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Overview of Calibration Technology for Wind Tunnel Distribution Pressure Test

LI Feng, WANG Hongbo
( Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: By investigating the advanced technologies of surface pressure distribution test and calibration in the world, the current status of
testing and calibration of steady and dynamic pressure distribution tests in wind tunnel is introduced. The representative techniques such as pres-
sure scanning valve and pressure sensitive paint ( PSP) in distributed pressure test are selected to illustrate, and the key elements of calibration
test including calibration theory, test process and traceability are discussed. By comparing the current situation of calibration technology for wind

tunnel pressure measurement at home and abroad, the problems and solutions of calibration for pressure test in China are analyzed, and the devel-

opment direction of wind tunnel pressure distribution measurement and calibration technology in China in the future is put forward.

Key words: wind tunnel test; pressure; pressure scanning valve; pressure sensitive paint

0 3|5

GRS 2 AT 25 s 1 0h o . $R AL kAT &R
RIS EETBRZ — 7EXIRRE S,
ORATERER I R A, RBAE D5 LT AL RAT R R
i R O A SR 28 HArkE N
IR A Y 4 T T g 0 A 0 3K 32 SR 7 A )y i —— 78
TR 3 T A7 1 FL 2 AR &504R ( Pressure Sensitive Paint,
PSP ) 0 JT5.3% o AR 2 THI A 1520 Fs Lk ) 00 v Af 2 2
B EALBETE . 51 88 450 R0 L Hs 07 41 4 0 5 ofe
BABESZA 5 AR ) s X v it 8 1) 52 il PR 3R A 45 98
JEYERE . IEBIRZIREE . PRET TR . PR IR SR
SR PHRR Y 2 T A 15 I s L 1) 7 0 - A s g ) A8 A
FETI0 6 BT B ORI A A
7 e A48 (PSP ) B U BE8 $2 1 2= 1) | 1% 2 i) P 11 %k
Wit o TEGIA RS rpr, 3 >R O by =X R e i i, DA
TR BRI Eafs 3= s B 00 B, et

PRI 125 B R HEFOR FRHE T BOE A 15 2 — 2B 05T,
N AT RS A0

1 ERNERARRELZAEITIR

S PR A s g s 6 R 0 T S, T A Y
I R 6 20T R 6 90 D 2 1 A, O ELAE I
1 AR NS T A A B O P R AR E R, D
AT E AR R G AT REPEA . PRGN A
FALTEI T e A PR HE . s AL PRI BE A
HERE G M FR Tk o, KB A iR 2 b
SE TR ZR G0 o AR T A 1 ) e A A I i
WAy, RERE EOAT B S (X AR O M B R 2, s e
RERNIREE, RTHAR B R A5
1.1 EMSHNERERE

s g I o 5 Al 1 D XU 1B i G 4
A, HTEEME— H A2 R, SEE NASA A5G 45
H T DRI 0 35K 2R 8 A S A A R AN SR A



L2 mA

[

2020 4% 40 5% 1 &

Jidio T, NASA KU 50 5 >R F =2 A1) 5e 0 % il
AN A2 BE 3 BT AR HE I S AR . IS = M B
I, O 22 R R B B E BE PR AL T iR, XTI
TR R G IAT T ARk R e .

Seit AT A AT A A TRALEL S B S XU
e €D A RN DR O | R R kA DO N S =
IR 50 A 7 0 [ R, 0T 1 I Ie s TR, Jf 4
TR TSV AL . A 2R 23 A R e S T AR
GERAHRENE, MBI EEE, XA B — R
T TR, R AR R I, =AM
AU B o o AT M, S0 R G AN 5 14 1 fi
BRR BN HEF T . RMERT . AR E
2 I LA ARG S BT S5 . A, RTESS SR i
T PETEAR KRR BE b I TR i Ty i o

