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Estimation of Scalar Source in Turbulent Environment by Using Moving Sensors
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Estimating scalar sources in turbulent environments is a challenging task.
So far, a large mount of studies discuss how to estimate scalar sources and flow fields based on
given sensor signals. Meanwhile, the estimation performance mostly depends on which physical
quantity is measured and at which location. In the present study, we applied Gaussian process and/or
machine learning techniques in order to achieve better estimation performances and also optimize
sensor arrangements for this purpose. The proposed algorithms were verified through numerical
simulation of scalar transfer in complex flow fields, and also validated through wind tunnel
experiments and mobile robots equipped with a concentration sensor.



[1]
[2

(3]
[4] (5]

@

2m, 3m, 30 cm

(a) (b)

Wwall

L e

R et

.
127 Wail wall
.
. A Outlet
= Sensor locations  * - =3/
3 =
_ 1
X Wall
181

@ (b)



PC

(@, b)

PIV

PC

Particle Image

Air compressor
Gas holder

Web camera PC
. Robot’s position
A

Mobile robot
mounted with
ethanol sensor

(c, d



Scalar concentration

Scalar source Scalar source

0.40

0.30

L00 -
[ 0.20 ¢
0.50
2 0.10

0.00 0

1.50

, 1.00 1.00 =
X c
050 0.50
0.00 0.00
4 X
Ground Truth

@
©

0.00

0 5 10 15

True concentration
with sensor locations

Estimation by PINN

(PINN: Physics-informed neural network)

(b)
(@

1L.50

1.00

]

0.50

0

0.00

Estimated source ¢ Estimated concentration ¢

@ X
©

©



(a)

2.0

Estimated scalar source

0.0025

0.0020
0.0015 - (C)
)

0.0010 7

0.0005

— 0.0005

0.0004

0.0003

- Sensor locations over
) "true” concentration field
(interpolated from exp. data)

0.0001

[1] Harvey et al. IEEE. T. Robot. 24(2), 307-317 (2008), [2] Ayari and Bouamama, Robotics
Biomim, 4 (1), 8 (2017), [3] Mahar and Datta, J. Water Resour. Plann. Manag., 123 (4), 199-
207 (1997), [4] Skaggs and Kabala, Water Resour. Res., 31 (11), 2669-2673 (1995), [5]
Vergassola et al., Nature, 445, 406-409 (2007)



10 6 2 6

74
2022
29, 33
DOI
10.11188/seisankenkyu.74.29
s s s 74
2022
35-38
DOI
10.11188/seisankenkyu.74.35
73
2021
911-918
DOI
F. Mirzapour-shafiyi, Y. Kametani, T. Hikita, Y. Hasegawa, M. Nakayama accepted
Numerical evaluation reveals the effect of branching morphology on vessel transport properties 2021
during angiogenesis
PLOS Computational Biology 1-28

DOl




A. Blumers, M. Yin, H. Nakajima, Y. Hasegawa, Z. Li, G. E. Karniadakis 2101.08414
Multiscale parareal algorithm for long-time mesoscopic simulations of microvascular blood flow 2021
in Zebrafish
arXiv 1-25

DOl
Kaithakkal Arjun J. Kametani Yukinori Hasegawa Yosuke 164
Dissimilar heat transfer enhancement in a fully developed laminar channel flow subjected to a 2021

traveling wave-like wall blowing and suction

International Journal of Heat and Mass Transfer

120485 120485

DOl

10.1016/j - ijheatmasstransfer.2020.120485

Gong Jiaming Onishi Junya He An Kametani Yukinori Hasegawa Yosuke Shikazono Naoki

161

Heat transfer enhancement and pressure loss in a plate-fin heat exchanger with V-shaped oblique
wavy surface

2020

International Journal of Heat and Mass Transfer

120263 120263

DOl
10.1016/j - ijheatmasstransfer.2020.120263

KAMETANI Yukinori FUKUDA Yutaka OSAWA Takayuki HASEGAWA Yosuke

15

A new framework for design and validation of complex heat transfer surfaces based on adjoint
optimization and rapid prototyping technologies

2020

Journal of Thermal Science and Technology

JTST0016 1-15

DOl
10.1299/jtst.2020jtst0016




Sonoda, T., Liu, Z., Itoh, T., Hasegawa, Y. 960

Reinforcement Learning of Control Strategies for Reducing Skin Friction Drag in a Fully 2023

Developed Channel Flow

Journal of Fluid Mechanics A30
DOl

10.1017/j¥m.2023.147

Wang, H., Hasegawa, Y. 35

Multi-objective optimization of actuation waveform for high-precision drop-on-demand inkjet 2023

printing

Physics of Fluids 13318

DOl
10.1063/5.0122124

2021

2021

Yang, L., Henzel., D., Karniadakis, G.,

2021

2021




Henzel, D., Liu, Z., Karniadakis, G.,

2021

2021

Kumar, V., Cai, S., Karniadakis, G.,
2021

2021

Z. Liu,
2020

2020

D. Henzel, Z. Liu, G. E. Karniadakis, Y. Hasegawa

2020

2020




, HENZEL Dominik, YANG Linghui,

36

2022

2021




