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1- Moving particles semi-implicit (MPS)
2- Computational fluid dynamics

3- Smoothed particles hydrodynamics

4- Volume of fluid (VOF)
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Figure 1. a: effective radius, b: the fluid and virtual particles arrangement, solid boundary and free surface
particles in MPS method (13).
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Table 1. Precision of the numerical model (%) in calculation of flow free surface profile (Precision = 100-NRMSE).

do(cm) =l,3 s

t=4s t=3s t=27s t=24s
Particles diameter
88.9 90.6 90.5 93.1 1
88.1 91.2 90.8 91.5 15
81.1 87.6 86.6 85.8 2

(do=1.5cm) 5131 ck.u T dlone 53 A o 4 o 5340 Jue ewly C35 =Y J g

Table 1. Precision of the numerical model calibration to the relaxation coefficient in calculation of flow free

surface profile (dy=1.5cm).

LSS

t=4s t=27s t=24s
Relaxation coefficient
88.5 90.5 922 0.15
88.1 90.8 91.5 0.2
85.8 90.5 89.9 0.4
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Figure 4. (a-d) Longitudinal profile of the flow free surface in experimental and numerical results in several
particles diameter at the moments t = 2.4s, 2.7s, 3s & 4s.
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g3



1S 5 55 s e

v(m's) 5a o

¥(m), sl 20
Flumse width
(@)
......... Squds
— Squi
Squss

08

yimlyyd e
Flame width

(b)

v(m's) SR
Transverse velocity v(m's)

v(m's) o o

_ Assynds
25 Asynso
‘ s ASYSS

V() Lo e
Transverse velocity v(m/'s)
o
=]

V() 5o o

Transverse velocity v(m's)

(z=0-0.3m, x=6m-6.01m) > sl ids sVl ,2 1 =35 dlad 3 p g (20 53 V(MVS) oy Al fo GG i A S5
Fa e 00 500 £0 5 e o adgl Gos aw 3 (S &lse ©) 0l (@) 558 ©) (onSe (0) (gail ol il g0 @) ol )2
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Abstract

Background and Objectives: The floodplains are relatively flat lands in the vicinity of the rivers with
the residential, industrial or agricultural usage. The sudden breakdown of large dams leads to the
formation and propagation of devastating flood waves over the downstream. The flood propagation
occurs over the floodplains due to the topographic variations and in-stream obstacles such as bridges.
These waves are developed one and two dimensional over a small reach of the river and floodplains,
respectively. In the hydrodynamic simulations, two-dimensional characteristics of the dam-break flow
over the floodplains have been studied scarcely. Therefore, the combined effects of the floodplains
obstacles, constriction and the bottom barriers are calculated over the dam-break flow characteristics.

Materials and Methods: In the present study, the moving particle semi-implicit (MPS) method was
used to the numerical study of the dam-break flow characteristics over the floodplain. From
advantages of this method are including the incompressibility, the particle-based and using of
powerful models of gradients and Laplacian in velocity-pressure corrections without any complex
smoothing functions. Hence, the effects of the reservoir initial water level, the shapes of the
obstacles - lateral transitions as well as the bottom barriers on the hydraulic parameters were studied
in 15 various cases. The floodplain obstacles are cylindrical, cubic, rhomboidal and asymmetric, and
the bottom barriers are cubic. At first, the sensitivity analysis was carried out on three particles
diameters including the 0.01, 0.015 and 0.20 m. Finally, the diameter of the particles equal to
0.015m was adopted as the water particles size in the model. The simulations carried out through
more than 280000 spherical particles, with the second order spatial and temporal accuracy.

Results: The precision of the numerical results was calculated using the NRMSE normal error through
the comparison with the previous experimental one. The results demonstrated that evacuation of the
reservoir occurs in numerical solutions faster than the experimental. Therefore, the MPS model under
and overestimates the values of the free-surface profile height and the flow propagation velocity,
respectively. The impact of flow to the floodplain obstacles leads to the rising up and the formation of
a three-dimensional flow at the obstacles place, the lateral constrictions and the bottom obstacles.
Further, the shape of the obstacles represents a crucial factor in the free surface profile deformations,
the horizontal component of the surface velocity and the drag resistance forces applied to the flow.

Conclusion: Normal error values showed that the accuracy of the MPS method in the calculation of
the free surface longitudinal profile deformations are variable between 88 and 91 percent.

Keywords: Floodplain, Instantaneous dam break, Lateral transitions, Moving particles semi-implicit,
Obstacles
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