SR A 2 PO e A BE IR B K, NASA
3l 1 RIS B AR ek R, H bR 2 — R R R
Bt i B = B A E AR MER K o FERX IR
X R X L Il R e AT AR, NASA {4k 56
] AR E S HORWT ST e (I i 45 R A0 5 B PEA 46 e
(NIST) ) ( Guidelines for Evaluating and Expressing the
Uncertainty of NIST Measurement Results, NIST - 1297)
w5 AR 5 S T R T AR . BRI 4 = A
B BB e WS H AR, AL 4E XU A0 & 3 o
RS, B BOR I E A, R, T
S AT e AR, IO il R R g e i AT AL
1E5 5 =B BOR A 22 A 92 % A HE T ik AT B AR
M, i 1 prs, SRATERIL RS, FIH
AFX VR e g A% IR S5 U o8 AT RS UE S5 B B >R
Zhr2ui s, KRS R/ B R A E, i
SEEE, 4 TR B IRZE M

BI1 A RS R S 06

S S0 v A B, 5 TF KU R K, B
RUAG #3717 XU 36 B0 B i A Ak 250 % XU

I . Ry R S S ST S Y R
RZ, DAFETE X 50 5000 1) T 5% . RUAG % i ik
8 2 SR T o 15 48 %o XD 00 33X 565 oo P 380 ) £ Jeegie
TR ZR GEAEA T v B VAL, 3 3 L YT o 0 R 2 1 o
K] 5 QO REAELS B . RUAG XU 328 36 FH A% I s 1) 1)
BIRZRWNFE L iR, P m TR SR 1 14 Bt iE
FEAF TRV A i 1 (5 5 2 0 | o a3 2 DA R e o
TR HH A o AR SRR R 22, FLAR HE A R LA U E
RUAG iz it Koo i35 %

# 1 RUAG FUR M ZF & AR T KA R AR A

R D piAliss idlie -
e WEME B s
iR 28 wZE Bz
Bridge
PTB2 ional
standard  ZFFEHL 0.0005% - t I:‘“Z“a
BN100A Sandar
Calibration HBM DKD certificate
AR 0. 0025% -
unit K3608 LN Y (transfer cal. )
HBM DKD
MI38B 75/ 0.0025% 0.0005% "
certificate
RA calibrati
MIOIB  HUEf 0.03%  0.01% catibration
laboratory
RA calibrati
MIOIB  Hif§ 0.03%  0.01% calibration
laboratory
ML801B RA calibration
B 0.05 0.01
(8CH) A % % laboratory

T DAy X 5 R B0 285 R 7 A SR 1) A o e AR S AR
B Hrr, JJG 860 - 2015 & J7 15 ds () K #L
FE)FJIG 624 — 2005 2l 25 Fk ) 15 IR A8 A e BLARE ) 43 531)
HUE T HAT NS GBS 0 AR E . G e
R P ARG 36 A R v 2 7 B s i e
FURIERY JICG 875 - 2005 CHC7 e 16 ML) 5247
PR UHE AL 2%, R4 JIG 624 — 2005 ( B2 R 1 1L % 2%
T RE FURE ) S5 A MRS

UG H A P )R IR 10 R HE A R 1
(LR AT 8 T i) DR k63 1 57 A8 o Jhy 2 RS o B
Fi o EAMRMENLAL X A 50 35 0 KGRI 5 A A v 1R
R, HENFESEIREIIIE S E K IAE, B H R
B XA S 6 5 ) mT S, Rk, it — 4R TR
DRG0 P 5 A, 7 R e T ) XU 36 114 A e
FARBIGT, A5G PRI R 58 52 i 4 o A9F 5 0 D547 42 A
ARWFFEEE, #7505 B IR BE , JF HAR gt aT Sy



