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Introduction

Protection of water pipelines - wastewater or fuel materials - on the bed of erosion of the sea
and rivers against such factors as bending, slipping and even fracture are important and costly
issues in ocean engineering. In order to protect the potential destruction and fracture of these
pipelines due to hydrodynamic forces of flow-waves or human activities. It is necessary to be
covered with a concrete-coat or buried at an appropriate depth of bed with trenching.Objective
observations showed that the pipelines that are located on the erosion bed of the sea and the
rivers have the potential to produce a natural burial (self-burial pipe) in a bed of sediment, due to
localized scouring.But in natural conditions, the burial process takes place with little speed.
Therefore, by installing the spoiler on the pipelines, it is attempting to increase the Perpendicular
cross-section of the flow (making changes in the pattern of flow around the pipeline) and, finally,
the occurrence of erosion and self-burial inlower environmental velocities, but more intense.
Therefore, it is necessary to first investigate the factors affecting for erosion sediment bed and
estimate the dimensions of scour hole under pipelines, to study the accelerating factors and its
effects on ocean engineering.

Themost of researchers considered the local scouring around the pipelines relatede to be rapid,
the depth of the flow, the pipe diameter and the particle size of the bed. Moncada-M and Aguirre-
Pe (1999) describe that, the scour depth below the pipeline as a function of the flow loss number
and the dimensionless distance between the pipe and the intact bed. Cheng and Chew (2003) and
Zhao and Wang (2009), by simulating the flow area around the pipeline with the mounted fin on
it, found that the lifting force and shear stress in the bed and the scour depth increased with the
fin. (2012), by using laboratory results, showed that the flow loss number and the height of the
fin had a significant effect on the depth of scouring under the horizontal pipelines. Shan et al.
(2015) with numerical evaluation of self-burial of tube with the fin mounted on it, and in
displacement mode, with Fluent software, found that increasing the flow loss number in near of
the bed would help to increase the burial speed of the tube.

recently studies showed that the mounting of the fins on the pipeline lead to increasing the
amount of erosion around the tube. The application of mounted Piggyback line with cross
sectional and different angles on the main pipelines can be a major difference with previous
research.
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Methodology
Dimensional analysis

In the present study, by providing effective variables on the dimension of the scour hole under
the pipelines, we have been subjected to a dimensional analysis using the Pi-Bukingham method
and by obtaining the dimensionless ratios and expressing the relationship between these ratio, the
effect of these parameters on the dimensions of the scouring pit below the horizontal pipeline has
been analysed.

ds = f(Ls.V.D.h.g.¥p.puy-Pe- W S¢. dgg. Fs. ) 1)

Finally, the dimensional equation is obtained as follows:

ds Lg v d
F .F= F(Ef .SE.FI:‘.TW FS.E} (2)
In here, L, the final scour length, d. the depth of the scouring hole, V the average flow velocity,

D the diameter of the pipe, ¥, the flow depth, g, andg., respectively, the density of water and
sediments (relative density 5, = f), the dynamic water viscosity , StLine of energy slope, h

Piggyback line height, dzg;Diameter of average particle size, FsLiner shape factor, o Piggyback
line of angular installation with vertical axis, g Gravitation and Froude number V_ = Fr,

|'g'
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laboratory equipment

The experiments of this project were carried out in a rectangular flume with a length of 10
meters, a width of 30 cm and a height of 50 cm, in a laboratory of hydraulic models of the Water
Engineering Department of Ferdowsi University of Mashhad. The maximum flow rate in flume is
about 30 liters per second, which can be measured through an electromagnetic flowmeter system
with a precision of £ 0.5 L/ s. The tested tubes are made of PVC, with an outer diameter of 2, 3.2
and 3.8 cm, and the tees of lines installed on these tubes with three different cross-sections
(blades, circles, Triangle) and with angles of installation in two positive and negative states of 0O,
45, 90, 135 and 180 degrees. erosian and non-adherent bed, two aggregates, fine grain sand with
a diameter of 0.3 mm and coarse-grained sand with a mean diameter of 1.18 mm.
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Fig 1- (a) Effective Parameters for Local scour. (B) different shape of the Piggyback line.
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Results and Discusspn

According to formed the scouring half shapes for each of the 3 pipe diameters, it was found
that increasing the diameter of the pipe causes more obstruction and compression in the direction
of stream line, the velocity and length of theeddies flowbelow the tube are larger and finally, the
volume of eroded sediments below the pipe have been increased. By comparing the scouring
profile, it can be concluded that the scour depth is affected by the shape of the piggyback line
installed on the pipe. As in different shape of piggy back lines cross-section, blade, triangular and
circular are 2.42, 2.25 and 1.9 times more than simple tube mode, respectively.

In the conditions of the threshold of motion of sediment materials, the maximum scour depth,
with variations in the average size of substrate sediments has changed slightly, and the maximum
scour depth below the horizontal pipelines increases with an increase in the average amount of
sediment grain diameter.

The maximum scour depth below the pipelines along with the piggyback line, at installation
angles, will be in the range of 45-0 and 135-maximum. Which indicates the effect of increasing
the directional obstruction and increasing the rate of pressure gradient and leakage force. From
the negative angles, the greatest amount of scour depth was observed for all three different shapes
of the piggyback line, at-135 degrees. Which is very close to the triangular and Spoiler piggyback
line. The reason for this is that in the negative angle for the piggyback line, the scouring process
is rapidly formed due to upstream and downstream vortices, and the process of erosion begins.
However, the presence of piggyback line causes obstruction and the duration of vortex formation
and development, and delayed pressure differences.

The installation of piggyback line on the tube increased the scour depth by an average of 4
times in fine grained material and increased to 6 times the coarse grain. In the angle of 135, the
size of the scour hole is larger than the rest of the angles, and at the angles of 90+ and 135+, the
incremental changes in the length of the scouring hole are much greater than the maximum scour
depth variation.

Conclusions

Laboratory results indicate that the natural self-bursting process of tubular pipes requires more
time, and as a consequence of the installation of the piggyback line, it is more likely to accelerate
the process of scouring. Also, the effect of the piggyback line is greater than the effect of
increasing pipe diameter on the scouring half-life. The scouring of the tube with the piggyback
linehas increased up to 2 times as much as the simple tube. Linear triangular with triangular
cross-sectional shape has the best performance to increase the maximum depth of scour at a
negative angle of 135 degrees. Therefore, the replacement of the triangular piggyback linewith
Spoiler has been considered for the dual purpose of the piggyback line (increasing the local
scouring and the transmission of electric cables and telephones, and even the wastewater along
with the main pipe).
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