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Research on the recovery characteristics evaluation of total
temperature probe in the high-speed airflow

Yang Zhaoxin, Gu Zhenghua, Zhang Wenqing

(Facility Design and Instrumentation Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract : The total temperature measurement precision is a key index of the measurement and control system of the wind tunnel. The
technical index requirement of total temperature measurement is up to 0. 1°C , and the temperature measurement error with velocity is the
main consideration of the index requirement. To achieve the reliable performance assessment of the total temperature probe and high
precision compensation of the temperature measurement error with velocity, a total temperature probe with double stagnation cover is
designed. The evaluation method of the recovery coefficient is proposed, and evaluation experiments are implemented in the pilot wind
tunnel. Experimental results show that the total temperature probe with double stagnation hood is less disturbed by the flow field than the
traditional total temperature probe. And the test performance is much more stable. The proposed method for the recovery coefficient could
compensate the temperature measurement error due to the high-speed flow effectively. Compared with the current engineering method,
the compensation accuracy of the proposed evaluation method for the traditional total temperature probe recovery coefficient is 8 times
higher. The research results can be applied to the aerodynamics geoclimatic test facilities, which provide good fundaments for the
progress of the measurement technology of the wind tunnel.
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Fig. 1 Total temperature probe structure
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Fig.2  Axial space temperature distribution of thermocouple
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Fig. 3  The structure of total temperature probe with

double stagnation hood
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Fig.4 The scheme diagram of test principle of total

temperature parameter
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Fa2k
120 11.40
1) 3120
41.00
080 oo &
ﬁo.oo 10.60 =8
% eI e B
0.40_/‘_,— — /" \\\ 0.40 =
r -7 Seelo’ ~40.20
020F .~
[ - 10
0 — 0.2
03 04 05 06 07 08 09 10 1.1 12

L8
~— BEMIESERE R = WAL R R
~ BREERREIRE - QR LR EIRE

K6 200 kPa,200 K A PF AR 1k B R REMI AL RS
Fig. 6 The comparison result of performance test of different

stagnation cover in the condition of 200 kPa, 200 K

1201 1140
1.00f 3120
080k 1100
ﬁ 0.80 1
1 0-60F L oK
= . 0.60 i
0.40 p ~ . oo
e E
020f ,»° o e== 4020
2
o . 0
03 04 05 06 07 08 09 10 11 12
Dk

~BEWILRIRTRE - WEHILRIKE R
~- BRMIEAPEIRE - WEWIEENEIRE

7 200 kPa, 150 K Z&{F T AR 1k Bk REDIIASE AN L
Fig.7 The comparison result of performance test of different

stagnation cover in the condition of 200 kPa, 150 K

DL MERB DN A 00 45 2R 28 B . RUZ i 1k B SR PR
FUA T R R AT 2R ORI B /N ) R R R iR 2, SR
T EIR T A R —3, e TOAME T i ilae s
Rt A MRS5S, Z IR TR s A I
4.4 RiREHRE REOEMEFERIE

1) BUZ i 11 BRI R BOTAS T IR 56 UE

P OBUZ I LE SR MK S R BT A T ik T A A )
PR ZBGE— TR T T A e ) gk sk AR
% ARCLUETE 200 kPa, SR 150 K T8 R, 845
AN 8 IR,

PR B G — (L K IO 4k e AR 2 e
TR 22 IR (H 22 18] 55 K 22 1t BUAE SR AR 0.3 7
B2 A=0.09°C , i 2 BRI R 2 H R R, H
B LRSS 5 L B H R 2518, 78 SN IR
AT AR B T 4 4 A X200 1k S SRR . R EOTAS Tk Y
Rk,



5 8 1] W IRR 45 R SO S R R SRR A BRI S 127
120 41.40 120 1140
1.004 31.20 1.00 | B 31.20
00— o
i 41.00
& 80T oo, & O80F S
& 40.80 3 & 10.80 4
m 0.60 iy ® 060 \
X 10.60 Py lA:O.l C 0608
L ; - feEETELI T T s e
0.40 oo o0 osor el 040
020k A:i).(is)acg oo el 1020 0.20¢ ~-7 10.20
L ' 0 o ..y
03'04 05 06 07 08 09 10 11 12 03 04 05 06 07 08 09 10 11 12
ey % Y5

