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The characteristics of Rhizophora mangrove root structures and its efficiency in velocity dissipation process of heavy wind are
studied in this paper. The influence of Rhizophora Mangrove roots on severe tropical storm (88 -117 km/hr.), intense tropical
cyclone (166-212km/hr.), and very intense tropical cyclone (above 212 km/hr.) is investigated by simulating wind flow around
these roots with inlet velocities 100 km/hr., 200 km/hr., and 300 km/hr. ANSYS Fluent software is used for developing the
computational fluid dynamic (CFD) model and to perform simulation and analysis. The flow velocity profile reveals that these
mangrove root structures have a significant impact on the severe and intense wind flow. It is found that the Rhizophora root
structures reduce the velocity of the wind by more than 80% of the inlet velocity. This information can be utilized to visualize
and better understand the benefits of these root structures and to reestablish mangrove forest, create new breakwater models,

and to strengthen the existing ones.

1. Introduction

Tsunamis, flooding, and mudslides are all natural disasters
that have major influence on the ecosystems. Mangrove
forests provide coastal protection, according to several stud-
ies. By using the results of the statistical tests, researchers
have been able to analyze and calculate the efficiency of
coastal vegetation in Japan against tsunamis [1]. After the
tsunami of December 2004, another study was conducted
in 18 coastal hamlets along India’s southeast coast, empha-
sizing the relevance of mangrove trees in coastal region
protection [2].

There must be sufficient densities of mangrove trees to
lower the height of the wave, preserve balance in sedimenta-
tion process, limit the depth of the tsunami flood, and
decrease waves and winds on surge top [3]. Mangrove for-
ests help to minimize erosion and promote the formation

of good soil. A healthy mangrove is required for all aspects
of coastal defense. It is important to understand how man-
grove roots play an important role in safeguarding the coast-
lines by dissipating inlet energy of the wave and providing
an effective sediment trapping mechanism.

Many analytical researches have been undertaken to
explore and determine the relevance of mangrove forest.
The drag coefficient associated with various Reynolds
numbers, as well as the change in the number of trunks
and their diameters for various distances from the seabed
are discussed and analyzed in [4]. Researchers introduced a
linear mathematical model that can estimate the attenuation
of wave energy in mangrove forests in [5]. The thesis [6]
develops and analyzes a model of wave propagation across
a nonuniform mangrove forest.

Researchers considered the bottom as an inclined
bottom surface in research on a nonuniform forest with
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arbitrary depth [7]. The forest was represented as an array of
vertical cylinders in a study by [8], which examined at the
propagation of long surface waves across these forests. To
explore wave attenuation across mangrove trees, a model
was created and investigated a wave over a viscoelastic bed
[9]. In [10], the influence of a thin viscoelastic mud layer
on wave propagation across mangrove trees was investigated
using linear theory. To measure bed friction and simulate
turbulence caused by flow through tree trunks, simple
models were used. Another study was performed computa-
tionally and experimentally to analyze the interaction of a
solitary wave with emergent, rigid vegetation [11]. To
examine turbulent mixing, surface wave attenuation, and
nearshore circulation generated by vegetation, researchers
constructed a nonhydrostatic RANS model. The bulk drag
coefficient is the most important parameter affecting surface
wave damping by plant canopies, according to their findings
[12]. Numerical simulation of the effects of vegetation
dampening on solitary water wave run-up is investigated
in [13].

In recent years, numerical methods for predicting and
reproducing the influence of mangrove forests on tsunami
wave propagation have been developed. The majority of
these numerical models are based on two-dimensional verti-
cal averaged equations in shallow water. The Morison equa-
tion was introduced in [14]. For these coefficients, they
employed the formulas presented in [15], which were based

on data obtained in a Japanese coastal pine forest. The
volume of trees under the water surface within a given con-
trol volume was used to quantify the formulations. In [16],
researchers used the SWAN model to execute the research
from [17], to simulate wave dissipation over vegetation
areas. For vegetation with varied vertical area, such as man-
groves, they included a vertical layer schematization. These
models can be used to estimate the amount of wave damping
produced by mangrove forests, but they rely on empirical
coeficients that must be calibrated in order to yield mean-
ingful results.

