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Biomimetic Design of Fluid Dynamic Shape for
Cross-Media Vehicle
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Abstract: Cross-media vehicle is a new concept of amphibious unmanned vehicle, which can cruise
in the air and water, and can freely cross the water-air interface. The vehicle needs good water-en-
try and water-exit performance and less fluid resistance. Based on the idea of combination bionics
design of two biological creatures, the body feature point cloud data of kingfisher head and diving
beetle body which both with excellent water entry performance are obtained by using full-
automatic 3D image scanner. By using the Fourier series fitting method to fit the characteristic
curve, the hydrodynamic shape of the cross-media vehicle is designed. In this paper, a design
scheme is provided to reduce the water entry impact load and the underwater navigation resistance
of the vehicle.
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Fig. 1 Schematic diagram of operation mode of cross-media vehicle!®
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Fig. 2 Point cloud data of kingfisher head
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Fig. 3 Characteristic curve of kingfisher head
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Fig. 4 Point cloud data of diving beetle body
Fig. 5 Characteristic curve of diving beetle body
F1 HIEHZMNIZHE mm
Tab. 1 Point cloud data of characteristic curve mm
z 0 0 0 0 0 0 0 0 0 0
y 0.727  12.869  16.187  19.504  23.037  26.327  30.054  33.342  37.611 41.138
MY z 0. 757 2.918 3.267 3. 608 4.019 4.216 4.575 4.755 6.416 8. 450
AR AE 1 2R z 0 0 0 0 0 0 0 0 0 0
y 44.622  48.038  51.372  54.631  58.076  61.260  64.627  67.835  71.271 74.108
z 9.705 10.583  11.021  11.042  10.973  10.590  10.092  9.838 9.719 9. 660
z 0 0 0 0 0 0 0 0 0 0
y 0.534 6. 889 10.265  13.458  17.059  20.286  27.334  30.759  34.019 37.190
FEER z —0.014 —0.853 —1.302 —1.638 —1.966 —2.112 —2.499 —2.679 —2.649 —3.433
RSN z 0 0 0 0 0 0 0 0 0 0
y 40.424  43.488  46.553  49.704  53.085  56.209  65.729  69.073  72.196 74.138
z —4.329 —5.365 —6.402 —6.962 —7.383 —8.094 —9.423 10.043  10.761 11. 264
x 0. 376 0. 442 0. 808 1. 050 1. 307 1.471 1.722 2.018 2.435 3. 020
y 0.519 2. 989 7.474 11.345  15.420  19.413  23.364  27.440  31.316 35. 400
W z 0 0 0 0 0 0 0 0 0 0
e R AE i 2 z 4,431 5. 894 7.491 8. 868 9. 009 8. 952 9.263 9. 677 9. 857 9.851
y 39.303  43.207  48.945  56.305  60.174  64.037  67.910  71.582  73.621 74.028
z 0 0 0 0 0 0 0 0 0 0
x 0 0 0 0 0 0 0 0 0 0
y 0.128 2. 706 4.763 7.055 9.591 12.020  14.072  17.028  19.659 21.925
A =2 z 2.079 3. 256 3.893 4. 419 4.748 4. 902 4. 928 4. 802 4.571 4. 234
R AE i 2R z 0 0 0 0 0 0 0 0 0 0
y 23.114  24.219  25.534  26.606  27.696  28.706  29.545  30.769  32.951 33. 828
z 3. 996 3. 766 3. 414 3.118 2. 810 2. 500 2. 247 1.810 0.776 0. 289
z 0 0 0 0 0 0 0 0 0 0
y 1. 080 3.192 5. 751 7.764 10.130  12.592  15.184  17.465  19.690 21. 530
I T A z —5.089 —6.068 —6.650 —7.003 —6.934 —6.718 —6.558 —6.523 —6.345 —5.137
I 6 2 A 1 2% z 0 0 0 0 0 0 0 0 0 0
y 22.577  23.895  25.174  26.627  27.938  28.967  30.035  31.324  32.483 33.553
z —4.932 —4.885 —4.745 —4.381 —3.956 —3.582 —3.286 —2.711 —2.375 —2.115
z 4. 968 5. 827 7. 904 8. 327 9. 284 9.512 10.192  10.331  10.097 9. 930
y 0. 285 1. 245 4.736 5. 921 9. 632 10.593  14.117  15.391  18.219 18.911
Ji E Gk z 0 0 0 0 0 0 0 0 0 0
e MPREAE 2 z 9. 672 9. 547 8. 928 8. 686 7.542 7.166 4. 869 4. 202 2. 423 1. 769
y 21.362  21.910  24.376  25.166  28.267  28.707  31.089  31.684  33.251 33.759
z 0 0 0 0 0 0 0 0 0 0
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Fig. 6 The smoothed characteristic curve of kingfisher head
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Fig. 7 The smoothed characteristic curve of diving beetle body
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Tab. 2 Mathematical expression of characteristic curves

EE Y R-square
F (y) =5.872—4.492cos (0.06497y) —2.174sin (0.06497y) —0.5748cos (0.12994y) + 0. 9993
KPR 1. 189sin (0.12994y) —0.6724cos (0.19494y) —+0.712cos (0. 19494y) +
b ARRAE il £k 0. 4528cos (0.25988y) +0.2825sin (0. 25988) +0.2187cos (0.32485y) +
0. 099sin (0. 32485) —0.03042cos (0.38982y) —0. 189sin (0.38982y)
S f (y) =—4.409+5.481cos (0.0484y) +0.6224sin (0. 0484y) —0.7099cos (0.0968y) — 0. 9977
o " 2.069sin (0.0968y) —0.859%4cos (0.1452y) —0.01176sin (0.1452y) +
AR AE i 2% .
0.3621cos (0.1936y) +0.3923sin (0. 1936y)
P F (y) =2.983—5.823cos (0.04806y) —+1.897sin (0.04806y) +2.178cos (0.01872y) + 0. 9988
Bk
i 1.932sin (0.08172y) +1.394cos (1.2258y) —0.4344sin (1.2258y) —
e RRAE i 2 o
0.5086¢cos (0.19224y) —0.5518sin (0.19224y)
— F (y) =0.8929—0. 6163cos (0.1101y) +5.203sin (0.1101y) + 0. 9999
. X 1. 5cos (0.2202y) —+0.7325sin (0.2202y) +0.3478cos (0.3303y) —
AR i 22 .
0.4165cos (0.3303y) —0.09798cos (0.4404y) —0.0833sin (0.4404y)
T w5 f (y) =—4.267—0.2246c0s (0.1994y) —2.938sin (0.1994y) — 0. 9986
i B AR AT 1 £k 0. 3434cos (0.3988y) —0.2316sin (0.3988y)
Jo # B 1k £ (y) =4.256—2.429cos (0.1196y) +7.543sin (0.1196y) +2.272cos (0.2392y) + 0. 9986
22 MVRRAE il 2k 1. 395sin (0. 2392y) +0.5577cos (0.3588y) —0.5371cos (0.3588y) ’
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Fig. 8 Cross section curve of kingfisher head
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Fig. 9 Kingfisher head modeling
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Fig. 10 Cross section curve of diving beetle body
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Fig. 11 Diving beetle body modeling
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Fig. 12 Combination of kingfisherhead and diving beetle body
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Fig. 13 Fluid dynamic shape for cross-media vehicle
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