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Abstract: A one-dimensional convection-thermal conductivity model was established, and the
thermal insulation effectiveness criterion of the thermal barrier coating was obtained through theoretical
deduction and analysis. When the thermal resistance of the coating was greater than the heat transfer
resistance of the high-temperature gas side without coating, the coating could generate a positive thermal
insulation effect. On the contrary, the heat transfer coefficient for the external gas side after spraying the
thermal barrier coating (TBC) had a maximum critical value. At this time, only when the external gas side
heat transfer coefficient was smaller than this critical value after the TBC was sprayed, the TBC could
have a thermal insulation effect, otherwise the thermal barrier coating couldn't work, even worsen the heat
transfer of the blades. The temperature-drop of the TBC itself was proportional to the temperature-drop of
the outer surface of metal blade with or without TBC. And a new evaluation standard of the thermal
insulation effect of the coating based on the outer surface temperature of the blade metal substrate was

proposed.

Keywords: turbine blade; thermal barrier coating; thermal insulation mechanism;

temperature-drop of the TBC; effectiveness criterion

%5 B #A: 2022-05-06

YE & 185 A X(1997-), B, Witk A TFEIAE I SRR 2 B A RERT A

B AE1E & - MPERE(1998-), 2, 1A, TR NTRIRAE I i R0 3 AR 2 45 7 TR IESE . E-mail: by2132127@buaa.edu.cn

SR A8 I XM, FLIRRE, ZRIGIE, 55, SRR 2 BRI 0T B R0 2408 L], 4S80 712441, 2022, 37(11): 2430-2439. LIU Yang, DU Zequn,

LI Haiwang, et al. Thermal insulation mechanism analysis and effectiveness criterion of thermal barrier coating[J]. Journal of Aerospace

Power, 2022, 37(11): 2430-2439.



%11

X PRAE. IS TR)ZREPHLEE S b B R 4 2431

e L i R sh LM RE I 25 A F8 bk, Ml
RANHLAE RSN, R A1 0 RA5 58 /& 1 o
8, 10 IR R W S, 2 AR
R HERHIBOR O e A M R R R TR, w20
FEM R T B NI VR 2, 18 0 i R R T A
FIBEL A 2 B A AR, 1 4R v A A R RE T o
PR R 2 0 AR B ' A LI B 1) T v 3 L T
okt RS R 5 S5 B L T B E A RN FE . PR AR G
SCifk, TR A 250 um (PR U 2 RE B 0 e 4
JE TR PR AR K29 110~ 170 K, MR EE 2 5 i &
4 W) 7R L 8 1 o 3k B K A K A TR EE 30 4R
PRI, AR e 3 A B AR 22 B ) I T

85 BL [R B, 5 5% 2% BH B0 1 J2 52 B B 4
SR 5 T AR5 K 5 TR, Prasert 25 38 1o B0 (E A5
PUIT LI K AR U J2 5 R 1) B AR G S A
W, A 30 K 22477, Maikell 5551 X} #4 B
WRIZBR S eI R AT ab AT T AR AL
B, 45 5k IR 20 S R 4 T R TR R A S
A B G A, H R 2 3 T L A A W gk B T
T o RIS, #AR VR 2 A SE PR N R R ISR Al R
ANE T, PSR 2 B 2 5 IR B e A
() 7R L BB T, 2 BB S S L AN TR 2
JI 9 A5 N ) T I AR S A IR 4 0 PR R
JE AR B2 N BHEE 2, S5 5 4 R R A 3R
i Bk 28 B — B, TR A2 S A1 S i, S
FLF Ui T B AR, 45 A T IR AN YA AR AR
KGR Sy, = E 5 & A U2 B U2 Wik
if PR o3 S AL, SR LR AL, SRR R
AR, R I R 2R A e JROR s R R S
KATRAF T WA KA SRR Z RO, WA
WA 3 BEAS I U121 Sundaram 25U AT T R
WFE T R M S 56, RIS T S XIS FL 3 2
XSS H A PR A R . 25 R, B HIRL
TR it 5 3 2 LB AY B4 0 T v 55, 5 AL
FEN VS HIBURFEARL 30%. FL, F5 38 W2
B AT, Bk 2 PP TR U 2 B AR o T e
RV H 7 I T A

AP 2 1 B PO DL S e TR e i e A {4
BHIH LA HIRCR N DIk R 22 H A 83
AN e TR S AL B R EN R SE R . X2 i
T U 2 W AMLER () BF 5% R A TP E WA Dy T, —
SERFICIRE B B RRARCR, W BB RIRE A
EYRORH P | S5 AL L JRE R A X B AR Y R
AL 2 L R K2 e 7 L AT AL 3 o B 28 X
P T R S0 I A A5 AR U 2 1 B AR 5 R
WIRZRIE, SRIZREELEMX, SSREK

