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Fig. 1 Velocity decomposition of the flow field in the reducing pipe in cylindrical coordinates
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Fig. 2 The composite vortex structure of Fig. 3 The tangential velocity in the
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Table 1  Boundary conditions

description symbol value
mean velocity at D U, /(m/s) 0.325
tangential velocity of wall at D V, /(m/s) 1.46
Reynolds number at D Re 19 000
rotation rate N 4.5
split ratio &/ % 5
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Table 2 The discrete scheme and algorithm

discrete scheme or algorithm method
gradient algorithm least squares method
pressure interpolation algorithm standard
convection interpolation 2nd-order upwind
pressure-velocity coupling method SIMPLE
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Research on Pressure Strain Correlation Terms in the
Reynolds Stress Model for Spiral Flow in Reducing
Pipes With Rotating Wall

ZHANG Jinglong'*, WANG Zunce'’, XU Yan'?, XU Dekui’
(1. School of Mechanical Science and Engineering, Northeast Petroleum University,
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Abstract: The characteristics of flow field in reducing pipes were analyzed. It was determined
that the inner vortex in the tangential velocity field is an elliptic flow dominated by the rotation
of fluid micelle. The outer vortex is a hyperbolic flow dominated by deformation of fluid micelle
and influenced by wall rotation. With the tensor invariant theory, an invariant integrating the ro-
tation rate tensor and the strain rate tensor was introduced as the model coefficient. Then the
modified model for pressure and strain terms in the Reynolds stress, which is applicable to flow
dominated by rotation, was extended to hyperbolic flow. Ultimately, the model was applied to
the flow field simulation of the reducing pipe with rotating wall. Comparison between numerical

results and measured ones proves the effectiveness of the modified model.

Key words: reducing pipe; rotating wall; spiral flow; pressure strain correlation term; invari-
ant of tensor
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