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ABSTRACT

Reduction of cylinder surface resistance can be accomplished by modifying roughness. The surface roughness
structure is one of the important parameters which greatly affects the flow of fluid through the cylinder surface.
Fluid flow forms a vortex flow pattern with certain characteristics. Therefore, this study aims to analyze the
characteristics and effects of fluid flow through the rough surface of the outer wall of the pipe with visualization
using Particle Image Velocity (PIV). This research was conducted experimentally at the Faculty of Engineering,
UHAMKA. The pipe surface roughness values varied were 0.648 pm and 1.699 um. The length of the pipe used
is 20 cm with a diameter of 2 inches. Measurements are made from the center of the pipe to a distance of 0.16 m.
The results show that the surface roughness of the cylinder pipe affects the fluid flow characteristics where the
formation of eddies is caused by the addition of the roughness value. The rougher the pipe surface is, the farther
the vortex formation will be. The vortex formation closest to the pipe is a pipe with a roughness value of 0.648

pm at a distance of 0.04 m.

Keywords: roughness; vortex; surface; pipe.

1. INTRODUCTION

Technological developments to meet the needs
and access to offshore resources continue to
increase. One of them was the development of a
cylindrical structure in the marine sector,
namely piping [1]. Laying pipes on the seabed
creates free spans along the structure due to
scouring of the seabed. The pipe undergoes
dynamic motion when exposed to a current such
as vortex induced vibration (VIV) [2]. The
vortex release creates an excitation force which
causes the pillar structure to vibrate. If this
vibration occurs continuously for a long time, it
will cause damage due to fatigue [3].

Cylindrical surface roughness was one of the
important parameters that significantly affects

the flow through the cylinder based on the
research results by Y. Gao et al. [4]. For
example, the case occurred in a submarine
pipeline. Increase in surface roughness due to
growth of marine organisms over a period of
time.

T. Zhou et al. explored the concept of
controlling flow over circular cylinders to
reduce shear and vibration forces caused by
eddy flow [5]. Their exploration uses additional
shape modifications, such as spiral grooves. M.
Street et al. revealed the fact that hydrodynamic
forces on a cylinder can arrive at its roughness
[6]. The results of their study indicated that the
drag reduction pathway was between 18% and
25%.
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L. wang et all based on the results of their study
said that the effect of surface roughness needs to
be measured because it affects the performance
of the fluid flow through it [7]. The results of
their study reveal that the roughness parameters
for changing the theoretical solutions of fluid
flow and transport with modified cubic laws.

Accurate and efficient measurement of fluid
flow velocity in experiments according to the
study of M. Maceas et al., Is a PIV application
[8]. This application is a non-invasive type of
application that can provide an estimate of the
flow rate in some area points up to 55%. J.
Westerweel et all. stated that PIV can be reliable
enough to reveal the structure of fluid flow [9].

Therefore, in this experiment using particle
image velocity (PIV) as a result of visualization
to determine the effect of cylinder surface
roughness on the distance of vortex formation.

2. METHODS

This research method was carried out
experimentally and simulated using Matlab and
PIV. The test system design is as shown in
Figure 1.
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Figure 1. Testing System

Water flows through the flowbaker, cathode,
anode, objects and flows back into the reservoir.
In the container, 5 grams of sodium sulphate is
added per liter which helps the electrolysis
process. The addition of sodium sulphate at the
time of visualization was 5 grams with a water
capacity of 102.6 L based on the comparison of
adding sodium sulfate to water for electrolysis
of 0.05 grams / liter [11].

The tunnel geometry used in the test was
modified from Dwita et al's research, as shown
in Figure 2.

Figure 2. Tunnel Geometry [10]

The tunnel is made of acrylic material with a
geometric size of 2000 mm x 200 mm x 300
mm. The objects used are pipes with a diameter
of 2 inches and a pipe length of 20 cm.

