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Abstract

Pressure sensitive paint (PSP) using poly(TMSP) as a polymer binder has high pressure sensitivity for low gauge pressure
conditions observed in low-speed flows, which is important for research and development in mechanical engineering
fields. Although the response time of poly(TMSP)-based PSP is of the order of milliseconds, which is slower than fast-
response porous-type PSP, it may be useful for the measurement of nonstationary pressure distribution with low pressure
amplitude as high as 100 Pa, if the frequency is not higher than the order of 100 Hz. In this study, we have investigated the
nonstationary response of poly(TMSP)-based PSP, to evaluate the feasibility of the polymer-based PSP as a measurement
tool for nonstationary low-speed flows. We have applied the poly(TMSP)-based PSP to measurement of nonstationary
pressure distribution around a circular cylinder in low-speed flow, and compared the amplitude spectra of PSP and that
of pressure probe, both of which are obtained by FFT analysis. As a result, it is clarified that the poly(TMSP)-based
PSP can detect nonstationary pressure of 90 Hz with the amplitude of 70 Pa. For higher frequency the sensitivity of the
poly(TMSP)-based PSP decreases, but the nonstationary pressure of 850 Hz with the amplitude of 310 Pa can be detected.
Furthermore we have visualized the distribution of the integrated intensity of the PSP amplitude spectrum around the

peak, to visualize the area with large pressure fluctuation on the cylinder.
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ANOFEBREE T SN 2 BRARBBITESRIEE & b ICBESEEA RO NS, BEFRO 9 b2 HEREE, i
NG DIEE T RIENEENTER S 5720, RAMRAHEROIREE &b 2 FBLT 5 72 DIILIEE F I E5 Ot 38
VBRI R THDH. IHE, A Ea—FOFREICI Y KPEFENATREL oo 72720, BIEHEIC X 2 B MRS
b DI E T BLGEAT 1T U C & 7223, FHEBRIC K 2 IEEFBLGMNTIE, BRI O ME 7 i o v B 3 M E
Lot oY —HORENRER Z LR EOERICEVIEFICEN T LORBRTH D, £ 2 ClsE, Il
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— 72 PSP 1L, MIERSROER FICAFELMNESELZDDONL =L LTRY ~—%2FH L TW5720,
RV = —HICBT 2WFE 71 OGRS PSP ORFCEMZ AL, EOREE LT, PSP ORFRISEM L
U~ A —F —CHIfRESNT& 7z, —FK T, MErn~ 777 4(TLC) AV B 7 V7 L — FOBGHIE LT
NI=ULREDSZIEREZNA A —L LTHRIAT 52 LT, RERISEMEZ RIBIZ A E S 2 m s A A
JE=2—7 ¢ v 7 HAT (&, 1998, Sakaue, et al., 2002, & HIft, 2003) 23BE%E S, FEEF TS OIE ) BFHEI~
PSP Z 4 28 A 0D 5 T\Wa. filE LT, Sakamura, et al.(2005) 1%, TLC A U B X VT L — h &A1
H—& L7z PSP Z BB A NIZHH L, BRI ORI E D 2T v PIROETNEEITxT 5 AR PSP OBfEM: %
FELTWA. 2, ik (2011) 1, A 22 FEN SIS B A E BT KE D PSP OREEZFEMT 5 72,
Bl 7 L S =7 DA X — % & L7= PSP (AA-PSP) % ¥kt NACA0012 3 FIZ@ M L, BEEM Tk
\F % JE #5920 Hz 72> 150 Pa p-p FREE D A 2 v HEEHHI L T\ 5. 72721, TLC v U 57 b— M
BEBIRIE MKW R A L, — 7 CHBER LR IR IE N @m0 b O 0, A RHOMENRT VI =7 AE4E
FITITFH U ABIRESNAREZA LTS, 77, AA-PSP O3Efa# L LTIV sRL LT =
LEEREIE, IREOREBLZITOT WD, IRENSARE—GIcBI 25HIBEICRENH S, 22T, ZiLE
KWt EateR)~v—% (=L LTHHATAZLT, NU~—TPSP & RZEOMMIREZRT L, ok L
L COBAMAMNAIRER T2 OME ORIR 2 A S e End s Z PSP Té 5 PC-PSP & Bi¥E 72 (Sakaue, et al., 2002,
Yorita, et al., 2010). L2>L72R03 5, ZH 6 DLV PSPILES — P EMERIC BT DIEE IR Y ~— PSP (Tt~
TIRL, BAREHENK CRONDGEFENG Z x5 L LdHlZiEmun Tz, 145, Kameda, et al. (2012)
WZE Y, NAUHE—L LTSI, OF ki -2, N U H—% AT ) —IRE L THRY~EAT D @l In A
PSP Z3BAFE &7z, M PSP, AU ~—HI PSP [AERIC A 7' L—%& W@ AN A[HET, o7 — VEfERICE
WCARY v—PSP L RIEDRWENNREL T T 720, BB L30T 2 IEEFEZEB O FHAIZ 7 72 38 F 23 1
FENTWD., ZO—FT, BERENHEMENZ EAFRERE LTRSS WD 5z, T/ k1% 314 v
A=t LTHWA-OBHMENMEL, EREY PSP/TSP (Moon, et al., 2011) {2 & 2 &R %:E} (Temperature-Sensitive
Paint: TSP) & OEAEOBANEE L\ 2, RE—RIRES~OBAICE L X, ENFoEEERm B B
& LTHIREMIEIEOMENI A TRES L 7> T D, —J, RY~—PSPIZBW\TC, BEFBIEOREWT T 2GR
~—=THDRY [I-(F U AF )L Y )-1-7 1 ¥ 2] (poly(TMSP)) (ffJIl, 1995) 4 H L7z PSP 1%, ms 4 —4& —
D L) BB IS M 2 L (Asal, et al., 2002), & 512 100 Pa L T OWUNRESNIKITABELZHTH 2 L0,
% ALE PSP IR TIRERFNEAME L, /O ENRE Y PSP/TSP OHHHIC & A IREMIENES RS 2 H T 57120,
100 Hz A — & — O RO BIR B O BB RN T 2720 OF A7y — e B EMEEZFE LTS, L
L7235, poly(TMSP) ~<— 2@ PSP IZFHT 218 EOHIZEIE, §H072 1 T1EE OMGESRE H 5~ O I IZIZ IR
EINTEY, EEFENEIMIRT20MEE LCL, aiRo@ b Btedams A — 4 —ORFINEE 2695 2
EDRF STV D23, 100 Pa LT O 72 I8 7 1 ) 228 O FHA~ 0 38 AT REME I3RRGE S v T /e

