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Abstract. 'I.'hc concept of controlling the flow over the circular cylinder to reduce drag force
and vibration caused by vortex flow has been explored by many researchers. One of them is by
adding plates and helical stral8. However, the splitter plate is only useful for determining the
direction of the current, while helical strakes iffffease drag force compared to cylinder forces of
the same diameter. The problem that arises is thatfffhe surface roughness of the pipe will affect
the characteristics of the fluid flow through it, so this study aims to analyze the characteristics
and effects of fluid flow through the rough surface of the outer wall of the pipe by visualizing
using Particle Image Velocity (PIV). The variation of pipe roughness used in this study is the
roughness of sandpaper 100 and sandpaper 400 that encloses the pipe. The results showed that
the addition of surface roughness resulted in the addition of the distance of the formation of
vortex where the distance of 0.07 m was the longest distance from the bottom vortex formation
on the pipe wrapped in sandpaper 100.

1. Introduction

In the field of marine engineering, especially applications for offshore areas, such as the installation
of platform pillars and pipelines still u§d a cylindrical structure. Uncontrolled flow over the fluid
pipe causes the researchers to explore. Many researchers have explored the concept of controlling
flow over a circular cylinder to reduce shear forces and vibrations caused by vortex flow, using
several additional forms such as spiral grooves [l]. The researchers reduced drag force and
vibration caused by the vortex structure by adding plate splitters [2] and helical §3akes [3]. Some
research results show that the addition of these tools can reduce the interaction between the two
sliding layers separated from both sides of the cylinder. This results in partial or total removal of
the vortex wafl However, the splitter plate is only useful for determining the direction of the
current, while helical strakes increase the drag force compared to the cylinder force at the same
diameter [4].

In fact the fluid flow experiences a decrease in pressure as the length of the pipe through which
the fluid passes. Pressure drop is closely related to surface roughness of one of the pipes.
Commercially available pipes, roughness is not uniform and not passed with certainty. The use of
smooth pipe surfaces is very rarely found, whereas rough pipe surfaces are used. Likewise, the
pipes are very old, usually quite a lot of crust or corrosion and dirty arise so tifg it has a very large
roughness value. Surface roughness not only reduces the average resistance in the cylinder, but also
leads to a lower critical Reynolds number [5] [6]. On the bridge pillar, vortex flow that occurs has
eroded properties [7]. The problem that arises is the surface roughness of the pipe will affect the
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characteristics of the fluid flow through it. This study aims to analyze the characteristics and effects
of fluid flow through the rough surface of the outer wall of the pipe by visualizing using Particle
Image Velocity (PIV).

2. Methodology

This research was conducted experimentally by simulating the results with Particle Image Velocity
(PIV). The test is carried out using a tunnel system, like Figure 1 below:
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Figure 1. Testing system
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In this study, the pump takes water from the reservoir and then flows into the tunnel. Water
that falls into the tunnel will experience turbulence. In order to reduce the effects of turbulence,
three sections of flow straighteners are provided to reduce the effect. In the part closest to the
position of the fall of water, given straighteners made of straw and stream straighteners 2 and 3
made of wire mesh so that the water flowing toward the object is laminar flow. To maintain the
height of the water in the tunnel, a valve is given downstream so that the outflow of water can be
likened to the incoming water flow. This research was carried out at the speed of one flow by
comparing two cylindrical pipes which have different surface roughness. Water flows through a
flow breaker made of straws and wire mesh. Then, water flows through the cathode in the form of a
0.15 mm diameter stainless steel wire, and the anode in the form of alumunium rod, object, and
returns to the reservoir. the object through which the flow passes is a pipe that has been wrapped in
outer surface with sandpaper 100 and sandpaper 400. The tunnel building used has the same
geometry as used in the study as figure 2 follows:

Figure 2. Tunnel geometry

Data is collected by recording phenomena that occur when bubbles are carried by flow and
pass through pipes in tunnels using a 60 fps camera. Then, the video format is converted to an

(5]
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image using the Video to JPG Converter software. To be simulated and analyzed, the image is
reprocessed using PIVlab from MATLAB 2017.

3. Results and Discussion

Based on the results obtained that the test on the pipe wrapped in sandpaper 100 shows that a small
vortex is formed on the surface of the bottom EJpe, the results can be seen directly before data
processing, for the process of solving the vortex can be seen in Figure 3.

Figure 3. Vortex breaking process in pipes wrapped in 100 sandpaper

The direction of fluid movement and the recirculation zone or vortex vortex formation area can
be seen in Figures 3 and 4 below.

. Fiure . Vctr dirin on sandpaper 4UU .
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Figure 5. Vector Direction on Sandpaper 100

Figures 4 and 5 show that the direction of the vector formed has similarities in the process of
vortex formation. The lower vortex is formed at a shorter distance than the upper vortex. Lower
vortexes are shorter because they are affected by buoyancy [8].

At the measurement of recurlation zone, sandpaper 400 produces vortex at the bottom with a
distance of 0.07 m and the vortex at the top has a distance of 0.11 m from the midpoint of the
cylindrical pipe, as shown in Figure 6 below.

Figure 6. Velocity magnitude sandpaper 400

Measurements from the middle of the cylinder pipe to a distance of 0.16 m indicate that the

highest speed profile is shown at 0.27 m /s and the lowest speed is almost 0 m /s shown in figure 7
below.
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Figure 7. Sandpaper graph 400
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On sandpaper 100 produces vortex on the bottom with a distance of 0.08 m and vortex on the
top has a distance of 0.12 m from the midpoint of the cylinder pipe, as shown in the following

figure 8.

Figure 8. Velocity magnitude sandpaper 100

Measurements from the middle of the cylinder pipe to a distance of 0.16 m indicate that the
highest speed profile is shown at 0.25 m/ s and the lowest speed 0 m /s is shown in Figure 9.
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Figure 9. Sandpaper 100 graph

From the results of the analysis above shows that the vortex occurs in all the pipes at the top and
®ttom, the bottom vortex always forms the closest compared to the top vortex. Measurements
made from the midpoint of the pipe to a distance of 0.16 m show the results of the formation of the
bottom vortex closest to the pipe is a pipe wrapped in sandpaper 400 with a distance of 0.07 m,
shown in figure 6. While the formation of the farthest bottom vortex, occurs in pipes wrapped in
sandpaper 100 with a distance of 0.08 m, shown in Figure 8.

Conclusion
Fluid flow passing through the rough surface of the cylinder pipe will break the vortex flow so that
at the bottom of the cylinder pipe a small vortex vortex is formed. The addition of surface
roughness will result in an additional distance for the formation of vortex where the distance of
0.07 m was the longest distance from the bottom vortex formation on the pipe wrapped in
sandpaper 100.
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