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Research progress on total temperature measurement

and calibration technology of gas flow
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(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: A systematic review is conducted on the research progress of total temperature measurement and calibra-
tion technology for gas flow. High-precision, high-temperature, and high-frequency gas flow total temperature measure-
ment methods, as well as steady-state and dynamic calibration techniques for temperature sensors based on calibration
wind tunnels are summarized. The principles and applicable scenarios of various techniques are elaborated. The sources
of errors in airflow total temperature measurement and the technical challenges in typical scenarios such as engines are
analyzed. The development trend of total temperature measurement and calibration of gas flow under multi field coupling
and extreme working conditions is explored. Constructive suggestions are proposed, including the integration of non-con-
tact and contact measurement technologies and the enhancement of calibration capabilities under extreme conditions,
which can provide reference and ideas for improving the accuracy of total temperature measurement in complex and ex-
treme environments and supporting the high-quality development of aerospace and power systems.

Key words: gas flow total temperature; temperature sensor; calibration wind tunnel; steady -state calibration; dy-

namic calibration; multi-field coupling; extreme operating conditions; high-temperature measurement

FR R o RN I R AT A TR L B LS
GURAY RO LR, BRI E RGMERE . KA SE
RN ELRE AR ORI R B O WO, SRRSO AR SR SCRER Y .

)
w
il

KRB 2026-02-09; fEEHH: 2026-04-01; RABH: 2026-04-07; KFREH: 2026-04-28

BEE&WH: EE" A EOARIEREMFS H (JS]1.2024205XXXX)

SR B, BRI SEERARBI R ]. AR, 2026,46(2) :1-9.

Citation: ZHAO J. Research progress on total temperature measurement and calibration technology of gas flow [J].
Metrology & Measurement Technology,2026,46(2) :1-9.




L2 - meiFs

202645 46 % % 2

AR T CHLE S | B DA KOR S HLE
1. BERMEDRAS R, BRI CHLAR N
THAE . WURE S 3800 45 o ORI DR B IR 2 i
BL. FRBTIP S S IR E A, EAN E2
FUR AR BSOR A% o WA K EHLUER L. Tmde
H TR 1] Y Bl I R AR R AL A R 2 W Y
KHE, XTSRS, 85 S AT o R
AHEEL XTI LS, R R
YRR n] DR AR BE AR E Ve S HE T VIS, SCAE I
S RATEW, RIHMES AT A S34h, TR
E R SRIREN G T, SRR Y VA R R
Wi g i A5 i, e e 8 1 R TRRAE A% L o
AT R R I AR 2, S B AL T
O Xt I O R I A A AR BEAT O, AN
TS GEhEMRE, S TIREAMRBIE .

RAE19 Mhal by, Wi BF T A B R
A TR AR, IR AS S RE AT B I A A 4
o 1887 AF I S [ il A% A 15 AR R e
A T R RO s R A LA R s R i
W25 MOIa, S8 T AU I R I i R Y T 5T R
EREM I . AT, R T AR A R AY
e 2, X I i ORI R T AR IE .
TR, SREOR T REE BRI, 20 T
S0 AFARE , 78Ul R 0 A HE T T T TR
AR, RE T RERSCHEORIRE . S
i, AR AT R GU T R T iR s i i

UL A U R A Y S M s L R B
SR TOLAF, X R XX 2 xfEst, ik 5t
B P TAEE I T 2 ER, 32351
TEATR G50 N 4% T HEAE M o G PHE A A By
S, R A R R SR A AR AN W B
X L EORIML AR 2 B b 2 R 3 A I
A, GIAnAE R b BRI DT I, AR fih 2
BAN K 8 22 3 A A R I P R AR
RIS, 7 2 A W i) S5 A 55 08 D0 4 oA 32 L A
8RB B AR R R SR AR AR S 3
SAHEBR AL T AW