The test was carried out by observing the
visualization of hydrogen bubbles in the tunel
flow. Flow velocity for variation of pipe surface
roughness values (Ra) 0.648 um and 1.699 um
resulted in a discharge of 79.8 L / minute. The
results of visual data retrieval in the form of
images are processed using the particle image
velocity (PIV) application.

3. RESULTS AND DISCUSSION

The results of this study are influenced by the
roughness value that is passed through the fluid
flow with the Reynold Number (Re) parameter
and the level of sodium sulphate in the water.
Based on data processing using PIVIab software
from MATLAB 2017 to analyze the movement
of fluid flow through the pipe, a visualization of
the comparison of vector directions is obtained,
such as Figure 3 and Figure 4.
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Figure 3. Vector directions on pipe surface
roughness (Ra = 0.468 pm).

Figure 4. Vector directions on pipe surface
roughness (Ra = 1.699 pm).

Figures 3 and 4 show that the direction of the
vectors formed is similar to the vortex formation
process. On the rough surface of Figure 4, the
vortex is formed with a shorter distance than the
vortex in Figure 3. This is due to the influence
of buoyancy [12].

On arough surface pipe with a value of Ra 0.648
pUm it produces a vortex at the bottom with a
distance of 0.05 m and the vortex at the top has
a distance of 0.09 m from the center of the
cylinder pipe, as shown in Figure 5.

Figure 5. Velocity magnitude of rough surface pipe
with Ra value of 0.648 pum.

Measurement from the center of the cylinder
pipe to a distance of 0.16 m shows that the
highest velocity profile is shown at 0.1 m /s and
the lowest velocity is 0.02 m / s as shown in
Figure 6.
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Figure 6. Graph of velocity magnitude on a pipe
with Ra 0.648 pum.
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The rough surface pipe with a Ra value of
1.699um produces a vortex with a distance of
0.07 m at the bottom and the vortex at the top
has a distance of 0.12 m from the center point of
the cylinder pipe, as shown in Figure 7.

Figure 7. Velocity magnitude of rough surface pipe
with ra value of 1.699 pm

The measurement from the center of the
cylinder pipe to a distance of 0.16 m shows that
the highest velocity characteristics are shown at
0.45 m / s and the lowest speed is 0.02 m /s, as
shown in Figure 8.
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Figure 8. Graph of velocity magnitude on a pipe
with Ra 1.699 pum

Based on Figures 3, 4, 5, and 7, it can be seen
that the vortex occurs at the top and bottom of
the pipe surface. The closest vortex formation
occurs at the bottom than at the top. The
proximity is measured from the center of the
pipe to a distance of 0.16 m. The closest vortex
distance formed on the pipe surface roughness
Ra 0.648 um compared to Ra 1.699 pum.

The increase in the surface roughness of the pipe
increases the distance the vortex forms. Fluid
flow passing through pipe roughness is affected
by pipe surface roughness. The process of
splitting the vortex flow will form small vortices
that are very clear at the bottom of the pipe so
that the recirculation zone distance increases. Y.
Li et all. explained the inverse relationship
between the friction factor and Reynolds
number in the coarse pipe still persisting in the
coarse pipe, regardless of the rib height [13]. K.
Luo found that particles with a greater number
of Stokes showed a more distinct deposition in
the inner region and less deposition of objects
due to the presence of coarse elements [14].

4. CONCLUSION

The increase in surface roughness in the
cylinder pipe can affect the flow of water
through the cylinder pipe, the process of
breaking the vortex flow is formed into a small
vortex vortex which is very clearly visible at the
bottom of the cylinder pipe, resulting in an
increase in the recirculation zone distance. The
formation of the lower vortex closest to the pipe
is a pipe with a roughness of 0.648 pum at a
distance of 0.05 m.
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ABSTRACT

