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Human Abdominal Cancer

Methods of Extraction of Solid Tumor
Solid tumor

acetic acid : ethyl acetate (4 : 1, v/v) 3 ml

Homogenized

Centrifugated (2000 x g, 2 min, 4°C)

HPLC, Fluorescence
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Fluorescence Spectrum from Tumor Extract
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Protoporphyrin IX accumulation after ALA administration

Cell
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Protoporphyrin IX (PP)

- Y

Diagnosis of brain tumor using ALA

/ /7(\1* @ ALA administration
ALA _5 1 n / @ Accumulation of
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\ | @ Detection of red
J’ l fluorescence
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Analysis of porphyrins after administration of ALA

Cell
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Homa> %»
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Detection

Fluorescence spectra of plasma

Mice (C3H/He strain, 5-weeks, female)

I

— -ALA

MH134 cells (1 x 10° Cells) i.p.
10 days
ALA (60 mM, 250 pl) i.p.

w
T

N
T
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Blood drawing (10 ~ 20 pl)

}

Centrifugation (2000 x g, 5 min)
| 0 '
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Collecting plasma
l Wavelength / nm
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Measurement or Analysis rex : 400 nm
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Formation of porphyrins
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Time course of uroporphyrin in mouse plasma
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Energy diagram

Excited singlet state

\ Excited triplet state

hv Fluorescence u I

Phosphorescence

Ground state

Measurement of oxygen concentration distribution in a living cell

Oxygen concentration may be different
at cytoplasm, cell membrane, nucleus.

Cell

Oxygen concentration imaging system for single cell is developed.

Pt-porphyrin is incorporated in living cell
- optical oxygen sensing technique is developed

This document is provided by JAXA.
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Uptake of Pt-porphyrin by MH134 cell

2 x 10° cells in 1 mL culture medium

Dish (Diameter = 35 mm)

l PtTCPP (10 uM) is incorporated

Incubation under 5% CO, condition at 37°C for 2h

Put the medium containing cells and PtTCPP
into micro test tube

Pt(ll)-tetra-(carboxyphenyl)-porphyrin
(Pt-TCPP)

The cells were washed and excess PtTCPP was removed

l Spread on a dish (Diameter = 35 mm)

l

Phosphorescence measurement

Application of oxygen sensing in a living cell

Microscope image phosphorescence image

Concentration of porphyrin is high
or
Concentration of oxygen is low

(MH134 cell in which Pt-porphyrin was taken)

Problems on phosphorescence Intensity measurement

Lifetime measurement is suitable for oxygen sensing inside cell
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Comparison of phosphorescence intensity and lifetime
measurement

Intensity measurement

* Advantage
— Easy to measure

* Disadvantage

— Depend on the concentration
of luminophore

— Depend on the excitation
source intensity

e Application
— Homogeneous surface such
as wind tunnel model

Lifetime measurement

* Advantage

— Independent of the
concentration of luminophore

— Independent to the excitation
source intensity

e Disadvantage

— Rather complex
measurement system

e Application
— Suitable for intracellular
oxygen imaging

Lifetime measurement system combined
with microscope and laser flash

Fluorescence
microscope

Pulsed Nd:YAG
laser

(532 nm) Objective

lens (10 x)

Optical fiber

Personal computer

Beam expander

Sample

Objective lens
(60 x, N.A. 1.45)

Dichroic mirror
EX:510-560 nm
DM:575 nm
EM:>590 nm

, Gated Image

Delay generator

intensifier
CCD

camera
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Measurement of phosphorescence lifetime

\ —) —)

Phosphorescence Intensity

)

Taking CCD image

Time resolved Time dependence

phosphorescence intensity of the intensity Lifetime

Lifetime measurement

2 x 10° cells in 1 mL culture medium

" Time

Calculation of

Dish (Diameter = 35 mm)

l Injection of PtTCPP
Final concentration is 10 uM

Incubation under 5% CO, condition at 37°C for 2h

Put the medium containing cells and PtTCPP
into micro test tube

The cells were washed and excess PtTCPP was removed

l Spread on a dish (Diameter = 35 mm)

Pulse laser wavelength : 532 nm
Pulse laser frequency: 6 kHz
Pulse laser power: 6.75 mW
Pulse width: 10 ns

Detected wavelength: >590 nm

Exposure time of CCD camera : 6.08 s
Gating periods of Imaging intensifier: 1 us

Delay time : 0.5 us (the first sampling data is
0.5 ps after laser pulse irradiation )

Sampling intervals : 2 us (0.5 ~28.5 pus)

l

Lifetime measurement
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Time resolved phosphorescence image

0.5 ps 4.5 us 10.5 ps

(after pulse laser irradiation)

14.5 us 22.5 us

Calculation of phosphorescence lifetime

This picture consists of 1024 x 1024 pixels

Time dependence of phosphorescence
intensity at one pixel.