= WEMIERKERH QR ILR “G KT RH”
o WERHIERERFIRE - “GRERH” WNRGEERE

K18 200 kPa,150 K A5 T RUZ i 1k S R B4l
TIEE RS R
Fig. 8 The verification result of the recovery coefficient
valuation method for the double stagnation cover in the

condition of 200 kPa, 150 K

2) H USRI R ROV 5 gk

P R T T AU B 2R BB 2 B VEA 5 ik ]
DI SR REG 8, IEAR I T30 7 1 )
FEIRE . A SCLABE 200 kPa, #0200 K T4 K, it

SR MIE 9 PR
1.201 11.40
1.00k 41.20
& 080T 1M,
o 40.80 3¢
g 0.60 Pt g
S A=025°C Pt 10.60 4t
040+ - P 2 - e as = _0.40¢g§
0.20% 7 ———__,4-’—71——— 1020
0 A . - : - - : - 0
03 04 05 06 07 08 09 10 11 12
i
= BEMERRE RS —REHILR ‘G-I RH”

= PERMIEREEIRE —~ “GRERH” MEEEIRE

Ko BLE IR R E R BTG I7 ik B eSS,
Fig. 9 The verification result of the recovery coefficient

valuation method for the traditional total temperature probe

RO Z G —(H 7 XoF R ) 3 A 2 5 e
PR 22 MR 22 18] f A 22 (8 BAE S Bk EE R 0. 4 B4
B, EMEHN A=0.25C, Tk R BRI R 22 5K 2
Ko JRRAET B IR AR AR Z B B 52 A O
K, LV WA RS — M Lk 54 T00 T i 5
SCELPCHL, PR, ok i e — K R R B T S
JE TG T 0 B 1 15 2 MK B R

I AR RICT R R B BOEAG R 7 . A
Ma=1.0 N5 8 BRI 1R 22 #4843 W B, 431
PEATAME PR R IR IR A SO R R BOE AL O ik 3
LRI 10 FiR,

= BERIEERE R R — REWILR “GRkERH”
o BERWMIERERRE - “GRERE WPEEIRE

10 H RLEGRPREH IR R BT BT A S 45 2R
Fig. 10  The evaluation result of the recovery coefficient
valuation method for the traditional total temperature

probe with segmentation

PR FEGE— A X B 3 1R 25 5
TR 22D 2 1) 55 K 22 1t BUAE S R 5(E R 0.9 [z
BN A=0.1°C, 7T LU 2 BRI R 25 H R 2K
MK R Z B, 45 A L T A T A T 3 5k i 1 22
AMEEIAIE , FEA T 2 IR 25 FER BR Al DAE B 4
B LSRR TR B R B B A A R

3) H BB AR K G RBOPAL 5 45 T L

R TR U AR SO AR Y ) E LSRR IR R
BORUE A BCPTAR 5 3 1A 80 | il 3 5 TR W R R Y
KRBT AT LB IE . LA 200 kPa, &
i 200 K T80 R0, THEE R E 11 Bk,

1.40

120

BEIRE/C

=
.
=3

020F

0| 1 1 1 1 1 1 1 1 1
03 04 05 06 07 08 09 10 11 12

k%R
~ BEWIEEREIRE - BASEIPE T EREIRE
PO PIVG T IR R R

BT BB BC S 2 P Al 7 i i B R 2 X0 L& 2R
Fig. 11 The comparison result of the weight allocation and

the mathematical average evaluation method

WE 11 s, Bee - BE R RS — A Ak
AT I A RN X 1R 2 R R R 25 M 2 ] e R 22
L PAE SRR B 1.2 I B, 22(H 8 A, =0.8%C,
PRI RS — (7 R 53 B DA D7 3 %o g e ) 3 5k
JEE R 22 5 R R 22 R 2 ) e R 22 1 B S B
HO.9 BN E,EME N A, =0.1C, —HMIL, ZHFK5



