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Abstract: A method of image acquisition method based on stroboscopic illumination was proposed
for measurement of pressure sensitive paint applied to rotating model. In accordance with this method, a
measurement system was developed. A small fan was used as the object for the image acquisition
experiment, which examined the influence of the paint pulse luminescence time on the quality of the
image. The results showed that: when the image motion blur length was not greater than 4 pixels, the
image clarity was essentially the same as the reference image in the static condition; with a consistent total
paint luminescence time, the shorter paint pulse luminescence time indicated the lower image noise level

and the higher signal-to-noise ratio, making it suitable for rotating objects with high speed.

Keywords: rotating model; stroboscopic illumination; phase locking; pressure sensitive paint;

paint pulse luminescence time; signal-to-noise ratio; motion blur

A HLBAE S RE H B s AN B MG O, PPl R OCH Y, Gl R AR R S R A
OB BRI 1T T Sy X s i s IR 52 fLaE 3 Iy AL g ke P i 9 BY. SR, PR A

W5 B #A: 2022-08-02

EETH: AR ARBFHEAETERIA (51790512); 18 HR1(B17037); RAHLL T FHIb Tl Kb 18 SCBlH 34 (CX202009)
EZ B s B (1990—), B, Wik, 3PS BRSPS, E-mail: gening@mail.nwpu.edu.cn

BIEMEE ST (1973—), Lo, #1800, W, BP0 HHE AU 3 1% . E-mail: gaolm@nwpu.edu.cn

S| AR : 57, R IR, 2557, 5. A5 DN IR I P45 SR 4 ik B b Ik b 2 Sl ek ) B2 i (0. 0023 3 1 23R, 2024, 39(10) : 20220565. GE Ning,
GAO Limin, LI Ruiyu, et al. Stroboscopic illumination image acquisition method and influence of the paint pulse luminescence time[J].

Journal of Aerospace Power, 2024, 39(10): 20220565.

20220565-1


mailto:gening@mail.nwpu.edu.cn
mailto:gaolm@nwpu.edu.cn

IR DA

%39 %

“PRAZ M S B AR AR AE D /0 D B il A5 7
5 A B, T H AR S S AR i e i ), T
I 1L DR ) 22 4 It A8 R S AR ) 384 467 TR, A B ZEAIR
HROTE R R AT IR R MY, H 20 42 80
AEAR LR, “dER A R J7 U8R B (pressure sen-
sitive paint, PSP) M AR BAANHIAR T . &
25 (6] 43 B W T R AR 4 3 LA R I AR S AR
P TR RALHLEED | S T A S5 [ AR |
FRE) TR o AFR 0 T e A5 A ) ) et A 5 i
TR

o JOT Ak 1) RS R A R T R S R 1Y) 5
G, Kameda 55 AN A R M A H R B0 2 A R
DES AT EUGC R A B T = DU it 45 R 00 v fe 1
o W A A N S BGRIE SE T  AR  REE X  )
I 52, T Sk BB SR 7 Y EL AT A A8 11 iR
A BEFTA IR TR, PR B . Sugioka 5E A
O3HT T TR B G BRI W 75 KO, e IRAH AL 7
I & S AS AR (] S ) s s

PSP 2 8 AR A I —Fp st EAR, ok
)V R A PR, PRG3R A M L 1) 7 )i
R IO T o B i s Pk . Kameya 25 A1
SR FH 55 1 5 55 7R A [ %) 22 A ATL I S et ] 3k
TR 8 i T A8 i v A MR LU MR, e IR Y
] 23 3 5™ 5 UG E i iz sl AR 1)t ) £
gk HLR AL A TR AR ) B — 4k R 143 A o R T e
— [R) A, — P3O K o 5 A R B Gregory 45
AUSAT Juliano 58 AU JF & HOR, B F RGA AR
FEXT T 5, ©FE L HLBESR S, A e as ) 45
e Xr 5 FARE] T N . AR, BT R
T (1 B, 17 P T v e R R I, RMEGE SR
[F] R AT AN W]k G B0 RS A BB AR BY B H
BRORR fb R R 52, (F R 3k S ARl 7 235 )
FEIREBERA 5y — P i — o8 JE I GRS
T2 IR AR B s R A P i T DA
T (R TR ok b 2 S Bs) [E) R 45 0 32 Bl BRI LA
BT, 38 1 9 K AH AL S R (] R SRR T 2 1 kA
5, PE BB AE M bl o SRR VRN AR R
17 e B 19 O i 100 850 i 8 7P A 80 ST 1] S8, 4 ) 3
a5 R K e e S B ] 5 AE AL S B ] AR L
itk

