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Design of Measure Rake for Dynamic Temperature Field of Aeroengine Inlet
ZHANG Xiao—dong, SUN Hai—long, WANG Xiao—liang, XUE Xiu—sheng
(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In view of the measurement requirements of aero—engine inlet dynamic temperature field, a method of dynamic temperature
field measurement based on fine wire thermocouple was proposed. For the first time, a kind of measure rake of engine inlet flow field was
designed by floating connection structure, and the strength of the measure rake was calculated.A kind of small inertia thermocouple was
designed by using the fine wire lap method. The results of static calibration of the thermocouple show that the small inertia thermocouple
satisfies the requirement of Level 1 accuracy. The application of the thermocouple in an aircraft engine measurement shows that the design
meets the rake requirements of engine measurement.

Key words: dynamic temperature field ; fine wire thermocouple ;small inertia thermocouple ; aeroengine

FERE R I AR 204 30 ) 30 o s i) 25 e A e
B, F AR I A% B T B 155 SR i e Tl )
G SR, T AR R AL R 2257, SCHRLS]
FHERER — MRV R R AR, A28 T B ] 5 4
AR IR S 7 s 5 SCRIR[9—1017E [ N 2 R FH 24
V20 22 LRSI T Sl AR B ) B S , FEAE R
AR & SR rh A RAR BT
AR SCL A 22 A IR ST AR 1 R R Sl
HEE AR A, IR LT i T4 & 8l
BLKZE SIS h & shHLatE F sh A TR I, K
197 R A iR

1 HEREZNKABRIT S5
LA A 2 288 /NRS R Sl el /N Rl

0 3l

Rt H LS R SRR AR () e 3 5 i, &
FRRRER IR T 1 & shHLIE 3 B AR 328 8 il h &
PLIR I AR A D B B AR & SMLAE AL s ik
SOEW AR IRKZER, HE = — g IR W
X HASE PRI ™ E R . PRI, FE & Sh AL 2 7
HR T 1 R L SIHLE O S A IRE S Ok R
KNP iR &S IR S AR | Ak 4 sl
HURRER 00T rAR e 1.

Wiz kAL S SE i 4% oo i<
ik ) Ab R I L e R IR B B IR B R TR IR
iIEijJ?.EY M R G TAEM AT SEPE, 4 & R %

i, AR RAROCA SN R B4, B e I Ay

KR EEA:2017-12-17  E&ITE :Hi%s s S5 B 5 )
EE BT IR (1986), 5 A+, TRHN, FE MG R AWLIR TAE ; E-mail: xiaodong_1.1@163.com,

S| B KA VBT, FIE R SEALES A SHPLE 11 82506 B G A5 1 {I] %5 % 3L, 2014, 44(4) : 72-75. ZHANG Xiaodong, SUN Hailong,
WANG Xiaoliang, et al. Design of measure rake for dynamic temperature field of aeroengine inlet|J]. Aeroengine, 2018, 44(4):72-75.



B4l

TR AR G i R S LEE 11 3 AR S AR e 73

PECGEBE TR AR TR I, R

T3 & SR FH 8 R RUST0HAE A F df AF0l FH 1

BT BB, BB 1 SHa . SCIR12-15]%

THT 1 Ak ShLE AR A, PRI 23 T AR
I ZER BT RN T, FF9e B T AHDC RS |
B SRR I TE IR G
1.1 IRBREZHNRBEEARIZIT

ASCBET I SR I (A&l 1 iR )%
SETE R AP I AT, SR 1 R K A
B AR 6 SOMBEMERGE AR RVE A 1 A SN, /D
5T A R A AR LA R S 4 PN R R AR T 38 3 T BT K
Je /N BT ZERE AR LAY/ NE AR AZ B A S
Bl , W R KRR T 32 B I T & ShidLitE 1
ORI

BNASURBEN A, L 4 DMRET R BAEALE 2B |

1A S R, RO S i

e R NI B AL R B AHTIRRE ), fENER R ALA
R S oS 163 R P sl i 122 647 R JT 1) 6 SRR
R 4. RV R PR A NP 2 P

1 FHEEEMNRERE

2 BMAIREEERE

1.2 HHFEREHMNALERETE

Xt TS K SLEE IS SR i B, 5
TR PR AR S A 7 R e K
SIHUHLI A SEBR2ee 2H R/IMB R L (AL 5
SCPEN IR B] 3 3 SO WIVE R R , s sh s
T S IR A FROC TSR, 5 X0 L A T i
BN SR B TT5

