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Table 1
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Temperature values on front and back surfaces

of high temperature resistant thin metal plate

Time/  Front Back Difference/ Relative
s surface/C  surface/C C error/ %
100 1 000. 0 998. 3 1.7 0.17
125 1 000.0 999. 6 0.4 0. 04
150 1 000.0 999.7 0.3 0.03
175 1 000.0 999.7 0.3 0.03
200 1 000.0 999. 8 0.2 0.02
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Table 2 Pre-set and controlled temperature values on

front surface of nanomaterial plate
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Table 4 Comparison of thermal insulation effect between

light ceramic plate and nanomaterial plate

H, (light ceramic H; (nanomaterial (H;—H>)/
Time/s
plate) /°C plate) /°C H,/%
200  313.9 175.8 78.6
500 398.9 249.2 60. 1
1 000 403. 2 256.3 57.3
1 500 404.0 257.7 56.8
1 800 403. 3 258.3 56.1

AER G X L a5 3R . R 18] 6 AT UL i 2 TR B2 [A) Sh
1,000 °C i » 44 K A4 kA 19 ) 2% 1 i B2 CHL, ) 22 1]
AR TR B R B AR IR RE (HL D . SR 4 B
B0t TR AR AR AR E Be iy 200 s I 2 A o

rﬂS@@r@r%m&mlmoﬂTEﬁ@%
W R ) B 9 BRI

56%. E%Tﬂmﬁ??ﬁwﬁgwwﬁﬁﬁ
AR 1 596 G A A S DRI K 44

Mﬂﬁmiﬁﬁ%ﬁ%ﬁ%\ ol LA
MERHE. o \,,

7 o s T 25T 100 °C 75 4K bR
PRSI 7 T 2 IR A b

R R SN IV FUR R 8

200 nm

(d) 1200 C
& 8

(b) 800 C

(e)1300C .
490 K A i 3 7l e i

,(é)im/ﬁ):ﬂ’ﬂ?f’r(l 100 C)
Fig. 7 ]&formiitlon after high temperature (1 400 C)

w@é T R A 27T 3

Q@a{x R L MO . T ALO, 41K b
Y 5 2 L EE CFL, ) % KRB0 GET N ORTEL P AERE A6 1200 °CRE BB R K [N

AL O, Gekbt B — e 1 200 °C LA A9 FAFR8E
(o P B 3 L A O A B o 7 R
FHE 4 7 S 010 20K R 40 7 22— 7
B 0 A 2 R B 1 X BB
V18 45 th T 9K AR B 7] 36 P 3 o
FE B0 B8 F . IO 2 JSM6010 (JE-
OL, Tokyo,]a:x;]:flﬁ%rjﬂ 20 kV., HHIE 8
AL AL K6 SR S B BLHE 91 £ 7 I % 1
Tkuﬁﬁ%zﬁﬁ‘é/fﬁ?lwocﬁ,

)
=9

"',j’ 200 nm 200 nm

(c) 1000 C

200m

(f) 1400 'C

Fig. 8 SEM micrographs of nanometric particles changing with increasing temperature

221636-5



Al Oy 9K FORL ) /NG 25 % A B 8 A8 1k (L
8(a)~Fl 8(c) ), HWELF 1200 CJa L
Bl 8Cd) )y A /N BUkE il & P B E — e, 2B KOk
RO B K1 R ol R IR L R 8] 1) L Tt 4 7
Ko B EE—LHME 1 300~1 400 CHT,
8Ce) A1 8 () A I JUAE A= K 3 B 8 fin b, ks
SR RS AL R B 25 4 K

Ak B R T AL Oy 90K RS
MG Je By R, B9 LT Ak A R K T

MR

(d) 1200 C

YRR ¢ s SN
(d) 1300 C

©1300C
"
9 AR BTRHR & 2 L
Fig. 9 SEM micrographs of cracks on %ﬁ<§\é4ﬁ nanomaterial plate
O |

S5 EY £ 5 5

FEASTR R B T B MBI R S g L. W
’l9Ca) ~& 9Ce) Al WL, R BEAIR T 1 000 °C I, A4
KR MGOR R R . HiRE EFHE 1 200 C
Ji > FETH B R (B 9(d)) . Bl 5 I E—
HFFE R 1 300~1 400 °C . %4y iy % & 1R B A
B E B BN AL 9 Ce) A 9D, B T8¢k
RGFE) 280, X 2 52 40 K MOk 3 0 5 4
R IR BRI R 8

B10 25 TAEAS RN AR T . il

100 wm

(¢) 1000 C

100 pm . 100 um

(f) 1400 °C

N

(e) 1400 C

10 gk b AL T 4 i i A
Fig. 10 SEM micrographs of fiber in nanomaterial

221636-6



fin =

#

#

ALOs YA . SR /N T4 T 1 200 °C
iF, 1 & 10 Ca) ~ 8 10 Co) 1] WL, B4R 8 AL O
SIS BAT BEA, SR EHEE 1 300~
1400 C . f & 10 Cd) F1IE 10 Ced A WL, 38 43
ALO; S T —E MBI L .

