55 50 4 45 3 0 fn=& B Vol. 50 No. 3
2024 4F 6 J Aeroengine Jun. 2024

— P e Bh L A T ] 5 BORT 2 5K D STRNA 8540 0k

R R, 558, L5
(ET TR s R4 5%, fr ] 361005)

FEE: OV EHRB AR BN B SRR Z N BB E R RECETE, ZRARBE LN R BN
ST HEEHEE K HFAR, HEAFHARF B R 2N NS HaRe, BF 5 XTEHNMX NS R aB LT RE S F (CFD)
HNRERTEBR LA RIR S BB ERGE, T E FHRAK NS E eIt CFD fF 2 S AL i 18 78 R 37 5 B0 b i oy #
MEESRREDS AR NERG, AL EMRB2H 7 A EFHARBATRIE., £REZNELETAT, AR H A
CFD 7 343 2 1y B 18] % B3R 2 4 20% UL A, ﬁfﬁ}i RT 42 OS5 o 7 3456 i, 0 05 18 i [A) o 2R3 1R M 0 A% JE i
#33%; K F SAL ARG B T ARE T R A, B A 18 An 2R 5 A o e TR AT o 18 N R B 3 A5 v Ry 4 e B DB 2, R
B 5 AR IKAFHY B ] % B2 B sk KR 2 M -12%,IE 52 T AREEFHERE .

KGR AR R MBI SRR e 2 R A

hESES V2311 SCHRFRIRAG: A doi: 10.13477/j.cnki.aeroengine.2024.03.019

Simulation and Experimental Verification of a New Time Constant Formula for Bare—wire Thermocouple
YUE Ling—ling, LI Xing—you, CAI Meng—yin, WANG Pei—yong
(School of Aerospace Engineering, Xiamen University , Xiamen Fujian 361005, China)

Abstract: In order to accurately determine the response time (time constant) of the thermocouple to measure the dynamic
temperature changes, a new time constant formula for thermocouple was derived based on energy conservation and considering convection ,
radiation, and heat conduction at the thermocouple junction. Two parameters, o and e are involved in the time constant formula. The
parameter « related to the surface radiation was obtained by fitting the CFD ( Computational Fluid Dynamics) simulated time constant of a
sphere under varying flow parameters; while the parameter e related to conduction was obtained by fitting the CFD simulated time constant
of an S—type thermocouple. The time constant formula was verified by simulation and experiment. The results show that under different
working conditions, compared with CFD simulation results, the errors of the formula are less than 20%. For a specific CFD simulation case
considering the combined effect of radiation and heat conduction, the time constant can be reduced to 33% of the case considering only
convection. Using an S—type thermocouple to measure the temperature of the standard high—temperature gas, the dynamic response curves
and the time constants of the thermocouple were obtained by loading the thermocouple and then removing the current. Compared with the
experimental data, the maximum error of the formula is =12%, demonstrating the high accuracy of the formula.
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Che g SRR 7y 2200 K)

R

58U /K T,/K 7, ls 7, ls E /%
(ZA%/mm)
0.5(025) 1940 1834  0.210  0.1119  -7.53
2.0(1.00) 1752 1671 07828  0.8265 5.59

DA FE AT L, A A A 4 755 0.5, 2.0 135 1 1
I B R BSOR T T A R A 2 TR R A 4 R A
Asf 0] 5 %% 0.3043 s 43 /N RIS R T 2.5 f5 42 A, Ut
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AFY R R A RO sk ] 250 5 el K, A )
ZIN  FAGEEL A 1 i 7 S () e e AR S AR 5 TS Y
AR5 22 75 8% LA N, bt BH RUST 562 22 A TR 2 5 i)
Ak,

IR A7) G T B A SR T TR SR 50 m/s, SF T I
R 2400 K, AR BRFE AR H T B[] 5% B50RE X6 158 22 DL 3
7o TE =0 s B 21, R i SR IR BE 5878 Ry 2200 K, AN ek
AR, B E A R R .

F7 TERELEZLETHEESETREE
R MIRE R 2200 K)

B) T, /K T./K 7, /s 7, ls E, 1%
1.35 1861 1767 0.2537 0.2540 0.14
1.40 1858 1764 0.2554 0.2551 -0.13
1.50 1857 1763 0.2596 0.2591 -0.18
1.75 1848 1757 0.2755 0.2766 0.41
2.10 1846 1753 03043 0.3055 0.40
2.50 1829 1738 0.3568 0.3521 -1.33
3.00 1808 1721 0.4395 0.4409 0.33