iR

LZEIER -3

B AN E BE T
1.2 EHARRRKESRARIK

FE 3 R 2 43 A7 D AL ey 2 v ) B 4
ISR 2 ) ATAA Rl 7 o0 R AYA STk, X s
JIHARE R B R AR 2 T 3 A0 B A v R A R
ATAA-S —071A - 1999 izt 5 A 1 o B2 PF o S HAE KU
IR 56 H a9 ) (Assessment of Experimental Uncertainty
with Application to Wind Tunnel Testing) P HLE T H T &
3R (ESP) B 7 M B 2R . i IR
I EA 2 A0 om0 SR A i 18 2 AT
ROURCHE, SRR EEWE, AN A ®,
JIt AKRAE SEBRAC HEZR B, ATAA s vfi U AT 1 4
T 2R GE AN o PP IR, R DA AL e A i 1 S T
TEEH 7% HATRCHE . R m B TR, TR
TR, SRS SR T B AR v i 7 T ) 351 i RS B
W AR R, R v Bl R AT R R v LA A
R 2 AL BT gl il ) % R iR 22, W, R4k
ATAA92 —3953( Z 3 JH i 72 Ge ANl o B 5 101 930) ik
PRI VAT o 0 4 A R 7 0 R 2R e
PEAHE BEVEAl v, SR AL IR 1 TR WA E S R 6
MR ZE AL IR ZIS, 45 B AT X E R 95% iR
Zir o

] AR T A I A HEBF S 80 %, U 2 B0t
JE AR TR 18 a0 A o B T BE R M A S . H AL
BP0 7 44 1 2R AT PST RN DAS (7 5, 14
W] 14) VEAFR P85 S5 2 L B e/ B e R B 158 25 G 3R 2 T o
— A HEHLR AR B8 1 P oK, 45 [ JIG 875 - 2005 € %4
TR IR E R ) A R M T A HE A

A2 EAFEEHEFEERXAFRE

MR B 2 B SuiFiRZE
0.01 +0.01
0.02 +0.02
0.05 +0.05
0.1 +0. 1
0.2 +0.2

H & P B & Sl L5 BT R 2 SR
T3 RS HE A rp N B TR AT DG R AT T U
B, QU8 AR MER B R MERR | TR R GE . AL
MELE T s O, FE o0 M 1 1 41 4 1 0 3 R Bl 1

RHRE BRI, 45 T 7 F 48 WA Tt 2 B TR 5 12
Hh [ 25 Sl T 5 R R A o I 3 S 6 ) i
2 NPV FE P 7 T 9 S S R A T R
TRHERARBFSE, 20 T A A B Rk . B
FAk . BHEIER . RE . RUESEINAE, HRE T
CRIFIR I HLF 7 T TR A HERLRE )

ARG R KRR, HiffgREe &
T, WELTR TS AR R, (HIERE
T R A e R 2 R, it — AR R
WERER | FARASME AR, FE 7 i Az o 5 A 3 4 1)
PRI SR A HE T 1) 52 o B3 D A7 ARG A 2 36 78 AN 3 48
PR A AR T, SRR B A IR T A E T AR R
MEHE R DL SAAE T REGS I RFE T AL 46 7 B 92k 06
FA R AR, REAS T Jy 8 (1 Xt 6 i o5 161 7 o
HAR PR, o AT IR IR AT 52 B i e i 2 1O
TEHTH R LR % & 46 1) DSADSA3217 #S {4
JE T4 R 25 4 D B AN R R 3wl 1, 45 AR
SR8 vk, 1A S Y R A B AR g IR R
BB IE vk, AT T AR 7 A R B3 DA A
HERARETE, TR —Fh JC 7 X 5 FE 25 51 A & 1% 22
PEAT 2 R 16 1E A B A U

BT, 7744 i A B SR R o B e A T —
SERIRFFE R, H R B8 S P37 SR o A o, T 2
ZIE KRB IR R . KRR A PR35 IR 43
i VREE A W R 2 A 2k i R A v A
FEARRR o DR TR AR A KT S v 4% R B B AR
IR LA AR R o R XUTT R B8 4% 1 v R ) 4
DU A B A S e IR 2R, A S 0 & g A T R — R
B AR ) EE 5L