600

8 10
S e I(t) = loexp(-t/7)
>
‘@ 400t
5 e
_"é' p
8
S 18.2 us
2 200f .
2 0 10 20 30
& Time / us
5
% 10 20 30

Time / us

Lifetime imaging is obtained from the lifetime calculation at each pixel (1024 x1024)
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Oxygen concentration imaging in a single cell

25ps |

20.0 us

18.5 s

Conc. O,

17.0 ps

15.5 us

Phosphorescence lifetime imaging microscope (PLIM)

* Phosphorescence lifetime is measured under conforcal
microscope

Computer
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O, concentration response of the cancer cell

Colon-26 (Mouse rectal cancer)
— Incubated with 50 uM PtTCPP for 6 h.
— Wash with PBS(-) twice
— RPMI 1640 media

[0,] imaging was obtained under different O, concentration

Hooc COOH

QL A

o = Q

HOOC COCH

Microscope environmental PtTCPP
chamber

Phosphorescence lifetime imaging microscope (PLIM)
* Imaging of a single cell

High 4 ) |ow

O, concentration
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O, concentration response of the cancer cell

| =4500 - 30000 [ns]

Comparison of phosphorescence intensity and lifetime measurement
Phosphorescence Lifetime Phosphorescence Intensity

Low

I[OZ]

8
Phosphorescence lifetime / a.u.
Phosphorescence intensity / a.u

Length/ a.u. Length/ a.u.
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Z stack images for spheroid of Colon-26

A merged z stack image of
Z stack images were collected at 10 um intervals from Colon-26 spheroid
bottom to top of spheroid.

Colon—26 was incubated with RPMI1640 + 2% B27
supplement in a ultra low attachment plate (Corning
Costar)

* Brown adipose tissue (BAT)
— one of two types of fat or adipose tissue
— primary function is to generate body heat

— contain numerous smaller lipid droplets
and a much higher number mitochondria

Brown
H* H*
N Pee
ucP1 | Mitochondrial inner
v {0y, membrane
Heat procuct

NADH,* NAD* X020 H,0 { !

— UCP1 plays a role in generation of heat
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[O,] consumption of using brown adipocytes
Differentiated adiocyte

Incubate with 10 uM PtTCPP, 4h

Wash with PBS(-) twice

Wash with PBS(-), addition of 5 uM CCCP
[O,]¥maging was obtained

Preparation of oxygen sensing beads

Solvent evaporation method

5 g/L PVA aq. 700 mL
CH,Cl, 130 mL

<«—— 6.5 pM PtOEP, PS in

CH,Cl, 10 mL |' ;?"J'N }:;""1, -
[ ns ]
Vigorous stirring for 20 h, i
in dark \_”
l Pt(II)-octaethyl porphyrin(PtOEP)

Washed by centrifugation x 3
(3500 x g, 5 min)
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Oxygen sensing beads

Oxygen response Stern-Volmer Plot

4

|R|=0.993
Ksv=0.15

T/t —1

0 10 20
1 0,
Lifetime Short<€ > Long Oxygen concentration (%)
[0,] High€=—> Low

Simultaneous measurement of intracellular and
extracellular oxygen concentration

Brown adipose cells

30 pm Lifetime :‘Bhon €—> Long
_ [O,] High €3 Low
Oxygen sensing beads
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WEFEAG, BILFERMICIE PSP OREERFHIIBROBEFLIORERFEHEBRELDR
ERFHEICERT S5, ChETOMRITKY . BROEEFXTOREKRFEEIR)I—DASRGHEE
E.BRELDBEKRFEREIRITI—DIVREFELHENHHLERELE N, RII—DIVRERE
DHREIZIEFHLOVE/ I—DERDBELI-OERAMTIILEN, T THIRGBREEDSLVRIT—%55%
BAAY)IBIRATIVE/X—EDHEGICKYNSREREEEM LSE, BESKFICHKXTIEBERK
HFHEOEBROAREEERETL -,

HORGEBEEDEWVRIT—42E5Z5F/I—ELTAZYYILEE tert-TFIL (TBM) Z:#IRL 1=, HFIPM &
TBM DS AILEEEIIFIRAIZABN ZAL., FFEETF )L, 60°C T1To71=(E1), Bonf=EE¥MHh oA
9/—)b’6ﬁ57€ﬂ§'§‘%>:&l'3ﬂ) BEERELTHEAKRES -, BFICPITFPP, BEICEFEEATFILERALNT

EZEHEREL. T7IFVERAVTTIILSEIREIZERELZ, CO PSP ORI BELEHHEEEICKY
LEJIELT:O

#8 l & LT poly(HFIPM) . poly(HFIPM-co-TBM) (Firpm = 0.34). poly(TBM)IZ D L\ TR 2 [Z
Stern-Volmer 7Oy RBIEEKREFEMLZEZT T, DSC TRELE-ASREBREIXFNE ., 82°C, 107°C.
121°C THY. FREY TBM DB AICKYA S REH B EIE o7, Stern-Volmer TRV EE DR v —
THREGE T HEI o=, LHL., BEKRFMEE TBM OEAIZLYE{ELT=, Stern-Volmer 7Oy kD 444F
ENSHESNDIBEBRREFH TICEITDRERESE (9T, Te)E) EH4ITTT . CORBREHTICEITS
BEKRFHEFR)I—IZKDENFEAELNI LMD, TBM OEBAICKYERESTKEICHRET D REKRT
PEIEFEELTULVELN(HBIEBLTLEL) SEARD M D, LIzA > T, TBM OEAIZKYBRIENLOREXRTFNE
DNREGY  EARELTREKRFUENSIELIZLDEEZ NS,