AW TlE, (K7 — VIEFEIC BT AREDO R THAITH Y, M oOERBY PSP/TSP & OHEAIZ L HEERIE
EOBEAN AR R Y ~ —T PSP 12D\ C, KA IC 31T D IEEH B O FHH~ i FH 7T e 2 sk
L1280, MEEREVIZBIT D0~ ARSIN b b TEAEE k5L L TR U ~—RI PSP #3H L, 1kHz LA
T OARE RS I 1T D E N EBORMHBREZH 52T 5.

2. RE-REZEH

PSP L, HR/VT 4 U g EDNF5T Dot 1 & O AEAERNC X 0T D JRE 2RI L7z
HHFETHD. ZNOORAESFEBRBBFRIEOE VAR Y v—L & HICERIRLLICRR S8, Wik e LTk
HICBATHZ & T, Rl LOEAFHITFESE LTRHIAT2 2 3 T& 5. PSP ORLIRE &N OBFRIE, K
XD Stern-Volmer DOBHRATH 2 515 (Liu and Sullivan, 2005).
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A =Ao(T) +A1(T)Pref (1)
T, HIZFNTRE, PIIET), Lep 1 ZBERIDOSHIET) Py [T 2FNRETH D, HREA, 1 Stern-Volmer

BRETHY, BIERBRIZL VRO OND. EFBEO PSP @M TIE, U UIESEROMIEH AN Z 72X v




HALDD, AL T, EREL 100 Pa 4 — ¥ — OGNS 2B IENEHZPIESG L LTNWDHTD, &
WOIEIZ L DMIEE{T > T 7L,

728, PSP OFMIL, MHUNISIEEA & LT MIEICIER 3 2 @28 09E (BVUKIE) 25217 5720, FOEiREIX
JEFMEAEMEITIN 2 CTHEHEE T\ DI FEEE2 A9 5. ZOREKFEMX, PSP & W= EAFHIICB VWi
ZELTOLTERKE /D, PSP ORI LR & OBRIfRIL, Arrhenius DR TH %2 5415 (Liu and Sullivan,
2005) 23, FEBERO@A T, ZEXRETERT2RES LIZLITAVW OIS, AT T, BIRRERRE & e
BREFCIREE RN R 2 B2 MIET 5729, Q) OENRERITREOHAZ M UL FOKIEXZ#EAT 5.

