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Abstract

Scouring at the place of submerged pipelines under the effect of eddy currents
around the pipe passing through the riverbed leads to the settlement and failure
of the pipeline as well as the penetration of the fluid passing through the pipe into
the stream. Therefore, efforts to reduce these risks and their effects are always the
attention of researchers and engineers. In the current research, scouring and
sedimentation around the pipe and its surrounding bed under the effect of a
protective plate at different positions and heights have been investigated and
analyzed using Flow-3D. Comparison of the simulation results of the present
research with the laboratory results showed that the used numerical model with
the statistical index R?=0.96 has an acceptable ability in simulating the mentioned
phenomenon. Also, the results showed that by installing a plate with a height of
H=1.25D (D is the diameter of the pipe) and at a distance of 0.5D downstream of
the pipe, the scouring depth under the pipe decreases by 60% and also the average
level of the bed in the upstream area increases by 82%, which is the most optimal
state among different downstream positions. The optimal state of the plate in the
upstream corresponds to the height of H=0.75D and at a distance of 1.5D, which
not create scouring, and the average level of the bed between the pipe and the
plate in the upstream has increased 4.9 times compared to the state without the
plate.
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Introduction
The interaction between the erodible bed and the passing pipelines under different conditions of flow
and waves will cause the scouring phenomenon to form at the place of the pipe passage. The
experiments conducted by (Sumer and Fredsoe, 1991) and (Sumer et al. 2001) showed that the flow
leaked to the bed under the pipeline is incremental. As a result, the seepage resulting from the pressure
difference between the downstream and upstream of the pipeline is the main factor at the beginning of
the scouring phenomenon. Below are the pipelines crossing the river bed and the sea. Other researchers
such as (Li and Cheng, 1999, 2001) and (Brors, 1999) searched for the flow and erosion created around
pipelines in the form of numerical modeling.

In this research, an attempt was made to use vertical plates upstream and downstream of the submerged
pipeline crossing the river and channel, despite the reduction of the inflow to the bed and the reduction
of the depth of erosion, in order to trap the sediment around pipeline burial phenomenon.

Materials and Methods

Flow-3D numerical model is one of the powerful models in the field of computational fluid dynamics,
which is developed and supported by Flow science, Inc. In order to validate the performance and results
of the Flow-3D numerical model, to ensure the accuracy of its results, the model and laboratory results
(Sumer et al. 1988) were used. Therefore, in the current research, based on the verification done in
comparison with the results of the laboratory model (Sumer et al. 1988), the effect of the presence of
the protective plate in the upstream and downstream of the pipe passing through the flow section in
order to reduce scour and also increase the conditions of self-burial in the position 0.5D, 1D, 1.5D
upstream and downstream of the pipe and also in the position of the plate attached to the pipe and for
different heights of 0.25D, 0.5D, 0.75D, 1D and 1.25D, Flow-3D software is used and compared to the
present optimal conditions are applied. The usual turbulence model such as LES, RNG and K-¢ were
used for detecting best model for the main simulations. The comparison of the numerical modeling
results with the laboratory values (Sumer et al., 1988) in order to check the validity and determine the
error value of the numerical model, which is the result of 1000 seconds of simulating the phenomenon
under investigation, is presented in Table (4) and Figure (4).

Results

The Flow-3D numerical model provides acceptable simulation results for the limit values of scour and
sedimentation, it is also accurate in simulating the geometry of the scour hole.

Figure (7) shows the conditions of the erodible bed for the plate with a distance of 0.5D in the
downstream. As can be seen, with the increase in the height of the plate, the values of the maximum
scour depth under the pipe also decreased, and this decrease for the heights of H equal to 0.25D, 0.5D,
0.75D, 1D and 1.25D is 25, 32, 32, 40 and 60%, respectively.

In figure (8), it is clear that for heights H equal to 0.25D, 0.5D, 0.75D, 1D and 1.25D, the average level
of the bed between the pipe and the upstream plate is 1.3, 3.9, 4.9, 3.1 and 3.4 times increased, which
indicates a decrease in erosion. In the cases of height H equal to 1D and 1.25D, sedimentation in the
upstream and downstream is less compared to the cases of 0.5D and 0.75D, which can be due to the
vortex obtained between the pipe and the plate.

Discussion and Conclusion

- According to the goal of reducing scour depth under the pipe and increasing sedimentation, the plate
with a height of H=1.25D and at a distance of 0.5D in the downstream has the best performance among
the downstream plates. Also, the plate with a height of H=0.75D and a distance of 1.5D upstream has
the best performance among the upstream plates.

- By the increasing in the height of the plate (H) in the downstream with distance of 0.5D, the maximum
scour depth under the pipe is also reduced. This reduction is 25, 32, 32, 40 and 60% for the heights of
H equal to 0.25D, 0.5D, 0.75D, 1D and 1.25D, respectively.

- For H heights equal to 0.25D, 0.5D, 0.75D, 1D and 1.25D, the average level of the bed between the
pipe and the upstream plate with distance of 1.5D increased by 1.3, 3.9, 4.9, 3.1 and 3.4 times,
respectively, which indicates the reduction of erosion around the pipe in the presence of the protective
plate.
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