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Incompressible SPH Simulation of a Liquid Flowing down an Inclined Plane
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Behavior of liquid flowing down on an inclined plane was simulated by Smoothed Particle Hydrodynamics method
(SPH method) together with algorithms to treat incompressibility and free surface. The incompressible flow
algorithm adjusts the locations of all particles to satisfy the homogeneous density condition and the free surface
algorithm applies surface tension to surface particles. The Laplace pressure model was used for the surface tension.
The result showed that the flowing speed of liquid becomes slower with time which matched the experimental
results. The solidification process of a flowing liquid was also simulated.
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Fig. 1: Flowchart of calculation
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Fig. 2: Computational domain
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Tab. 1: Parameters of liquid for solidification

Parameters Value

Latent heat 333.5 kJ/kg
Freezing point 0.0 °C
Specific heat 4179 kJ/kg-K
Density after frozen 917.0 kg/m?
Specific heat after frozen | 2.0  kJ/kg-K

Tab. 2: Physical properties of silicone oil and water

Properties Silicone oil (water)

Kinematic viscosity 98.0 (0.867) x107°m?/s

Density 965.0 ( 997.0 ) kg/m?
Specific heat 1.5 (4.18) kJ/kg-K
Thermal conductivity | 0.16 (0.606 ) W/m-K
Surface tension 209 (72.0) x1073 N/m

Speed of sound 985.2 (1453 ) m/s
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Fig. 3: Experimental setup
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Fig. 4: Shapes of oil flowing on the inclined plane at
0#=19.5° and t=0.00 5.0 sec
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Fig. 5: Liquid particles on the inclined plane at §=19.5°
and ¢=0.00 2.5 sec

goooboboobooboboooobobooog
gooobOoboooobobooooboboooog
gboogroooobOobooooooobooooonog
obOooobooobooooboooooobooooon
f=195°0000000000000O0ODO0O0OOOOO
obooobOoboobooobooboboooboobooog
obooobOoboobooobooboooobobooog
oooobooooooobooon

Fig. 6: Definition of distance from the tank exit to the
leading edge L
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Fig. 7: Time evolution of distance from the tank exit
to the leading edge of the oil flow
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Fig. 8: Flowing and frozen liquid particles on the in-
clined plane at 6=19.5° and ¢t=0.00 5.0 sec
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