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Application of image correction method in PIV velocity
measurement of round pipes

Chen Zhaoshuai, Yu Bo,Zhang Liwei,Zhou Huaichun
(School of Low Carbon Energy and Power Engineering, China University of Mining and Technology, Xuzhou 221008, China)

Abstract ; Particle image velocimetry (PIV) technology is widely used in fluid flow measurement. The refractive index difference of the
medium causes the light to deflect on the wall of the tube, which may result in image distortion and directly affect the accuracy of velocity
measurement. In this article, the physical model of optical refraction is established, and the functional relationship between the object
point and the image point in the circular pipe is achieved. Then, the pixel coordinates of the corrected image are obtained. The bilinear
interpolation algorithm is used to obtain the pixel gray value to reconstruct the corrected particle image. Finally, the velocity field in the
tube is calculated according to the multi-grid iterative algorithm. The static fluid grid image deviation and laminar flow velocity field
measurement experiments are carried out respectively. The errors of optical correction box method, linear correction method and
distortion correction method based on optical model were compared. The results show that the accuracy of the proposed image correction
method based on geometric optics is better than those of the optical correction box method and the linear correction method. The accuracy
and effectiveness of the established geometric optics model are fully evaluated by static and flow experiments.
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Fig. 1 The geometrical-optical model of a circular tube
(A is the object point in the central plane, A’ is the

image point in the plane of the CCD camera)
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Fig.2 Diagram of optical path of optical correction box
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Fig.3  Circular tubes and optical correction box
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Table 1 Optical properties of experimental media

IR B/ (grem™) Pt
PMMA 1.18 1.49
=R 0.001 205 1. 00
7K 9.982 1.33
Hmh 1.261 1.47
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Fig.4  Diagram of experimental setup for round tubes
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Fig. 6 Error analysis of optical correction box method
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Fig. 8 The velocity distribution cloud diagram of the three

correction methods in the tube
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