SR, AT G UR bk o A S e ] B i ™ E AR
T R B T RE 200, wE DL ST B R HET
UEAh, [N A OC T e 5% AR AL PSPl & 4 R /D,
—HE TR B AR 4 T H A R ]
BRETTIE, BT ERGRERS . RAHEA Y

2 SHURRAE A RO TRORMEUUT g SRR R O,
8 3t Rk v A DI 18] A L TR bk e R G ],
TEXA BT T B BCR AL S0 S . 8 i MR Tkt
Jok i G I T 4R 2% P8 S AR B2 0 PRI o
R, KB T PRISOE S K AT 4 B3R
I, P8 003 M 5 i 1k 2 25 RS R R — B TR
Ak i A G I TRD B, 1 P IR A K BN A
PO g, AT Ay e 5 T R A 2 A K T e 3 e A AL
BBl 2 T A g 0 B

1 SN RAEEEREEGRERE

I A8 HUAMUSE e 2ok 72 b, AR BLAE BEOGITRI N 5
B - R 2 ) A AE X A By, (A AR e T ) DY R
eGSR B AR, TE iz s R,
PR AR Y ST G JE Th] ey

I=J:Cg(t)dt (1

3 g (o) S it A 2 T RS IF ) A2 Y6 &, 2 A
PLEESCIS ] o 2200 A ) = 4ERRAE, fER AR AR &R
ORIV NE S E O a2 e VA g ROE IR S
TR CHEEEA f (rg) o HOLIRIELE A, g (0
RN A

g = f(rd+wt)
Horb w B TE % MR B, oo YRR 09 K et EIR
RO T B R OGS ] R, B, =0 =1, BEFE
LRI PR L & E MG 12 S BRI s Sl
s = kowrt, (3)

Horb ke o B G =S 8] o B, 5 Bk AR I R B
B K Bz sh B I B P T RIS A T I A
JE o TE M B A% R X G S, RS B AR
BB s 5556 2 3B cor FR G R] 6, e M AH G
00 1 5 a B RRY e L4 1) O XU A B 1y, (HUEE
RRAEACCL), B R P B0 B e, B T A% 4]
BRAFMELL

TEFEE BB AT T 00, e e 15 B A7 [] — AR o2 4k
T B SRR o e ST B3T DA R T A 48
SR FMGOR AR IR BN 1 Bz« SR A IR DG R L A
R ) K e A ' P T8] o X e e A5 280 T 4 i ] A%
Jie e 1z S5 G A L E BOR, B
UCie % B[] — AR 52 g4k I S PR TT 4R R0, IRt
TRBR TR GB35 I e 2 MR — B0 e E ALY
W IR 8] 7 2 054, A SR B W N T B A6 78
RO, R EREWR L. thT PSP R T2t

te[0,4] (2)

20220565-2



%1040

BT AR BN IR IEBCR AR R KRk e R T 8] 3 )

WECR RO R, 2L IR RIS, PSP AN 2xar
RIS 1k &5, T2 B AT — 5 I 1] 4 O B I
1M, 277 95 Hh AR BILAT B2 B TRORE I b 2 5 B T D
ty = t+ 7, TIEICURE I RSSO R BB W]

HBLIE L
¢ ¢42m #H2AN-T)m

a1

SR J l-l

il WL

3 tc (44
n=1 n=2
E/f%%j]ﬂ . . '..