BARE AR L ERER A C L R,
BB G — AT A fE LT AT IR B 4 5o it —2F
PETRER A, R ok 7 4 ) %) A o A o i) LTS
FE BRI A AL Ty ) R, 3 ok e ST 58 36 A U Ak R O
WFRIBL R e B, e mfEdE R R AL . AR
HEAAHE, [R]85 KGR ) 3 6 0 R, IR R
FE TR R GE R HE R 5T o B VB 15 21 0 38 2R 45K
o A A o e 3 o K B ) A B S OE LA R
MR,

2 EHNERARSRAEIR

Wt IR B A A B, — 26 56 T IR HOAR 19 SE
PSRRI th o STt RAT 4% 10 BT 2R XU 15 g



4 EATR

2020 4% 40 5% 1 &

TN A R 2 U S e, N AR 1Y A B
Oy PRARAET R A RS B L, AR
B R Z LB BOS e i i i, AR 28
o s ZERFFE N 03 3 1 AP U A 55 T B I 4 45 4 Rtk
PO A W {105 R0 i v P 02 [ wh o £ 0 o R = - N 4
P& BRI S 50 s, XTI SR N DA A3 AT T B AR S
HATEEE L, EEER, SRR AR —MA
Gy QR i IR 55 N7 o 9 O 9 P R DA 7 o e el )
Vg BRSPS A I S A AR S — L
FER” IR B ST U 2 52 s 07 5 UG R 2Z 18] ¢ 2 M
AT 0 v . BT RGP R
M N2 S A ) 24 SO0 Fm R )z N TR R
JIM R . AEXT ARG R T, s RO
ARAT DA 3 22 i T, BRI R T A8 Y
S HE 7o R RO Xl I 25 R B SR AR, sl 1M
AR Ayt 0] 1P L
2.1 EHFNEEHELWEE

JEEE (PSP ) B0 2 v ) 2 0] 8 — L 1] 24 TR
BHOR L ) FE R g PSP iy & HEwf B2,
HATAFFE N 51 32 S 5R £ T Uk A 3 S v Fn ) o R
BB 7 1

UL P SR [) 2 PSP AR 19 [ A ik o5, 38 it
FENALEA PSP RN BE SO IR L (TSP ) SR A% IR AR
RUFTH A Uk 28 Ak, X T PSP (1)l BE &0, H. Zare-
Behtash %5 A\ W58 T 2 W0 55 K22 025 P BESL 0
(APL) WHRFF & W AP IR oE, — (i T R B2 A A s 711
(PSP-HCI) , —Ft WU 5% FH 4 i A7 o 145 5] ( PSP-Ace )
X EEWIRN PSP L 5 45 5, & B PSP-HCL #Y FR 53 1)
DN VA 300 IR S AR #iK . 5 PSP-Ace i J5 AN [F]
PSP-HCI HA AHXT 8 AR 14 1 B 5O, 456 I or 1 1
Y, ARt R A S MR Y R R MR T
M

bt PSP A R W% R A, Quinn M K %8 A1) ff
FE A ER R ORE(PSP) By, JFAEMRERET
Wk U RS M imsh. MR RFVIRH =
FEEABRET (Ru(1D) ) FHE — TR IE ARk ( PITFPP ) 4R
JGIE TS, REREE PSP IR R HAT BT 1 R ) R A
FE o FaxX— U5 e B I TR A AT R 37 v e
ARG M A 0 T8 1 T Rk o

S PSP R H RTIEFAAE— & BIEOAR )8 ( 51558
JEAL AR A LG, PSP (Rl MER B2 A Fr e ), HE
WF5E N AN Wt el ik s BHE  FOG 2 R 48, i PSP