Ly P T P T T \*
=B|+B, +B3 + By +Bs )
1 Pref Tref Pref Tref Tref

2285, Ty ITHRIERBUIMIFHZ IS 2BEMOSIRE CTH Y, (£3 B, (TRERBIC L VRO BN D.

PSP O#ZIEIEE LTI, FANCERERBRZTT 5 apriori {E &, PEMROBARIIZHE SN EHLEZFA L
TREFRER & FRIRFICEIE 21T 9 insitu 3503 B 5. #%E O insitu 513, BOIERBRIE & BB O E 270 g
DFRDENZ IV EC D RFRRELZWO T Z ENTELHRENH L. Lo LIENROREIENALL T 1 —7
DFXE N R GA XA AR TRE e Z &0, WEX S E IS AL —RIRES M DFET 256, T EREORm )
2%t LT in situ IEZAT 9 OIXBLETIX/2 . ARHFFETIE, apriori SIEEZEHT 5.

RY ~—HI PSP (2B T, RIS T OMMBRRICH S TRY ~—[BNOBEFE D T OILHRFE A E -8, PSP
DOIFHESEVETER Ry F OB K W A S D . BRI EEE IR Y ~ — Ol LOBEICKAFE L, &R
Bl T 3R ~—JBDIKEED 2 FlZHAI9 % (Winslow, et al., 2001, #.FH L, 2003, Liu and Sullivan, 2005).

Toc L?/D (3)

ZIZT, LIIRY ~—JBOEE, DIIRY) ~—BHIIBI5BEOIEMSRETHS. TDi=d, PSP OEFE(KIZ X
DS A Em DD N TH 5.

3.E B OF &

3.1 PSP O#ERK

AR @ Y, FEEF IR — AN ZFLE PSP WS D Z ERE WD, ABFZE TR AL~ 1 )
ZHME LTS, 100 Pa A —4 — DR — VIEFHIICHE L7z ) ~— PSP ZHn 5. X 3) o@bv, &Y
~— PSP CIIIGERRINIIE L D 2 FBIZHHIT D720, IGEFHEZED DICE, PSPHORY ~v— A U F—D
BEWO L, HEZ2/ NS THLERDS.

AWFFETHER T2 PSP X, BN FICASRALT 1 U U $HAD—FETH 5 PITFPP %, /A U X —(ClBHRE IR
PEDENT T AR Y ~—Th % poly(TMSP) 2T 5. AIFETIE, Kl THE LIRS — U EFH A
FEhid b2 b, KREE TORWENFHE TRWEBRERENBEL D, DOREERFESCH O BN
FI/NSWPSP ZHWT W5, 7235, PSP 2@ AN T HBED THIALER L LT, MREXmMEZ RO BAAA o FTHE
THIELILEY, AASA Y NED PSP ~OBK B XL OPSP HIRORIZkd 25227V —2 & LCTERT %72
B, PSP ORHIBE L O DL ENTE D, I6IZ, BEEREELAY U —fE L PSP @A EHEREM L2V X
2, A7V —vEo EBICHRO 7 V7T 7 —%8L, 7V T7 T —EO EICPSP #@fiT 5. s, Wk
@ Moon, et al.(2011) |2 X 2WF5E TR PSP L LB L TS U A —RER 453D 11295 2 & T, PSP Ol
ZR 5. PSP OFAITE T HFN4F PTEPP, R U ~— poly(TMSP) 38 L O b L= RO 4y B & % 1 IR
AR TRLUEEIE, %IBO 40 mm A OEIERBHFEHI S5 1 B 0BMELZ R LTS, RBARTIT,
Le#z > 7= % Moon, et al. (2011) O W72 & & FHAIA PSP OFi& 53 A Fe T L T 5.

