539 % 5113 M= N FEH Vol.39  No. 11
2024 4 11 H Journal of Aerospace Power Nov. 2024

X EHS: 1000-8055(2024) 11-20220425-09 doi: 10.13224/j.cnki jasp.20220425

BETHROLMPAH SR A IEM R SRR
o 75l 328 43 A

T, BoOF, 3 A, ZHAR
(W R I Tl K2 BRIRRLA S TAR2ABE, WA/RYE 150001)

i B RO PR A WA T R, S A% 1 SR R A R A SR, 8 R [ O Th R B R I R
T BT | 6B AR S S B0 OB AR T R e, S o MR OE S BORORE R ST R A TS .
— &, G A ST IR T S IR R BB, X I A I3 1 1 AR B R i PR R AT AT . AR
N S B i R R 2 I, R B I AR B R AR S R T R R, RO R 22 /N T 2% T
A6 S B I 2k R b, B0 A T B S 3 ST R R SR A S R XS DN T B 800 K I R 25 5 1% B, IR
R A BT ONT 2%) , 2R K SRR 22 5K . Y bR R SR T, Rk G R R S AR A R
0.13% A, XoF 5 4 28 B0 K 40 43 Tk BE 3 4 1 2R 010 B S, il i) T A 1) A 2R B0 S 3 i 22 T AR

x B O SmSEAR SHREEG BOME; BRI, BRSIR

RESHS: VI9; TKI24 SCHAFRRRD: A

Analysis on transient test of thermal conductivity of

anisotropic materials based on laser heating

ZHENG Ningyue, CHEN Xue, SUN Chuang, XIA Xinlin
(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Considering the transient process of laser heating sample, the heat transfer model of
anisotropic material was established. The influences of heating time, spot diameter and other parameters on
the temperature rise of typical materials under different laser power and sample thickness were discussed.
The reasonable range of laser parameters and sample size was determined by analysis. Furthermore, the
sensitivity and influencing factors of the transient test method were analyzed by combining the
identification model of thermal conductivity inversion based on temperature rise. The results showed that
the inversion errors of thermal conductivity, heating power and surface emissivity were less than 2%
without considering the temperature test error in the experiment. In the actual test process, the initial
temperature field uniformity and emissivity had a greater impact. When the test temperature was 800 K
and the error was 1%, the inversion accuracy of thermal conductivity was high (less than 2%) and the
deviation of surface emissivity was large. When the emissivity of material was obtained and the non-
uniformity of initial temperature field was 0.13%, the deviations of axial and radial thermal conductivity
can be reduced obviously by simultaneous inversion of thermal conductivity and correction coefficient of

initial temperature field.
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Table 5 Inversion results and errors

SR FLSH S, RZE/%
A,/(W/(m-K)) 7.81 7.72 1.15
A/(W/(m'K)) 2.00 1.99 0.50

& 0.86 0.87 1.16

q/W 5.00 5.01 0.20

12 — ; ; ;
SR T —=— 51
10 = R —— 52
—— 553
8F —v— 154
——M 555
¥ 6f —— 1 55,6
=
<
4 -
2 -
0 -

0 10 20 30 40 50
s
Pl 8 S dme DA Xoh o7 1 FEE 7 i 22 7 2 ]
Fig. 8 Inverted optimal solution corresponding to temperature

field deviation diagram

3) ML 1R 2 %o B JHOR JBE B 5 i)
P T A P A 5 R 00 S0 2 AROHE 32 1) A,
BT IREGAE—ERE . R LR

S 1, AR DN AR T S ABEHLER 22 4F 9053k
S 5 P T AT B
AT ;= AT+ 6 XL (11)

Hp iR 2% s iR E N 1%, ce(0,1) . R iR

TTERFAEE 2 09 A A, &)1 g 3K 4D SEET R
BOHER, TF RN S HUE AR R 22 0038 6 TR .
AL B AR, A, A, M g, IR IR 21T
INT 2% fH &) IR ZE A 16.28%, X ZPHh#E
T A5 R E TOLE S, RIR G5 AT R4
PR ZE o[RBT, FR T RO R A A AL
FEARE 5], e 2 T /INIR T 5 R ) e A
JIN, (A ST A S SR DL A R R . 7 e B
H1R 0.86, X Ay 3 A S HHEAT R AT, W A,
A, 1 RS BR8] T E— 28, ¥/ T 0.5%.
PRI I, 1 SR FH HG At - B AR B3 1 & 3 R, AR SCJR
SR AN LA T B R

*6 ZENEREENRREERRIRE
Table 6 Inversion results and errors considering

temperature deviation

Jrdi et WRE/%
U e mabk BEPR AR
Ku B kR BA
A/(W/(m'K)) 781 790 778 115 038
A/(W/(mK)) 200 201 201 0.50  0.50
£ 086  0.72 16.28
qJW 500 499  5.02 020 040

it

ZH

\

4) PR R B S A 35 ST P 6 B JEORS JEE 1) 52 )

FEM R, BT BRI A 5 4 ik 20 I a7 B
LI AR RRIR 2 A B AR 5T M, R R A
2 750 s I Y IR BE VR R0 46 1R RS 7 (S BrRik 31 )
AT BT AN 800 s) , LH kAR Y 3 R A K i %
K 0.13%, Bl =0 i}, T#T,. #RE T SCHm iR iR 2
ZEXT R ERG BE S AN, T R T R ST RS AR,
DA FE O R 25 H T & SR O A oL T
AT R BER

B TR R i S B /D, B SeR )
W] 46 5 FE 3 — G-l X PR AL BABEAL, X AL A, g,
X 3ANSEGEAT RPN . TR B, BIA
YR BRI EION ) 1R T B S HEA T I, R BB B R 4]
il R AR T 1) AR AU, 3R R T(r) =ar” +
br+ ¢, FEMATPITESEL A, 4,0 g X R IHZY
REH a. b, ¢ 5F 6 NSEEHAT ROEPER . HFR
SRR E NI T,

SRR, ARG IR B 3 0 34 5 R B X I
HELE AR K . AU OGP = | )
I R 3 A SEO R, 3 A SE0N R
T R 25 B KT 20%, Horbr A4, #4122 43 0 i 36
38.28% Fl1 25.50%. 5 AU EESHIE IE s, 341

20220425-7



IR DA

%39 %

x7 EFEVREBEHEHINRESERRIRE
Table 7 Inversion results and errors considering inhomogeneous initial temperature field
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A/(W/(mK)) 7.81 10.80 8.47 38.28 8.45
A/(W/(mK)) 2.00 1.49 1.93 25.50 3.50
q/W 5.00 3.79 4.83 24.20 3.40
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