MVE AR AR . X F IR 2R, W2
JE BRLASE JEE JBE Uk )2 e AR OO T A 1) B AR
T . Padture 251 #2 ) 100~ 400 pm J5 Y #4
B 22 1) (1 FH A 4 i SEAAR TR B A 100~300 K.
ORI IR R S AN S EAN N e A
F L R VE R AR o W R 2 S 25 7 A AU 2
ST T — o o AR SR Y — 4 B ALY, S BT R R
TR S HOS B PR B2, IR R RS
W, WP AT IR IR A = AR e AT B R L
13 B ARV 2 1) B A0 B BB P U J22 9 A R T A%
P22 BRI L B 1 4 o i 398 0, L B U 2 M
VA H AN T PR BR 1 n  FAAER DA B AR A
AT DA 3 ARV H R, AT T R
H4518 . Huang S5 WF5Y N E0% AN S5 470 JR A TR
J2JREJE TV H 23 A X A B U 2 % T I T 25
AR, A AR TR B R IR R R, %
H 3K T PR ¥ A A5 R AT R A BB R
Davidson %0 3@ i3 45 %% Bi. ZERIK RS2 56, A3
SR BE AR 43 AR i 4 S FEAR R 1 )22,
SR FH LA MR AG ORI LB R A B AR 7 T B D0
WFFE T AR P EB IR EN A F T AR IR J2 I B AR,
R =RV AR F M R 2 B HIR0E, HiR)=
B R 2 Bl A PR YA 20 AR 0 3G KT K, )
B, PABE IR 2 AR R 255 v J RO A R T,
R7E 5B HFR A 1R -G AF 5T h &3, S
R ENFNRZ LR A E RO A K

SRR 22 25 3 T AR 2 1 B RO AT T
—E WRF T, (0 H AT OC T IR 2 09 8 F DA
FRUEAAAE LR ). DY 1R R )2 A SRR R
— PP FL R PR, T & S LR BT (G
O I SR R R, RISV U 245 SR i i e 3
PR IR T R, PRI S B N S TR B RO A A A
REHH . QW ZRMHLILH LB FTRA TS, T
J2 AR S LA A B B B AR Y, (LT 23 1) A4 B
ST FE I N SNSRI — AN 4, M RTVE
ZMR N ER—HRBZEE . FMARBERER
Xof B BRI B S ), SR ANE PERIF A L W] i R
SN IAIL [FVE T, Slb e 1T

PRI, AR SCCKS R 2 11 5 A ) /50 v TR < 48
L HPERAHES H S R EIAE A G, BRI AR,
P U 2 B AAHIL L, 44k T R R e U 2 B ARk
RMCHZE, I BRERRZE A BRES AT
WRIZ R A R 4 JE SR A 2 R 2 R R R
P Rl T TR EACREM AL, $ TR 2 A 8%
PER SIS, 38 F00 7 108 203 R 3T



2432 o= 3

% % 37%

SYRBE RSSO, BE T IR R A R A 4 LR
B be A~ & B

1 RERERBNIEELES

11 #ERERAEISER

TE IR FE R TR BRI 2 B9 SR BEAR /N, TR T
li] 4 B b e /N -5 A D5 1) 68 ROS), PRk mT LA
3 b — AR R R A UL P U S 1 T e v A TR
Yo PN —4E TR 2 R BE R A AY, XF T i
— YRR PRI, T, T, 7059 g Jo R b g il 8 <
FIVE TN RIELIE , hy D PRV M SR T 1 R 2R B,
hy R TR = IR SRR S AL IR WA
U J2 Ik SR SRR N 2 T A% R R B T, AT 00 5
R A TCURJZ I G Jm AR N SRR, T, FIT,,
IR RN AT TCUR 2 I 4 S S A S R TR, T,
FORURIZANRUL L, PRI 2R d, T4
FROA, IR R IRE N d, FIRRBON A, .
TEVZARETY F A7 A A RO R A 4 5 it R Ry
R EEIRZ S SRR SRS
WA R L A

P14

Fig. 1 One-dimensional theoretical heat transfer model
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x5 BSHMENTUER (u =40 W/(m?-K))

Table 5 Change results of each parameter with 7] (h; = 40 W/(m?-K))

R /(W/(m?-K)) T,,/K T,/ K ATi/K ATH/K TR LA RS
1 304.127 312.46 8.333 131.236 0.063 496 297 0.063 492 063

10 352.394 396.796 44.402 82.969 0.535163 736 0.535 147392

20 371.207 429.668 58.461 64.156 0.911231997 0.911 196911

40 385.922 455.378 69.456 49.441 1.404 825954 1.404 761 905

100 397.746 476.037 78.291 37.617 2.081266 449 2.081 128 748

1000 406.403 491.164 84.761 28.96 2.926830110 2.926 587302

10 000 407.348 492.815 85.467 28.015 3.050 758 522 3.050514 451

100 000 407.443 492.982 85.539 27.92 3.063 717765 3.063 486 871

x6 BHHMENTUER (=10 W/(m?-K))

Table 6 Change results of each parameter with 7] (h; = 10 W/(m? -K))

1, /(W/(m? - K)) T/,/K T/ /K ATI/K ATy/K TR H A TR LB
1 304.127 312.46 8.333 65.221 0.127 766 0.127 758
5 333.099 363.08 29.981 36.249 0.827 085 0.827 068
10 352.394 396.796 44.402 16.954 2.618 969 2.619 048
14.2857 362.413 414.302 51.889 6.935 7.482 192 7.482 961
18.5714 369.347 426.418 57.071 0.001 57071 1459 181
22.8571 374.431 4353 60.869 —5.083 -11.975 -11.9729
40 385.922 455.378 69.456 —-16.574 —4.190 66 —4.190 48
100 397.746 476.037 78.291 —28.398 —2.756 92 —2.756 89
1000 406.403 491.164 84.761 —37.055 —2.287 44 —2.287 38
10 000 407.348 492.815 85.467 -38 —-2.249 13 —2.249 07
100 000 407.443 492,982 85.539 —38.095 —2.24541 —2.24531
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