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Fig. 1. Data type for modeling.
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Fig. 2. Global computational domain and plane grid settings: (a) Global computing domain; (b) local mesh.
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Fig. 3. Partial results of simulation: (a) Lift and drag coefficient; (b) sectional instantaneous velocity vector diagram at z = 0;

(c) sectional instantaneous velocity vector diagram at y = 0; (d) sectional instantaneous velocity vector diagram at z = 2.
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Fig. 4. Distributions of monitoring points and time history results: (a) Layout position of measure points; (b) flow velocity of some

measure points.
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Fig. 5. Methodology of the representation model.
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Table 1. NCN-AE model parameters.
vy DB A E E B2 € ChpIRFS
Input — —

Conv 1 64 ReLU
Conv 2 32 ReLU
Conv 3 20 ReLU
Flatten layer — —
Dense layer 20 ReLU
Code layer 20 ReLU
Dense layer2 20000
Reshape layer — —
Conv_T 1 20 ReLU
Conv_T 2 32 ReLU
Conv_T 3 64 ReLU
Output 1 ReLU

2 REEA SIS

Table 2.  MLP-AE model parameters.
R L EIv E B2 ERE/SIWIRF
Input — —
Dense 1 64 ReLU
Dense 2 32 ReLU
Dense 3 20 ReLU
Flatten layer — —
Dense layer 20 ReLU
Code layer 20 ReLU
Dense layer2 20000
Reshape layer — —
Dense 1 20 ReLU
Dense 2 32 ReLU
Dense 3 64 ReLU
Output 1 ReLU
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Fig. 6. Loss function of different models on training set: (a) Flow velocity; (b) lateral velocity; (c) spanwise velocity; (d) absolute

value of velocity.
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Fig. 7. Distributions of relatively error using LCN-AE: (a) Flow velocity; (b) lateral velocity; (c) spanwise velocity; (d) absolute

value of velocity.
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Fig. 8. Distribution of relatively error using MLP-AE: (a) Flow velocity; (b) lateral velocity; (c) spanwise velocity; (d) absolute

value of velocity.
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Fig. 9. Distributions of relatively error using NCN-AE: (a) Flow velocity; (b) lateral velocity; (c) spanwise velocity; (d) absolute

value of velocity.
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Table 3. Mean relatively error of different models.
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Fig. 10. Mean relatively error of different models.
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Fig. 11. Comparision of original and reconstructed flow time history samples: (a) Flow velocity; (b) lateral velocity; (c) spanwise ve-
locity; (d) absolute value of velocity; (e) partial view of flow velocity; (f) partial view of lateral velocity; (g) partial view of span-
wise velocity; (h) partial view of absolute value of velocity.
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Deep learning representation of flow time history for
complex flow field”
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Abstract

Flow analysis and low-dimensional representation model is of great significance in studying the complex
flow mechanism. However, the turbulent flow field has complex and unstable spatiotemporal evolution feature,
and it is difficult to establish the low-dimensional representation model for the flow big data. A low-dimensional
representation model of complex flow is proposed and verified based on the flow time-history deep learning
method. One-dimensional linear convolution, nonlinear full connection and nonlinear convolution autoencoding
methods are established to reduce the dimension of unsteady flow time history data. The decoding mapping
from low-dimensional space to time domain is obtained to build the representation model for turbulence. The
proposed method is verified by using flow around the square clyinder with Re = 2.2x10% The results show that
the flow time-history deep learning method can be used to effectively realize the low-dimensional representation
of the flow and is suitable for solving the complex turbulent flow problems; the nonlinear one-dimensional
convolutional autoencoder is superior to the full connection and linear convolution methods in representing the
complex flow features. The method in this work is an unsupervised training method, which can be widely used
in single-point-based sensor data processing, and is a new method to study the characteristics of turbulence and

complex flow problems.

Keywords: time-history deep learning, dimensionality reduction of flow data, convolution neural network,

turbulent flow field, flow representation
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