1 TSR RN AR BH AR 5 P15 OR S 2

Fig. 1 Principle of phase-lock-enhanced image acquisition

WA JL[\_I,_I_L

Pt

n=N

based on stroboscopic illumination for rotating model

AR B 00 B ot S T B I [ PN K Ol ik
g (1) AIRmR N

g(r) =
¢+ wt) te[(n=DT, (n—1DT+1,]
0 te[(n—1DT+t,,nT]

(4

Hhn=1,2,3, -, N, T )51 igh H .

G UE A A UE N T DUAR 5 8 1B IR S DA i 22 BR
W7 AR BRI S 5 M L L TE T % s SO R Y
FHALBR OGN ] 2 Al 24 NS 2

Nztref/tp (5)

o R IR A A A PETAR 1 SR B R I N ]
R ER B TR PLARR E e R RS, DB IR
BN UCEN W] LA TE 3o A AL B DG I 8] 2 R 42 ) . Dl
(D, A5 N YOGIE AR FABLEE G 8] 2.y

t.=NT (6)

AR PRI SR B ikl ol A0 L 18 S U5 ok e
SO [R], 10 4] 1B 185 % i SRR, SR T 1Y
FRBILBR G 8] 22 AR 22 YO [R]AH 2 i I 7 00k, 42
e AR o otk B FE R 1L
2 SWRERIBRAR

N T AR GRS s T 1 52 e R, DA

NI IR A IR A SR BF 5 %o 2, T 8 5L T4 I TR A
V1A T 2 A TR T 184 55 PRI A5 OR 4E S2 36, PP A 4 AR 1Y
JORE 2 A TR PRI P 7 T R R MR L
2.1 HRJIHR

S GBI 5 X G Sk AL 2 TR R /N RURS B
KA 34k 3000 r/min, EL#E K 18 em, BEF; 77 n) K
WO BT 7 ) o W BR T AR AL B ORI R TR
FAE B o 0 e g i R, PSP 7 JiE G HR
SR 1R TR A 1 RO 5 B I AN AH R], R A 38 2ot
UG8 B RSO 15 3BT BUR BRI AR B . R,
S v OR FHAR 64 SOG TR BHEEALL PSP B &G, R
W REEL A S BB R, IR T IR G BB
RRAE, A3 R F X G A1 B, (A2, 4R AR
SR RMY g E 1 8 R S 1 Oy 2RO, SRR RO
K 50U ik b & S R]— 380, AR v R 1 Rk
BF ] ) DASE 2o 38 Y 4 40 5 ik o & SR ], >k
B PSP 19 S BR & GEEF ], Bl g =1, BRAEMI:
WS U BOGTR L, AILE HAR IR 3 SR T BB AT
R R ARI S R

BEDLE %@,ﬁﬁ@ﬂﬂ#

A

B2 R
Fig. 2 Small-scale fan

22 MERS

MR 4 G R 4 7 ks, A T 3 T 0 N A 1
e e ASE U AR 3 R RMGOR S i R 4. T R4
F L AL, PO AR . [F9 kA4 SN
VLA RS AL, RGeS A 3 s .

FHBLIEN T 14 AR AR AT ICF (charge
coupled device, CCD) A #L, & Y6 [E] 2 500 ns~
49 d, i 3 5 AV BOAR RE I HL U MR A A R R
0.01 e /s ik EHIFEIE 50 mm, St £/1.4D 1)
JeFEE Bk .

2 i@ e 1R TR B AR A7 g, A AL B AS 42 2
B O B R ARALAE S, S BRI 5 5 R A RS Rk

20220565-3



IR DA

%39 %

AL e A
L = AN
BT ?.

