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Calibration of pressure-sensitive paint and application'to

the measurement of film cooling effectiveness
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Abstract: Calibration of pressure sensitive paint was carried out by using the self-de-
signed calibration setdp. The influence of excitation light intensity and temperature on the
calibration curve was investigated. The experimental results showed that the effect of exci-
tation light intensity was negligible when the excitation light intensity was sufficient to cause
the oxygen quenching of luminescent molecules, but the calibration curve was more sensitive
to the temperature change. The expression of emission light intensity about pressure ratio
and temperature ratio was proposed based on two-dimensional interpolation method, and the
measurement results were corrected to account for temperature change effects. Then the
pressure sensitive paint technology was applied to the film cooling effectiveness measurement
of cylinder film hole and fan-shaped film hole, and the experimental results compared well

with the previous experimental data.
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Fig. 2 Calibration curves at different excitation

light intensity
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Table 1 Stern-Volmer coefficients of PSP at different

excitation light intensity

IR /W A B
15 0.1487 0.8461
21 0.2054 0.7926
36 0.2076 0.7959
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Fig. 3 Calibration curves at different temperatures
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Table 2 Stern-Volmer coefficients of PSP at

different temperatures

i /C A B
19 0.2054 0.7926
31 0.1741 0.9315
47 0.2796 0.9583
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Table 3 Error comparison between the present method

and the method of reference[ 6]

WREE/C o ARSIk SCRL6 17 IR 2%/ %
19 0.5790 0.9145
31 0.0856 2.1923
47 2.5269 3.1877

3 MESEANNE

SRR HLE G E WK 6 R, EiRs
P 0 KL B B L ISR L R B 48 & TR
ARV L B S U6 BE 2 E T A AR R
S AE TR A SRR R A e
e HP T T B E AT R SE G L ¥ G TR
Sk B USRI 28 AR Bl S5 50 5 B o ) B
AH) e, S 30 28 5 R I B 0 T A O O AR E A
RN K G p S AL A . WU
PSP 195 55 ~F-A b 43 501l A 2 58 A 28 <R FL A B T
AWEAL, Horp B A FLFL AR A 7 mm, FLAY ] BE L R
3.6, KARI R 7, Ui 0 fA R 30°, B B AL LA 25
9 5 18 K AL JLART IR AR BE A AH W), 8 i) 97 5K f ok
14°, S T PR IE SRR ¥ 203 20 ) 4 180 A3 L F s
TEALSL B B A B 7 AL, S R
LED YECUEFAH ML AT B L Al g 5 bk IR & F I
AR BP LED Y6 U8 By 45° i 44 £ B8 5. CCD AL
N5 S 56 S Al A T )

i B WsiBr BoeBr 90
Fii
= Y B

[ |

“wifize M0
AU

FEk iR

HL AR

WER g

Bl 6 SEARABRAISEE AR B R
Fig. 6 Sketch of flat plate film cooling

experiment rig

ARV A S T 4 i RN X 7 ) — R
SRR L LATH B3R it J3E Xk M0 30 45 SR A9 52 0 SRR T SC



2696 Wz @

1o AR

55 26 &

kL6 100 — fh Rk i £, 75 B4R E 2R (75 St R
2 2% EMGIRTE 5 52 50 ) A b R R — B0, HLAR ST it
TR S0 2 R DR G P J2 3, 7 RS
% PG RN SR 1S S S L IR R C K B9 AR 4k, B]
AR A VRGO B 5 52 56 T 8 A T ) AR S 4
HH P TR BE B TE DT WUAS 32 1 R — B B
RV TT 5 2% BRI IR E 5 S 0 RS T 1R
FF— B0, L5 B AR i AR AR T B, R T X A g adk
Fr o k. ST HARERE AN 7E S5 50 T b ik
TR S M S % BUR AT R4 AR5 3 b e
il 2 22 1k SHEAT IR BE A& IF L K S 580 JF 4w IR R
6 R4 B A A s SOR AUORHRLE T B9 R )
Ll 5 SR Ji5 SR 45 Mt S 4 SRV 14 TR 4% o DA 75 )
FH PSP A T A SC R B0 38 B A& 1E T ¥k 1E B
SRR N S2 R A b4 506 8 RE L L B IE AL S
F T H LK M=0.5, % D,=1.0 B
R H R o A B 7 S LB SR R R 3 AR
FLEYV JROR 43 A, Hod o S DUIR AR SOBEAL B 0
R DA B I ) AR bR FR PR AT, TG R (R AL A S
FEl B L A4 0 X 3 2 B S0 L LB T LA A
SO AR A v IR ol B TR K, 3 B T AL S A
e IR R FLAT S R I B2 Tt

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0 5 10 15 20

x/D
(a) [AIEEFL
n

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

XD
(b) BIEAL

F7 B TSRS HIRCR S
(M=0.5,D,=1.0)
Fig. 7 Film cooling effectiveness distribution of
cylindrical hole and fan-shaped hole
(M=0.5,D,=1.0)
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