TEFNAS IR R B LOURAE T, st
CELPSIEIKYNSNE L S BN © /N v as o N it
PR R RS , AR B 2R R S IR AL

PYERBERATEB B RHERE T A0, 4 IR B 4

53S0/ M AR R e IR SEER T 24 5

B3 ZREBAENNF
J5E 2B, 15 12 2 R R TR
X} BN A IR B A A TR AR T, T4
I 1,

R1 PEEEZNLLEGIHER
i 1 2 3 4
B [He 212.62 225.68 370.91 370.92

AR SCBETT 9 B AR S R 4 AE R s Pl gtk

B R K S LU R S,

HLEAR SR ] AR SO AR e T 0 s .
SCHRLU7] R, 368 e gh LA 50 152 S 1y 2l i J3E
FAZ , BRI A3 (3 B )5 R IR 22 fE 2 77 K
T 25% A BRI, ML MERLAT 3 B[4
AP IR T 25% , ShAS R U 2
JEAR LT L A S B 2K

2 IMBEMEHRBEIRITSIRE

2.1 MEMEREBBEEILIT

R T IAS S A BRI T, AR SO A9 /NI 34
FE R M g s (i) B2 SR 22 D2 ) MR AT X 2411 {88 22 s [) 5 45
AR ARG SE T, A G @=0.08 mm K FH 2245 Ky
TEAEOTE AN ECR 0.04 s, ZZREE % SHLHE TR
WS, /MBI L B AT
Ve, ASCEIHIRESR SR @=0.08 .@=0.5 mm
2 i K B2 F5 B, FAARSEFanEl 4 R o

TR S 2220 P DL B AR R A @=0.5 mm
(IR 22 , AR UEFE A/ IV A FE A PR 08 22 1) 1
Fifi e MRARL 1R BRI AL Jey R FH @=0.08 mm 1

822, 5 ©=0.5 mm KB RTIHRE SRR, T

@=0.08 mm {2258 B 8555 , i F A o A B i 50
A 5 @ = 008 mm BB E, 5 & =



74 i = K g 5 44 4
0.5 mm B 22 HT IR
S ) N#:@ﬁf =
_ DAQ 2208%
=08 mm 82 =05 mm 122 L PR RS

e

B4 WEHRLLEA

2.2 IMREFABBIRE

HRAE K R 22 1 T AN 2850 T A1, T 2% K AU
2278 200 CUL FEABEMAEE, 72200 CLATHY
IR DI TR A . 340, WS 2 FhAS (22
AH A2 DA K 2N 22 P F AR A8 52 1k R 2 7 XM H 220
JEE P HE R IO 24 X /NS A (R A PR X s o
FUARRE o 43 R 2 A SCIsE g /IMBE R LB AT 1 4
R @=0.5 mm K BIHHL R PET X HopR e i, b
ELERILF 2,

&2 WMARELSER

FRATIE | PR UEAR S/ %‘Zﬁ‘g / MRS L2 LI /mV
C mV mV 514 24
20 0.798 0.750 0.746 0.748
30 1.203 1.138 1.138 1.137
40 1.612 1.545 1.545 1.545
50 2.023 1.942 1.961 1.953
60 2.436 2.351 2.364 2.359
70 2.851 2.760 2.778 2.771
80 3.267 3.182 3.189 3.182
90 3.682 3.611 3.620 3.618
100 4.096 4.043 4.044 4.042

MG AT UL FEAS AR RE MR T A SCBET A/ VB
PHLE S H AL @=0.5 mm (B2 IARFIEAR—2, 5
PRAEPELSA L, o R ZE 0 —1.5 °C i K Y22
I JORG 2K 52 A/ NVBE PR R E 45 R L P58 4
FATF], A SCBETT A9 40 22 P4 1 B 52 T4 I 15 =05
mm {H2ZJFH IR A RE TR