HRIN IR

3 M RGUREA

Fig.3 Schematic diagram of the measurement system

AL BE AR %, HAGS A AR Il 20 & R i
1) TTLAS 5, il ZOGIR Bk b & . (555 KAERRT
155 56 B 5 6 IR ik & s TR AR TR]

A IR ' VR 2 U 2R 4 Y O B A R, AR A
2 (4) AT, B A BRI PGSR A 5 1 X A TR S U 4
W3 ANEER OYETR Ik b & e E] RS0, LUK
S HZ S B 1 @GR & SR m T i
T LA AR, LS B VR AE AR AR A6 Ak 1 [ 2 fi
%y MGG AR ok i 2 6 R S R, DLREAIG
BT B 5 A PSP I 8 AR A i 25 . S
55 v FH A A DN D' 5 s Y LED SGUR, &6
FH 0~50 kHz, 7 55 T 28 SR e % 5 14 i i 7
AT AR o TR B UK DK e & i R e M AR IR
T 99.5%. 4, LED Stilid B4 AR Rt
B 1R . & ICY O B TR B S TR A A
23 LB/HE

SRV e I R o G T 2 1 B
DAXURS i 1 RS AR i 0 Ak RO 2 5%, iR 4T &
TGRR . G LT R AR AL S ],
AR AR A I LR RGO 357 0 2 3K B 2 AL K
B e KA —2F:, AARIE IGO0 BE A AE AR AL = 4 1
JE DI DA K BGELAT 78 2 AR e L, e 0 e 2
WG A £ = 270 ps. Ry 1 3BE SR HLIGE Ha, 30
7 DL S A A5 W P A s e, PGk 2 LA AR (] B S e
)R AE Y TC IR I S MR . iy s U Ay ot
RS2 BRI E 4 i, BUR e RS K R
B = 8267, BE= 43 HE %k = 0.1 mm/A& 3 .

R T SR AT N RE B EAGOR 5 5 1 5 i R 4
[ % T i i B AR R (1 RS CR AR B 1, 6 JKUBR 2 700
r/min % 3T TF R T e A58 RGOR S 5256, B
AL 5 5 1R UG AR TR . e R IR A R 1 BUE
M RS ssh ok x i . K4 RS kL

4 MRk EIG
Fig. 4 Image of the blade at static condition

X 3 2 R B 97% I Ak, AL T A X
TS XA 7 575 S A Zhad P X 1% X,
P 2 o B 42 0 B K 290k 24.6 /s, GG 44t
BOWA e o BURR, DRI, X e A RS R A 1 BLR
415K FH A ) 21 28 DX 35k 0 5t 4 A7 A A 1 G AR
TR

AT DA R B G OR B D7 B 1Y 9 AL & Tkt
35 Y, s [) AR E VRR Ik v 2 ' st T) F  s Jk v i S st
(BB AR 1 s o ASCEIMGCRSE R 40 HilDG IR
B B i Jok b & G s TRDE: 0.5 s, 1Ak ok & S B
[F) B A, B A% Ny O e R e kU . AR
A EHECR AR, 5 Bk o & IR 67.5 ps,
BV 4 5 3 B AN, Al AR 0 R AT AR A — i R
FERY Iz SO . PRI, S5 rh SR ROk v 4016
I [) FR) 9 Bl A 0.5~67.5 ps 1Y 9 Fhis &, IR Gk
Bk v 2 S s T o PGSR L R A M L Py 5 T LA

®1 BEBEREFR

Table 1 Image acquisition scheme

s tp/ps N tels
1 0.5 540 12
2 2 135 3
3 5 54 1.2
4 10 27 0.6
5 18 15 0.33
6 27 10 0.22
7 45 6 0.13
8 54 5 0.11
9 67.5 4 0.09

S I8 4 o S TROBE RO IR 18] 45 e 1k R — B
JCIEAI N UL N HIAHALBEE S 1] 2, 50 3 R 3 X (5)
O TR E o 0 P15 73 31 Dok 25 7 g e bR
AT LU [R] B G IR a] | S PO IR A 165 3 5% 1142
LA o3 B 455 M P AR LI P D M 7

