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A pipe has a great significance to deposit fluid from one place to another. Distributing 
solution to the engine, cooling system, and ballast system are crucial for a ship to 
operate correctly. Drag is one of the obstructions in the internal flow of the pipeline, 
restricting the fluid to stream smoothly. Majority studies use numerous methods to 
reduce the effect, such as using microbubble, minimizing the length of pipe installation, 
and injection of nanobubble. Bubble drag reduction is one of the most modern 
methods; the previous study showed that 2mm bubble size has a lot less beneficial for 
decreasing drag than a 40 µm bubble at the same fluid velocity. Based on previous 
research, this study will show the impact of nanobubble in reducing drag produced by 
a carbon-ceramic nozzle. This research studies the nanobubble influence explicitly by 
using diverge types of conditions such as various injection distance, several areas of 
the plates, and analyze the utilization of nanobubble and microbubble within the 
boundary layer. The boundary layer investigated by circumscribing volumetric gas flux 
and gas flux injection and then scrutinize the findings providing a local void ratio. 
Research towards the boundary layer used a shred of photographic evidence, examine 
by using Jimage processing to view the distance between the exterior of the plates and 
the current generated by nanobubble injection. Flux ratio created from the resulting 
multiplier constant, which is the ß factor that expresses the effectiveness of the 
nanobubble drag reduction technique. Finally, the result obtained that nanobubble is 
0.82912 times more efficient than using microbubble with an injection range of 80mm 
and a local void ratio of 2.1. 
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1. Introduction 
 

According to H. Sayyaadi et al., [1], there are two groups of drag, i.e., viscous and pressure drag. 
Viscous drag is a force that emerges within the crossing of two objects. In contrast, pressure drag is 
a result of both exteriors when a particular pair of objects met. Diminishing drag associated with 
various techniques introduced by numerous experiments conducted by Madavan et al., [2] and 
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Kodama et al., [3], it confers immense commercial impact, such as delivering higher performance 
ships with lubrication methods. However, the use of micro-sized bubbles has several limitations, such 
as the features of microbubbles that can encounter slippage because it can not exist on the surface 
from an object for so long that the movement of water can move it.  

The study involved lubrication ways that classified into three varieties of lubrication. First, bubble 
drag reduction is a small bubble introduced in the boundary layer. Hence it acts beneficial to reduce 
the turbulence momentum due to waves. Smaller bubbles assembled from the boundary layer 
thickness, the more effective the bubbles reduce the resistance on skin friction, according to Sanders 
et al., [4]. Second, air layer drag reduction utilizes a constant flow of fluid so that the space within 
the surface of an object and the water parted to form a boundary layer presented by Ceccio [5]. 

Additionally, the injected air can undergo a transition and deformation from the form of bubbles 
into a gas. Distortion of bubbles is a vulnerability because air lubrication appears not to endure the 
long process of drag reduction, according to research conducted by Erick et al., [6]. Twenty-five 
percent of the decrease in resistance that occurs when micro-sized air bubbles are used based on 
laboratory experiments on flat plates by Erick experiment. Amromin et al., [7] also present the 
following deficiency in an examination with a flat plate with a total of 6m from 13 m length treated 
with the method, as mentioned earlier from an entire range of plate.  

Lastly, partial cavity drag reduction is a gas injection method by producing a layer of lubrication 
between objects and fluid, creating a boundary layer. The frailty of this approach is that it provides a 
backflow that generates cavities in closed spaces. Gockay [8] instrument an inspection of the 
following method using model ships. He shows a decrease in friction force at 20 percent caused by 
the air cavitation layer. Based on the resulting representation, the research intended to use the first 
lubrication scheme to understand the extent to which nanobubble was involved in reducing drag in 
the flat plate experiment. Preliminary experiments Kawamura et al., [9] applied air bubbles with a 
diameter of 0.5 mm, which two times more effective than air bubbles with a diameter of 2 mm 
injected in the turbulent boundary layer.  