(1) M. Obata, R. Asato, K. Mitsuo, S. Hirohara, “Radical Polymerization of Trifluoromethyl-substituted Methyl
Methacrylates and Their Application for Use in Pressure-Sensitive Paint”, J. Polym. Sci. Part A: Polym. Chem., 2014,
52,963-972.
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RAMBRNY—HSHLEEN FAFEE Y — DR

BIEEF . 3EE™

iR b B, EERIE
"WRIFARFERZER EIZHER
T RMRAT MRERARTIL—T

IAXA  FZEANED

HE BROREALRENSBREECREELRED/NSA—F—FRETIENFALELH—IEEEZED
T, BRFAFBRRELUY—E BRI FICHETIEBRLEDFINIVIANLEBRAIN TS, K
HRTIE. BERENBVPIdRILIAOEZRIAEBRELTERALZ, —A. &7 FINIVIRIE, REE
EShZARTSRAFYIDOESFREVNSBEAMSRUBIEE =)L (PVC) & #IRLz, EEDEHFAZE
oY —TlE EAUBRESE D FINIVIRERETHAENERTHMA . BRINEELOTLIENS
MENH oIz, TIT. BIRETHEITITETILX U ETORD YO RIEERWTPd RILT ) % PVC IH
ICHEHETEATHIIEELIZ. FT . PdRILIAIODTILFREERL. 7ORIELTz PVC £9)v I R
IGEBETTRIGESE., B#ET D PVC-PAP #1581=(K 1), RIZ, PVC-PdP O THF i&i&% Al #k EICRTL—0
—FLCEBERBEERL-, BFEEAE 03~1.3wt% DFER R E—TFBE0, 20, 40, 60°C)IZE>71-#.
FE%R [T % 1.05~21.0kPa DEFE TELSBEMNORHILRARIMLERITE LTz, PVC-PdP(1.3wt%)iEfE% 20°C,
1.05kPa [Z{REFLT=1%. 415nm THIZEL=EZ A, 700nm [T3ENENE—IMERISN (R 2), COE—I B
(FBEFRD Pt RILTA)UDHFERAMEGR 680nmEYIRIREI I TEY. —BEOHRLMEER BIZILE
EEERR)EEATIDICHENRL, T, RAE—VREIIBREINEMTBICELLBOED LIz, —

EOBEPETICBITAENLARINLEEMND Stern—-Volmer TOVREERLT-, Boh-FOyr iR
MRCAISEZRL, PVC-PAP AEWVERREREZA T HETHALMILIZGER 1), EEEMELTHERLS:
PVC & PdP DR & EIEHAF(PVC+PP) TIFIEMMGIRDFEVERLIZCELKY (K 3) | HEEE TERT
HIETPAdRILIA) U BRDEENIIFSN-ZEN T M oT=,

PVC-PdP
1:PAdRILIAI DT PRIE PVC ADY) v RIERWN-E A,
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2:PVC-PdP(1.3wt%)DEEFR N EIC LS FHENEEDE L,

R 1:BREEMNELS PVC-PIP M Stern-Volmer TE£ (kPa™")

Luminescence intensity (a.u.)
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BEEATL— PSP O  iAEOREEHRADIHE

INBHIR, ST ERIG
BHIT¥KRS

&L ZE ¥} (Pressure-Sensitive Paint: PSP)[EFEXBEDELICE > TRAENZEFERTEENICE
W?é ENTERIRFAA—DUTEYTHS. EEERZRDEFRIZITI=HICIE PSP OEEE
ZEHENROOND. —HRMGSREE PSP IZIEBEE1E PSP(Anodized Aluminum-PSP: AA-PSP)1 &% %
M. LML, GHBBELEBEIMENTILSZDVLICEBESATLEYD, BERICZEFERASNDIRATUL
AOKRMICILBERAT S EMNTELGL. Tz, BHOBKOEBERIZ—HKRLZ AA-PSP BEZERT S &I(E
R#ETHD. T THEORREZETICRATL—BENTRELEEIGE PSP ORENEDH SN TLY
5. AT L—ENOEZEEEPSP & LT, Polymer Ceramic-PSP (PC-PSP) @08kl + % F L 1= PSP®)
MBI TS, LAL, ThFETHEINEXTL—E PSP OISERMIE AA-PSP &£ HERB EE
{, FYBWEEMEETRTATL—E PSP 2K T 2LELHS.

HE, FITRYIT—ICEBHRFEEE LN VI EERICEEL, TOLICRERRDBREEE
TEHETCERGEMREZBIAEPRAREINTELY. AAETIE, BREBRFIROBECEFEBL, N
A VB EBBIETITNA VARAOAICREBRENHRIE S tf SO EERICEEEERT
5 & #EBE L. SMEIL, 7R < —poly(4-tert-butylstyrene) (PtBS)IZ Titanium silicon oxide (TiSiO4) #i
FERMUIZNA DFR) T —FEZEL 20 wt%) T BRI THEER, TO LML PITFPP % 4 FBEOBE(~
WLy, 2R/ =)L, TR/ =)L, DUOO0BAZV)HEBLELOEZEL, PSP OAEIZKDIEE
BRfdl, FAEE, EH - EEREOLEKEIToI-.