32 EEBREE

ARFZE O U7 JBREERE E ORI 2 X 1121, BRBRERIEWTE2S 154 200 mm OIESETH Y, 1320 mm
DOBEXME L6000 mm OREEFZH 9 5. AEREO P28 & 200 mm O AR A Bl L, EIRN CER A
115 &, HAE DV IZA T DA< U mFN L0 AR E E I E R E BN A TS, FAEA IR mE RO R



Table 1 Preparation of PSP for 16cm? area

for nonstationary measurement

reference (Moon, et al. 2011) in this study

P(TFPP 0.4mg 0.4mg
poly(TMSP) 16mg 4mg
toluene 8ml 8ml
Air Storage
Chambgr Test Room CMOS Camera
Optical Filter
Cylinder Model Blower . I
; ’ = LED Excitation
in Test Section I O|—| Computer \ Light Source
PSP -—
Flow
DC Amplifier Pressure probe
Fig. 1 Wind Tunnel Fig. 2 Experimental Setup in the Wind Tunnel

AHAFEAAEL, ERIIFNFN 66 mm, 46 mm, 33 mm BL R 16 mm TH 5. EIFHATIZ3mx1.5mx1.5m
DIFRRICER SN TRBY, =7 —7 4 V¥ — (HEETHETIS0R) ZH v )72 3mx1.5m OWR N 2 [z
L NRAEED AfLD. —J7, BURM OIZIEA =2 liElo 7 v U (2B BG-45KTA3) 2 KA EHICEIE L,
7 a7z XMW NARZRIS CRIAN OBEEZTT 9. JEIFRA D XY T 340 mm OALELZ, FEEEHNOFERIE D7z
Eh—EFEEEL TS,

JE R BR A E ORI 31T DB ORE % X 2 12”9, PSPIZ X ZFHFE R & okl d 7=, FARRIO£
H ICE DAL AR, ERE S v — (Kulite® XTL-140M-5G) %2208 U, MREZE b o3k b £ 258 2 1)
ET 5. PEKENE Y —DH S5 DC 7 > 7 (TEAC SA-570ST) 12 X W #IE L, A/D ZBH#Ek (v 7 aHh (=
> A ADM-681aPCI) /1 L C/8— Y F v a Vo — X (TR AL, ez tT ). JENALOMERE, EA 66 mm 3
FOV46 mm OHAETIZ A X JFAHFL BIZERIT TV A2, EA 33 mm B L ON16 mm OFETIE, FEAFLEREMN
To#AE L, BIRO FEER LV &S 50 mm (5% T TV DL F 72 42 BTl 2 BRI E S 040 O FHAIRE 2 BRr &,
JA T 0 D F FEALE AR O BRI &L B a5 0 90° & LTWA. 723 PSP ORIEH T, £ AL & % PSP O
BEIKOEME LTWDH, JEIROFEFERERICE Y, WMAGOMFEICHBER N E 2R L TS, AN
JECTHRE LT 5 1 kHz L FOENEENCK T 2 BFHEIC L 52700 E 5, [ENHLONBEB L OGRS Z2/h &
<EHoTWA., EHAIIHE I mm, EEX725mm Th Y, FLEE UV EmICE L2 EEIENZE 3.5 mm,
RE1.8mm OHFEEE LTEY, ENAOEAEEEIL41kHz TH 5 (HAEMFESHR, 1985). HbET, &
JEE 3 & OVEE RV (2 35 1) 2 FIAL IR B OREE 2 HIET 5720, MALR B b A F B 5E o BRI A4 RRHETAR
Ta—THRET D, BRI T, HERE ' Y — DM )% PSP OBZIEIZ AV 2 in situ BOEE T L
720N,

MFERAR R T 12 351) % PSP OWBAffE kL, AR Eoo FEEEES L Y & & 50 mm ONLE % i & L7-IiE
25 mm OFFIRE L, BFEIC 1 ESBA L TWD. ZRBEVRERRHCIE, SRR S i L <, HEMEO DT
WIRBENNET D720, METHOMEZBNE LT 7 4 VERZEATS.