AR SCARGU B R I B BRI
Wk SRRt e, R A A EHOR i 1
M55 RIRYE, HaGBSEHE R | FgTR2E
SRR 22 7 A LI S A HET IS R OY 2Rk, R

JRE B S A SR I R S AR 1 R A
B TE N et A ] L R R R AR v S
Rt em AR S%

1 EMA|RSENERE

AT IR N 1 o A S R A 42 i X
K2, HETFERS R APl Sk & ki,
F2 R P M =X i D RO B o R A il =K
D5 ¥ M SO AR I, BREUROTIE A SIS R
2250, IFEME R | W . RHREM
SIAIRZESE R EX X LR BRI T AR
1.1 EERE

U B A SR E DN o v RO VR, B TR
DI04 o | O e L B < Y 5 R RS e
TR . TEZ BRI ST, R AL
FRTE A7 e DA L RO SR AR . B
5 R0 B 22 22 B Ay ek B A% IRk R B R 2%,
WHIRIE RZA . R R BB I R BRI R
AR IR AE W] — R R M B R iR 22 0 K/, KR
FE. KR R EAE IE R B A T B R
SO RMIRE . KW AR AR 1L
[R5 2 e Ty 1 SRR R S
1.2 EHHRE

T AT B A TR D v Y R R B A, Sl
GRS Oy e B B A AL s A, SRR L
AT R IR E R T RRASRE .. ARES
T A% TR ARG 7 TR B 2 25 B kg L A TR 1) o A
W2, E HRGHE IE R BOR IO TR R AR A
] — 00 F ST R 22 0 K/ o A 5 iR 22 32 R A%
JERER BE AR | R () 22 R 5 i EE R T R R L X
TR | AL B IR B PR R R A5 2R
1.3 SHIRE

T JBE A SR 0 D i e R IR R, — R
JAE Yk R TSP T D0 e v U B, DA i 3] SRR A AE
T BEA RS, FRG R DA v TR A 00 g e R Yk ) S e
Rk, FEOR AR A 0 7R IR AR T A AL
B, AU RO B IR R A R e s Tl 2 2%
BRI B AR AR 1 S R 22, i S B IE R
BOR VP I B AL AR [F] — TR SRR MR
N PR EZERGKES ERNILE . 20
AT SR AR Db R e



RIS

Zeid -3 -

JA Ui A TR 2R A S )
14 F;HIRE

AR AR Y B P, I3 B8R
TR EE I, AR ERES N R ST 2 S WS IR 1 A2 Ak
T AR R AR R IR R A B RIR B, AN 2
SR EE, T Z A LE I I 25 FR R B AR 22
3 P R T) o 5l B ) iz s ] ke 7 I8 A% B AR
FEIA]— T F S AR ZE W KN, B8] 5 25k 4
VAL R i il 8 SN W 1 - 110 AN B 1 8
M. BYERIR AR A . S AR IERER A A R R
EF 2O SEIN A TR
1.5 WEREE

T Ak g 22 2 = IR L S U R A A U A J%
AT NI A Y 25 0E, 2 U A SR A TR 2
BIMEYEE R, e P2 IR R A IR 25 &R 1 25
A, B DATE BT BOR AL B AR I, 75 B A 45 52
HWE, Z5%IE,

2 SRERNERRER

W [E] PR AR K2 A BONHAM C %5 A g%} & 5
ML A8 R AT B A AR L R VA o )
K, BRI T —FPRR B R AT (i 1 r
7N o IRE R ATV, SRR 10 U
JCIE R VUL A L B, TSR 228N, S5
X2 Gl 5 Joa iy i . AR AT, aTRLA#]
A A EAR R REREN R T E S,
S T P9 5 e B R A o il B ) S
HABL 0w bR . a5 R R Z A
TR A BRE SR TR I B, A T R
AN E FEYATIK 0. 05% -

L
SR T Rt
ﬁjj E \\ E
A= - \T} — - \\J/; 1‘ E
|
T T ey

K1 SRS R S REH

Fig.1 Combination probe for total pressure and temperature'™

eI 58 JE SRR FLA R B POLZ LA A\ LUAR
FAS CLFCHHE U, WFE] S — o R
ACHILE LI A S R R (A 2 IR ) .