MR AR AW 15 B AT S 8 3 AR WA 58 37 2 R
HHESL TR HE RS, KA PSP AN 5 fin ¢ 3
I EA R0 R AT 5
2.2 EHRKAERER

FEFEABR AL, SRR B RN AR IR R ) R A
MR EEF R, hFRE SR e 7
PEFIEDY HCR, FIH Stern-Volmer JFHE, FEHE KGR
JE 15X SR p IR R AT LAFRIR

I, .
= AT+ BT P (1)
1 p
o,
1
A<T) - 1 +apref
_ aprel'
B(T) = (2)

KA a N5 EBERARHE B R PE A S 1 R B AT LA
WA L5 pu 0SS %G MMS % [R5k,
SRR RS, Al d s A R R B B, A
S A A s A HE I AT S0, AT AR 2] PSP Ot
R 5 R 3RO IV O R IR 2

FAORH A, T8 XU R FH A R s X PSP A i
PEATHIASKGAE, 45 i PSP R 15 1 g Rl B2 22 1) 14
KA IR EEAL B, RAE 6 41 . DI
RIS R R @QTENAMF PO EZE R O
AR TR 5 B2 R @A XA O I8 B2 1A
1% QOBBERMTEBERESEIGR; OREXET
Jes &

FE W IE AT Fi RS AT 90 R £ Jo KR A T [ 18
B, MREAEdm TIREA SRR RZE . REE
AT G TRE dy T3 S B LR s

HATE PR B2 &Ik T sh B RHETT LK 1l %€ PSP
fyme 17 AR e LAY Bh A R
BTEL R 2 R, s R AR I, R
B AP B RS A . sy B BR B DR /I -5 R 9 3
JEAT G, M 3 2 IR T BIX 5l BRI 3l BE 22 [8] 119 [
2o TEACHEIE R b, PSP A i 55 P00 BE 5 O 203
TEIEA R PSP REah T4, B 75 15 ) AL s 22 e
PERRET . FDC R AE R (PMT) R4 PSP (940
s, U b W i SO 90 % PSP A i, Bl
FIFH B R RS 2R S . B T
THF AR BRI B TR TRl R, PR RE 8 e
T e 0 SO ] o LR S A HE PSP R B[R]



iR

LZEIER -5

I, ASREIRII ZR AT 8 A0 AR A7 32 35 04 0 2 il 558 90 4 i
I3 o

WHIRABE (B sl (KU

ot

@I | !
(2582 o FIEES >
PSP Lk s
- | vzt
) o
PMT ! \

e
I

S

B2 PSP i 4 i o7 e ) A v 25

PITIZ 75— AT AR ), LAEAT PSP
Me W2 N (A HE R e B TEZR I IR, #—> PSP A%
A — A 35 AT R e i b, g T AT T
PR TR BRAE Ak . 3 H LR IR 0 T IR 2 R L
TIED. G B AT S5 e o AR RIS, (B
HBTERIE 700 b TH 1) B R, PR R AR AR
L

Gregory 25 N V45 5 U5 ¥ %5 ( Fluidic Oscillators )
FHTBhAAHE 3 5 S U i A0 3 Bt o it 25 F 0 iy 38 Jn
M, TAEJEHE A 1 ~ 10 kHz, Sakamura 25 A" £
WEEER b JF & T Dk sh 5 i 2 B (2002) T 3l A AL i
PSP, Sz e B0 e 1T LA AR m i sh A8 5 g 24
TS SRUERE, RIXF PSP AR S AT E AL, PR35 5
YERIT PSP L, fif PSP IR JZ BB Ik )81k, ik
) S 2 R P v A A 1) D) R AR A v A Bl A
TG, MB R AEATVIE], W PSP A Al 7Y 3l 28 0 1
i g A8 A2 2 RSE L DD EI R AN S Y BR
Y FT R HE BT A B PSR BR R 1.5 kHz, AN ) T30
B, KPR AT DATE RS AR A8 B A B AR L A A A
RIS

