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Abstract

This paper proposes a GPU-based simulation framework to efficiently represent fine-grained physical phenomena, such as
turbulence, diffusion, and wrinkling, that occur in fluid-cloth interactions. Unlike previous methods that rely solely on momentum
conservation, this framework captures the intricate interactions between fluids and fabrics. The FLIP approach is used to simulate
more detailed fluid flows than traditional particle-based fluid techniques, while the PBD method captures the fundamental physical
properties of fabrics. To efficiently handle large-scale details like turbulence, diffusion, and wrinkling, the framework utilizes GPU
parallelization techniques, including spatial hashing, graph coloring, and memory optimization. The result is a significant performance
improvement, with tens of times faster simulation times compared to CPU methods, enabling the rapid representation of fine-grained

visual features.
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Figure 1. Liquid 31mulat10n overview. It consists of an initialization and
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+  Wave Simulation

a simulation step, with turbulence performed as a post-processing

following the FLIP simulation.
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Figure 4. Wet-cloth Simulation steps((a) Absorption, (b)Diffusion, (c)
Dripping)
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Figure 6. The collision between fluid particles and the cloth is resolved

through constraints imposed by vertex-to-face collisions.
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Figure 11. Parallelization of the spatial hashing algorithm without race
conditions through sorting and prefix sum of particle information

within each cell.
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Figure 15. The weight used for representing wrinkles in wet cloth (a)
and the result (b) ((a) Dihedral angle, (b) Exaggerated representation
of wrinkles.)
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Figure 17. Parallelization of external force application and integration
at the vertex level.
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FLIP Only (d) FLIP Only

Figure 22. Fluid-cloth interaction results ((a) Dripping, (b) Diffusion,
(c) Wrinkle, (d) Box rotation, (¢) Single water drop, (f) Water pour to

cloth)
Scene Water Dam Double
Drop Break Water Drop
# FLIP Particle 20k 24k 135k
gpy | #Turbulence 11k 16k 15k
Particle
frame/sec 2.72 1.76 0.83
# FLIP Particle 20k 24k 47k
cpy | #Turbulence 8k 15k 14k
Particle
frame/sec 0.09 0.035 0.012
Table 1: Liquid simulation performance.
Model Dragon Bunny
# Vertex/Face 50k 100k 4.8k 2.4k
# Structural/Bend 150k 150k 7.2k 7.2k
CPUGPU 0.98 68.3 36.5 924
(frame/sec)
Table 2: Cloth simulation performance.
Scene Dripping
# FLIP Particle 135k
Fluid # Turbulence
Particle 197k
Cloth # Vertex/Face 18k 36k
# Structural/Bend 54k 54k
Result | frame/sec 1.15

Table 3: Liquid-cloth interaction performance.
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