I A AT R RS LS T R, Sl
RAFA AT EEdE, BIRIKE RECH0.79 ~0.99, H
FOREF RF /N, AT LAV /INE L AR, DA
SR AR O R b 7] (R 7 R S w473 B 7 S B8
T RS 0 /N5 i) A R I, ket L 2
FHRACBETT, K AT RAF A T 5L

2 FETOCEF MY AT R I A
Fig.2  Five point total temperature measurement rake based on

fiber Bragg grating'®

P W ITMO K22 ) MEKHRENGIN M V A #
A0 I R IR RS R S LR b & AR R
1) 2 I AR AR (K 3 T ), ik g th
WEARE., EZBPE. LR BHREA R,
o i A BRI A B AR SHE S, ke
FRME S EESIR, JEmEMIRERS . &
AR E A RERINAS , Hoh 7 MR B A I R
e 6 A A WG A E AT, L R R
426 ~ 658 nm. K% I7 M E 1083 ~ 1393 Ky
SRR, MEREL N 3% H TRk E
A A W) S A TR ) R T AR R I,
T, (H S BRI A0 AN R 5 A Ak A 2R T iR
B, MELIRICGE R A R (5 S .

FE GEAH M WANG G HZE A4 T —Fh4h

Lo

QUE TZP

Y a4
DEH
= =

N

Z’ﬂﬂ B

AR5
350 ~ 660 nm
K3 ZOlRE R AL R

Fig.3  Multi spectral temperature sensor'”!



c4 - ZEWTR

20264 % 46 5 5 2

2R R R, FH SiC &M BRI a2k, B
BTHFNEZ S, AL ERRAN, K8 3HF
i Fe G TR R 30 T AR DX A A T
38 3o PE A5 T AT 38 U8 U AN A AT 2L A AE LR 4R A1 £
PIPERSHES, B mAHEIE, RIAT R4S 404k
JFAE X IR . B A ORI R Z 5
i TR R S AR R = R AR R IR
I3 SIFEIEAL, TERIIRE N 1700 K. ik
M 0. 38 ISR, I ASH E B2 53 Ko 4
R RS R BRI 4R . T AIZR S
BN, LR IR R SRR TN,
TR B LW B RS, B S0k
FLHUAE AT 5 I PR

ARG
pee
& o KA
o RIHH
B £ M)

YT

AR NN

S ZLAMATAL
SOl A Q ﬁ
lﬁEﬂ E;

THEBL
KRN
S

Lﬂ'
jzt

K4 AL i it R g

Fig.4 Thin-filament high temperature measurement system'™

Tt P A P T K24 19 OMRANE A %8 AR T
— T[] s A S IR R R R 3 R
O OB EAR T ~ 10 wm B BOER A R
W, IR AN TR, R PR
TR SR Z A O R I IR Y, [FE
[ /YA B (= Py % YA RS | Do EF A KU B 53
RIRBGEE ) . T HCRF 1 e iR/
Yl R nE 5 s, HARSAE Tl LIRS (s
B, HZRGEAE AT AR P r .

w2 Tl 4R A2 ) A R
ARBEFEHT (LA @RR iz Tkt ) iR
NGRS T 360 78 XU B A 4 v i A A S G
AHVEE 7L, IR T A B ALER R R FRA A

\ ICCDSL A%
Nd:YA\G?%fU“ﬁ%% "\;
'(f -
=.§“9~ g
\\vﬁ' ¢ j/
- PIVEOL &%
bl . </ \
. 7y &
o
‘{/ /5 .. j j
PIVERIIE mmﬁl_ o ] ¢
- :/ Te—L Qﬂs
KT RS Bif%