AL Sy I S 02 8 0 A 37 ZEE 3R AT UATE by 50238 114 eR B
PO, PR RE RO R T PSP Y shAs A E
FEHERE, PSP RE S TRk T HE A A o, I b sy o B2 93k
Gk, DG A (PMT) RAER B ZOE .
W T IE RS K B 7 0 R 2 —4Eny, PRt o
RS UEERY SN, It BEER R A2, i@
IR B R AR, AT DA IR A A iR
AR, TN PSP HEAT Sl AL HE

T A 1 s B R ME R AR A 5 [ A — B, i

R P 2SR T 1) 7 0 AT A % M A M in-situ
JEAERHE T s i A S AR B e TR v R
PG R A S Ak ] 2R 8 S5 4 21 T S0 B o R RS Tl 46
TR I 45 PSP (14 o [, BN () 164 T Bl A A

VG ol A2 0 2 N2 L P AR VAR
WrExs g, MIAUEA 4. EI AR B i I,
e 2342 A O SR 0 i YR 0 J3E 22 DI e 1 ) e AN R R £ %
ALPE AR GRS T U OR N R R 5, O
XHRRREAT TR, AHSCALHE TR A Bir B,
TS HUAN [7] R 38 A 1 s T e G I T i AR GE Y T
VEVEREAN IR B0 52 05 B 55 He Ty X b, & BRI
FEAEAEA I i R B b B S 2k el s, 5
SR B AR XS IR 2E /N 5% , B VRHE O [ 11
T, TR T RRIR L, SRR
5 SRR S B AR . 2017 AR AP E 2B
TR 15 5 o PR J  27 ke F A 1 e a2E A
WF9T, $RH TR e SO I B A R T ol s e XL
T ) SRR R figp R Ty 3, i 30 M it A A ot
BIF A S0 2R e e, R P S A B DA Insitu 25
ST B A A I 14 A oA ) £ 2% T 5 T AR 11 it P
FEPE, WIS T OE T e R XU Y PSP
REBEF-5 o

FENAMIT TSR W], IR HE AN T 2 J3E 32 252 PSP
F18 k20 RS TR A 2 S S50 3 DG BRAE A R i, [
I, NS H B4R g AR AR T T A A v A s AR U B
RO RIS LA B A8 TE AR A8 A f) PR DL L IR 22

FIRT, BRI HES AR AL T AW A e, 3
A B R HE B R SR BE A B UL M A 3 B0 25 T A
BRE LT a], ER S A R L R B 25 R UK
AR HERD 1 AN B T HL,  H AT PR b B #Ar 5
— [ PSP MUER GE . O 1 PR A e R AR B
RO, I IR AT ST S S04 RS B, (o G B
2, IR R A ] A
2.3 EHERAERARHEZRER

i P PSP ERG L, SO GRAE I EAK
TR SEGR AL, AR PSP HOARAE I 3 22 1 1 7 0 1 ke
FIRVE 2O B . ARG PSP BUA B HEARIKAF- LA K
KIEEHEAKT, PSP EARE N RARFLS AR RS
Dk g b ) E 2 AT B, Ik, REEHTIE IR
B B R, DR RO AT %, s
Ge— BIRCHERS T L AR s SR MO EH R K Y
o MY, O 7 R AR B g oA R R R g A