128 oo ® ¥

e Fa2k

8 % PR, AT DUk — 25 UE WY BT it f) AL R AR K
SRR B 7 ik A Rk

5 & i

%) R BB S B AL A ZR PR T R A
TR IR AT . R T W MR T AR % T A
WRE B, BT T XUZ i 1 B85 2540 9 B TR P T 45
P, [RIAE, A T A ke i L 0 3 R 15 2 M i) -
TP TR S PSR 4 51X A2 M 1 B A R R
TARET VEAT T MR R EOPAG D7 5T, Ak, R T
LR TRARE K R B0 St ok i G — PP AR 45 SR 138
SE IR, i — 248 R B R B0 BOVEAR O i . 7251 ik
GRS T B RS E0 6 e 5, 0 45 SR R AL
JE 1R B R LR R IR R BT 52 T IR 8 T i o
AN CHA TG B A R AR R B IR 8 5 SC A T
H ) BRI . R BUE S B VEA, Tk b A AR i)
ST R 2 ARG AR R T8 A, TT LA B
MERIR2E 0. 1°C BT AR ER |

S 3k
(1] TRoRs, skfd, BRIZ, 55 DUORBPRMEM I B2 UL

REEIITEBEIE [ )] AR A4, 2020, 41(10)
1-16.

XU R J, ZHANG J, CHEN K, et al. Research progress
sensors  modified by

of optical fiber gas

nano-materials [ J]. Chinese Journal of Scientific
Instrument, 2020, 41(10): 1-16.

JAYERE, AREL, L5, 5. RENEOLBIE RS %
PERAR 53 [ 1], AUE AR =4, 2017, 38(8):
1859-1868.

ZHOU W H, SHI J K, JI R W, et al. High-precision
distance measurement using femtosecond laser frequency
comb [J].
2017, 38(8): 1859-1868.

WIkRK, BUESE, 48 %, MR R g s SR
PEIREF [T ], AR A4, 2020, 41(11)
74-81.

YANG ZH X, GU ZH H, ZENG X, et al. Study on

Chinese Journal of Scientific Instrument,

dynamic characteristics evaluation method of the cascade
thermocouple system [ J]. Chinese Journal of Scientific
Instrument, 2020, 41(11) . 74-81.

ik, XUGEAR, FLoRoS. TS o i g S P EL PA 1% J2%
ARWFRILT]. BT 5244, 2017, 31(45) .
623-629.

LI Q, LIU J CH, KONG R Z. Development of anti-

(5]

(6]

(7]

[10]

[11]

erosion platinum thin film resistance thermal sensor[ ] ].
Journal of Electronic Measurement and Instrumentation,
2017, 31(45) : 623-629.

KA, moE, IR, 4 0. 3m RIE KRR A A R
GEmE ()], fias 8l 154, 2020, 35(5): 1009-
1017.

ZHANG W, GAO R, ZHANG SH X, et al. Development
of liquid nitrogen supplying system of 0.3m cryogenic
wind tunnel [ J ]. Journal of Aerospace Power, 2020,
35(5): 1009-1017.

REARDON J, SCHNEIDER A, SCHETZ J, et al.
Computational modeling of radiation effects on total
31st AIAA Aerodynamic
Ground

temperature probes [ C ]
Measurement
Conference, 2015, 2410, 1-24.

BT, ARATHT, =2, 5. e A B il
BEEXT A (1], Mss 3 1244k, 2020, 35(10) :
2028-2035.

LONG Y SH, ZHU X X, YUAN ], et al. Comparative

Technology  and Testing

analysis on methods for contact testing total enthalpy of
high temperature and high speed flow [ J]. Journal of
Aerospace Power, 2020, 35(10) ; 2028-2035.

R, ERMG, Xm 7,55 R RO R e s
LA R AR PR T (1] SERRAAR 57, 2019,
33(5): 50-57.

YU T, WANG J P, LIU X H, et al. Measurements and
data processing technology of freestream fluctuations in
hypersonic wind tunnel [ J]. Journal of Experiments in
Fluid Mechnics, 2009, 33(5) . 50-57.

SR B R R TR AR R I R R OR B
[ D]. Kb BFiRHE K, 2004.

ZHANG SH W. Study on measurement technique of total
temperature probe using thermocouple in high-enthalpy/
high-speed airflow[ D]. Changsha; National University of
Defense Technology, 2004.