P L ) B 5 k2 R el i et s = R /s W ]
P ) 5 BORE X152 25 78 29% LAY, X 28 20K 59 5% 1
BN,
TR R B () B X R 22 MR 8. A T
LR S BN 0 A G i -3 Ol N2 WS T T8 S
BT T 2 8 h W 4 AN S AK T i 24 N B ~ 4,
) 1 AR BRI AR TR A 300 K, 7F 1=0 s B %1, SR i
AR 300 K E T % 2400 K, 206 Ui 8 S R4
k150 m/s, T2 PR A TR R 5 SR8 2 AR 1 )
T R i UEE 50 m/s, SR IR 2400 KR AR AR
JEh 1846 K, 7F 1=0 s B, ofe I AU B B IR 22 300 K,
O LA N, AR AR A IR R R B ) 3 A
FEL A )9 s 1 B A F T B 20 m/s, SR T UL S 1000 K
T HY R IRE N 945 K, 16 1=0 s B, SR SRR |
F+ 28 2000 K, > i A 3 EE 545 O 80 m/s, HL R A
S ek P8 S 5 B8] 4 AR R A 1 ) e T B A ke T
} 80 m/s, KU IR IE 2000 K T A FE AR N 1696 K,
TE =0 s I, R AARTEEE T 2 1000 K, S it A A
#8 KBERETRESMIEMRE
K
(m/s)

T K TK 7 /s E.I%

50 300 2400 1846 0.3407 0.3764 10.48
50 1846 300 300 0.3993  0.4724 18.31
80 945 2000 1696  0.3098  0.3222 3.99
20 1696 1000 945 0.5646  0.5214  -7.65

JEREARZE T 20 m/s, B B MIR R E .

N8 HRT UL BRG] 1,2 F8 B TR) B0 X iR 22 43
SR 10.48% (18.31% , 1T e A2 FH 78 M 38 7 88 ol A
FMEE TR 22 0 AR 2 TP, Bl T I R A
FEEC D) AR B BARSAE N ET A, S 80R
Zit— R B3 4 AR X ARG IR 2R TR,
FHIRZEHIN IR IR 25/

25 bR AS S S Y 1A B RRAR B
[E1] 5 502 2SR RO 1 B T R 8 =2 ) ) 1R 2 A
20% LAY o Bf 8] RO XHR 22 0L 9, 8 Tk — 2 16
TIEAE XS A F S 3 T B et CRCABL AR A S A 4 e
MR, ()P Q,,) U E DL &
AT SRR AR Y B I 100 T 2 2 e L Ak
R 9 iy s AR ARIT a4 R 1 ~ 5, B
17E 0 s I, 3R 37 5 B8 B 2400 K R &R 2200 K, [a] B 4
Hi (B S T8 11 634679 W/m? i HG f ; B0 2 3760 s
B, ok 7 TR EE £h 2400 KR % 2200 K, P45 i 5351
75 54 1200, 2100 K 52451 4 497 44 16 4 300 K, 7E 0 s
AF, A IR H 300 K T8 54 2400 K, 33 2 M 0 m/s $2
11 2 10 m/s; B S R AR TR R 50 m/s, SR RAE T
h 2400 K BOFE SR BE K 1846 K, 7E 0 s i, 44 34 3t ok J3F
TR BE 4390 H4CA 10 m/s #1300 Ko

#9 MEEHEREE

N o
SR ST
T. K . WEE TLK TK ol ot E L%
(m/s) W/m o
K
50 1846 634679 300 2200 2056 0.2491 02721 9.24
50 1846 1200 2200 1801 0.3042 0.2925 -3.85
50 1846 2100 2200 2136 0.2385 0.2459 3.10
10 300 300 2400 1658 0.5793 0.5754 -0.68
10 1846 300 300 300 0.7650 0.7683  0.37

A HRRT DL, G 2 LR A T RSk AN i
A R 25 F R (R B ) R £ 0.3043 (575 3.3 T P& 14>
BT 18%. HN(S) AHE S R AT 0, SR GR
SFEAR B S B ) B BORAFAESE 0, T AR S A e
B3R 5 1753 K TH i 2 2056 K, 5 2546 1 48 5 20 Y
S 1 R, 33U 38 43 U B T 9 T A 6T B T G )
A EME o G B R M AR SCHE S ) ) A 5K
FIVERR I o 2 SORT T 2o A8 20 55 3 3 RIS R W
T T S L, T AR VR

EFRTTHT , ANFERELELT L HL
#10.



553 IR IR AT  — R AR (R [R) 0BT 28 2 5 AT 56 960 135
®10 AEHRERIETILE KRR SHOLE N2, IRRIRIE TR 22 M +35 K, &5
8 T, /K T, /K /. /. VR 22 FEU) 2 3 LY 1R 25 X6 N 1) 248 PR 7 TR 22
1.35 1861 1767 0.73 0.30 A .
SRR BERRE , ANBERT R AR AL

1.40 1858 1764 0.75 0.31
1.50 1857 1763 0.79 0.34 F12 RERRSHRMKSSH
1.75 1848 1757 0.89 0.45 g M BV WY R Tt
2.10 1346 1753 1.0l 0.64 S ASUnin) ASUmin) ASUmin) K w0, N, HO
2.50 1829 1738 L11 0.82 015 609 1929 0 200235 4755 446 6815 2690
3.00 1808 1721 121 0.82