-6 - At

2020 4% 40 5% 1 &

R R, KK R M PR, A
HEDTE , D IR R M HE R ) HER AL A R R A A g

3 #iE

UTAEK, e KRR e A SR AN A
HHIE AT HES AR A 7 Sk o D4 T3 XU 156 4
P AR, AR R X IR 0 i 5 P A o 1]
o, Lllfl . mAL” Iy e, e e e i 5T
e S B HETT 5 RS AL BRI RO 2 BE T
TB, e BWIRR R Lol A2 A6 s KU P T
TRIRACHERR R, A T X b i e DX 3 6 s g ) 3
HERL; St R L G AR, RIE LR
PIRHETT 1, A8 KGR RS o ACR] T PR B
TRHERT ], S SEELWERAL . Tk, mRkT
HbR, AR I s 3 56 A5 AR 2 A LA LA J7 T
PR T O E IR REWBEER, N
FE A% s 25 5 TR & LA KA 5 R B B I RCHE L
VERTR IR 2 E K i f bl ; Q@ g mRcHERE Ty, 1Y
YRR A, T 2 — 20 T s g 43 4 1 Dt o2 A
BORBEFE, #ENLIH 0) F ) F 0 iR i e LR s B5E
PR RER A, 7 s 08 A9 T v AR Tk A0 07 A
HERORAE R ;. @HEE R BOR S AR EREROR, S
Xof s SR W A P TR B30 1 RO M 0, O A ST A A
FERRR . LA b itk 2 RE 5 T 0 K 0 A Y T
Xof RIR] 1atC FLA R

5 £ X W

[1] John T A, Tcheng P, Burkett C, et al. Characterization and
Uncertainty Analysis of a Reference Pressure Measurement Sys-
tem for Wind Tunnels[ J]. 1999.

[2] Barry N'T, Chris E K. Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results [ Z ] . US;
NIST, 1994.

[3] Claus Zimmermann, Werer Hiberli and Raphael Chris-
ten. Quality assurance in the windtunnel [ Z ]. Switzerland; RU-
AG Aerospace, 2008.

[4] JJG 860 —2015 [k Jj &l (FHAS) K MU S]. 2015.

[5] JIG 624 -2005 275 )yt i MLAR [ S 1. 2005.

[6] ATAA-S —071A - 1999 Assessment of Experimental Uncertainty
with Application to Wind Tunnel Testing [ S].US: AIAA,
1999.

[7] Cahill D. Development of an Uncertainty Methodology for Multi-

ple-channel Instrumentation Systems[ C] //28th Joint Propulsion
Conference & Exhibit. Nashville, TN; AIAA, 1992.

(81 TSR T 4= 4 o ) A o T 0 B FE M e AN B2 g [ ]
RS MEEAR, 2011, 38(5): 72 -74.

(9] wfd, g, XUgifh, 5. W AMmmsEl)]. it
5 A, 2016, 43(11); 8-9.

[10] mdl, B85, tis, 45 . DSA3217 BRI ) 4948 1 8L
Ak ] hERHEE R, 2017(13) ¢ 33 -34.

[LL] g, MW, 298, % . RSP E & URELA
RIS g [T ], it E SRR, 2017, 44
(10): 95 -98.

[12] Kegelman J T, Danehy P M, Schwartz R J. Advanced Capa-
bilities for Wind Tunnel Testing in the 21st Century[ C] //48th
AIAA Aerospace Science Meeting. Orlando, Florida; AIAA,
2010; 4 -7.

[13] Nakakita K, Arizono H. Visualization of Unsteady Pressure
Behavior of Transonic Flutter Using Pressure-Sensitive Paint
Measurement|[ C] // 27th AIAA Applied Aerodynamics Confer-
ence. 2009.

[14] Quinn M K, Yang L, Kontis K. Pressure-Sensitive Paint:
Effect of Substrate [ J]. Sensors, 2011, 11 (12). 11649
- 11663.

[15] Zare-Behtash H, Gongora-Orozco N, Kontis K, et al. Appli-
cation of Novel Pressure-sensitive Paint Formulations for the
Surface Flow Mapping of High-speed Jets [ J].
Thermal and Fluid Science, 2009, 33(5): 852 —864.

[16] Quinn M K, Gongora-Orozco N, Kontis K, et al. Application

Experimental

of Pressure-sensitive Paint to Low-speed Flow Around a U-bend
of Strong Curvature[ J]. Experimental Thermal and Fluid Sci-
ence, 2013, 48. 58 - 66.