B ICEHEEAREEOHMIBEREZTRY. PSPHUTILIEEERENI Y RO+ —ILICRE L. i
BEZIEIAEFEEEPMT)TRAEL, BFICED S VAT 2—H(PCB)TREADEKRZELZEIE
Lz B2IcR Ty TEAZEEICKT DEERBEETT. X7y TEAITHT S PSP DHENEEH 90 %
[SELFEZRERBEE L. TORBR BRBFEITAZ/—IL, T2/ —LEFERLEZPSPAN11.7,
17.6 usec #~L, KEXDBRBEELE L THEAINS LT 2 (239.4 psec)k Y £ KIBIZIH BB SR
b5 LERLI.. CNIEBRBEDOTILOA—ILRDNA VEIBORYI—FF/RLELO, BF
PN UFRICAYRAETRAICHBMLI-KREBIZHELS-OTHLIEEALOND.

M 3-alCENREHBOBEICLLSEALBENOEILETT. TOHER, TILI—LRIEIMLIVELE
RHEM1M0 DFEBETHSIZ EERLT- 3-b [IBBBIEN prer =100 kPa IZH T D FHATRE /or
TEENDFENBE | #ERTIE LT=4S T (Stern-Volmer plot) T#H 5. EXBEDSWLNRILIVEDY

PCBEAMIVATa—Y

BEE EEE xa'.';: AV VAV S 0.9
240 kPa 20 kPa € 'Jﬁ‘ T4ILA 08

/ZTl—ﬂ

239.4 usec

A5—Hg PM o4 i Zgonasy
24t z PCB o 5// J"' \ T4/—) || 38.7 usec
77 ‘/N *32/—)L ||| 17.6 psec
02 11.7 usec
0.1
PMT7>7

Aonzxa—7 0.0

-0.1
: . -10.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
1 EERREHBREEMEKRE Time [usec]

2 ENEHITHT HHERRELLER
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AOA R UNPOENRBRENRSGIERAR SNz, BRBFE LIV ESI/OOAZVEFENA U
BOR)T—ITEET 58, BRERIT—RITERT S, BRNRYIT—RNITRET D ERLRE
AERY, EARELRCGDHEEZALOND. R4 LEERERIRD T=20 °CIZHT DFNBEE ler
TEBREDHRNEE | ZEBRTLLEZTZ7THS. BEREFFKTHLIV®D 1.78 %/°C, &/INT

IR/)—)L®D 111 %°C ExRLT=.

UEDESICBRBEICRYT—ZBRLEVTILI—IILREFERAT S & THRERMEZXIEICE
HILT B ENTER. SRIT, BEBRONA VIRANDIBREZHRETSHET, o145 H

RGBS VRABEOAL L-BERATL—RP

& XHk

SP DR ZEIT>TLIK.

(1) Gregory, JW. et al., “A review of pressure-sensitive paint for high-speed and unsteady
aerodynamics”, Journal of Aerospace Engineering, Vol. 222, (2008), pp. 249-290.

(2) Sakaue, H. et al., “Characterization and Optimization of Polymer-Ceramic Pressure-Sensitive Paint
by Controlling Content”, Sensors 2011, 6967-6977. (2011).

(3) Kameda, M. et al., “Unsteady measurement of a transonic delta wing flow using a novel PSP”, AIAA

Paper 2008-6418. (2008).

(4) Sugimoto, T. et al., “Characterization of Frequency Response of Pressure-Sensitive Paints”, AIAA

Paper 2012-1185. (2012)
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BWENBREZE I HIRERELRILI«ERDES
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FHEE T KFME AOBE® KIBTE®, i)iﬁ%%“ NIsm et 2
REXRFRITFHARE, “EBRHEIHRARH, IR KT

Bl
E
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’I-

£ Z#}(Pressure-Sensitive Paint, PSP)I¥, BERDHENXEBENBFEDBERSEITKEFLTEILLT SEHRE
FAL, ZRPICEINEMARREDEARTEAA—DUT BT 2O INERE LS FLOYT
H3". PSP [FRABRETO—T LD FEUYTHAD, IMVAF v RILEDHMITRIRA DBAH
HEFSNTERD, RURZENSUFETBHEED PSP TIXEELREFE SO HIEIDEH L SH R MTAIERB S
2TWS. CORBERMBIB-HEBFEFBERILI«UOFERE NZECHBIILES FIR
(Self-Assembled Monolayer, SAM);EPIZL>TER LICETFET A E(H 2) TRIEFRINLRIL ) EEER
LA, EARENBREADZINIYEL/NE BRMIROHLNTNO. KRETIE, SAM OERTO
TRICEBTBRISES REOHEIZEST, EAREEZR LIEEIEERAT-.

B3 (%, FRLI-Y T ILE Hg-Xe VT HIRTREEL, TDMEIEZE CCD WASTIHRELILLDTHS. &
BIZ, RR[E(0=102 kPa)DIGE DHENIRE [ZHELLIRE L/ )ERD, BUHT—RTLEEGRE
H41RY. 6L, CORILTIHRON=RIABELLENDEDEREBELI-FERTHS. LRTERS
N UTIVORROVLLERT DL, KRRTHERSNHUTILOANBVENREEZFT TS0 bH
3.

SE Xk

(1) Liu, T. and Sullivan, J. P: Pressure and Temperature Sensitive Paints, Springer, N. Y., 2005.