More recently, the Navier-Stokes (NS) equation used
with the goal of improving the understanding of dissipation
mechanisms is caused by vegetation [18]. The Navier—Stokes
(NS) equation-based models were used to simulate flow ver-
tical components as well as flow between individual elements
while taking into account turbulence effects. Researchers in
study [19] proposed a semianalytical theory of wave propa-
gation across vegetated water based on a linearized version
of the NS equations as a first approximation.

[20] studied sediment transport brought by tidal cur-
rents in mangrove forest. Mangrove forest reduces the for-
ward speed of waves, resulting in a smaller flooded area
[21]. [22] observed steady channel flow with uniform inlet
flow velocity 0.2 m/s and flow in creeks with wave amplitude
1 m to study the blockage characteristics and the drag force
of Mangroves. The above studies focused on the overall
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FIGURE 4: Steady and unsteady convergence plot of wind flow in case 1.

structure of Mangrove Forest rather than analyzing the indi-

vidual species.
Mangrove

roots are unique in that they include aerial

roots that let plants grow firmly on muddy coastlines. The

aerial root is capable of separating the salt content of water
from pure water and allowing sedimentation to aid in the
preservation of the mangrove habitat [23]. Different types
of root development and aerial roots are adapted by different
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FIGURE 6: Steady and unsteady convergence plot of wind flow in case 3.

Mangrove species. Prop (stilt) roots, Pneumatophores, and
knee roots are the three basic types of aerial roots. Prop
roots are connected with Rhizophora, Pneumatophores
with Avicennia, and knee roots with Bruguiera mangrove
species [24]. The roots of mangrove trees serve an impor-
tant function in lowering the tidal wave’s force. The flow
patterns within the root area were examined using two-
dimensional water flow simulation around the Mangrove
species Rhizophora apiculata and Avicennia marina [25].
Another study performed the water flow around man-
grove species with inlet velocity as 6 m/s and analyzed the
flow pattern around these roots [26]. Another CFD study
performed to investigate the 2D water flow around the roots
using different turbulence models and identify that the roots
can reduce the water velocity [27]. CFD has been used to
analyze wind flow (compressible and incompressible)
around Avicenia mangrove roots to analyze the flow pat-
terns around the roots [28]. Another CFD study conducted

recently to investigate the water flow patterns around Rhizo-
phora mangrove roots by using the velocity as step function,
in which it was discovered that the root has the capacity of
reducing the velocity of fluid [29].

Mangroves can also help lessen the effects of wind.
Another quantitative analysis revealed that the land behind
the Mangrove zone can be protected from category 5
typhoons with a fast forward speed of 11.2m/s [30]. Wind
flow around Avicenia mangrove roots was analyzed to study
the characteristics of Pneumatophores in reducing the
damages caused by heavy winds [30].

Very few studies have employed numerical techniques to
analyze fluid flow around various media using computa-
tional fluid dynamics (CFD). CFD not only reduces the cost
of experimental set up but also is reliable and efficient.
Hence, this study uses computational fluid dynamics
(CFD) in analyzing the behavior and efficiency of prop roots
of Rhizophora mangrove species in reducing the wind flow
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FIGURE 7: Steady and unsteady velocity contour of wind flow in case 1.
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FIGURE 8: Steady and unsteady velocity contour of wind flow in case 2.

velocity during severe tropical storm (88 -117km/hr.),
intense tropical cyclone (166-212km/hr.), and very intense
tropical cyclone (above 212 km/hr.)

2. Methods

2.1. Study Approach. The steady and unsteady incompress-
ible flow of wind around the roots of Rhizophora species is
simulated using CFD and k — ¢ turbulence model. The speed
of wind during the severe tropical storm is considered as
100 km/hr. (steady and unsteady flow) at the inlet for case
1. The speed of wind during the intense tropical cyclone is
considered as 200 km/hr. (steady and unsteady flow) at the
inlet for case 2. The speed of wind during the very intense
tropical cyclone is considered as 300km/hr. (steady and

unsteady flow) at the inlet for case 3. Finite volume method
applied in this research to solve the problem.