20220565-4



%1040

BT AN R PEEOR AR R KRR K e S G IR 1] 2 e

3 GRS SITE

3.1 BEgiEREshEM S

S JEN T 345 DN L H %) i 2 455 250 4 A 44
o EUGCR AR 4 P B R EE R . U Lt e
JER 8 0% ME R LU, 2E SRR R R K — 2, fF
R B R A R R — 3 WRRHEK b & G TE]
1E 0.5~18 pus(W &l 5(a) F & 5(b) ) JEHE N, %+
M R PEIAG IR 335 0, BRI Y S0 B 5 T 1 PR
AHH [F], TG W] Sk 32 S ABSRITRRAE 5 > 1 R ik b O
B[] A S 2] 27 pshsf, 18] 5(c) H IR fRORERT , kit
FIG T SCB a5 i R BE 7 980555 24 ik vp & St
)15 5] 67.5 psit, & 5(d) B EMGAS R R B i — 4
TR, PR SRS B L5

Kl 6 7R T i i b ER Can &l 4 B R ) Fi S
Fofr 158 B PG 3 I AE 97% Il s A B % IX sk (2
Kl 4 FTs LT 2 X 30 B K B2 M 2k, DAL 4 i 5
1E EG 24 JK B By = 8 26700 — Ak, K BE £ 7+
18 Z x A AR AR K BE (BT 43 B 3 A8 43, 43 il 2
R DI g O DCSEORT R X, Horp, 5 Aok
Ik v 2 St s T 188 118 RGO B 1 44 1) o 988 DX Bl
R AN S S VN PSR I I Y QULY. S
JERTTRIAE 0.5 pshf, 52 2% GO B il 26 H A &
By TR b & Gt R 7E 5~ 18 psyi Py, R it
P X TE B W 08, (B2 5 2% BHGORK B th 447
SR AT AR, AR08 S i R 40 75 5 Bk ik o %
JERFRIZE 27 pshf, B BE T 730, Rk ik np &k

(@) £,=0.5 us ‘

(b) 2,=18 ps

(¢) 4,727 ps

(d) 1,767.5 ps

P 5 BT BN IR T A e A B B i PR {5 oR B
Fig. 5 Results of phase-lock-enhanced image acquisition based

on stroboscopic illumination for rotating model

1.0 t=67.5 ps

|
i

| .

i

i

5 }
3 o
Q\: 0.5 : )
P
R

1

— 1=27ps — £,=67.5us N

0 50 100

g &
K6 97% M R gk X IR i £k

Fig. 6 Grayscale curve of 97% blade span at trailing edge area

B (] IA 2] 67.5 pshf, 3ok B8 A9 Ao X B A 7K
22 I 1 LexE LA S e it R i SO A

7 7R T 97% M- i Ab Gz Bh SR K
L 9 PR i ' s ) Ak U DX TE B 2 S
2 R v P e XU AR 3] . SEgR AR I iz 3
O B 550 (3) (Y FIS TR 45 R AR — B, 7R3
I B U BE K v & G B [l 7, = 0.5~2 s, IR BHE G
IR iz Bl R S R, 7R MR B AR RE A 1A
RZ, b, =0.5~2 psiE BN 1Y s=1 18 FK; 2 A&
1823 (8] HER k55 5% A o 15, RZ 09 42 shAROR
1 B2 6 A U R Ik o e S ] S 2 P G 2 TR ok
Jikh A G 2, < 18 psht, BRI IE ShBHIK BE s<
4R R, BRI I W EE 5 0k < TTRO 1 275 K]

