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Dynamic Stability of Particle-Lattice Structures Simulating Swarms in Turbulence

Jeong Suk Oh’, Sung Gun Yoon', Han June Park’ and Wontae Hwang'

Abstract The dynamic stability of swarms is crucial in preventing collisions in clustered flights and
safely moving along a defined path. Although there have been many simulation studies on dynamic
stability, there have not been many experimental studies using real clusters due to the difficulty in
implementation. In this study, we constructed a particle-lattice structure simulating bird flocks or drone
swarms, and conducted experiments within turbulent flow. We identified a criterion that describes
dynamically stable particle-lattice structures. The stability increased as this newly defined spatial index
increased.
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Fig. 1. Turbulence generator chute

Entrainment flow Jet flow

Fig. 2. Synthetic jet
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Fig. 3. Experimental setup

Table. 1. Phantom V2512 high-speed camera setting

FPS 4000 frames per second
ROI size Scm x Scm
Focal length 50cm

Table. 2. PIV test setting

FPS 20 frames per second
ROI size 3.5cm x 3.0cm
Interrogation o
Window 64px(50% overlap)
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Fig. 4. Particle-Lattice structure for 8 X 8 case



Table. 3. Structure parameters
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Dimension Particle NN GFENN
Number(N) (ZNN) N
6x6 36 60 1.67
2x3x6 36 72 2.00
4x3x3 36 75 2.08
6x8 48 82 1.71
2x3x8 48 98 2.04
2x4x6 43 100 2.08
8x8 64 112 1.75
2x4x8 64 136 2.13
4x4x4 64 144 2.25
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Fig. 5. Particle tracked using Tracker
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Table. 4. PIV test results

Hwang and  Variano 1-D
Eaton  and Cowen Chute
Medium Air Water Air
U] ms(MV/S) 0.87 0.00391 1.47
U yms(10V/S) 0.84 0.00498 5.27
U(m/s) 0.019 0.00026 -0.0153
Ux(m/s) -0.088 0.00010 -0.985
Ui/utg yms 0.022 0.07 -0.0104
U/t 1ms -0.10 0.02 -0.187
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Fig. 6. Velocity trend for volumetric 2X4 X 6 case
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Fig. 7. Velocity trend for plane 6 X 8 case
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Fig. 9. Maximum velocity vs. spatial index
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Fig. 11. Maximum acceleration vs.
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