bubble injection starts to appear at a 
speed of 32.7 m/s thereby reducing the flow velocity and making the efficiency decrease by 2.6%. 
The flow efficiency increases with the injection of micro bubbles and has the highest value at a speed 
of 21.8 m/s then the efficiency begins to decrease at a speed of 32.8 m/s due to turbulence. 
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