3 HEAXER

3.1 WX RSE=E Y
ARYARIG B2 MR R G A FENE 5 s o

TS S

E5 #HEREMLRSE

(EE AR e A VISHBY 23 1] ModelA2 {5 5
KA, HA R, Z B T, B iR A M)
AE , B PR , e = e W AR Ry 110 kHz, £F
BRI 2R . B R AR T A DAQe-2208
R BAERAE R, TR T2 I i T RS A R A
SR A R SIHLEE O SR R ER
3.2 HIEAIE

SRAE BN W) SRR B RS BE, R T T R s A
RZEMEIE , 00 S5 e Kot 7 7 gk ab 38, 42 515
SHEME . SRR IR A A Butterworth 1K1 Y8
o EUECR N 1 kHz, XS AR T iE Il

Hy A (A B LA A, YRR AR fE
NP e (R s o O Rer i X 1 s =i W -4 )
Ak, BT DA e 3 )3 B B A T s A IR 22 i 1B
1E BIEA T

T=T+7(dT/dt),
KT, ¢ B ZMEIE G R SE PRI T, oA ¢ B 20 1%
BHORIEE, AT WS T8, T F ¢ B2
B2 D5 ¢ B 205 2 A0 B S ACE YA AR
By Sl P (R A () 8 855 (dTVde ), oA o I ZIBRASHE /R
TR 5 SR N IR A IRER

P IAATAE LY R S L s K 28 AR R
AR 17 h 12 min, o1 U5 iR /K 28k
RS AJG BRI AL, Xk S e (R ) o5 3 i
R At , (/I P R A o5 A 2 B R
AT HORE MBI R AN RIS T 2 R E S B
15T 5 0 shASIRFEE AR « 2 FRIRAES T KRS
W AR 2 SHATLEE T 30 AN 05, 22 3 B 174 72 Ak n ]
6.7 F7n

FRAEHR I 25 S AT 1, A SCBE T & stk O s
TP S I A ) 2 KB R A A 20 S e & Bh LT 1
FE R TRK ZE SR AR (] L S 7 AR O, % Je 2
R K ZE A B AR O A B 1) AR R
DA K S gL 5 W A8 4 252 ) 11 B 4 (S il
HNERAC Tz L



B4l

TR AR G i R S LEE 11 3 AR S AR e 75

6+40-

0+30-

j&] B
S 020

6+10

10 12 14 16 18 20 22 24 26 28 30

tls
6 W& IHTBREME

6+40 7
6+30 |

é-: E
T 6420

0+107]

b 2 4 6 8 10 12 14 16
ils

B7 KE2TERE

18 20 22 24 26

2%

37 OB 1 S AR SR 1 R
LA A s

(1) TIPS B o8 % BBLIE 1 e
UHLELAT 205 (03 4 6 2 52 3 DL sk S
HE=

(2L A5 B 1/ M #i b (S
Al L SNSRI K

SE

[1] Jamroz P. Relationship between dynamic coefficients of two temperature
sensors under non—stationary flow conditions [J]. IEEE Sensors Jour—
nal, 2011, 11(2): 335-340.

[2] F &, EREEE. Tl BN p A S m )], ARG
11,2010, 11(2): 2836-2841.

WANG Qizhi, WANG Xiaoxia.Time—delay compensation and control for
industrial process [J]. Yiqiyibiaoxuebao Chinese Journal of Scientific
Instrument, 2010, 11(2):2836-2841.(in Chinese)

[3] Carlerik

verification by continuous temperature measurements [J]. ISIJ Interna—

tional, 1998,38(7): 704-713.
[4] Felis F,Pavageau M, Elicer—Cort é s J S, et al. Simultaneous measure—

G. Simple model for prediction of temperature in an L-shaped

ments of temperature and velocity fluctuations in a double stream—twin
jet air curtain for heat confinement in case of tunnel fire [J]. Interna—
tional Communications in Heat and Mass Transfer,2010,37 (9):
1191- 1196

S| BT, A, FhA
-563.

CUI Jiang, SHOU Shengde. Dynamic airflow temperature measurement
[J]- Chinese Journal of Aeronautics,1998,19 (5):560-563. (in Chi—

nese )

AR EE I )], WS 24, 1998, 19(5) : 560

[6] Michalski L,Eckersdorf K,Kucharski J,et al. Temperature measure—
ment [M]. Great Britain: Antony Rowe Ltd,2001:279-333.

