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Analysis of Ablation and Thermal Insulation Performance of ZrO, Thermal Barrier Coating

Under Combustion Conditions of Hydroxyl-Terminated Polybutadiene Propellant

ZHAO Kun LIU Pei WANG Liwu LIN Zhiyuan
(The Institute of Xi’ an Aerospace Solid Propulsion Technology ,Xi’an 710025)

Abstract The ablation and thermal insulation performance of ZrO, thermal barrier coating with several different
process under combustion conditions of the hydroxyl—terminated polybutadiene propellant was studied. By the orthogo-
nal experiment, the primary and secondary relations between the influence factors ( matrix—thickness, adhesive—layer
type, surface—layer type and surface—layer thickness) with the ablation and thermal insulation performance of ZrO,
thermal barrier coating were revealed. And the result of this work would provide a design basis for the application of
ZrO, thermal barrier coatings to the field of solid rocket motors.

Key words Solid propellant , Hydroxyl—terminated polybutadiene, ZrO, thermal barrier coating, Ablation per-
formance, Thermal insulation performance
H AL EHRZ AR VAT AR B #8 S 2% 28

0 35

il

SE A B PR 2 2 SR TR vl o5 Rl A 14 P e
BHATRZ AT S RS SRARE S R e aR
T AR, 2 i 5 s PO v i S JE ke P 194 2 i A
BRI AR RETR | Se e 2 O AT
Sz BRI, R R B U R A SRR D M) 4R
PE B AR AR STBLX il P A PR AR, Al
BRI R — B I R R R A T Z R )R
(4 F2 ZAE T B AL B 1= S & R B R A L ik &R
Boes JHTHE S 58 AR RORHERE ST . W
AP 2 AR N B () B R A2 & S U, KRR
JEEH N 0. 1 mm; SALES HEA Bl oK A AL B
BRI R By 9K S 2 0 M SR
B T E IR — AL 0.5 mm'

Wk H #1.2017-05-11

PR A BB (25 A BBIL AR SR BIL BB s 2 3l
HL) AR PE (ANt s K s iUk be == IR A iR
AR B HLA B 37 58 BT ) E AR T B )Tz Y B
R AR R A 5 A S LT FAR
BN TRATAR A A1 Bl P 2 48 2 AR e sl BIL e i 7
7 FARRER 2 AR A9 BRIE A it 32 20 it R, R
BIFFEURJZ A BT fE B S T A4 RS 122 1 fE 0l RE A8 06 2
TCREREH o HSRORE ] A SRR 7 W A Dl AR U
JEBIPREL T, AT BT TR = B B Pk RE AN 5 1
RELEVERE , B T T TR R AR il | i R AR ey
TR PR ORI i AR o B BE A7, RIBE i
PERE . A SCERRS T 98 = 2H T A K e iR
A BT IE S, TF R T A A IR < T

BE—EHRN R ,1986 FHVE B850 4 | FEFRACKET ZSPIEIT TAE, E-mai Hilik 447302242@ qq. com

FHAMBLZ  htp://www. yhelgy. com 2018 4F 45 2 14



TIPSR T LA R 2 bt Pt Re i T
1, AR Jie S U )2 76 [ 1A AT & Sl AL 45 38 1 1
o
1 iR
1.1 REAR
FEHE/INRLTEMA K 7 K s LA Hh En e S b
WIZ B, R AR & Sl T AR = A= i ol il 4 Ak
FRZ R, AL A KT & sl A 1 i A <
XPAAEE TR Z R Be it S sl ge i R4 KR A shipiL
Yroh Rl iy st RIbERE—3 . S AL EE
ZHUNT R SIHLTAERE 0.9 ms, HEMEFI T =
HITE A S, R & i 18wt% AR = T3
R38R 13.4 MPa(20°C) , it A 1. 68 kg/s(20°C)
W R BRI 1 s, AR
T 3 FH T2 A T 7 A K A sh LIS A8 1 11
A7, R A& B L TAER ™= A R S A T e il