Reduction of cylinder surface resistance can be accomplished by modifying roughness. The surface roughness
structure is one of the important parameters which greatly affects the flow of fluid through the cylinder surface.
Fluid flow forms a vortex flow pattern with certain characteristics. Therefore, this study aims to analyze the
characteristics and effects of fluid flow through the rough surface of the outer wall of the pipe with visualization
using Particle Image Velocity (PIV). This research was conducted experimentally at the Faculty of Engineering,
UHAMKA. The pipe surface roughness values varied were 0.648 pm and 1.699 um. The length of the pipe used
is 20 cm with a diameter of 2 inches. Measurements are made from the center of the pipe to a distance of 0.16 m.
The results show that the surface roughness of the cylinder pipe affects the fluid flow characteristics where the
formation of eddies is caused by the addition of the roughness value. The rougher the pipe surface is, the farther
the vortex formation will be. The vortex formation closest to the pipe is a pipe with a roughness value of 0.648
pm at a distance of 0.04 m.

Keywords: roughness; vortex; surface; pipe.

1. INTRODUCTION the flow through the cylinder based on the
research results by Y. Gao et al. [4]. For
Technological developments to meet the needs example, the case occurred in a submarine
and access to offshore resources continue to pipeline. Increase in surface roughness due to
increase. One of them was the development of a growth of marine organisms over a period of
cylindrical structure in the marine sector, time.

namely piping [1]. Laying pipes on the seabed

creates free spans along the structure due to
scouring of the seabed. The pipe undergoes
dynamic motion when exposed to a current such
as vortex induced vibration (VIV) [2]. The
vortex release creates an excitation force which
causes the pillar structure to vibrate. If this
vibration occurs continuously for a long time, it
will cause damage due to fatigue [3].

Cylindrical surface roughness was one of the
important parameters that significantly affects

T. Zhou et al. explored the concept of
controlling flow over circular cylinders to
reduce shear and vibration forces caused by
eddy flow [5]. Their exploration uses additional
shape modifications, such as spiral grooves. M.
Street et al. revealed the fact that hydrodynamic
forces on a cylinder can arrive at its roughness
[6]. The results of their study indicated that the
drag reduction pathway was between 18% and
25%.
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L. wang et all based on the results of their study The tunnel geometry used in the test was
said that the effect of surface roughness needs to modified from Dwita et al's research, as shown
be measured because it affects the performance in Figure 2.

of the fluid flow through it [7]. The results of
their study reveal that the roughness parameters
for changing the theoretical solutions of fluid
flow and transport with modified cubic laws.

Accurate and efficient measurement of fluid
flow velocity in experiments according to the
study of M. Maceas et al., Is a PIV application
[8]. This application is a non-invasive type of
application that can provide an estimate of the
flow rate in some area points up to 55%. J.
Westerweel et all. stated that PIV can be reliable
enough to reveal the structure of fluid flow [9].

Therefore, in this experiment using particle
image velocity (PIV) as a result of visualization )
(5 ) to determine the effect of cylinder surface Figure 2. Tunnel Geometry [10]

roughness on the distance of vortex formation. . . . .
The tunnel is made of acrylic material with a

2 METHODS geometric size of 2000 mm x 200 mm x 300
mm. The objects used are pipes with a diameter

This research method was carried out of 2 inches and a pipe length of 20 cm.

experimentally and simulated using Matlab and ) )

PIV. The test system design is as shown in The test was carried out by observing the

Figure 1. visualization of hydrogen bubbles in the tunel

flow. Flow velocity for variation of pipe surface

e roughness values (Ra) 0.648 um and 1.699 um
‘ resulted in a discharge of 79.8 L / minute. The

pipe - wire netting /7\
anode \ 7 AN

\ \ results of visual data retrieval in the form of

(‘5 f images are processed using the particle image
vaive - [ | ' ' velocity (PIV) application.

7

katode / flow__/
o ‘I[E straightener 3. RESULTS AND DISCUSSION

_— ? 5N ‘ The results of this study are influenced by the
[ { P —
pump

) y roughness value that is passed through the fluid
— flow with the Reyno!d Number (R_e) parameter
ﬁ and the level of sodium sulphate in the water.