(2) Veseloy, A, Thur, C, Efimov, A, Guina, M., Lemmetyinen, H. and Tkachenko, N.: Acidity sensor based on
porphyrin self-assembled monolayers covalently attached to the surfaces of tapered fibres, Meas. Sci.
Tech, 21 (2010), 115205.

(3) Sakamura, Y. Suzuki, T. and Kawabata, S.: Development and characterization of a pressure-sensitive
luminescent thin coating based on Pt(Il)-porphyrin self-assembled monolayers, Proc. of the 16th Int.

Symp. on Flow Visualization, (2014) (on USB memory).
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BERFEFRERABDOL-ODOHMFESHREEHNDRARE

REGEN* BRXE RFIFEN* NBE dhibflz s HEEE**
*HRIAEKRFEXRER IEMRERE MEFHIFER
*JAXA fMZEARE RURFEMHAFE L 2—

BERNTzYFRROBHRAICE, FERRORBOCTARELGERBRBELEENFET SEEREE NGOG
BINRBBEEENTNS. ZDHDENGEY—IILELTEREERREZHNNZETONS. EEEJRIELX
FTHELELHFESEREZEN (TU-PSP) Z2BEXRRKERICEAL, REMELIZELODEERET
NGO FRIEZITol-. TDHER, FEERENEDOATRILICEVWTEMEEIRRSN-LO0, BREEHD
REMHESOEED, BROERARUVEALENZICIRNDIENBELM G-z 12, UEKY, BFFEN
JybRREAD-ODIEERE PSP OREICE, BREFEOCEEEDIEDNATEL, REAMSOFEZE
FEFIZITICENRETHLHEEZOND.

ZITAMETIE, BERECERREZIRADOHICEEEN TN DBIFLRERMEEZEL, RNBIC
HEFRIFESLGVREAASEH LN FESREREEHNOMKLBIEL, RIT—BELHTFREESE,
HMFENBREZEHOFHRICRETZEEZREL:. TOBR, HNFESE HNFEIREMES (B 1, % 1)
EUREHEESE (K4) [CHEERIFTIENDL . LOLELS, EHBRERVEERE (K2, K3)
IZxtg B FREEE, MFROFZEIILLEN/NSL. Fiz, RUT—DBEIETRTOHMEICHEES5XD
e hh ot

ZE LR
VEZIAPESY, WEHEKE, EHRE, ek, e, SEEE, “HEER PSPIC L HEEH AT =y N
ZowHE, 7 % 46 FRIET) kR E, 2A10, 2014
SRZPAVEST, AR, EIEEN, ddbfne, e, HERS, X7 L—RERGEER PSP O R
RO &AM, 7 % 42 BIATHMRE @RS R Y T A, C110, 2014
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SR EEEF HIEST ~ADOEAZEIEL-FEEH (TSP) DR B EFDEIIHEBRER

RIWLAIX", FHREA" K FH K
REFRE", NEEE"
RIAAKRFTEHER

TFHEMENRFAREEE

FHENKKBIZBRATARICITFEERNEISGRAVVEERENREL, ZAMEBLMHS. BRERETF
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[1] M. C. Fischer, “Spreading of a Turbulent Disturbance,” AIAA J., vol.10, 957-959 (1972)
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ZE 30k
[1] Sugimoto, T., et. al., “Characterization of frequency response of pressure-sensitive paints” AIAA 2012-1185, In
Proceedings of 50" AIAA Aerospace Sciences Meeting Including the New Horizons Forum and Aerospace Exposition,

Nashville, TN, USA, January 2012, pp. 9-12
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AA-PSP/TSP IZHITHZBEARARINILEEHT

FH#EE ILBEER" SRR REFE™
RRKRFE KFRIFRARH
"BRBEAXY KFREFHREIFHTRR
IAXA FRZEARER

Anodized Aluminum — Pressure Sensitive Paint / Temperature Sensitive Paint (AA-PSP/TSP) [XH it F%
AW EE Y —THD. REKET, FEEHABRTIEIAASTREIDHAFEN-BREIKELLGIMES
FREBFICEATLESIOEHRINEREICH#THo-. AA-PSP/TSP [CHRNABREFDELLI_ER, 5=
BREODIL—BRZEN-REKFHZHLGOVERZERNICERL, SFRBROELTITFLUREL
THWAILT, INbIKRFESTEIEHET IENTRELGYEERRBRANDEANRAFTES. AMET
[EIRAZHMNENBREITKFLLZVERELT fluorescein &, BRIEBFREL T ruthenium %, BEREERELT
rhodamine Z L \f=. SLICAMETIE, RFEREZZILSELAD dipping ITLY, HAEBZMBTLIFIEE
SEELT=. FDFEE, PSP IZHL = fluorescein & ruthenium D FEIETIE 10°C~30°C T dipping 172115 &N
UV ARINILAELNT-. TSP [ZAHL = fluorescein & rhodamine M FE I Tl dipping BF D ;BEIZLEEBIL
rhodamine ARIKJLIEKELELY, MD, fluorescein DBEREZFINZHEMNTES-.

AA-PSP/TSP
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Fig.1 Schematic drawing of
AA-PSP/TSP

Fig2 SEM images of the
nanoporous alumina film

Motion-Capturing PSP Method

Output data: V' Laser Camera two-color PSP
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Fig.3 Schematic drawing of Motion-Capturing PSP Method

Dipping process; Adsorption or Collision?

