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Abstract

Three-dimensional PIV technique has been widely used in the rotor wake flow field measurement, this
paper puts forward the multiple direction angle plane three-dimensional PIV measurement to get high
measuring precision of the plane, and adopts the method of interpolation between different mea-
surement profiles to reconstruct three-dimensional space velocity field, to obtain reliable and accurate
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rotor three-dimensional flow field of the three-dimensional reconstruction results. According to the
above experimental requirements, the paper proposes that in cylindrical coordinates, the existing
vortex ring model is used to rotate its coordinate axis clockwise along 6 =7/2 by a certain angle,

and the distribution of the absolute value of velocity in the r-z plane under different azimuth angles is
obtained based on MATLAB. The interpolation algorithm was used to reconstruct the three-dimen-
sional velocity field of the vortex ring, and the comparison and error analysis with the real value were
carried out. A good consistency was obtained, which provided a theoretical algorithm basis and a fea-
sibility analysis for three-dimensional PIV reconstruction of the three-dimensional flow field of the
rotor wake.
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Figure 1. Elementary vortex structures: straight line (a po-
int) vortex, vortex ring and a helical vortex [6]
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Figure 2. The geometric position of the vortex ring in normal place
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Figure 3. Survey plane diagram
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Figure 4. (a) Velocity contour map of u; (b) Velocity contour map of u, ; (c) A contour plot of the absolute value of ve-
locity for some particular value; (d) The flow chart between u, and u,
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Figure 5. (a) Isosurface of U, =8; (b) Vertical view of U, =8; (c) Three quarters of isosurface of U, =8; (d) Vertical
view of three quarters of isosurface of U, =8
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Figure 6. (a) Diagram of axis rotation; (b) Schematic diagram of vortex rings after axis rotation
[El 6. (a) irihieienEE; (b) LArMNE ERTIRERE
ARBREIIE RS 2 Je W RASR BT IH AL FR A 2 R B 5C R U
y'=y (6)
X' =XcoSa +zsina (M
7' =2C0Sa — Xsina 8)

HRARERER LB, FEARAIR RTR I IHASR R, W

DOI: 10.12677/app.2022.122012 95 N A


https://doi.org/10.12677/app.2022.122012

nﬂf
=
il
48

x=x'cosa—2'sina (10)
z=z7'cosa+X'sina (11)

PR o = n/6 RN B, FHARERIE AKX, 78 MATLAB HLBEAT THER,  BIWT 45 3 AL b il e % J
TP T B A RN AR, i 7 s

v, =1 U =20

@ (b)

¥ I =3
V™10 L.m\ 2

0.3

05
\"ﬁ\'ﬂ)
© (@)
Figure 7. (a) Isosurface of U, =10; (b) Isosurface of U, =20; (c) The side view of U, =10; (d) The side view of
U, =20
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Figure 8. Schematic diagram of velocity field in =0 plane measured after rotation
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Figure 9. (a) Velocity contour of 6=0 before rotation; (b) Velocity contour of §=0 after rotation
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Figure 10. (a) Velocity contour of =0 after rotation; (b) Velocity contour of 6= after rotation
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Figure 13. (a) The contour map of 9:% obtained from the velocity formula; (b) Contour map
obtained by Spline interpolation; (c) Contour map obtained by Hermite interpolation
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Figure 14. (a) Ten grid points were selected along the r direction of vortex core
center for comparison; (b) Ten grid points were selected along the z direction of
vortex core center for comparison
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