T Nd 2 YAGHBHAL AR 1CCD o B il £
AR5 PIV AL UG AL
5 HETHOUR T YRR B A R G
Fig.5 2D temperature field and velocity field measurement

system based on fluorescent particles'

TR I A I PR R B S, K e TR TR
FasE al SEAI R FRR 1973 K& 512 300 K, 1
PRI & S I A, ZE R B be 3t 1 8
Y R R TR N AR, E AR AR g
S5 T T R T S8 AT Rl — 25 IE

Wiz Tolb k& B RHIF A BB & T 36 F 1
Rl iORET SN R TR R Y W e (R e
DL RIS AT B (R R ST R 22 A MEEOR B 2
600 K I 45 8 e It i B AR SO (sl 6 s )
BLIISEELT 2 600 K kA 1 e il AT R B,
e TR BR v R & Sh MR e 1T v eI L 1Y
N0 X R T 3 T S 1 e A e A e s
e I A P R R S PR AR, nRRE A Ak R
11 B 47 b B T2 A B A, WA B A R ok
F— R ESHLEG s 3 Z R

BEXF R AR I () R, s Tolk it
FERHIE N A T B A 2 I, A T BT,
HTAEM 22 A2 20 pm, 2258 415E 10-4A,

6 2 600 K 25 H i i i A Jkgs !

Fig.6 2 600 K transient ultra-high temperature gas
Iol

temperature sensor



it R

mEEE -5 -

—
—

7 AN 22 B A

Fig.7  Ultra-fine wire thermocouple
R R ER 5 a0 B 2 IS8 N A A i A i

DI T A 1 kHz RS SO B o 2 22 34
P 7RI i 1 kHz LT A e 0Ot i I 7S 1 R

GFROVERE, [FIR B 224, HAR IR ZEWAHXS /N

8L S8 PR R 2 1 KNAUSS H 45 A1 17
AR SRR A, SR 2 R R
i, #E (Atomic Layer Thermopile, ALTP) # i 4% 8%
(7 3000 kB R R, R A0 000 A3 %) BRI A B3
el o ALTP PR % Jds b B A i 4 T A |
N P AR A N, R T ZE DL, R M
i TR F14) A8 22 i) N1 28 i 7 A L 3 o A TR
(SRR AT 35 10 kHz DAL, S an 2 A e, A
A S I R A AT S, (HOHOR R BRAZ R TS
SEE AR A B 1 R

AR BRI R ARSI R 1R

k1 &AFRBEMNBHALE

Tab.1 Summary of total airflow temperature measurement techniques
2 R4 HARJE R HARZH P& LA
RUFREA KT FE SR DI R B \ ‘
M AN E E 0.05% EAEND NS
AR U 2 O WRTREE005% BRI
s PIJCER et h fggon i, BRMKE R 7 ] 5 Je SR Rk
N Q N |—_“|\»EI\H =N 4 . ” . N
JEEFICH M R TINE R E b 0.79 ~ 0.99° Kt
" 38 3 W 5 A HR AR AR R R Y 1083 K ~ 1393 K&
T L % BRSNS N (BT ITMO K2
P IEHE fek SRR, JERI R (5 R 397 BB HTTMO K
y X N SWIREN1T00K, =,
T A4 SiC SRR L 412 e \
AR R S 41‘j¥2ﬁ§§¥?§2§$%;a AR 038 1, ¥ GE
> PHANZ N ERE2 (I )52, %Z:Eﬁﬁggﬂgsgj K®
e FUHZEER T R SIS SR E R R N
FETTCR T il g e ] Ff 0 it 37 i ke .
B T e e T it L T e g e

Y 13 S R 5

R, FHTRL T BHGI E

57

R LU R T
i PR 2300 K

L Tolk S F 22 Rl AL
KK AR5 P

WA R I R R A TR A ml st

T PR 2 600 KM eIl T R AR5 F

i 10 kHZ EAES R | KRN

A Tk AR A m g

SRR B 4 (BB I ST |
e RS T 4 4 (LR 3
S B R T, 45
R REALE,
A R RS
G T B 2 A
‘ R 2 T M B8
[ J A, - . N
BTRIAAR ot R PRI A
B T 20 p 920122 2t