[7] Castellini P,Rossi G L. Dynamic characterization of temperature sen—
sors by laser excitation [J]. Review of Scientific Imstruments, 1996,67
(7): 2595-2601.

[8] ZREUS A /INL, B A D L A= 3 g 22 i ) o ik 32 0 3

AROFFEIL TR S 19T, 2005, 18(2) : 41-48.
HOU Minjie, SHI Xiaojiang, LUO Huafeng. A study on high response
instrumentation technology used in aero—engine inlet temperature dis—
tortion measurement [J].
2005,18(2):41-48. (in Chinese)

9] FlJubh, PN, 58 LB/ IMBL R BRET ) B A Lk R S rh iy
R s & s, 2002(1):17-19.

YAN Jiukun,SUN Qi, WANG Qiang. Development of a fast thermo—

couple probe on board and its application in measuring temperature

Gas Turbine Experiment and Research,

rising during firing weapons[J]. Aeroengine,2002(1):17-19. (in Chi-
nese )
[10] FFARAR , 25 X RIL. & shpLak O RS TR S E AR ], s
KN, 1999(3):37-43.
QI Yinong,LI Chenghui,ZHAO Gang. The technology of aero—engine
inlet dynamic temperature filed measurement[J].Aeroengine,1999(3):
37-43. (in Chinese)
[11] Fi&, HE, Sk, LT ANSYS (fiias & ZhHL B RS b
). MLBETE S R, 2013,26(6) :27-29.
TAO Ye,TIAN Lin,ZHANG Yongfeng. Modal analysis meathod of
measurement rake in aero—engine based on ANSYS [J]. Mechanical
Research and Application,2013,26(6):27-29. (in Chinese)
[12] F2535, IR, R, 4. FE TR BLBESGHE H 0 R i &t
RBCIHI] HUEEIT, 2013,30(4) : 56-59.
YU Fangfang,SHI Jianbang, CHEN Zhao,et al. Design of inlet pres—
sure measurement rake of an airplane based on annular rasiator[J].
Journal of Machine Design,2013, 30(4):56-59. (in Chinese)
[13] FRIGAR , iU, ka , 55, BRI R R SF HE S TE I i 4R 3 5 1 )
MASRAERIERITTELI]. HUBRBFSE S BT, 2014,27(6) : 18-20.
GUO Haidong,ZHANG Yongfeng,ZHANG Qiang, et al. Correlation
analysis of vibration and stress of a large—sized air inlet measurement
rake [J]. Mechanical Research and Applicatinn,2014,27(6): 18-20.
(in Chinese)
[14] FH7CGHE , S0 IR IME , 4. FERRALEES
IR 55T ,2008,21(3): 59-62.
HE Yongjin,SHI Jianbang,XING Yan,et al. Development of intake
measurement rake for an aircraft[J]. Gas Turbine Experiment and Re—
search, 2008,21(3):59-62. (in Chinese)
[15] Hhaeoe. 25 Sy A -G MELAL A BT 535 [J]. 2%
F5¢,2014,27(3) : 54-57.

MA Yanrong. Development and experiment of jointed rake for airflow

AR B8R

AimitikRS

and boundary-layer measurement [J]. Gas Turbine Experiment and
Research,2014,27(3): 54-57. (in Chinese)
AN, VRN MR AR, . RSB RIS ST RS2 3 4 A
BUERFFED]. AR iRFe NI 50H5T,2017,30(1) : 28-31.
GAO Jie,XIANG Honghui, YANG Rongfei, et al. Numerical investi—
gation an effects of reconstruction at probe support trailing edge on
wake[]]. Gas Turbine Experiment and Research,2017,30(1):28-31.
(in Chinese)
[17] & B8 fiss KPS EE M) b
1980:209-212.
CAO Yuzhang. Aeroengine aerodynamic parameter measurement [M].
Beijing: National Defense Indusiry Press,1980:209-212. (in Chi-

(Zk X1 )

[16] &

FE 7 ol Hh R

nese)