K1 R #n g
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Fig.2  Specimen size
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Tab.1 Specimen status

s FEMRERE h/mm K2R A(JE 0. 1mm) T =A% B T2 C/mm
2.5A 2.5 BOH) BG4S AL R A 0.25
2.5B 2.5 B BBA 4 IR E AL H R 0.5
2.5C 2.5 # PR E 2 OB 0.25
2.5D 2.5 H PR AL A Ok 0.5
4.5A 4.5 BLOE) BB 64 PR EME OB 0.25
4.5B 4.5 BLOED) B G & PR EEE OB 0.5
4.5C 4.5 H PR E A A R B 0.25
4.5D 4.5 | YRS AL B R Ay 0.5
1.3 RWig& iR R GEHEAT AL B IR IE O, D3 40 kW, AR I
I 46 R FIFf 1 Sulzer Metco A H] OM 5B 7 8 E 80 mm AR K 200°C 2Kt 40 ¢/min'® |
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Tab.2 Orthogonal ablation test results with matrix—
thickness, adhesive—layer type, surface—layer type and

surface—layer thickness factors

LRI KRR A MRIEEE peih)s Ry

K- WEB
h/mm  (JE0.1 mm) /mm /mm
1 2.5 Al Bl 0.25 0.21
2 2.5 Al Bl 0.5 0.72
3 2.5 A2 B2 0.25 0.14
4 2.5 A2 B2 0.5 0.64
5 4.5 Al B2 0.25 0.16
6 4.5 Al B2 0.5 0.74
7 4.5 A2 B1 0.25 0.18
8 4.5 A2 B1 0.5 0.66
I 1.71 1.83 1.77 0.69 T=3.45%
I 1.74 1.62 1.68 2.76
W2 Rl 0.03 0.21 0.11 2.07
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Fig.5 Specimens wall temperature—time curve
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Tab.3 Orthogonal thermal insulation test results with
matrix—thickness, adhesive—layer type, surface—layer type

and surface—layer thickness factors

Ko OBHMEIEEE KRR A RZ 2R BE R
R h/mm  (JE0.1 mm) FhkB /mm  /C (5 s B)
1 2.5 Al Bl 0.25 272
2 2.5 Al Bl 0.5 255
3 2.5 A2 B2 0.25 233
4 2.5 A2 B2 0.5 206
5 4.5 Al B2 0.25 104
6 4.5 Al B2 0.5 102
7 4.5 A2 Bl 0.25 205
8 4.5 A2 Bl 0.5 122
I 966 733 854 814 T=1499%
Il 533 766 645 685
WER 433 33 209 129

K5 F B, mivR A AL VR 2 0 B A B 2Kk
1 R AHCR B35 . IE BRI B 25 R 3R W, 52 0
SRS TR JZ R AR BE A DR 28 32 R Yk g A JEE
JE T EANS T JE R R SRR R AN B R R
S A TR 2 PR AR B 2, BERRRE | BR A
ORI . BT A LA IR B R AR 2 A%
WAHR ZERARZ | DR I AR J52 B 6 SR At U 2 P B A
PERESZ MR, THIZ TR0 TR J2 0 e P e A R
S, AR SRS 25 DBy B PR RE L T4 K R AL 141
By, TR K A, 2508 T2 I R R T
YR EACES A R 2 T2 IR R R R o i
KABXTR Z BRI RE 2 AN B 3 R PR
PR 2 R AR A 1] TR A R PR A AR 4 TR PR AR
FEEEE R E P AR IR R F A A B IR
G RPEATIRAA
3 g

ARSCE R T R = A AR T T AN T

AL IRTR 2 R R e R BRI BRI A, SRR

W52 ) S AR A U 2 e Tl 1 B 1) TR 3R S R AR IRy
WIRIERE RRZFN2E IRZFE RIS B 50 A
Al U 2 B R B 1 PR 2R R AR U A SR JEL
BRI IRBIEE SRR T2

S % 30k

[1] ks, HAFH. W 590Kk 70, k)2 M REXT H#iF 5T
[1]. ﬁ@ﬁulia,zoosmm :67-73.

[2] PADTURE N P,GELL M,JORDAN E H. Thermal barri-
er coatings for gas — turbine engine applications [ J ]. Science,
2002 ,296(5566) :279-284.

[3] UWE S, CHRISTOPH L, KLAUS F, et al. Some recent

trends in research and technology of advanced thermal barrier

coatings[ J]. Aerospace Science Technology, 2003,7 (1) .73 -
80.

(47 T2, BRI, XA M 2s & S pLEE 15 2 416
PR BTTEL T]. fias 241, 2000,21 (1) :7-12.

[5] FAR, 2RI, 45 45" R RS B TR A L5

TR AR AL B U S SRR [0 ] MR 1, 2014, 47

(10) :1-5.

(6] 8T, B IE, 4. RAF B TR 70, 1R 2
TESMERENTE[T]. B KA ,2007,30(2) :155-158.

FHMBLZ  htp://www. yhelgy. com 2018 4F 45 2 14