5 M A
UL KSR AR B

W20 AL 52 I iR, SEREE AR E AR S
& ET 25 i K 5 (National Aeronautics and Space Ad-
ministration, NASA ) 8¢ BL0 S0 5 #E L T — RV HE
WG o e, SEREE PR A A RS T 1200 K4

REAERIE, NASA WIHEST T 1 420 K #R o KT (4n
P18 7 ) A S WA HE XU . NASA FI| i 57 1)
MEHE XTI 0 I A S T e T R G i ik
5T, A5 3 T AN 45 4 24 7 1% 000 B 5 SR 7
ARV EE . 7 B Sy BT O SR B R B IE
RBOMEAE E 5, JHLE TR iR E AL
B SRR A A K19 NASA B i B



6 oA 2026 4 % 46 % % 2
. |mww% PR AL IR AR 5 IR E — 2, eTE SER0. 4
Ktaka | LENZ TR _
R ‘/ﬁﬁg{gg@ ~ 0. 6 B9 54T X gk A7 i nd e
NI wa NASATBEFF T — i T A 8 0 14

A HTR

B RBLES
I8 NASA Yyl AL vE AR
Fig.8 High temperature calibration wind tunnel of NASA

HOT o gt
o R
Kmd 2.5({0'45

20

SEOHETE R MK
j=)

rad 0'8
0.6 -
04
02 | T | LJ. |
0.1 0.2 04 0.6 08 1.0 2.0
B2 HA%d / mm

K19 NASA B B 12 B i S5 1E R Bps vt 26
Fig.9 Radiation correction coefficient curve of temperature

sensors made by NASA

T R AR AT B IE R BRI 2

BEXR AT 8 R S AL A e I s
B R (R 2ZE AT 0.5 KD, S5 K2 AU
MBI AR T PR EME IR EAT, JTR
T—FRIIE. o, BT T OUEREE, RA23Z
AR AR LU A R L A R 4T T R ZE AN B I
FLUR, X L BE AR AR BEAT IR A R OB, R AT
HEIRZEMBIE . R RE, TARE B
U0 A0 8 2% A B 1 S e R A DA SO0 A s
IR A D0 45 2R A S A 2 (R DA B A
ChffE . RV A RHE T Z 00, ks Bk

e OB 10 Fr7R ), Al g Sk o B B i X 4h
Fy, BRICE A — W, R 22 4 A
T R W AR AL, s A, R
PR S T 2 Tl T R R A 22 A Y
AT e, U9 1 22 8] A X e B 3 i o
AT 00 ) 2 TR 1 A A 5% 22 R SRR 92 o AE
il L XA S AR AT B B TR R B AR, DN v 2
RRIEF, AL IRAR A4 D J5 K A7 3 B
Ji O A A b e B AL TR B E T A

AR
EidaE oy |

FI10 il A

Fig.10  Suction type sonic thermocouple

[18]

NASA $ T — i L 0 21 1 v 1 A0 T B A
WEHOAR, FIHAALER (ALO,, #H2320K) . Adk
F.(Y,0;, 2690 K) ., ZMAMRA(YAG, 1A
2200 K) . AL A2 50 A 18 A 3 (1 55 2 095 K)
ST R S 2R 0 e 0 B AR T A AL B T
FORE L, DAEFAERRE A J o5 R v T AT il A Uk
PRWRAE . MCUERT, K 2 2 AR 22 2 1 ] v e
MG L, FETRBRSTEEIE. FE
K H 1 5 faf # A& #% 1£F (Charge - Coupled Device,
CCD)FIMLAN 1 5 £L AN FHBIL S i LI £F 2 11 o 2
P, MRy, R R IR SRTAR LT,
AHATLULIN 30 () R 22 58 SR A8 52 . LR, b %
THGHUKS 21 SR RS T X, S R A R A
SRR RS A ] — R I DX, i SR A v e A
FEAR I A /R IR, £F 4R B4R G I A5 R0 S A
THE I 3 A% A T B2 (AR AR IR B . R 11 S 3
FRELF I R IR IR R R G i E

e Zs Tk o BT 30 A T B A e SE g & T T
BN TE R R, B 12 2z —. Bl
2RI AR AR M =R E 1 973 K, R