Chemical adsorption Physical collision
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)

1% .
Ve ey

Low Temperature
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High Temperature

Fig.4 Schematic drawing of dipping process

Experimental setup and dipping conditions

LASER: 405nm Camera Spectrum analyzer

SOHS

Pressure . Spectrum data
Controller ar [ i
T — 2
Stage
Temperature |y, jig. e ‘
Controller |~y Sample Chamber PC

Heating wire

Fig.5 Schematic drawing of experimental setup

Table 1 Dipping conditions

[ X

Dipping Liq. fluorescein(0.3mM)+rhodamine(0.01mM)  Fluorescein(0.1mM)+ruthenium(0.1mM)
Time 5min. 5min.
Temperature  -30,-10, 10,30°C -30, -10, 10, 30°C

Pressure 100kPa 100kPa
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Spectrum analysis of AA-PSP/TSP; fluorescein, ruthenium, rhodamine

PSP (fluorescein + ruthenium)
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Fig.6 Spectrum results of
ruthenium (upper) and
fluorescein  (lower)  with
respect to differences of

dipping temperature
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Fig.7 Spectrum results of ruthenium + fluorescein with respect to

differences of pressure
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Fig.8 Spectrum results of ruthenium + fluorescein (upper) and
normalized spectrum results (lower)

TSP (fluorescein + rhodamine)
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Fig.9 Spectrum
rhodamine
fluorescein  (lower)
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dipping temperature
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Fig.10 Spectrum results of rrhodamine + fluorescein with respect

to differences of pressure
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Fig.11 Spectrum results of rhodamine + fluorescein (upper) and
normalized spectrum results (lower)
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Possible cases-luminescent output (red)
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(1) Handa, T., et al., “Measurement of Number Densities in Supersonic Flows using a Method Based on

Laser-Induced Acetone Fluorescence”, Experiments in Fluids 2011, vol. 50, pp.1685-1694.

Sp = ”lmtmdvfﬂ“‘-‘”[‘;" T)p(4, T.n) ()

Sp: BHICIRE Nopt: SEIEFNEE

I L—Y—igE h: TS5U9F#H &
e Jik i L—H—RE 5
dVe: BEKE ne: TR DEEE S
o URULMRERE b BB E 2
n: FNDOREZE T: RFE

0 0.2 0.4 0.6 08 1.0

SF - C"m: ‘P;’.:Eh‘hnm{”- T} @ Sr/ Sr 200k, 2.5%10"%m-

$i=266nm: L—H—iE K 266nm [ZH T HHALKHE
C: B

1:7ebo0EeEHE. KOET7erOBREBEFZRT —RERK. XQIEXKER 266nm ODL—H—T

FELI-EEDT I DRABEEZRT T, T OHABEFERDOLIITREICFEAEKELET,
RNOYEEZEEDHDEKEALGE DD

This document is provided by JAXA.



ORI BRI Z BT D0 T AA— T T —F 147

32000 18000
¥
. unit:um
JANDERXE

~ = = = A
1
I
1
1
Y 500 1
Y
— X 1
Al
I
I
1
I

L _ _ _ ,I I.MdYAG Llens 3.mirror 4 aperture 5. CCD camers

unit:um 6. delay pulse generator 7. personal computer & flow meter

9 valve 10, acetone seeder 1. valve 12 valve
13 ballosn 14 valve 15 nofzke 16, expansion chamber
17 raversing device 18, valve

RREEDIRAE

A DIEKE

2: 74/ XV EEREBEOERR. L—HF—(EZRNADOTRMNS/ XILFILEIZiR>THRET.

s |
1.0
0.8}

06}

PR PR I T ———

04F * LF
[ —— .CFD

02f

-
E
r
E

2000 0
X (Um)
3 L—H—FBRENLETAEL /AP EOBZES T CAEHREMEBITERDLLE).

ﬂ-l.l.a PN T I 1
-6000 -4000

This document is provided by JAXA.



148 T2 TE B FEREAE R B JAXA-SP-15-020
RR2BRABRERAVZRIKEEETA

SEREH BHR? REFES
1 BERBEXRER BFHREIZHMRR  (JAXA BHEL)
2. BEXBEXRER RBEIFHER
3: JAXA fZEARER

BRAIZONFICBVWTCTHREADBHATRELIIEFEELGEEZTHL. BROFIZZEFLETNILHRIR
ROBREARLGEAHDHE1), ChoDBRRIFIFEEFEN DB NEEHTHOERRTHY . KA TIXREST
BIALWD, ZEC T .HEGEREHAARELT. MEFEIFICEOLWTHRRARZSIATOSIREEN
(Pressure—Sensitive Paint: PSP). BB & ¥l (Temperature—Sensitive Paint: TSP) Z LN =2 HWETEH-EBE
AIEHRICEB L - KMETIE, IRESICKYEREFESNTLVS Motion Capture TSP EDEHEIS AT LZER
KISESL., RESMEHRZIT o=,

H2D &5 28R NBREERL. ISTRT LOGHEEH OEERNT—HAZERAW TR X T LK
4)EFRAFELz, L— =L — 2RV THIRET 5L T, BROTEDGHZETRITHIENTES,

ERITREFAEIT RIS, 6. 7THS, B5EAREANT-EILOEEZERMIBEZALI-EF
DREELTHD, LILOEZRENSEEN EFLTLDERFIHLLIS, BI6IEES5HD 70s~80sfEdD 0.5
CEDERTHD, EEREATROONIZRAEN LFTOIHRFARTIRND, R7(E 74CITRHFFRIC 24°C