Ceccio [5] also implanted ten viscous wall unit-sized bubbles in the boundary layer, which exposes 
a decline in the turbidity momentum in the boundary layer. There are three main queries within the 
process of bubble production, bubble injection method, fluid velocity, and the size of the bubble. 
Overcoming these inquiries could be done by utilizing nano-sized bubbles that have the 
characteristics of being more difficult to dissolve in water because of the oxygen property due to the 
process of injection corresponding to the finding of Liu et al., [10]. Meanwhile, a micro-sized bubble 
will be experiencing defecation because of radicals such as light, sound, micro foreign bodies. The 
radicals could cause a perplexity of the surface tension limit layer bubbles based on the Young-
Laplace equation. The relationship between the bubble surface and the gas pressure inside and 
outside the bubble obtained through the Young-Laplace comparison 
 
P = PI + 2 𝜎 / r               (1) 
 
where σ is the surface tension, and r is the radius of the air bubble produced according to Marui [11]. 
Nanobubbles used in oxygen-rich drinking water treatment technology by using ceramics and carbon 
mixes to produce bubbles compliments the usage of reducing drag on a pipeline. Due to high 
effectiveness in reducing the resistance found in Kawamura et al., [9] finding to produce bubbles of 
0.5 to 2 mm. However, to tackle the information to find the best method of using bubble drag 
reduction, the research conducted must conclude the previous finding of the bubble drag reduction 
method. 
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2. Methodology  
 

There are multiple gas injection techniques such as electrolysis, shaft plate injection, and 
openings structure to generate air bubbles. The research depends on an opening structure to create 
air bubbles. Anzai Kantetsu Co.Ltd manufactured the carbon-ceramic, which is the first structure to 
make nanobubble by infusing air into the small fabrications. Nanobubbles formed because of the 
trapped air inside the nano-sized layer. Integrated water tunnels also take place — shafts reducing 
restrictions to the plate lining by conveying the injected gas. The use of water tunnels as a laboratory 
test produces a reduction effect of 80 percent on the friction of the plate lining by Madavan [2]. These 
create an increase in drag reduction.  

Thus, the design has faults such as bubble sliding, which depart from the surface layer, according 
to Elbing et al., [12]. Bubble size also contributes to preventing bubble slipping. The bubble size at 
the same speed has also been studied and shows that air bubbles measuring 20-40 mm compared to 
0.5-2 mm are more efficient, Kodama et al., [3]. McCormick & Bhattacharyya [13] presented a 
reduction of drag by 10-30%. That proves microbubbles must be passed by fluid to perform limitation 
separation of microbubbles. This feature accommodated to the conditions in the research appeared 
in Figure 1. The unit present in Figure 2 has the following dimensions 

 

 
Dimensions L: 2m, D=2m 

Water Flow 20 L/min 
Carbon Ceramic 8mm 
Tank Capacity 200L 
Piping Outer Diameter 18mm 
Fluid Velocity 11m/s 
Gas Pressure 0.2Mpa 
Gas Distribution 60 cc/min 

Fig. 1. Nanobubble containment conditions 

 

 
Fig. 2. Nanobubble containment unit 
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2.1 Experimental Procedure 
 

The research plan is base on an investigation into two degrees conducted in the study. The first 
concern implies to comprehend the process of estimating air injection without nanobubble and 
followed by assessing air injection using nano-sized bubbles. Both experiments conducted through a 
series of various plates with different areas and the distance of spraying, reaching 10-100mm.  

After performing the two investigations, the research produces a photographic capture to 
identify the gap between the plates and the boundary layer created by injecting nanobubble beneath 
the base. Water flow injection testing uses a pump in the exploratory vessel with pretreatment in 
each form of water discharge of 11 m/s without the aid of nanobubble lubrication provided with 
plates of varying breadths, 10mm-100mm with a difference of 10mm in each vessel. Next, perform 
calibrations of the scale using a micrometer ruler to specify the range in each of the graphic evidence. 

Following the processing to determine a significant flow of nanobubble by creating a mask on the 
image shown by Figure 3. This single process can distinguish between nanobubble and microbubble 
produce in the picture. Ultimately, it is to analyze if the resulting particle from the image using the 
ROI Manager. The distance separating plates and working nanobubble flow subsequently measure 
with a ruler tools in each range of injection resulting in a y1 length in mm. Injection method obtained 
in 1 minute at each different plate distance and width shown by H. Sayyaadi et al., [1] to see the ratio 
between y1, which is the contrast between boundary layer thickness and displacement thickness.  
 