20220565-5



s J 12k %39 %
PBIEA G Y TRRIK v & G ] 1, > 18 ps, R 3
15 SR s Bt 4 1R 55, iz SO e L BE
VRBH K i A G I [E) 2 M5 T 2, = 67.5 psih, K] S e e e o« e .
BB S IR B 15183, R SC AN 4k L S
RN q
R = b
16 -
x FE(H 0 14 28 42 56 70
12+ o SIIA = t,/us
s 8 8 9 FIRHIN 22 I (0
- ) Fig. 8 Image noise of 9 paint pulse luminescence time
4 F ¢
X @ 18
™ 1 1 1 1
0 14 28 42 56 70
t,/us
% ° e o .
BT O RRHI B 42 Y ] PR32 SR K =V L
Fig. 7 Image motion blur length of 9 paint pulse -
luminescence time
16 L v . .
3.2 BE&ESELESH 0 14 28 42 56 70

1 TR B P14 R B T 1 A PRl M s 2 B2 A2
T HA ML S o) A ER BT M 7 5 R Y, A AT T
T S M 7 L BR A B, ATH A 4 M DR ER AR R b
&GS B, AT AR R L < J 0,38 S5t Xl ) 23
1] S 349 0 B e o RIS b X 38k A K B B T
WAL E T XM, UL A 855 BT &
RH

B.=I1-B, D

PLF 4 % 1R R i R KB B = 8 267/ S
%, 9 Bl ik i R ' B T PR M R A R 8 BT o R
D) HE B PR R A T ik, 6 D U IR BH B — BT
BRIk th & G T 7E 0.5 s i AR 35 5% X I M 7 A
AN AU S USR5 SR 9 1.3%:; BE R RHK o
NI [ 3G 0, W P AP g A 380, > 2Rk K
RICH T 10 ps, M KO FRE £ S H ERAE
IR 2%

PG AR W LS N R L5 55 B 5 I K
2 b, T R B A A

B
SIN =10x1g - (8)

9 JEIR T 9 T AHIbk ik S I [ P15 A Mg
Foo SHUBHK sl & CmE ] 0.5 psivf, 141415 1
BUd g, $T 185 8 1 1 EL B VR RE Dk b 2 S vt
[ 32 < T R ARG, 25 TRk b &GN TRIA 5 10 psi,
AR A5 W L B AR RS ETE 17, BHk v & Gk [a]

1,/us

FLO 9 Fgolt Bkl A G {551 Lt

Fig. 9 Image SNR of 9 paint pulse luminescence time

L, 8 A A TR T 45RO, A5 TR P o AR
A (3), TERIER IR 5028 S B s A2 B R
PR, B B4 K b R Sl N [ T R 2 2% T VR IV
i R G

4 % it

1) &t X% i 07 S50 I B AR X A
WE LY | IS SRR Y RS BT SR, A2 T A
FEBA GRS T ik, AL T I R 4, RATAR 8
F R B R K B, SR R IR ik o ke
i ) AE 48004 ek ik o & e B A o X B R 2 700
r/min /N XU % - R4 T MR TR 3 5 OR 4R, X0
SEILISUE T ik AEECR A R G0 A Rk .

2) HFH A A Tk Tk b & G ] S5 T, S
30 EMG 2 ShBR K 5 BRE T 1Y 12 sh TR
B B AR — 0, Rk K b A B ) A, R AR
B s T AR SCWF I 6 4, TR Rk b &l
BRI I 18 psi, FIGEE SO0 R B AR,
B A S5 5 Lk i R R S AHE )5 24 TRk Ik b &
JEIF R 18 psia, 12 shBUM 2 B 2 Wi 4 7 24
BRIk & YR B AR A 67.5 pshf, E5 4z S
KEEIRH) 15 4K, BIMQLe 40 1t LB BR
18 SR AT 4 (R R i), 0] S A A

20220565-6



e

5 10 3] BT AR SRR R BRI BUR BBk ol A B TR
M 1 5 o R [10] w5 W i, W 7, E K, 4. PSP B AR FE 0t i it A 2 i R Jy