DBBREFETFLIZIGEDEREZILTHD RDEEIE 6.7Tms CEDEERTHD, LML TLIzIzd. L—
——MIENCREF LTS, TORERETBEEN PG >TLE = T B TLEBRETILLGARZD
F=OIThASDEAFEERLIHER . GLAERREGRARBAGO>TLEN. EEMEFEVH#OGHAKRER
Elgot= LOLGASE T LR ROBKRE L BELTILEV - EMMAGETEHRTHIENTES,

SHREARTOEREEEMN DRICEVEE TIHATA-OIC. ELDHELRALBROUELLE
113, F- BBRRELGLEDBRENOREANDHEEIENEIH5HE O RABOREANETI,

SECETTLR LRk o—FER

00 & x

- =
Faboe e i - o = am :
REEA iy
1. E#H%ﬁ%bﬁ‘umiﬁ% X2. ER2BFE AR

This document is provided by JAXA.



10" ER GRS

duad Dormirnsa et Spmecira

—u
— P
L'y =1

— —
paef A TR R AT g,_."'" ) i 1
- W omr—
e I u'"::-.-;r_ e
- - . R e

7. BEMNE

B FAR—D T T —T I

-
Bigh i PRIEL

X4.

ESHBEMTLI-EAEDE

EZIt

149

FHRI AT LBE

This document is provided by JAXA.



150 FHIM 22T TEBR FERAE R B JAXA-SP-15-020

AA-PSP [Z&A B EERP TORIRESMRMERNIDEHEE D AL
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BB KEXRER TFEHRER
*JAXA FEEEHEAR
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Overview of hemisphere model.
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Pressure sensor -
HSC : High speed camera
; OF : Optical fiber
DT 1 - - BPF f}lgl'::'pﬂi& filter
\ BPFY :-. % T™ : Test model
LN, T R ——
LTI e W) s
" -=.
Organ pipe model. Experimental set-up.
Table Experimental conditions.
: ] 2 _ Reynalds
PR lemperature \inber  Method  Model type
number K] -
(=10")
2.0 166 2.57 PS. Organ pipe
3.0 108 2 PSP hemisphere
4.0 2.7 228 PSP hemisphere
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Low pressure area

Visualized images of PSP and Schlieren.

X4 AA-PSP ICKDFIRAEENAIRIEEZR (L), a)—LUER(d), FERRNERRNISDOHER (T).
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B —C [EfREA~ D PSP D& A

HFEB, KFimE, AT, NBEHE, MTEKLTR
FUMKEERF R TEH%RR ST RAEHERRE

T—UEDIPNSMEERRNIZADBREZRPSPIDBEAICENT, SHABEDR LICITREZRDOFE
BRUMEKMNFREICEETHD. HIELT, A EDEILBED/NESIZEHBERFDEELL, PSP DR
ERFRICEHREVBRMICKEGDIIEAFEFONED, TARSTFUEBERLGEXEEN DHELK
EVRRYDIEE, BYTHPREABESTOFY—MARIFIRELERTELGL. AHMETIE, Ch
LDREZRZMHETHEFEITONT, T—CEDNSWMVEFERRNIGDEANEALBSIZE T HH1E
DRBFIVMERICTOVTRIET 5. TARTT7UERKREEOREICHIERDEZELZ(T51-0, Bl
B GREREM) LIF LR (BREM) B TR NBRENMMNELY, SHABEICKELRELRIET. T
CDEE, BLGLHEBMTEMRDERMMEATE NS, BIGHEE PSP & TSP 22U (FHFIATIEIE
LCEEMIEZITICENTELGL. TOHAMETIE, MEREMEZBMELT BBOT %K% PSP &
BE "IEAIFESLVEREY PSP/TSPACLSENEREDRBAFEEZTORTI7URELICHE
F9%. BBOT %% PSP FIITEASE 5154, BBOT MEAEIEH /IS E BBOT DFEIIZHEUZE S
REENRNS=0, BBOT DEGEIGE+HREMAILELNHS (K1), F-EREY PSP/TSP IZHL
T, Ru—phen A—Z M TSP H&U ZAISPA—Z D TSP [CDNTLHEZ{T>1=. BBOT £ &F4L) PSP LD E
REBYTIIEELLRIFLEFMEZRLIZLDOON, BBOT ZEL PSP & ZAIS A—X D TSP LD ERZEYTIY,
PSP Db RESNAMERNALMELGS=(H 2). U ELDIEREHFEZ, BBOT ZEL PSP & Ru-phen
N—RAD TSP ZALV=ERZEY PSP/TSPETORSTI7URE LNERAL. Z0O#R, BBOT £F AL
SIABENMBELERTH_ET, PSPOREANGABER EMRENALNT-(R3). IiE, TSPEBERALT:
BEMIEICESWNTIE, TSP OREFHABEICHENHo1=1=8, SEIDEERTIX PSP OEANFHRIFFER £
DR (IR TEGAoF=. TSP DREFAIR EICONWTIESRDFRETHS.
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REZEM (PSP) ZAW-EEAREEASMETA

