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ABSTRACT

This paper describes a new simulation technique for advection-diffusion phenomena over the sea
surface using the lattice Boltzmann method (LBM), capable of predicting oil dispersion from
tankers. The LBM is used to solve the pollutant transport problem within the framework of the
ocean environment. The sea space is represented by the lattices, where each lattice has the infor-
mation on oil transportation. Since dispersed oils (i.e., oil droplets) at sea are transported by con-
vection due to waves, buoyancy, and turbulent diffusion, the conservation of mass and many
physical oil transport rules were used in the prediction model. Since the LBM is modeled using
the uniform lattices and simple rules, it can be easily accelerated by the parallel mechanism, for
example, GPU-accelerated method. The proposed model using the LBM is used to simulate a
simple pollution event with the oil pollutants of 10,000 kL. The simulation results indicate that
the LBM method accelerated with the GPU is 6 times faster than that without the GPU.

Key Words: CUDA (Compute Unified Device Architecture), GPGPU (General-Purpose comput-
ing on Graphics Processing Units), Lattice Boltzmann method, Oil slick movement
and spreading
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// setup grid property
SetGridProperty(threads, blocks)

// calculate external force (source)
CalcExternalForce<<<blocks, threads>>>(device lattices)

/I calculate equilibrium distribution
CalcEqDistribution<<<blocks, threads>>>(device_lattices)

// collision
CollideLattice<<<blocks, threads>>>(device_lattices)

// time synchronize
__syncthreads()

// propagation
Propagate<<<blocks, threads>>>(device lattices)
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// copy from device to host
cudaMemcpy(device_lattice, host lattice, x_size * y_size)
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Table 1 Test environment for the oil spill simulation

Y= a9 37
CPU Intel® Core™ i7-2600K Processor
(8M Cache, 3.40@4.50 GHz)
nVIDIA GeForce GI'X 460
vGa |~ CUDA‘ Cores: 336 Units
- Graphics Clock: 675 MHz
- Processor Clock: 1,350 MHz
SSD | Intel G2 160GB x 2 (RAID 0)
OS | Microsoft Windows 7 64-bit with Service Pack 1

Table 2 Comparison of the executing time between CPU
and GPU
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