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Development of Non-invasive Imaging Method for Pressure and Temperature Fields
and its Application to Measurements of Moving and Deformed Objects, High
Temperature and High Pressure Fields
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We have developed unsteady pressure and temperature measurement techniques

utilizing pressure-sensitive and temperature-sensitive paints (PSP and TSP) and coherent anti-Stokes
Raman scattering (CARS) spectroscopy, which is mainly based on ultrashort pulse light sources.
Specifically, we have developed a new PSP that can be used in high-pressure, hot gas environment, a

random-dot PSP for simultaneous measurement of surface pressure and deformation of the object, and
a narrow-band probe light generation method using optical filters that enable simpler setup of CARS
optics. Using these methods, we succeed in simultaneous measurement of pressure and temperature on
the surface of a high-speed rotating compressor impeller, simultaneous measurement of airfoil
surface pressure and deformation caused by flutter in transonic flow, and obtaining narrow-band
pulse light sufficient for identification of gas temperature.



CFD

pressure sensitive paint,

PSP temperature sensitive paint TSP
Pa
PSP TSP
CARS
PSP PSP
CARS
PSP TSP
CARS
PSP
250 PSP
PSP
PSP
PSP
PSP
CARS
40 2000 K
CARS
PSP
PSP PSP
PtTFPP
polyIBM PSP PC-PSP
2 PC-PSP 100

PLTFPP



PC-PSP

D
PC-PSP PSP
Furuya et al. Sensors Vol. 21, No. 24, 8177, 2021

Ceramic particles Polymer Luminophore Urethane resin

! l‘;‘..'.."';/“ “ET \."°/°J
S aiese

1 PSP
PSP
PSP
PSP PSP
Digital Image Correlation DIC
0.89 100Hz
3 PSP
12
6.25kHz
1mm 1kPa (Imai et al. AiAA 2021-0127, 2021; Imai et al. Exp.
Fluids 2022, submitted).
CARS
2 CARS
CARS
Iwata et al. OSA Technical Digest, 2020, paper C6D 2
Crating Blocked
% { : i D’ ;eam splitter 800 nm
4
Half mirror Convex lens B8O |/ 400.nm
]
/ w_
Crating
Generating positively and negatively chirped pulses Sum frequency generation : SFG
o 008 = (D-w + ()30 = ) prew
T \/ i , ol A
ime ime Time 2w, Time
g @0 Intensity b g 2w, Intensity
frequency frequency
2
SFG
2
SFG SFG
SFG
5.26nm 0.85nm SFG
18

Iwvata et al. Opt. Lett., 2022,
submitted



3 3 0 1

Furuya Takenori Nakai Takumi Imai Masato Kameda Masaharu 21

Characterization and Improvement of Heat Resistance of a Polymer-Ceramic Pressure-Sensitive 2021

Paint at High Temperatures

Sensors 8177 8177
DOl

10.3390/s21248177

Iwata Katsuya Saito Yoichi Ito Terumasa Obara Yuki Kameda Masaharu Misawa Kazuhiko 1

High-Pressure Gas Measurement Using Time-Resolved Rotational CARS with Temporally Asymmetric 2020

Pulses

0SA Technical Digest paper C6D_2
DOl

10.1364/CLEOPR.2020.C6D_2

Imai Masato Nakakita Kazuyuki Nakajima Tsutomu Kameda Masaharu 1

Unsteady Surface Pressure Measurement of Transonic Flutter Using a Pressure Sensitive Paint 2021

with Random dot Pattern

AIAA Paper

AIAA 2021-0127

DOl
10.2514/6.2021-0127

PSP

2020

2020




Iwata, K., Saito, Y., Ito, T., Obara, Y., Kameda, M. and Misawa, K.

High-pressure gas measurement using time-resolved rotational CARS with temporally asymmetric pulses

14th Pacific Rim Conference on Lasers and Electro-Optics

2020

Masato Imai, Kazuyuki Nakakita, Tsutomu Nakajima and Masaharu Kameda

Unsteady Surface Pressure Measurement of Transonic Flutter Using a Pressure Sensitive Paint with Random dot Pattern

AIAA Scitech 2021 Forum

2021
51 37
2019
PSP
54 / 40

2022




PC-PSP

99

2021

(Amao Yutaka)

(80300961) (24402)
(Nakakita Kazuyuki)

(50358595) (82645)
(Ito Terumasa)

(60783371) (12605)

(Obara Yuki)




(Saito Yoichi)

(Imai Masato)

(lwata Katsuya)

(Nakai Takumi)

(Furuya Takenori)

(Tajima Kanako)

(Ueno Taiga)