3) “’Fﬁlﬁﬁlﬂmfﬁlﬁl%ﬂé%ﬁ& wRHR RO
IR 5] PR A5 — B X T A ST TE T 42, 25 20kt ik e
KICHEEITE 0.5 psil, R M P K- 225 K
BAF 5B 1.3%, EM%T%”??’% FEHEIT 18; ik
ik i 2SI R L 10 ps, BRFACFFE 7E 2%, [
BAF MR L 43T 17; ‘/ﬁ%ﬂﬂﬂfﬁlﬂﬁﬁ‘ﬁﬁﬁl‘rﬂﬁ@, A
N 7 /), {5 MR L ABSE Rg , OE D T e E TR []
BRE

SZ Wk

[1] LI Ruiyu, ZHAO Lei, GE Ning, et al. Grid resolution assessment
method for hybrid RANS-LES in turbomachinery[J]. Engineering
Applications of Computational Fluid Mechanics, 2022, 16(1):
279-295.

[2] MAO X, LIU B, YUAN F. Numerical and experimental study of
separation control by boundary layer aspiration in a highly-loaded
axial compressor cascade[J]. Journal of Applied Fluid Mechanics,
2018, 11(2): 433-446.

[3] AINSWORTH R W, MILLER R J, MOSS R W, et al. Unsteady
pressure measurement[J]. Measurement Science and Technology,
2000, 11(7): 1055-1076.

(4] LR, K, B0 R, 45 R HLEE 70 v i 8 &K g
TNk B9 R 3R (0], 0025 3l 2 41, 2010, 25(10): 2327-2332.
WANG Qingwei, LIU Bo, HOU Weimin, et al. Tentative research
about pressure measurement on one point of compressor rotor blade
surface[J]. Journal of Aerospace Power, 2010, 25(10): 2327-2332.
(in Chinese)

[5] LIU T, SULLIVAN J P. Pressure and temperature sensitive paints
[M]. Berlin: Springer, 2005.

[6] GREGORY J W, SAKAUE H, LIU Tianshu, et al. Fast pressure-
sensitive paint for flow and acoustic diagnostics[J]. Annual Review
of Fluid Mechanics, 2014, 46: 303-330.

[7] PENG Di, LIU Yingzheng. Fast pressure-sensitive paint for under-
standing complex flows: from regular to harsh environments[J]. Ex-
periments in Fluids, 2019, 61(1): 1-22.

[8] Wi, RIALKEG, BI/N4, 5. =T 65 iy P m B PSP 3y
Wk R BRI [9]. A5 27 4, 2014, 35(3): 607-623.
GAO Limin, WU Yanan, HU Xiaoquan, et al. Intensity-based fast
response PSP technique and its applications[J]. Acta Aeronautica et
Astronautica Sinica, 2014, 35(3): 607-623. (in Chinese)

[9] AEAd, 25 I, J& 3, 4%, 2.4 m 5 75 3 XU R AL T B R 46
W 5 R T8 52 [9]. 55 98 J 4K J1 5%, 2016, 30(3): 76-84.
XIONG Jian, LI Guoshuai, ZHOU Qiang, et al. Development and
application of pressure sensitive paint system in 2.4 m transonic
wind tunnel[J]. Journal of Experiments in Fluid Mechanics, 2016,
30(3): 76-84. (in Chinese)

(11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

20220565-7

Y R [I]. TR A R A4 4, 2011, 32(3): 411-414.

GAO Limin, GAO Jie, WANG Huan, et al. Application of PSP
technique to pressure measurement on cascade surface[J]. Journal
of Engineering Thermophysics, 2011, 32(3): 411-414. (in Chinese)
KAMEDA M, TABEI T, NAKAKITA K, et al. Image measure-
ment of unsteady pressure fluctuation on a delta wing by an an-
odized aluminum PSP[J]. Measurement Science and Technology,
2005, 16(12): 2517-2524.

R I AL, EU, K3, AL R R G R T O R A v
W B4 52 96 WF 5 [9]. A 2 2 41, 2010, 31(1): 76-81.

