Accepted Manuscript Aerospace
Science

and

Technology

Quantitative description of non-equilibrium turbulent phenomena in compressors

Le Fang, Hong-Kai Zhao, Li-Peng Lu, Yang-Wei Liu, Hao Yan

PIL: S1270-9638(17)30063-9

DOLI: http://dx.doi.org/10.1016/j.ast.2017.09.020
Reference: AESCTE 4205

To appear in: Aerospace Science and Technology

Received date: 10 January 2017
Revised date: 17 July 2017
Accepted date: 11 September 2017

Please cite this article in press as: L. Fang et al., Quantitative description of non-equilibrium turbulent phenomena in compressors, Aerosp.
Sci. Technol. (2017), http://dx.doi.org/10.1016/j.ast.2017.09.020

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ast.2017.09.020

Quantitative description of non-equilibrium turbulent phenomena

in compressors

Le Fang,''? Hong-Kai Zhao,>? Li-Peng Lu,*»?* Yang-Wei Liu,*? and Hao Yan??

LLMP, Ecole Centrale de Pékin, Beijing University of
Aeronautics and Astronautics, Beijing 100191, China
2 Collaborative Innovation Center of Advanced Aero-Engine,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China
3 National Key Laboratory of Science and Technology on Aero-Engine Aero-Thermodynamics,
School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China
(Dated: September 14, 2017)

Abstract A description of non-equilibrium turbulence in compressors is introduced
by using the equation of Lagrangian velocity gradient correlation. This description
is consistent to other traditional definitions in homogeneous isotropic turbulence
and can be easily extended to complex anisotropic flows in compressors. We then
show by post-processing in a linear cascade, that the non-equilibrium phenomena
are obvious in the regions of corner separation, wake and boundary layer. Theo-
retical predictions show good agreement in magnitude with numerical results. We
also show that the non-equilibrium phenomena cannot be eliminated even when the
flow is far downstream, which indicates the importance of non-equilibrium phenom-
ena in compressors. The aim of the present contribution is to provide a method to
quantitatively describe the non-equilibrium phenomena in compressors, and to in-
spire future improvement on turbulence models by considering these non-negligible

non-equilibrium properties in the future.
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