G KA A A7 it 9 1] 2 W BRSO i K
T MBI K 53 1 B i S AR SR S BB
GROC. AT AR RRE I 45 AR L E 20 5 i
e BN AN AR A AT TR BRI AL HE

(RSN TR NWEELP N S T S ]
)k B AR AR O, AT T T s, B 1T /R T
K2 BRI DL S 28 2ok o 0 Ak 331 1 I 2% 1
JE R 2 . R 11 AT L R & BRIR I 40
KRR 26 TR R BE i 4k C) B L g ad BRI S
g I B 2k C, IR, 765 SRR BT B,
R 2 BRI 40 Kb R Al S 2 T LB Tk C) M
T—&ﬁ@ﬁ%%@%ﬁﬁ%ﬁwo@%ﬁ;
I 100 s [ ] ﬁ%ﬁéﬂﬂém’wﬁ\ﬂﬁ i (1)

@ "\ \ Ty
’
1 600 \ X
Front surface temperature 1 100 C
1200
o
= Nanomaterial
s plate
5 800
a
£
Qo
=]
400 After dehumidification (C,)
- - T T
Y o
( Without dehumidification (C))| &
P — 1 1
0 600 1200 1800, »
Time/s \
300
250 Back surface temperature after
dehumidification (C,)
2 200F
j5}
3
g 150 F
g- Back surface
5 100k temperature
= without
dehumidification (C))
S0F Phase transition
0 100 200 300 400 500
Time/s
11 BRI S 28 2K A4k b 2P R 0 X L

Fig. 11  Comparison of thermal insulation performance
of nanomaterial plate before and after dehumidi-

fication

vﬁf
A
N

IR 3T DR e 78 Sy A I AR i B8 A
AR o R S A R o DAL I 2 A S e R AT AR Y
ol D R A SR AR A I iT LA I A B AR R R S
T Ay 0 S5 AR S Bk R iR R T o 7 AR A iR R
AT AT S — I [ B P A e g B A R A AR
DIEANi IR

3B

3.1 ARTEER

AR IUANSY'S {4 e 37 A7 B C A5
290 Kb A KR DA Bl 0 4T R T bR B
oD ML M 12 R 6 4K b A
A B T R R 5 mm X5 mm X

03 mm, FORERIS R 6 T 8 T 4 (G

e el Solid70) . HTE B ECH 2 000 45 4 HOh

2 541,y T a0k O T P9 IR O3 A B AR — L T L
AN T THT N RS A PR T B IR T 1) 4 1
WLy R 2 — AL

WLEE T o0 6 B AR o 2 LT
BRTR. o
N
oT _ o (,21x
Mg?f&@%ﬂ (D

o\
KL BN R M p IS G, T
B60Jy 400 T 0 8 B4 0 0 1 408
S LA BT SR A TR R

O\, TR 7 1) 9 S () 3L 5 12 2% £ RS )

TR AR BN AR AT IR . £ 5 4k
B b A FIEE T B SR

Nanomaterial plate

~—

&

Cuboid analysis unit

Finite element mesh

K12 A BRoT R Rl 4y
Fig. 12 Finite element grid

221636-7



fin =

¥ W

RS HAMBEDESH

Table 5 Physical properties of nanomaterial plate
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High temperature thermal insulation performance of light
nanomaterials for aerospace craft

WU Dafang * , REN Haoyuan, WANG Feng. WANG Huaitao
School of Aeronautic Science and Engineering, Beihang University , Beijing 100083, China

Abstract. The thermal insulation nanomaterial is a new thermal protection material with excellent thermal insulation per-
formance for aerospace craft. Using the self-developed transient heating simula{'\o{}ystem designed for high-speed aircraft,
the high-temperature insulation performance of the Al,O; nanomaterial 'Q;mcgstigéted with the experimental method and nu-
merical simulation to provide important references for the thermal pro;e@)g désign of aerospace craft. The results show that
for the Al,O; nanomaterial plate with thickness of only 10 mm, V\é en\ front surface temperature was 1200 C (1800 s),
the temperature difference between the front and back surfacxe}s\lfue’s 880.9 T . the back surface temperature reduced by
73.4% . and the thermal insulation performance was &iﬁvﬁ\}comparison between the nanomaterial plate with the light-
weight ceramic plate of a space vehicle shows thabgitg erature on the back surface of the ceramic plate was 56 % higher
n

than that of the nanomaterial plate. These re%#téai ate that the Al,O; nanomaterial has excellent thermal insulation per-

»
ormance . and is thus applicable in the otg€tion of spacecraft and hypersonic vehicle. en the temperature was over
f d is th licable in th ép( ti f ft and h i hicle. When the t t

r

1200 C ., it was observed by Scann)\(; ecfron Microscope (SEM) that Al,O; nanometric par{{les accreted rapidly, and
the size of the cavities betwee\n o) ficJ increase significantly. The fibers inside the material(\\hs e’found melt, and the num-
ber, depth and width of craéié%g ,e surface of the plate increased observably. Thi e\'fe}fe'ded the thermal conductivity of
the material surface. In a\dh}};orf, when the temperature was higher than 1 200 C #large éeformation due to shrinkage and

bending appeared on the edges of the nanomaterial plate. Experimental results de#lonstrate that the Al,O; nanomaterial

&
. V)
should be used at the temperature lower than 1 200 C . \‘%v
\ \jv
Keywords: nanomaterial; high temperature; thermal insulationype, foirgnce; aerospace craft; thermal protection material
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