GAO Limin, WANG Huan, LIU Bo, et al. Experimental of study
influence of measurement system characteristics on pressure-sensi-
tive paint calibration[J]. Acta Aeronautica et Astronautica Sinica,
2010, 31(1): 76-81. (in Chinese)

SUGIOKA Y, HIURA K, CHEN Lin, et al. Unsteady pressure-
sensitive-paint (PSP) measurement in low-speed flow: characteris-
tic mode decomposition and noise floor analysis[J]. Experiments in
Fluids, 2019, 60(7): 1-17.

WONG O D, WATKINS A N, GOODMAN K Z, et al. Blade tip
pressure measurements using pressure-sensitive paint[J]. Journal of
the American Helicopter Society, 2012, 4: 2795-2808.

KAMEYA T, MATSUDA Y, YAMAGUCHI H, et al. Pressure-
sensitive paint measurement on co-rotating disks in a hard disk drive
[J]. Optics and Lasers in Engineering, 2012, 50(1): 82-86.
GREGORY J, KUMAR P, PENG Di, et al. Integrated optical mea-
surement techniques for investigation of fluid-structure interac-
tions[R]. ATAA 2009-4044, 2009.

JULIANO T J, KUMAR P, PENG Di, et al. Single-shot, lifetime-
based pressure-sensitive paint for rotating blades[J]. Measurement
Science and Technology, 2011, 22(8): 085403.

WATKINS A N, LEIGHTY B D, LIPFORD W E, et al. Measur-
ing surface pressures on rotor blades using pressure-sensitive paint
[J]. ATAA Journal, 2016, 54(1): 206-215.

PENG Di, JIAO Lingrui, YU Yuelong, et al. Single-shot lifetime-
based PSP and TSP measurements on turbocharger compressor
blades[J]. Experiments in Fluids, 2017, 58(9): 127.1-127.15.
WEISS A, GEISLER R, SCHWERMER T, et al. Single-shot pres-
sure-sensitive paint lifetime measurements on fast rotating blades
using an optimized double-shutter technique[J].
Fluids, 2017, 58(9): 120.1-120.20.

PANDEY A, GREGORY J W. Iterative blind deconvolution algo-
rithm for deblurring a single PSP/TSP image of rotating surfaces[J].
Sensors, 2018, 18(9): 3075.

WEISS A, GEISLER R, MULLER M M, et al. Dynamic-stall
measurements using time-resolved pressure-sensitive paint on dou-
ble-swept rotor blades[J]. Experiments in Fluids, 2021, 63(1): 1-18.
BURNS S P, SULLIVAN J P. The use of pressure sensitive paints
on rotating machinery[C]//ICIASF '95 Record. International Con-

Experiments in

gress on Instrumentation in Aerospace Simulation Facilities. Piscat-
away, US: [EEE, 2002: 32/1-3214.

(% TR &)


https://doi.org/10.1080/19942060.2021.2009917
https://doi.org/10.1080/19942060.2021.2009917
https://doi.org/10.29252/jafm.11.02.27840
https://doi.org/10.1088/0957-0233/11/7/319
https://doi.org/10.1146/annurev-fluid-010313-141304
https://doi.org/10.1146/annurev-fluid-010313-141304
https://doi.org/10.1088/0957-0233/16/12/017
https://doi.org/10.1016/j.optlaseng.2011.06.022
https://doi.org/10.1088/0957-0233/22/8/085403
https://doi.org/10.1088/0957-0233/22/8/085403
https://doi.org/10.2514/1.J054191
https://doi.org/10.3390/s18093075

	1 频闪照明旋转模型图像采集原理
	2 实验装置及实验方案
	2.1 研究对象
	2.2 测量系统
	2.3 实验方案

	3 结果分析与讨论
	3.1 图像旋转运动模糊分析
	3.2 图像信噪比分析

	4 结　论
	参考文献