RIS

SR -7 -

KE ey

LA

HOOES || S

TR ECA R SR
(a) F2HE R SR R

(a) Schematic diagram of the calibration system

Mt
(i 2095K) (Fi . 2200K) (e 2320K)
(b) EE LR

(b) Different materials for fiber fusion splicing

BT ST 2R i Ol B v R g™
Fig.11 High gas temperature calibration system based on

melting fibers!"”!

P12 s Tl i A B v X
Fig.12  Hot calibration wind tunnel of AVIC Changcheng

Institute of Metrology & Measurement

LhBRECN 0.1 ~0.95, FEJIH e Be4h, 23558
SR T RO WA Cn &1 13 Frz ), 38 3 % 3L
BEW SR HEAT e e fb e, SR | ARGt
TR 25 RIS R 22 3 A /0N, KU WA A T AN
FEJEIR0.4% (k=2) o DLW SAE A S FbrifE,
Ao A T A SRR T R R A 25 A v 5 e s
1E R ERE

2024 4, fiuas Tolk it BT i RHF A B3 S8R T
2300 K HAHE X B, aniEl 14 fezs, 20X /Y
SRR 1000 ~ 2300 K, S S#EHRO. 1 ~

0.6, U SEE R H 2 1 MPa, XU R H
BELIn A . b % 7 o AR R Je o B 2 5 1y X8
P, PR UE AT R AR AR R ] KR AR L LA
PR g4, i 15 FrR, BUBOT R AR b Al
MR EE TR AR, R o ST A I A SR DU o AN
FENO.4%(k=2).

F13 W5 S A

Fig.13  Dual screen inspiratory thermocouple

P14 2300 K HREHEXUT
Fig.14 2300 K hot wind tunnel

15 RAAR L LADXUS b e =t SR AL S
Fig.15 Large aspect ratio L-shaped double shielded standard

gas flow total temperature sensor

32 EHEKE

IS o AT, 9 T DA 30 285 0 B B R, T
X AT A SR T R Sl A e A o, DT A 3
T AL AR B AS PR RE . NASA 955 A S FEAS ]
B EJ) . BRI, R T ORREZ
AU I Uk B A% IR A 1 [ ROk o IS, JF LS
AR N Y 2 B e 2 s Tk BT B RFIIE A



-8 - AR

Slir

202645 46 % % 2

BB T B BRE L Bk b O 5 A AR R A 3 2
WA IR . FCr o R Rk e 2l D = 2
FH TR IBOR 2 A% SRS (0 I SR M BE FE B L dn ik ]
B, R Rz ] 45, 52 A R IR T T AR
it JBE A2 S ) MR AIU R L AR M S T Sl FE 1
bro 340, LR AR 3k st 2 e 7 A v K AR o3 B A 2
BRIl JBE A% SR ) A% 28 e R o R el D = 2
MY« IR BIRES SIS T 50 45 ik
oo Il VEUR K b GO e i A L 7= A i JE 2
AR5 22 AR R DR A R o e i 4% 5 30 i
JE A e 7 A RSP AR AR PR TR

