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https://github.com/xichenggege/SparseT2V.git

Steam injection into Pressure Suppression Pool
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91 Challenge for measurement of condensed steam jet
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« Model development requires data from
— Large scale pool tests
— Small scale separate effect tests

* Velocity measurement

— Provide database for code development and
validation.

— Reproduction of velocity is essential for
simulating energy transportation
* To capture the key phenomena of the pool
— i.e. thermal stratification or mixing

« PIVis challenging

— rapid collapse of bubbles

— significant temperature gradient
* PIVisinfeasible

— Non-transparent fluid, e.g. liquid metal
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Velocity reconstruction by sparse temperature
measurement

Sparse temperature B, =
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TC grid near the sparger in PPOOLEX test
et - RetPTt— (PT't == 0.85)

tfz1.25, ’(a*vg=30.0$ims=0.09/s, Ufff=0.0mls

Goal and motivation
* Investigate the capability of flow velocity reconstruction

from sparse temperature measurement. Specifically, m v - * I
propose a farmwork that can map:
— Input: sparsely measured temperature, other info if necessary 150 g + % + : 1™
— Output: full space velocity, temperature L # |
+ + + + + N ...
Database (generated by CFD) g . N
« Benchmark case S —

« Engineering application
Temperature measured by TC grid in PPOOLEX.
Contours were interpolated via sparse data
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Training data (benchmark case)

Training data

» Generated by ANSYS Fluent
— steady-state case
— 2D planar jet
— K-omega RANS

« 3740 cases, varying on
- Uy: 0.1~10m/s, Ty: 20~80 °C
- 1p:5%~70%, u;/pe: 10~5000
- Ieff: 10%~300%, UO: 1~6 m/S

« Additional turbulence source
« With special focus on capturing

— diffusion of the momentum and energy
under diverse boundary conditions.
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(bottom) obtained by CFD simulations



Proposed data-driven framework

. (FDDl) UF =dyoFynz°oFyn1°TS

— dye & eyen Sparsc_e spacg Laten_t SpaCf Full space
« decoder and encoder to reduce TS|:,i]eR TL[:,i] € R" TF[:,i] e R"
dimensions
* by Proper Orthogonal Decomposition
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- Fun

Fully-connected Neural Network (FCNN)
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Input layers Hidden layers Output layer

Data-driven framework

Schematic of FNN



Dimension reduction by POD

 The matrix for a variable  « f can be approximated by the
in full field space is f,,xm matrices with lower dimensions
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Dimension reduction by POD

* 99.9% variablility of T and U fields can be
described by 10 and 5 modes, respectively

Modes from both fields behave similar

« Mode 1: convection-dominant
* Mode 2: diffusion-dominant.
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Effect of sensor placement and frameworks

« Optimized sensor placements (7~8

sensors) yields similar performance as a R D
TC grid with 40 sensors.

« Reconstruction of full T (TS2TF) is much
better than U (TS2UF) and the two
frameworks doesn’t show significant

difference.
« Major error arises from low velocity Casel Case2 Case
cases NMSE compared within different frameworks

and sensor arrangements
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(casel in red) and U field (case2 in white), and (b) similar arrangement as PPOOLEX NMSE distribution over inlet velocity

experiments (case3). Visualized are the temperature profiles.
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Mode coefficient

Accuracy of velocity

Introduction of velocity sensor

significantly improved by
Introduce velocity sensors either at the inlet / downstream

Latent space coefficients are well represented
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Sparse temperature to full velocity (TS2UF)

Velocity profiles under diverse turbulence boundary conditions were well
captured by sparse temperature (40 T sensors + 1 U sensor)
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Test grid as input

tf21.25, tang=30.0simS=0.0gls, Ufff=0.0mls

T 20
300
199
250 19.8
+ + + + + - =7
200 g
19.6
195
504 + + + + +
194
- + + + + +
100 1§ 19.3
+ + + + + +
19.2
50 |
+ + + + + +H ...
+ : + s . 19
5 100 150 200 250 300 350
Training index: 1
Sparse Temperature . Full Temperature " Full Velocity
§ 28
300 28 300 300
27 27 )
200 26 200 5 26 200
25 25 0.8
= 100 24 E 100 24 E 100
é =) = é 0.6
= 3 Y
N 0 N 0 N 0
22 22 0.4
21 21
-100 -100 -100 0.2
20 20
-200 19 -200 19 -200 0
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
X [mm] X [mm] X [mm]

15



aly

FKTHE

VETENSKAP
38 OCH KONST 8¢

s

Steam injection through a multi-hole sparger

Testing on TC grid
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t=20.0s, mS=0.0g/s, Ueff=0.0m/s
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— Data-driven + PINN
- UF =FpjyyodroFyy1oTS

e Fp;nyny €ncodes physics equations into the residual

network.
— Optimize a network (solution)

— Satisfy both PDEs and available data (e.g. full temperature)

) Automatic
Inputs Hidden layers Outputs differentiation

Governing equations
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@31 Conclusion

» Feasibility and capability to reconstruct flow
velocity from sparse temperature
measurements were investigated.

— Two types of frameworks are proposed and tested

 Pure data-driven
 Data-driven + PINN

— Temperature measurements as the only inputs are
iInsufficient and velocity information Iis necessary

— Implementation of pure data-driven method Iin
measured data yields promising results.
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