 
Fig. 3. Image of side view and distribution of nano 
bubbles with masking tools 

 
Research held May 2019 - October 2019 at the Fluid Mechanics Technology Laboratory of the 

Department of Mechanical Engineering, Faculty of Engineering, University of Indonesia. The 
nanobubble generator unit, so-called UFB (Ultra Fine Bubble), was provided by Anzai Kantetsu Co. 
Ltd. Freshwater used in the following research to reduce the level of salination. However, the 
consequence level of the salination of liquid generates different calculation according to some 
studies, Kobayashi et al., [14]. 
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2.2 Governing Equation 
  

A boundary layer (boundary layer) Blasius describes a boundary owned by a laminar limit in the 
form of two dimensions on a flat plate. Distinguishing flow on a flat plate when given flow and 
boundary layers when conditions are calm. Blasius gives two equations when the current is without 
a boundary layer and flow in the presence of a boundary layer. Obtained by studying the limits of 
physics and fluid mechanics. When the waters are calm, so there is displacement thickness occurring 
on the sheet of the plate to form the equation in the following manner 

 

�̇� = ∫ 𝜌𝑒𝑈𝑒𝑑𝑦
𝑦1

0
              (2) 

 

�̇� = ∫ 𝜌𝑈 + 𝜌𝑒𝑈𝑒𝛿
∗𝑦1

0
             (3) 

 
𝜌𝑒 = 𝜌               (4) 
 

When the waters are flowing so that a boundary layer of the equation used is 
 

�̇� = ∫ 𝜌𝑒𝑈𝑒𝑑𝑦
𝑦1

0
= ∫ 𝜌𝑈𝑑𝑦 + 𝜌𝑒𝑈𝑒𝛿

∗𝑦1

0
          (5) 

 

𝛿∗ =
∫ (𝜌𝑒𝑈𝑒−
𝑦1
0 𝜌𝑈)𝑑𝑦

𝜌𝑒𝑈𝑒
, 𝜌 = 𝜌𝑒             (6) 

 

𝛿∗ = ∫ (
𝜌𝑒𝑈𝑒

𝜌𝑒𝑈𝑒
−

𝑦1

0

�̸�𝑈

�̸�𝑒𝑈𝑒
)𝑑𝑦             (7) 

 

𝛿∗ = ∫ (1 −
𝑦1

0

𝑈(𝑥,𝑦)

𝑈∞
)𝑑𝑦            (8) 

 
The equation is obtained based on the momentum boundary layer equation derived from the 

Navier-Stock equation. With y1 as the distance between the edge of the plate and the edge of the 
boundary layer formed by bubble injection, U as the fluid flow velocity, and 𝛿∗the displacement 
thickness. Furthermore, there is a limit of the integral equation to determine as 𝛿∗ the displacement 
thickness and 𝛿 the thickness of the boundary layer from Blasius 

 

𝜂1 = √
𝑈∞

𝑣𝑥
(𝑦1)             (9) 

 

𝑅𝑒𝑥 =
𝑈∞𝑥

𝑣
                         (10) 

 

𝑦1 =
𝜂1𝑥

√𝑅𝑒𝑥
                         (11) 

 

𝑓 ′(𝜂) =
𝑢

𝑈∞
                         (12) 

The above equation defined by taking into account the boundary constants in the displacement 
thickness integral, v as the viscosity of the fluid, x as the distance of the plate to the injection pipe, 
and 𝑅𝑒𝑥as the Reynold number. The equation is useful as a boundary of the integral in displacement 
thickness which later defined in the following equation 
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𝛿∗ = ∫ (1 −
𝜂1

0
𝑓 ′(𝜂))𝑑𝜂

𝑥

√𝑅𝑒𝑥
                       (13) 

 

𝛿 =
4.9𝑥

√𝑅𝑒𝑥
                         (14) 