FHESEDONRIR E LT, JAWEREZ B CREAIEEZ: LED J&JR 2 K (efasdk b =2 &2 LEDH576-395 £ L O
LEDA1024-395) ZF|H4 5. BEEOKFEIZ395mm TH 5. REOFNEA A=V OWBITIINA A — FH A
7 (74 v  FASTCAM SAL.1, BERREE 12 bit, ZERIfREE 1024x1024 £ 7 &) 2V, Fk R ORSSLO#
D ZREL TCREEOREODERET D720, vy —TH v b7 4V — BERAE 600 nm) 7 2 Z
Ly RIZRET D, R SN O MBMEIEIL, H AT BN TH D AL OB BEFEL, £ 66 mm
BIO46mm OMFCH LTI Imm H7-9 1027 E/L, E£33mmBLR 16 mm OHFCX L TiE 1 mm H7-
D127k E LT
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Fig. 3 Calibration Surface of the PSP

R (1) IRTEY, PSP I X BIEAFHTHE, BEMOENRM: Py (2351 % BIRRIE L, OWIE BT, 2
WREG) %25 LT 5. IO, JBIROEERE 35U TR L7 PSP OSSR 15 IR & LT
WG, PSP DI & B RGEOHBE/ANS < T B0, ABFETH, LN2n oo ik
I BEEA L L, %I S RS 2 R 5.

33 ERIFAER

PSP OIEFRERIL, 40 mm A O T VI =0 LROIE EIZEAG L7z PSP ORELE, 727 VIV OBIET ¢ 23—
PICHELE L CEET 5. BIEARE~D PSP O @A &%, MR E~OBAmHEICHT D HREE LT 5.
BET ¥ o N—NOJENES0mL © >V >k Y —9 kPa—+2 kPa O#IFANIZ T ATRETH 0, JE IR
(F—T U AAP-C35) ICL VE=F—LTW5. ARBEIEMHOBREHIIAE /N & <, KD m ) OIR
Ik ARSI BI O LR 28 2 - T8NNH 5720, BIEERICE T 2B ORI FICIZ, Vo LED 3t
PR (kA7 k=2 A LEDH294-395, %% 395nm) % A 5.

F 1SR LR T O A B TIER L2 PSP 2504 & L-IERBR 21T\, 155472 PSP O IE
&3 1RT. K Q) BT HBEITEN T B =80.14, B, = —6.88, B3 = —159.35, B, = 7.51, Bs = 79.58 &
ol

4 HRBLUEE

41 PSP MiEE(LE

AU ~=—BIPSP 2BV T, FHROE Y ISERIIAR Y ~—J@OEED 2 FIZIfFlT 5728, PSP OHERILIC X
DEFRSEMEZ B D Z ENEREE B2 DD, —H T, EEYLIC X B3 EMER I OENREOE( R Y, K
MEREPEDFE W ZRFE L2 T uiE e 5720,

F1UIWRLIZERBY, BEOHZE Moon, et al. 2011) TiX, PSP O BfifElk 40 mmx40 mm (2% L TR U ~—
16mg Z AL TR, ZoRY~—&% [HiER) L LT, R ~—B2LEED 126, V46, 1/8ELL
72PSP Zifi& L, Zh 6 d PSP & %A L7-FEO MR A2 HIE L.

BEIEEHANCIE, FUN K Rt o # — (A O L —F —BAEE (SERERT OLS4000) % 7=, B W
% L —P—BSEE iR LE-EB A2 X 4 177, 28, b—F B L 250 R 0B 22128\ C, PSP
JE ORI E D D, RETHWS PSPREHIIRY, PSPED Lz V7 H T —% EED LT\ (X4 D
top coat). FHERZ AT LI2RUELOSE CTHRIEN 1.5 um TH Y, KV BAEERODZ2VEEFCIEREE. 1 um LITF
IR D, T D OBREITEF SO SRR ORIME L FAREOA =X —ThsbH. IHIZ, =77 7UITLY
BAi L7 PSP DB T HIC K W REICKE RENH D720, KU ~—EOMKHIC L D PSP O L % & &M~
T LIETERNSTZ. LL, M4 L0, PSPHORY ~—0RBZHE ST & T, EMEAIC PSP OIREZ /&
KFTBHZLERAETHDZ EERLE.