2.2. Governing Differential Equation. Navier-Stoke’s system
of equations governing incompressible flow is as follows:
Continuity equation is as follows:

V.q=0. (1)

Momentum equation is as follows:

a_’ — —
p(a—?+q.Vq> =-Vp+uVv3q. (2)
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FIGURE 9: Steady and unsteady velocity contour of wind flow in case 3.
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FIGURE 10: Steady and unsteady pressure distribution of wind flow in case 1.

2.3. Boundary Condition. Various inlet velocities are used to
drive the simulation of two-dimensional air flow. The
k-turbulence model is adopted in this research since the
Reynolds number is more than 500000. The walls are fixed
(no slip boundary condition), and the body forces are all
ignored in this study. The outlet is designated as a pressure
outlet, with a condition of 0 Pascal.

Case 1. Steady and unsteady wind flow with constant veloc-
ity 100 km/hr (27.8 m/s).

Case 2. Steady and unsteady wind flow with constant veloc-
ity 200 km/hr (55.6 m/s).

Case 3. Steady and unsteady wind flow with constant veloc-
ity 300 km/hr (83.3 m/s).

The mach number of all 3 cases is less than 0.3. So, the
flow is considered as incompressible viscous flow.

The density of air p=1.225kg/m*> and the physical
properties of air are used in this study with viscosity coeffi-
cient p = 1.7894¢ % kg/ms that is applied in cases 1, 2 and
3. The pressure-based solver is used to solve this problem.

2.4. Methodology. The V-18.1 Ansys workbench design
modeler was used to generate a computational model of
the geometry with roots plotted in a 300 cm by 300 cm struc-
ture. To reduce the boundary effect on the air flow, a far field
with an open boundary of 1500cm by 700 cm is formed
around the root geometry. Grid independent study per-
formed with different mesh sizes to identify the suitable grid
resolution for analysis of steady state. “Figure 1” represents
the changes of pressure drops with number of elements.
Based on the grid independent test, a mesh with 405012
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FIGURE 12: Steady and unsteady pressure distribution of wind flow in case 3.

cells, is used to perform the simulation of this study. Good
quality mesh generated with wall y + of wall root is approx-
imately 1 that is shown in “Figure 2.” The different sizes of
primary prop roots are represented as big circle, and stilt
roots are indicated as small circles are visualized in
“Figure 3.” Fine mesh is generated around the mangrove
roots and which are clearly shown in the enlarged image of
the roots in “Figure 3.” Using the CFD program Ansys Flu-
ent 18.1, the boundary is established, and the mesh is
exported for CFD analysis.

3. Results and Analysis

Case 1. Steady and unsteady incompressible wind flow with
constant inlet velocities 27.8 m/s(100 km/hr.).

Case 2. Steady and unsteady incompressible wind flow with
constant inlet velocities.

Case 3. Steady and unsteady incompressible wind flow with
constant inlet velocities 83.3 m/s (300 km/hr.)

Figures 4, 5, and 6 represent by steady and unsteady conver-
gence plot of wind flow in cases 1, 2 and 3, respectively,
which shows that the simulation convergence to three
decimal places.

The comparison of steady and unsteady velocity contour
of wind flow in cases 1, 2 and 3 is visualized in Figures 7, 8,
and 9. The velocity contour of steady and unsteady wind
flow in each case is same, which is clearly shown in these fig-
ures. The big white circle indicated by the main root and the
small dots is represented by stilt roots of the Rhizophora
tree. The roots have the capacity to reduce the wind flow
to a great extent, which is clearly observed from these figures
as different colors of contour (red is represented by very high
velocity whereas blue represented be very low velocity). The
enlarged images represented by two roots at different
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position. When the velocity of the wind flow is compared at
different locations, it can be seen that as the wind flows into
the root area, the speed of the wind reduces. However, it
should be noted that the speed is near to 0 m/s at various
locations. This is due to the interaction of the wind flow with
the root edges at the impact point, which results in a stagna-
tion area and a decrease in the velocity of the wind.