 
The width of the boundary layer 𝛿 is obtained based on the example that the velocity of u on the 

boundary layer reaches 0.99 𝑈∞ the boundary layer reaches the maximum plate edge. Putkammer 
calculates the integral limit 𝜂 = 4.9 because, with the limitations of measurement and calculation 
tools, the research limits the thickness of the boundary layer as above. After experiencing knowing 
the two components of the equation above, it can be calculated gas flux injection and volume flux 
from the fluid. Based on the equation proposed by Schlinting [15] regarding the boundary layer 
during turbulent flow conditions and the optimum use of an air lubrication injection using a bubble 
can be ascertained at 𝑄𝑤=𝛼 =1, due to under these conditions the bubble is in the same position as 
the boundary layer on the plate 

 
𝑄𝑎 = 𝐴. 𝑣                         (15) 
 
𝑄𝑤 = 𝑈∞(𝛿 − 𝛿

∗).𝑊𝑝𝑙𝑎𝑡𝑒                        (16) 

 

𝛼 =
𝑄𝑎

𝑄𝑤
                           (17) 

 
2.3 Correction Factor 
 

The research tank kept for 2 hours difference from the previous research process based on the 
resulting nanobubbles that will disappear entirely from the experimental tube. The possibility of the 
error caused by detailed measurements from research must be minimized, and a correction factor is 
needed to justify the calculation. Based on research produced by Durst [16] regarding heating of 
cables to calculate correction factors for boundary layer studies. It is described as a limit of 2 
conditions, namely when Y + is above four and below or equal to four and A, B are the factor of the 
found coefficient 

 

𝑦+ > 4
 𝑠𝑜 
→    𝐶𝑓 = 1                         (18) 

 

𝑦+ ≤ 4
 𝑠𝑜 
→    𝐶𝑓 = 1 − 𝑒𝐴𝑦

+𝐵
                      (19) 

 
3. Results  
3.1 Result and Measurement 
 

The interaction obtained from the formation process required when conducting data collection; 
There are defined limits such as water density, airflow velocity, water flow velocity, and distance used 
at a particular flow velocity. The experiment carried in an approved flow speed of 11m/s. The density 
of the water used is 997 kg/m3. In addition to the mass of water, there is a water viscosity of 1,827 
Pa·s. Flow rates applied in water produce a Reynold number of 40300. The flow makes assessing 
measures on the y-axis easier because there implies a stable flow in the scattering bubble against the 
flat plate. The data generated can be seen in the discussion below. 
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3.1.1 Without nanobubble 
 

The corresponding data result, including standard, is not affected by the presence of nano-sized 
bubbles on a flat plate. In 2 dimensions, the X-axis does not change the frequency of bubbles on flat 
plates. The inquiry carried out on the aspect with the Y-axis proposed by Blasius authenticates that 
particular estimation method. However, this discussion carried out on flow by not using nano-sized 
bubbles to decentralize the course of ordinary water flowing on a flat plate at a speed of 11m/s. In 
the first stage, data used in the distribution of nanobubble beneath the slab with a width of 10mm 
to 100mm — the following results obtained in Figure 4. 

 

 
Fig. 4. Table air injection rate vs distance of injection without 
nanobubble 

 
The impact of boundary layer spacing does not have a substantial effect on the local void ratio 

produced. However, seen when x = 80mm up to 100mm, the estimation of air injection reaches 0.786. 
Yet, it confirmed in theory that the closer to the estimated air injection up to 1, the more compelling 
the flow would be. By using nanobubbles, speed up the process of achieving dose estimation, 
reaching 1 with a smaller plate width with a longer distance — the resulting y-axis in Figure 5.  
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Fig. 5. Table air injection rate vs. distance of injection with 
nanobubble 

 
3.1.2 With nanobubble 
 

Nanobubbles produce a variety of differences in graphs. The graphs are the result of the ratio 
between the width to distance ratio used to perform nanobubble injection at the boundary layer and 
the ratio of the resulting air injection rate. The multiplier generated is increased by the Blasius 
equation through the plate surface, which is 0.82912. As can be seen in the graph presented below, 
there is an increasingly efficient air injection so that the study results in injection optimization using 
nano-sized bubbles. 