A O 3 (R LR EMEY, N ~—8B%2EEBD 1/4/7%L L7-PSPOENRETHIN, RN ~—8E%E
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(c) 1/4 of the reference concentration of the polymer (d) 1/8 of the reference concentration of the polymer

Fig. 4 Thickness of the PSP layers measured by a laser microscope. For the “reference” concentration of the
polymer, the thickness of the PSP layer is approximately 1.5 um. On the other hand, the thickness of the
layer with lower concentration of the polymer is lower than 1 um.

EHERB IOV R 6E, 1442, 18{EFELE LEHEAICBWT, ENEEIXIZER%SETho7-. RBREUETIE, &
WEHAR L OFEEFEHR OB IFIZBWT, R1LIZBWORLZEY, R ~—ELZEUEED 142 L= PSP %
5.

42 PSPIZ&ZA#RALOBETHE DS AR

AAFFETHND AR U ~—8 PSP O HAERE S XL ONEE 2 MGt 3 2729, MAEE 0 IC4E U 5 RERSEE O
JE i34 A PSP I X W IE L=, B 66 mm OMFEIC L, B h—% THEIE LR DS o whE 37 m/s D4
HFCEREITo BRI T D, MEEHLE O E) ORERPEEMEIC )T 2 EIMRE OB T ai o 72 7 %K 512
R ORI IO R K SRR D OMENE S, TR A RS, £, PSPICL VLT
THEDZBPERRFED 7=, FFE IR T TZEIHLICBWCEIONE 1T o 7=, AREIZIE, FESFLTHIE L7
WS R T DIE TR IR D oA & ot ORT. [ENHLIC X DEDSAOREE, FHFEDRERC LV JESTL
DB EEZIRN BT 72728, PSP & ORIFFFHEITIZZ2W\ 8, ALE 97.5° B8 L O 142.5° @ 2 DA, PSP &
DORIEFHEIZIT > T 5. ZOREFHROFT — 2126 LT, 128 [I45y O RGT — & ORI SEE 2 F O£ T,
ERREOFKMEZ 7 — —TK 5 FIZTR LTV 5.



Pressure Coefficient, 66mm, 37m/s

—PSP
0.5 e —==—Pressure Probe 1
o 0 & Pressure Probe (simultaneously)[]
o
O

30 60 90 120 150

Fig. 5 Time-averaged pressure distribution along the center of the cylinder (¢ 66 mm) measured by the PSP. The
flow velocity measured by a pitot tube was 37m/s. The obtained pressure fits well with that measured by
pressure tap. In this figure, the range of the angle is 30° < 6 < 150°, because the error at the edge (6 < 30°
and 6 > 150°) of the PSP images was significant.

B 4096 frames -
1 1024 1025 2048 2049 3072 3073 4096
1st group 3rd group 5th group 7th group
2nd group 4th group 6th group
513 1536 1537 2560 2561 3584

Fig. 6 Subframes for FFT analysis

B4 512”9 Y, PSPIZ X VGOV E N A, L THE LIz ENCR—S T /R Lo
7o RBPAMTIE, MOBEOFRIEZ 30°0-150° & LTWAA, Ziux, MRS & ER80mE (0 <30°) BL W
% X ERRGIEE (0 > 150°) ICB W TEHBEFERICAZEN K E <Blh, ERENRIENSADE LN oT/o T
bDH. TOERE LT, MHERTFB L0 O X LRI T, LED R K 2 HMHB IO A I X 51k
BOBZTAHE OMEOREL RELZT 52 L0, MO X ERFEHFHIIRERBRICBT =y ML L
THNDT=D, EURMERLRHICA U 25 MHME OB ORENKREL, ADRDT 7 4 W EHBIZ L DM IEN R+ &
ol T, R DN L e 2 MR & B ARF O PSP ORI 2 HIH T HBEOMENKE 2o TWVD
ZERFTFHND. AR TIE, FEESEFEORNASZICER T 570, MR X ERRE Y AE 90° OALE %
EHEETDEONATZRE LD, HIEEREOENDHOWENLERSGEE, RGO AT ORI,
B¥H o LED SEIROR E % it L, MHEREOMSBERE L —I2 L, FHIRGEORBEA RN ST 5 TR1L
BLb.

