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Steady flow prediction across multiple regions
using deep learning and boundary exchange

SorA HATAYAMA'® TAKASHI SHIMOKAWABE?"?) NAOYUKI ONODERA®:®

Abstract: Computational fluid dynamics analysis, which is widely used in fluid dynamics simulations, has
problems in terms of computer memory consumption and computation time. In recent years, researches have
been carried out to solve these problems by using deep learning to rapidly predict the results of conventional
numerical calculations, but the size of the region that can be predicted is limited. Therefore, in this study, we
use deep learning to simulate the results of steady-state fluid using an exchange of inference and boundary
conditions, we propose a method that can predict larger regions.
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1 Rectangular 2D lattice illustrating the D2Q9 scheme for
the LBM.
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2 SDF representation of a circle shape (zero level set) in a
256x128 (Left). The graph of cross-section y = 30 (Right).
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= signed distance function . .
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3 Steady flow prediction using convolutional neural network.
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4 Network architecture for 2D geometry.
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Erry = | CNN - LBM |

Velocity x (CNN prediction) Velocity x (LBM ground truth)
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5 Prediction results of a single area. The first row is the velocity x results, and the
second row is the velocity y results. The first column is the CNN Predictions,
the second column is the LBM ground truths, and the third column is the error

between the ground truth and the prediction.
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B 6 Convergence time of Loss as the number of GPUs changes. 7 Weak scaling results in terms of computational

Red line means reference Loss value. time/epoch on Reedbush-L.
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Example (344x128)
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8 The division of the extended area used in the proposed
method (344x128).

LOOP
~ Stepl )

. Exchange boundar) . Exchange boundary
Predict part 1 and 3 of part 2 Predict part 2 of part 1 and 3

.....»..»..
i "< o

\ DA _/

U/

Repeat this loop until it converges

Step 2 \

9 Small area convergence method with boundary exchange

used in the proposed method.
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Velocity x (CNN prediction, loop number = 0) Velocity x (CNN prediction, loop number = 149) Velocity x (LBM ground truth) Err x = | CNN ( loop:149 ) — LBM |
1000 1000 ~ 1000 A
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Velocity y (CNN prediction, loop number = 0) Velocity y (CNN prediction, loop number = 149) Velocity y (LBM ground truth) Erry = | CNN ( loop:149 ) —LBM |
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B 10 Prediction results of the extended area. The first row is velocity x results, and
the second row is velocity y results. The first column from the left is the results
of the proposed method (loop number = 0, first loop), the second column is the
results of the proposed method (loop number = 0, final loop), the third column
is the LBM ground truth, and the fourth column is the error between the ground

truth and the prediction.
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