NPT UL Bl 7 BRAS LR AR L 1.35 4R /5 & 3,
BREE AR BEREAR 58 5 300 BTHER A £, B 0.73 ASWT 3 fin
F 121,35 00°T 66% , B AESCER AT i AR B ] 5
BTSSRy AN P RN I ) ) [] 5 & (z=pVelhA,) 11 0.66—
0.45 £ (1/(1+0.73) =0.66, 1/(1+1.21) =0.45) ; T $4Ji
(14 5T R AEL £ FH 0.30 AT /i 5 0.82, 84011 T 173% , ¢
FRS IR IR ZRAVE IR, SR A A Isf (1] 5 5028
R JE K1) 0.49 ~ 0.33 4% (1/(1+0.73+0.30)=0.49, 1/( 1+
1.21+0.82)=0.33) . LRt B, 46 49 300 5 F: 34305
FEDS /NI [R]HE P o RN AT 2 . S T iR
A5 100 W A S AR RROGT EF ) R 52 K 3
151 55 H 2% it (R s ) 1 BGHEA T T8 b, AR 11

11 REEHLAKXAIRIE

. X R]
alhas . ls 7, ls o
1 0.3043 0.3055 0.8108
2 0.3228 0.3232 0.8064
3 0.3406 0.3427 0.8017
4 0.3701 0.3642 0.7966

MFer ] L, H 2 xR A5 20 i a) H R S 0 B
Ao ] 55 52 ) (A5 22 0 166% ~ 115% , 1 B 2% i f5 5
G A DA

4 RIGIEIE

kTG E I R) RS SER P AR SCRABRTE N
1.428 mm 42 47 0.51 mm #4282 300 mm
1) S HU AR 2R P e A Ry I X 4, SR L) a2
Sk PR A I R AR A ) LR R 443 R
(14 R TR RS0, XTI B L (R 3.4 .5 A3 P T4 ) 1
PR S TR S A I AT T,
T AL B ] R R PR EE N 0.1 MPa, E IR
24 °Co R B N R SR LiPY A O i AT AR
I AR B (SL/min) SRR S Ik S8

SR 1Y 2 L AL A A 0 R B B0 2 ot e
& 9 it 715 (% J Keithley DMM7510 L {37 2} 26 I 42 Hy,
JE, AT I A0 2 e AR R

1780
SRR FAA B, T
XA 1m0
+0.4 Ko 5 CFD — 8, i =101
MR 6320 B 0 S
IR B, A8 0% 3.4, o ; )

t/s
9 HMERNEEE
AL

5 A BYIRIE thZeab #5313
ol T 50 A9 B[R] R B, T S
R A T A s ) i B
PEATRE B S 56 BsF [ 5 50OR X 152 22 DL 3 13 (R i
25 Ry I YL E AR Ak 63.29%+0.4 K KR B I 1] Bl
25) o PRSI H G0 % B0 F (kB ) 5 M I AN K LR
TACAEANAS | 3 Fh T30 B R[] # B L —
#13 AR EEHATIRE

RER/TLERVTLN 7, Is 7, Is E 1%
3 1.0934+0.039 0.9891 -9.54
4 1.0719+0.024 0.9857 -8.04
5 1.1158+0.017 0.9819 -12.00

K R A

e eI WUR/NS= g = R D (LT e b
FRRARZE N —12.00% , B 23 AR B8

AR SN i) B SR I G R PO R B R T
L, U S 250 2 A 5 M) 3 AR AR R i 4
PFR BTN b X T i e U L SR A5 A i X
T Ao 223X, AR SO I 1) R A S n] 3

5 R%

(1) 7> A T RN 07 B 45 SR A 38 B AR 2 S ik
oS B fH I R AR )RR AN R R
FEF7 IR ER , RS TR DA SR R 4 R, A
%A A B (B R BIORS SRR AR &, R KRR 2N
18.31%. FE iRz TFE ¥R MR EE R MR
LS ON R A S C N S S L E L M R v
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PEmS 2% o SRR 05 B O RS B R e T 0TS R
DAL 4) PR R R i 4 A0 2R T DA RRAIR 2 U R 25
3% THT 8 S J5 A 5 AR B R AT AL r (88 190 ) V) 850, 7
ST IR 2400 K748k 2200 K, K9 34 JE 50 m/s AN7AE
BTG BRAR AR He i 1.35 890 & 3, 26 1t 46 5 10
i A8 {8 0] 55 50 0 TR 8 66% ~ 45% , i 5 Al 4
(A 25 A5 52 T B8 1l Ao 1] 3 % Sk ke 114 49% ~ 33%
X BT S R S BT A U AR R O A
TR FSF 1) 8 50 ) S M AR K

(2)0 TR UEA RS B, R S B B i T
FRUE KA B IR SR e T 3R & T,
J5 LS A A R I TR S A R R AR A T A
1R 5 45 3 56 s [ % 505 2 s ] o 5 2 ] 1) e
KARZE N —-12.00% , KrAIE 1 252 A0 v Aff B 45 v
S £
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