4 DESRE

PRSI 5 5 T, X AN R A SR AR A
RPN SR T 2R B, X ik
BAMHE, WA — SRR, i T 5 245
BH g P, A & SR LA R
JEE AU Sl T 0K, A U i R A P R
FETOCE A Y BRI RS AR T vk 5 T TR
TR TR, A 2SR AL AT . Ak
I i AR GE . AT IOUR T R R/ U
Gy ik R0 SEERDBUEKEE B e g L BT AR
TR e A e A R A 25 D k5 T e e AU i
I AR R, DA D 2 A e M A R . A 22
PO AT k. A, OGS HOR (Laser Ab-
sorption Spectroscopy, LAS) %5 E 42 fil = iz £ A B
AR ERRE . AT R S, HR
R g5 R R, HIEER R R TiIREKRK,
A RE A 142 fih N0 - A 5 2 i 00 o i AR AR 45
B, SEEOLEE AN, A B A R R B R I I
R R A

FE R SRR HETT T, BRSE 4% [ 7E 20 T 22 0T
T RS WA TAE, NEN IR E R
ARG SE . DAk, AN RGN,
A — SR RAE >, A 204 704E 24,
B A5 N DR OO S R A 2 15 3 S R Ty T T
JETHiE: . RY. RABIRR . AN H 455 &
PR HESE SR, A RS TR . TR L AR
BRI R A B K S AW S L R B
PEA T BHLIOCR) “HOKIXT, xR T2 it
BITE . BUR SRS I T IR PR, Ak

T RS S ORI, R Z G
e B0 B S R HERE

&% ik

[1] ERELL E, VITOR L, MALDONADO E. Measurement of
air temperature in the presence of large radiant flux: an as-
sessment of passively ventilated thermometer screens [1].
Boundary-layer Meteorology, 2005, 114(1): 205-231.

[2] WILL H A. Computer program for pulsed thermocouples
with corrections for radiation effects [J/OL]. 1981.
https : //ntrs. nasa. gov/citations/19810025295.

[3] SMOUT P, COOK S. The dependence of thermocouple
probe calibration on stagnation density changes[J]. 27th
Joint Propulsion Conference,1991. DOI: 10. 2514/6. 1991~
2276.

(4] BA, Bk 4. IR EHOR[M ], Jbat. b b
iz RAE, 2017,

ZHAO J, YANG Y J. Gas flow temperature measurement
technology[M]. Beijing: Chinese Quality Inspection Press,
2017. (in Chinese)

[5] BONHAM C, THORPE S J, ERLUND M N, et al. Com-
bination probes for stagnation pressure and temperature
measurements in gas turbine engines [J]. Measurement
Science and Technology, 2018, 29(1): 015002.

[6] POLZL, ZEISBERGER A, BARTELT H, et al. Total tem-
perature measurement of fast air streams with fiber - optic
Bragg grating sensors|J|. TEEE Sensors Journal, 2016, 16
(17): 6596-6603.

[7] MEKHRENGIN M V, MESHKOVSKII T K, TASHKINOV
V A, et al. Multispectral pyrometer for high temperature
measurements inside combustion chamber of gas turbine
engines[ J]. Measurement, 2019, 139: 355-360.

[8] WANG G H, BONILLA C, KALITAN D. Gas tempera-
ture field measurement using thin-filament pyrometry [ C ]/
Proceedings of ASME Turbo Expo 2014, Diisseldorf, Ger-
many, 2014. DOT: 10. 1115/GT2014-25909.

[9] OMRANE A, PETERSSON P, ALDEN M, et al. Simul-
taneous 2D flow velocity and gas temperature measure-
ments using thermographic phosphors [J]. Computational
& Mathematical Organization Theory, 2008, 92 (1) :
99-102.

[10] B, #7K 2, T . 2 600 KBRS o i 00 I T ik
HORBIFELT ). 2R, 2012, 33034 F2) - 77-78
ZHAO J, YANG Y J, WANG P. Study on 2 600 K tran-
sient high gas temperature measurement technology [J].

ACTA Metrologica Sinica, 2012, 33 (supplement 2) : 77—



iR

¢

=7

R -9 -

ik

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

78. (in Chinese)

KNAUSS H, GAISBAUER U, WAGNER S, et al. Cali-
bration experiments of a new active fast response heat flux
sensor to measure total temperature fluctuations [J/0L].
2002. https: //www. researchgate. net/publication/25549
9103.

