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Numerical Study on the Effect of Bionic Fish Scale Structure on Duct Airflow
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( 1.School of Urban Planning and Municipal Engineering, Xi'an Engineering University, Xi'an, 710048;
2.School of Energy and Architecture, Xi'an College of Aeronautics and Astronautics, Xi'an, 710077 )

[ Abstract]  Based on the RSM model, the drag reduction characteristics of fishscale structures in ducts are investigated by
numerical simulation. The drag reduction rates of up-convex fishscale arrangement, up-convex single fishscale arrangement and
down-convex single fishscale arrangement in ducts are compared. The results show that the up-convex fishscale arrangement
smoothes the ducts compared to the up-convex single fishscale arrangement, which increases the resistance in the ducts. And the
down-concave individual fishscale arrangement can be effective in reducing the resistance in the duct. When modifying the depth 4
(h=1mm, 3mm, Smm) of the concave single fishscale row, the row spacing L is unchanged, #/=5mm, the best resistance reduction
effect, the maximum resistance reduction rate of 2.5%. When the spacing L ( L=2cm, 2.5cm, 3cm ) of the concave single fish scale
structure is modified and the depth / is unchanged, when L=3cm, it has the best resistance reduction capability for the duct, and the
maximum resistance reduction rate is 2.8%.
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Fig.2 Model diagram of fish scale structure arrangement
and individual fish scale structure dimensions
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single fish scale structure arranged in the duct
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Table 1 Simulation results of airflow organisation in ducts under four working conditions
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Fig.7 Four working conditions in three Reynolds number (Re = 1500, 3500, 5500) under the import and export pressure
difference, the resistance generated in the air duct comparison chart
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Fig.8 Comparison of resistance, inlet and outlet pressure difference, and resistance reduction rate between a single

concave fish scale structure ( ~=3mm, L=2cm ) and a smooth air duct at different Re
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Table 2 Simulation results of airflow organisation in ducts at different depths / for a single concave fish scale structure
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1500 0.01618 0.147285 -3.45
0.1 3500 0.06598 0.624241 2.033
5500 0.14018 1.33 2.12
1500 0.01618 0.147327 -3.45
0.3 3500 0.06572 0.586793 2.42
5500 0.14004 1.32 2.22
1500 0.01618 0.147357 -3.45
0.5 3500 0.06565 0.586109 2.52
5500 0.14035 1.33 2.01
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Table 3 Simulation results of airflow organisation in duct with different arrangement spacing L of single concave fish scale

structure
L (em) H i (Re) HBEHH TR (Pa) WE NPT (10°ND IEHZE (%)
1500 0.01618 0.147271 -3.45
1.5 3500 0.06591 0.619413 2.138
5500 0.14047 1.33 1.92
1500 0.01618 0.147327 -3.45
2.0 3500 0.06572 0.586793 2.42
5500 0.14004 1.32 2.22
1500 0.01621 0.147557 -3.65
3.0 3500 0.06545 0.583749 2.82
5500 0.13917 1.31 2.83
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