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Squeeze Casting SPH Two-phase Flow Modeling and Simulation Based on CUDA
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Abstract: The liquid metal and air in the cavity was modeled by multiphase smoothed particle hydrodynamics (SPH)
method to simulate the flow field of two-phase flow during the filling process of squeeze casting, and a compute unified
device architecture (CUDA) parallel algorithm for fluid calculation was proposed. Aiming at the problems of discon-
tinuous interface between liquid metal and air, diffusion term was added to the governing equation based on the basic
principle of multiphase SPH, and the multiphase density regularization as well as dynamic boundary conditions were
introduced to improve the stability and accuracy of simulating two-phase flow with large density ratio. On this basis,
particle displacement technique was introduced to eliminate the particle accumulation caused by drastic change of fluid
flow. In order to overcome the high consumption of SPH calculation, SPH two-phase flow algorithm based on CUDA
architecture was utilized to realize data parallel computing. The results indicate that the proposed SPH two-phase flow
model can plot the flow of liquid metal and air under different process conditions and dynamic effect of air entrapment

defect to predict the filling defects accurately. Meanwhile, the computational efficiency is greatly improved.
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Fig.1 Support domain and neighbor particles of central particles
in 3D model
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Fig.2 Schematic diagram of dynamic boundary
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Fig.3 Particle displacement technique
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CUDA architecture
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Fig.5 Squeeze casting system of bow-shaped model
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Fig.7 Simulation results of gas-liquid fluid in low-speed filling process

(a) 1=0.032s

s B R W, B BRI bt 1
—hwhrULoaNOO—NLWRULNON® O

() 1=0.256 s (f) 1=0.344 s (g) =0376's (h) =0.520 s
A8 REAAIEFEMANGALERA

Fig.8 Simulation results of single-phase fluid in low-speed filling process
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Fig.9 Simulation results of gas-liquid fluid in high-speed filling process
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Fig.10 Speedup of GPU relative to single-thread and 128-thread

CPU under different particle amounts
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