[17] Liu T, Sullivan J P. In Situ Calibration Uncertainty of Pres-
sure-Sensitive Paint [ J ] . AIAA Journal, 2003, 41 (11):
2300 —2302.

[18] Gregory J] W, Sakaue H, Liu T, et al. Fast Pressure-Sensi-
tive Paint for Flow and Acoustic Diagnostics[ J]. Annual Re-
view of Fluid Mechanics, 2014, 46(1): 303 -330.

[19] Asai K, Nakakita K, Kameda M, et al. Recent Topics in
Fast-responding Pressure-sensitive Paint Technology at National
Aerospace Laboratory[ C] // Instrumentation in Aerospace Sim-
ulation Facilities, 2001.
ICTASF 2001. Cleveland, Ohio; TEEE, 2001.

[20] Sakaue H, Sullivan J P. Time Response of Anodized Alumi-

AIAA Journal, 2001, 39

19th International Congress on

num Pressure-Sensitive Paint[ J].
(10) : 1944 - 1949.

[21] Thomas Juliano, Di Peng, Christopher Jensen, et al. PSP
Measurements on an Oscillating NACA 0012 Airfoil in Com-
pressible Flow [ C] // 41st AIAA Fluid Dynamics Conference
and Exhibit. 2011.



iR

LZEIER -7 -

[22] Ryan M M, David P H, James G, et al. Dynamic Calibra-
tions for Fast-Response Porous Polymer/Ceramic Pressure-Sen-
sitive Paint[ C] // ATAA Ground Testing Conference. 2013.

[23] Fujii S, Numata D, Nagai H, Asai K. Development of ultra-
fast-response anodized-aluminum pressure-sensitive paints[ C] //
AIAA Aerosp. Sci. Meet. , S1st. Grapevine, TX. AIAA, 2013.

[24] Gregory J, Sakaue H, Sullivan J. Unsteady pressure measure-
ments in turbomachinery using porous pressure sensitive paint
[ C] // 40th AIAA Aerospace Sciences Meeting &
Exhibit. Reno, NV. AIAA, 2002.

[25] Sakamura Y, Suzuki T, Matsumoto M, et al. Optical meas-
urements of high-frequency pressure fluctuations using a pres-

sure-sensitive paint and Cassegrain optics[ J]. Measurement

Science & Technology, 2002, 13(10): 1591 — 1598.

[26] Mcgraw C M, Shroff H, Khalil G, et al. The phosphores-
cence microphone: A device for testing oxygen sensors and
films[ J]. Review of Scientific Instruments, 2003, 74(12) .
5260 - 5266.

[27] Mcmullen R M, Huynh D P, Gregory J, et al. Dynamic Cali-

brations for Fast-Response Porous Polymer/Ceramic Pressure-

Sensitive Paint[ C] // ATAA Ground Testing Conference. San
Diego, CA. AIAA, 2013.

(28] Xy, JESR, FBrHr, 5. WG ENN & R 5 KRk
KAESEE )], 2 TR 7k (A RB ) , 2007
(6): 72 -75.

(29] ARERA, M@, PR, 2. A s XU e fas e 4
AR fizsik, 2017, 38(7): 192 -200.

[30] i, XUNIAE . H bR S o i 55 " —— bR I R S0
(Fast PSP) O ARBFFE IR 5 & R Fa#4 [ CT /55 1 Jai 4 [
I E 2R 3k . deat: hE RS, 2017,

WREE: 2019 -06-03; fEEHHA: 2019 -08 -27

& &N
FUE(1991 - ), 5, WdbfREA, BiEET
RO, Wt EPETRAE G, EEAR
kb P g R L DR S A o |
PRz ghHLBE Sl A TR IR HE T ik L A
PR AL HARDI o