4.3 PSP OBREILEHE

AR OB L O 2 MY ETH 2 Lk v, FEShd L~ amdic X BENEB O
EEBEOMICERET D 2 ENARETH D, AIFZETHW DA U ~— PSP OREFIGEMEY, WS —3 dB LINIZ
MAZ6NBAWEED ERA 100Hz DA —F—ThH v, £7ENEBORHI ATREREM S0 EIRIZ 1 kHz X 0 /)
ENETRINDOT, 900Hz FEE EIRET 2 X5, Fids KO OBERICOWTHREEZRE L. K
TR BT 5 BRSO — B a2 £ 2 (R, BHOEB A, MEEROEEE, v b—& CHIE L7728
DOYEH, R —EFREICESS LA VR, A bhr— A 202 L LTE F—ERELY AEb oo~
MFIOEFEL, FLOCEERE U IC L B LD ENWEBOFIMETHSH. 2B 32/ TRz LBY, v h—
BT X 0 B2 BIRA O TICERE LTV D720, MEERAE 0 (231 5 BTl e i & 1380 5.
[HAE 33 mm, 46 mm 35 1TV 66 mm O FHEE AWZEBRTIE, 7 AT OFREIEEET 1000 fps & L7243, EHAE 16 mm
OMFEZE AW FEBRTIE, JEAEB O 500 Hz 21 2 5 RS2 ETei=, HEEE % 2000 fps & L7z,
REACEIT 1 ShHT20 4096 f & L, 95 1024 Kooy & 1 fiLE L CENRZ @ 7 — U =25 (FFT) ALEE 21T\,
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Table 2 Conditions for experiments

Cylinder Flow speed Reynolds number | Frequency [Hz] | Pressure Fluctuation
diameter | (pitot tube) [m/s] (estimated) (measured) [Pa]

18.4 7.8 x 10* 55.7 67.8
@66mm 45.4 1.9 x 10° 138 98.9

51.7 2.2x10° 157 118

19.9 5.8 x 10* 86.5 66.3
$46mm 24.9 7.2x 10% 108 95.8

31.0 9.0 x 10* 135 131

31.7 6.8 x 10* 192 122
¢33mm 48.7 1.0 x 10° 295 244

66.1 1.4x10° 401 382
¢16mm 64.7 6.7 x 10* 809 310
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120 Hz DFRWE — 7 3Bl 572 &, FBCRICER T 2 RMAAZENBIND. 2OV —7 25T AR 2L R R O
TR BRI T DIRIBAN MV HEEND T2, MRS IS W CHAS L 7R B 53 2RIE A~ 27 kv
R, FBALMIFICBWTELNZ AT MUizx L, RO ALY MV ERET D & T, AT i
BENDRMBEELMIE LT, —JF, WG e LB REE DAY NIRRT A N ) A X754
Tty "RHLNBEN, ZTOF Ty MIEERO RS NSNS, PSP DAY fLERIEED A
7Yy MEEOTIEITHEA CTE o 7.

FIAR o> BRI L E Atk D 90° ONLEIZRIT D, PSPICXBAENSAE G EERE LI-FFTICL Vb
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Fig. 7 Amplitude spectra of nonstationary pressure obtained by PSP (6 = 90°). If the flow velocity is low and
the diameter of the cylinder model is large, the peak frequency of the pressure fluctuation is low. In this
case, the intensity of the spectrum for PSP is equal to that for the fast-response pressure transducer. On
the other hand, if the peak frequency of the pressure fluctuation is 100 Hz or higher, the intensity of the
spectrum for PSP is lower than that for the pressure transducer.
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Fig. 8 Gain of the polymer-type PSP. The gain of the PSP decreases logarithmically for the increase of the
frequency. The gain shows —3 dB for the pressure fluctuation of 90 Hz.
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Fig. 9  Amplitude spectra of nonstationary pressure obtained by PSP (8 =90°, ¢ = 16mm, v = 64.7m/s) corrected
by using the gain shown in Fig. 8. The corrected spectrum for PSP is similar to the spectrum for the fast-
response pressure transducer for the frequency range from 700 Hz to 860 Hz, which includes the two peak
for both the spectra. The small difference of the intensity seems to be due to the low SN ratio of the PSP
for the fast pressure fluctuation.
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Fig. 10 Intensity distribution of amplitude spectra of PSP on the cylinder surfaces. For every case, the position
with high intensity of the pressure fluctuation exists for the angle of 70°-80°. This is consistent with the
separation of laminar boundary layer at the angle of 81°.
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