BUTTSWORTH D R, JONEST V, CHANAK S. Unsteady
total temperature measurements downstream of a high pres-
sure turbine[J]. Journal of Turbomachinery, 1998, 120:
75-178.

PASSARO A, BIAGIONI L, LAGRAFF J E, et al. Fast
acting probe for measurement of turbulent pressure and
temperature fluctuations in a gas turbine combustor [cln
Proceedings of 44th AIAA Aerospace Sciences Meeling
and Exhibit, Reston, Va. : American Institute of Aeronau-
tics and Astronautics, 2006. DOI: 10. 2514/6. 2006—550.
GLAWE G E, HOLANDA R, KRAUSE L N. Recovery
and radiation corrections and time constants of several
sizes of shielded and unshielded thermocouple probes for
measuring gas temperature [ J ]. NASA Sti/ Recon Techni-
cal Report n, 1978.

SMOUT P, COOK S. The dependence of thermocouple
probe calibration on stagnation density changes [J].
2012. https://doi. org/10. 2514/6. 1991-2276.

ROSA DS D L, PANIAGUA G. Enhancing total tempera-
ture measurement accuracy calibration procedures and
novel two - wire probes [J]. Journal of Turbomachinery,
2025, 147(5): 051006.

VINCENT T G, ROLFE E N, LOWEK T, et al. Aerody-
namic analysis of total temperature probe thermal perfor-
mance using conjugate heat transfer [J]. Journal of Ther-
mophysics and Heat Transfer, 2019, 33(3): 830-843.
GEORGE E G. A high-temperature combination sonic as-
pirated thermocouple and total-pressure probe R ]. Cleve-
land, 1981.

SULEYMAN A, GOKOGLU, DONALD F. A precise cali-
bration technique for measuring high gas temperatures
[R]. Cleveland, 1999.
BRI R S AR R [T
2018, 38(6): 42-47.

A,

ZHAO J. High gas temperature measurement and calibra-

[21]

[22]

[23]

[24]

[25]

tion technology [J]. Metrology & Measurement Techno -
logy, 2018, 38(6): 42-47. (in Chinese)

Sy, A S I e R S 0 3k A D 2
). A, 2025, 45(1): 26-28.

MA H W, GAO R L. Application progress of radiation
thermometry technology for turbine blades [J]. Metrology
& Measurement Technology, 2025, 45(1): 26-28. (in
Chinese)

o, TR, B, SF . B IR PR Y R
I B AR HE R ()], TR R, 2024, 44(5)
1-13.

WANG G, LIANG HJ, WEI'Y L, et al. Research prog-
ress of ultrasonic thermometry technology under ultra-high
temperature extreme environments [Jl. Metrology & Mea-
surement Technology, 2024, 44(5): 1-13. (in Chinese)
KULKARNI K S, MADANAN U, GOLDSTEIN R J. Ef-
fect of freestream turbulence on recovery factor of a ther-
mocouple probe and its consequences [J]. International
Journal of Heat and Mass Transfer, 2020, 152: 119498.
JIMENEZ S. Relevance of heat conduction in the correc-
tion and interpretation of high temperature, fine wire ther-
mocouple measurements [J]. Combustion and Flame,
2022, 240: 112022.

CAFIERO M, DIAS V, IAVARONE S, et al. Investiga-
tion of temperature correction methods for fine wire ther-
mocouple losses in low - pressure flat premixed laminar

flames[ J ]. Combustion and Flame, 2022, 244 . 112248.

(AL tm#h: FRA HER)

E—/BEEE: BAEO9I3-), T,
R, WS, rp 2 R Eh R
S Rl NS il B N e S S A S
BT 1 R B S A
Ao EFRFHFTH 20 250, A K
L= g BRI, kKR
SCTOARR, EFRFIMREE 1, LR

ERRERLNL 6 30T, ARBAUL WL H 19351