AN Based on data processing using P1VIab software
from MATLAB 2017 to analyze the movement
of fluid flow through the pipe, a visualization of
the comparison of vector directions is obtained,
such as Figure 3 and Figure 4.

Figure 1. Testing System

Water flows through the flowbaker, cathode,
anode, objects and flows back into the reservoir.
In the container, 5 grams of sodium sulphate is
added per liter which helps the electrolysis
process. The addition of sodium sulphate at the
time of visualization was 5 grams with a water
capacity of 102.6 L based on the comparison of
adding sodium sulfate to water for electrolysis
of 0.05 grams / liter [11].
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Figure 3. Vector directions on pipe surface
roughness (Ra = 0.468 pm).

Figure 5. Velocity magnitude of rough surface pipe
with Ra value of 0.648 pum.

Measurement from the center of the cylinder
pipe to a distance of 0.16 m shows that the
highest velocity profile is shown at 0.1 m /s and
the lowest velocity is 0.02 m / s as shown in
Figure 6.

0.18
0161
|
0141 i
go.u /
Figure 4. Vector directions on pipe surface § i / \
roughness (Ra = 1.699 pm). € / \
©
€ 008 \
Figures 3 and 4 show that the direction of the § \ [
vectors formed is similar to the vortex formation S 006 \ /
process. On the rough surface of Figure 4, the |
vortex is formed with a shorter distance than the 004 /
vortex in Figure 3. This is due to the influence /\/
of buoyancy [12]. 082y
On arough surface pipe with a value of Ra 0.648 l on 0% om0 om om o
pm it produces a vortex at the bottom with a Distance on fine [m]

distance of 0.05 m and the vortex at the top has gt Valochymagnies = RIS e [

a distance of 0.09 m from the center of the

cylinder pipe, as shown in Figure 5. Figure 6. Graph of velocity magnitude on a pipe
with Ra 0.648 um.
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The rough surface pipe with a Ra value of
1.699um produces a vortex with a distance of
0.07 m at the bottom and the vortex at the top
has a distance of 0.12 m from the center point of
the cylinder pipe, as shown in Figure 7.

Figure 7. Velocity magnitude of rough surface pipe
with ra value of 1.699 pm

The measurement from the center of the
cylinder pipe to a distance of 0.16 m shows that
the highest velocity characteristics are shown at
0.45 m / s and the lowest speed is 0.02 m /s, as
shown in Figure 8.
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w = = o
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~ o
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Figure 8. Graph of velocity magnitude on a pipe
with Ra 1.699 pum
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Based on Figures 3, 4, 5, and 7, it can be seen
that the vortex occurs at the top and bottom of
the pipe surface. The closest vortex formation
occurs at the bottom than at the top. The
proximity is measured from the center of the
pipe to a distance of 0.16 m. The closest vortex
distance formed on the pipe surface roughness
Ra 0.648 um compared to Ra 1.699 pum.

The increase in the surface roughness of the pipe
increases the distance the vortex forms. Fluid
flow passing through pipe roughness is affected
by pipe surface roughness. The process of
splitting the vortex flow will form small vortices
that are very clear at the bottom of the pipe so
that the recirculation zone distance increases. Y.
Li et all. explained the inverse relationship
between the friction factor and Reynolds
number in the coarse pipe still persisting in the
coarse pipe, regardless of the rib height [13]. K.
Luo found that particles with a greater number
of Stokes showed a more distinct deposition in
the inner region and less deposition of objects
due to the presence of coarse elements [14].

4. CONCLUSION

The increase in surface roughness in the
cylinder pipe can affect the flow of water
through the cylinder pipe, the process of
breaking the vortex flow is formed into a small
vortex vortex which is very clearly visible at the
bottom of the cylinder pipe, resulting in an
increase in the recirculation zone distance. The
formation of the lower vortex closest to the pipe
is a pipe with a roughness of 0.648 pum at a
distance of 0.05 m.
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