WthF, SRS ABIE, 45, Bl S TR R
BRZEI T R BB [T ]. At 3 JisA i, 2018,
33(11); 2784-2795.

YANG W P, ZHANG W H, ZOU ZH P, et al. Steady
state error estimation and modification of a shielded
thermocouple[ J]. Journal of Aerospace Power, 2018,
33(11); 2784-2795.

CHEN X, XIA X L, SUN C, et al. Numerical analysis

on the transient measurement of gas temperature in porous

material using thermocouples at high temperatures [ J ].



%83

W IRR 45 R SO S R R SRR A BRI S 129

[12]

[16]

[17]

International Journal of Heat and Mass Transfer, 2015,
91: 1060-1068.

S, BOLER, WmULAEE, SR ZEHTRHL PHM BRI
PR RIS [0 ]. T S AR R4, 2017,
31(2): 161-169.

JING B, XU G Y, HUANG Y F, et al. Recent advances
analysis and new problems research on PHM technology
[T

Instrumentation,

Journal of Electronic

2017 31 (2):

of military aircraft

Measurement and
161-169.
IRIMPAN K, MANNIL N, ARYA H, et al. Performance
evaluation of coaxial thermocouple against platinum thin
film gauge for heat flux measurement in shock tunnel[ J 7.
Measurement, 2015, 61 291-298.

gl = I 0 T A R A 8 BT AR HE B AR WF
FE[D]. LifE: RHESSE AR, 2005,

YANG C. The research of design and calibration of
thermocouple probes for measuring flow temperature[ D].
Shanghai: Shanghai Jiao Tong Universtiy, 2005.
TRACAR, Kb, BESS AR AR O AR A A A
TR ILT]. Mz RS, 2019, 45 (1) : 87-91.
ZHANG X D, LIU ZH K, XUE X SH, et al. Design and
application of high temperature thermocouple without
cooling[ J]. Aeroengine, 2019, 45 (1) 87-91.

Z0U Z P, YANG W P, ZHANG W H, et al. Numerical
modeling of steady state errors for shielded thermocouples
based on transfer

conjugate  heat analysis [ J ].

International Journal of Heat and Mass Transfer, 2018,
119; 624-639.

hl, 4571, B8 S, 45, Mias R EHLIABE = i 1
il AR R RS HE R R [J]. A 8h s 22 4k, 2016,
31(4) . 769-774.

YANG C, WU W L, XIONG Y B, et al. Calibration
high-temperature

technology ~ of thermocouple  for

combustor exit of an aero-engine [ J ]. Journal of

Aerospace Power, 2016, 31(4) . 769-774.

fEE '

BIERR 2005 4FF b Rergiqg o 4o
17,2009 4T Jb R 2g 4R A5 122 07, 2014
TR K2R L2207, B
2 B F g S K R b B A BT
DHAEARBEFE B TR, FZEHFFET7 S
SBRGEHEMARAR LR SRR
E-mail; yangzx@ cardc. cn

Yang Zhaoxin received his B. Sc. degree and M. Sc. degree
both from North University of China in 2005 and 2009, and
received his Ph. D. degree from Beihang university in 2014. He

is currently an engineer in the Facility Design and Instrumentation

Institute, China Aerodynamics Research and Development
Center. His main research interests include advanced
measurement  technology of aerodynamic parameters and

comprehensive calibration technology, et al.

PIE £ GEAFIEH ) , 73 5IAE 2003 4FFl
2006 4T HL TR R 22 3145 22 1 2 AL RTRR
A, B E S KB A S R R G
WA BT SO E AR T RIS 51, 2
LB 5T 7 0] R S SRR 7 %
AAMREA X SE AR AR AR 5
E-mail ; tutu198210@ foxmail. com

Gu Zhenghua ( Corresponding author) received his B. Sc.
degree and M. Sc. degree both from University of Electronic
Science and Technology of China in 2003 and 2006, respectively.
He is currently an associate research fellow in Facility Design and
Instrumentation Institute, China Aerodynamics Research and

Development Center. His main research interests include

advanced measurement technology of aerodynamic parameters,
model attitude angle measurement technology and integrated

measurement technology for the wind tunnel parameters, et al.