The first enlarged root’s (far away from the primary
trunk) upstream velocities are 11.8m/s, 26.5m/s, and
36.0m/s. In all 3 cases, the downstream velocity is 0 m/s.
The perpendicular side red color contour velocities are
42.8m/s, 90.2 m/s, and 136.1 m/s. The yellow contour veloc-
ities are 31.1m/s, 58.6m/s, and 90.5m/s. The light green
color contour velocities are 26.3 m/s, 56.1 m/s, and 78.8 m/s
in cases 1, 2 and 3 visualized in Figures 3, 10, and 11. The

second enlarged image is as follows (near to the primary
trunk upstream velocities are 11.8m/s, 22.5m/s, and
34.0m/s. The downstream velocity is Om/s in all 3 cases.
The velocities of green color contour are 16.7 m/s, 36.1 m/s,
and 47.6m/s in cases 1, 2 and 3, which are visualized in
Figures 3, 10, and 11.

The comparison of steady and unsteady pressure distri-
bution of wind flow in cases 1, 2 and 3 is visualized in
Figures 10, 11, and 12. The pressure contour of steady and
unsteady wind flow in each case is same, which is clearly
visualized in these figures. The highest pressure can be
observed in the region far away from the stilt roots, which
is indicated by red contour. The lowest pressure can be
observed near the primary trunk indicated by green contour.
The highest pressure in cases 1, 2 and 3 is917.2 Pa, 3609.9 Pa,
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and 8017.7 Pa. The first enlarged root’s (far away from the
primary trunk) downstream green color contour pressures
are 74.6 Pa, 457.6 Pa, and 682.6 Pa; downstream yellow color
contour velocities are 153.7Pa, 556.6Pa, and 682.6Pa,
respectively, in cases 1, 2 and 3. The second enlarge
roots’ downsteam pressures are -173.5Pa, -1172.6 Pa, and
-1728.8 Pa.

An isosurface is created on the root geometry to com-
pare the velocity reduction. The comparison of steady and
unsteady velocity dissipation of wind flow at inlet, outlet,
and x=3.25m in cases 1, 2 and 3 is visualized in
Figures 13-15. At the position x=3.25, the velocity
decreased up to 88% of the inlet velocity. This position is
very near to the primary trunk. To compare the inlet and

the outlet velocities also evident that, velocities decrease by
more than 50%.

The comparison of steady and unsteady pressure varia-
tion of wind flow at inlet, outlet, and x =3.25m in cases 1,
2 and 3 is visualized in Figures 16, 17, and 18. The position
x=3.25m is very closed to the primary trunk, and the root
density is more around this trunk. The pressure variation
is clearly observed in these figures, and pressure decreased
to below 0 Pascal is clearly observed in these figures.

The result of this study is validated with the previous
studies mentioned in the literature and the convergence
plots. In each 3 cases, both steady and unsteady cases are
converged to 3 decimal place is observed in Figures 4, 5,
and 6. Avicenia mangrove roots can reduce the wind velocity
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to more than 70% according to the study [30]. Rhizophora
mangrove root dimensions are more compared to Avicennia
mangrove roots, and the structure of the roots is more
complex, which is able to reduce more than 80% of wind
velocity.

4. Conclusion

In this study, importance of Rhizphora mangrove root
structures is examined. The wind flow velocities during the
severe tropical storm, the intense tropical cyclonem and
the very intense tropical cyclone considered as 100, 200m
and 300 km/hr. (steady and unsteady flow) are significantly
reduced to more than 80% of the initial velocity because of
these root structures. This study also reveals that the speed

of the wind reduced to O0m/s at many places due to the
presence of mangrove roots. It is important to avoid over-
cutting of Mangrove trees to protect the ecological system
from severe and intense tropical storms and cyclones. This
study can influence the people to design breakwater models,
plant more mangrove trees, and restore the existing ones
near the coastal area to protect the villagers staying near
the coastal area from natural disasters. In the future, a
three-dimensional study will be considered to discuss the
subject in a more realistic manner.

Data Availability

The data used to support the findings of this study are
included within the article.
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