ZER KB, BN A=Y kL RS
1 RREERKE (JAXABHELE)
2. RRERKZF
3 : JAXA fRZEARER

[BIRA AR R S35 1T D ) 504 36 KON 5341 O FHIN L F I B A5 D Brdr o B B o i RE
WL VWREECTH D, & 2 CIEREMGHRIRTREZ: PSP #HAICAE H Lz, 16k PSP (R
B)TIE, V77 Lo RS L RREHR T OB & O THFRREDME N LN &
MHEMRE L 2D, 20728, HBIRIZEE 204 5 5HA, SABRIRONLE SR 28 9 2 51,
HFRTELRWVHBRAEROFHICITEMN T2 2 &8 TE 2. L L2RA 5, Motion
Capture PSP (X D& HWD Z & TENLL OFHANIREL 72 5. BHIWE DR D 2 4D
IR EZHNT PSP 2B L, ®#EN T —AAZICTH 7 —EBREZTETS. —h%x
V77 LUAEE, 95— FHET 7 FVEBRE L THWD FETH S, 16k PSP &#HHl(FH
FEENZHEA, BN TV D RBRIR D E ) ARFHIAFIRE & WV 9 R CTHEND. ZOFHINE A i
N3 % Z & C, Helicopter Blade <° Jet Engine WD & /153 Af 523 FIHEIZ 72 5 .

AMFZETIE, i Motion Capture PSP i£% “Helicopter Blade % #54i L 7= 5B (47
AR L7z, SRR IRICS®B AR 925 PSP & [Al— PSP 2 8Ai L7= 7 /v 2 & H O TR IERBR 25
(4 2) CRBRAAT - 7. BfRFHITIZY L — RO[EERE % 1,000 [rpm](16.7 [Hz)7> 5 6,000
[rpm](100 [Hz]) % 1,000 [rpm] & & IZFHAIL 72, AEEICB W CE M2 RS TE-. L
7> L, 1,000 [rpm] & 6,000 [rpm]iZ3WTIEN AN K E S ZE L TV R, JENZEDR /NS
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Motion Capture PSP i&Z R V= 1. 27 miBiB S E &R ER

WE H% ', =& ®R° Rt BE°
1, EXBEXRTE FHREIFHRER (JAXA THESE)
, BRBEXRT FHREIFEHRR
3, JAXA fRZEARER

PSP % F 72 BREH AR & LT, Rk - HiilE i s~ O3 A PSP B AR DR AR RIS K 0 IR

ThHo. FHIMBEHRER T, REZEARE <, BRI L > TE EZ MRS 900K i <1272
HIeDIZRY v =BT TELTLE Y. Thisx L, BBERLENE PSP (AA-PSP) 52 LT
PSP DR FEMRF A JLIET 5 Z LR TE B0 X 112 AA-PSP OBEE R % /<3, B Aae (b B I LRl A A% 930K
ThHY, TOREES ETRELHRFCEEE206ND. £/, PSP BIRDIREMKAFMHEIZE L TiX
Motion Capture PSP {£7238¢ b 512 K 0 #iA STV 5Bl Motion Capture PSP 41X, 2 47585t PSP % {E#Y
T 5 Z & TRAMONE R & B L THOZEOREENZFHITE 2 HIETH S, [FARHTIR KT
PERFELN 2 ODFRNGERCHMAEDOED & T, BMELOHEEZ EORETH-TH 1 &5 L
PR D EDTZOIREZACIC L D PSP DRI EIALDOLEL X v T2 ENAREL 725 (K2).
A2 TlE, Motion Capture PSP % & B ARERAL IR PSP % #lAx & ot TR KR TH 5 JAXAL.27m i

AE R BV 21TV, RSN B AR OBAS, & SIS IR O K E ) Eig O fhi
ZHELE. K3 ICERBEOEAX Zrd. BRI AR (MU AADE) Z208E LTS, K412
ARFRBR T L 7o 3Ot AR OIS ERBR A R 2”77, 2 ORERD DIRERIFE DB 2 5T%8T 5
ZEITEE LT, SBROWDIZ AA-TSP (Temperature Sensitive Paint) #RUIBIMAZ T, AT O
LRSS & i T&OE L7CIRIBIC IS T 2 Rl oA 2 5H L7z (X5, 6). £ D%, AA-PSP fRIBI
AW TRBRICERA S &R TLE LIcROREEASMZFH Lz (K7, 8). EEFHIZIBWT
ITBRAFOREEZRZ D Z EITHKR0 o7, BREHHICE T HIRE EA ORI G,
JEAFHANC W TR O SR K 5 E A GH3 5 2 L S HDR Tz, A RIIBRER I —HRIC e
REWAESELHEEEZ, LVIREERFEOTE LWAEDOMAEHOEDBEZIT ).
[1] Sakaue, H., Review of Scientific Instrument, vol76, No.8, 2005.
[2] Sakaue, H., Miyamoto, K., Miyazaki, T., Journal of Applied Physics, vol13, No.§8, 2013.
[3] Nakakita, K., et al, “Pressure Sensitive Paint Measurement in a Hypersonic Shock Tunnel,” AIAA-2000-2523.
[4] Ishiguro, Y., et al, “Visualization of Hypersonic Compression Corner Flows using Temperature- and

Pressure-Sensitive Paints,” AIAA-2007-118.
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