 

𝑄𝑊 = 𝛽.𝑈∞.𝑊𝑝𝑙𝑎𝑡𝑒 . 𝑅𝑒𝑥
0.2                       (20) 

 

𝑄𝑊 = 𝛽. 𝐿𝑝𝑙𝑎𝑡𝑒
0.8. 𝑣0.2. 𝑉0.8.𝑊𝑝𝑙𝑎𝑡𝑒                      (21) 

 

0.82912 =
𝑄𝑎

𝛼.𝐿𝑝𝑙𝑎𝑡𝑒
0.8.𝑣0.2.𝑉0.8.𝑊𝑝𝑙𝑎𝑡𝑒

                       (22) 

 
Furthermore, the experiment discovered a resulting injection position. The optimum injection 

ratio has a 20mm full base, and with a distance close to 100mm, seen in the photographic evidence 
produced at the next point. X-Axis or the length of the plates used does not affect. Supported by 
research proposed by Putkammer and Kodama et al., the relationship graph between the width and 
the estimated air injection ratio produced can be analyzed using Figure 6 below. 

The influential flow velocity should also contribute to the distribution of nanobubbles. However, 
further research is needed because, in this study, we only provide correspondence data from the 
relationship between the width of the plate and the distance used on the plate. The distance between 
the boundary layer and the plated layer is not a problem because the scale characteristics of the 
boundary layer do not distinguish too great results. The plating layer can be used in the flow and not 
used in the outside flow, so the distribution effect is better and controlled. 
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(a)       (b)            (c)                (d) 

Fig. 6. Before and after shots, (a) is before using nanobubble and (b) until 
(d) is after using nanobuble 

 
3.2 Photographic Evidence 
 

To show the presence of micro and nanoparticles so that there is no bias in the resulting image. 
The difference from the ROI Manager process in the images of research results. We exhibit photos of 
the advantage of nano-sized bubbles. Different distances could be seen, i.e., at a length of 10mm, 
60mm, and 100mm, with a plate width of 20mm used as a plate width with the ideal conditions in 
using nanobubble injection. In the picture, at a distance of 10mm, picture b at 60mm, and picture c 
at a range of 100mm. In each image, shows the degradation of the resulting bubble distribution 
widens and sticking to the plate surface. Furthermore, at a distance of 100mm and width of 60mm, 
the ideal state is formed because the distribution evenly distributed, and no bubbles are colliding 
with other bubbles so that the resulting product does not experience an eruption. The photo took at 
a speed of 11m/s; this speed obtained when the injector was used right at the boundary layer 
produced in the plate surface layer.Furthermore, it has shown from Figure 7 that there is a flow 
transition produced. From the flow, which is the distribution of bubbles or BDR to Figure 7(c), it has 
shown that the bubbles are not too visible so that they become ALDR. The decrease ineffectiveness 
of the use of bubbles originates when the distance is below 100mm. 

Moreover, it has proved from Figure 7 that there is a current transition composed. From the 
course, which is the distribution of bubbles or BDR to Figure 7(c), it has shown that the bubbles are 
not too visible so that they become ALDR. Decrease ineffectiveness use bubbles originate when the 
distance is below 100mm and at the beginning of 10mm, where the bubble is crashing through each 
other forming microbubble. 
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(a) (b) 

 

 
(c) 

Fig. 7. Nanobubble distribution at V= 11m/s (a) Y distance calculation at 10mm (b) Y distance calculation 
at 60mm (c) Y distance calculation at 100mm 

 
4. Conclusions 
 
The nano bubble interaction on flat plate was investigated. The followings are the conclusions 

i. The local void ratio is relative to 1; it is more likely to have the most significant drag reduction.  
ii. The recommendation is to use a plate with a distance, a ratio of 1:0.83943, or in other words, 

a 1m plate requires a distance of 0.839m to inject nano-sized bubbles from the end of the 
plate. 

iii. The multiplier factor that we appealed for when calculating the flow of water in the boundary 
layer was 0.82912 based on the results of the experiments conducted. 

iv. Further research is carried out on its interactions with different fluids and manipulating the 
resulting injection holes so that different angles result in different bubble distributions. 
Salination also contributes to the viscosity of the fluid used in the experiment. 
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