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Multilayer Insulation Materids and Their Application to Spacecrdts

Jiang Jingshan
( Bedijing Inditude of Soacecreft Sytem Engineering Beijing 100086 )

Absgtract Heat insulating principle , charaterizing method , conposition and properties as well as application to
Pacecrdts for mutilayer insulation materiads(MLI) is reviewed. A seriesof ML 1 enployed at normd terperature , mid-
de temperature and high tenperature can be obtai ned by choosng different reflection shields and acer . For double-alu-
minized mylar ML, excellent heat insulation performance with a equivalent thermal conductivity of about 10°*W/ m: Kis
received by either usng loose fibers ,net or polyfoam as gpacer meterids.
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Tab.1 Absorption and scattering coeficientsfor spacer materials
/kg-m 3 Hm Mm /K Im’ Im’
500 130 x 10 760 x 10°
Dexigass 650 110x 10 270 x 10
200 76.2 <1.00
( 800 110x 10 280 x 10°
100 x 10 700 310 x 10°
500 300 265 x 10°
Tisugass
( ) 220 15.2 <1.00 650 110 x 10 280 x 10°
800 110 x 10 300 x 10°
500 <200 380 %10
Refrasl A —100 650 <200 570 x 10
50.0 48.3 1.30
( ) 800 <200 730 %10
100 x 10 <200 760 % 10
500 <200 330%10
Refras| B —100
( ) 50.0 48.3 10.0 650 <200 500 x 10
800 <200 710 x 10
775 400 385 x 10°
10.0 923 200 260 x 10?
112 x 10 200 185 x 107
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Tab.2 Insulation performance d multilayer insulations material§ ML 1) with no spacer

/mm / -cmt /11072 /10" *W- (m- K) 1
TH Tc
Mm
6.40 35.0 12.7 27.6 6.09 15.2 22.2 - 197
6.40 4.0 12.7 26.8 0.26 0.64 21.7 - 198
6.40 35.0 12.7 27.6 0.22 0.55 22.8 - 197
6.40 35.0 21.5 16.3 0.23 0.9 22.2 - 198
10.0 30.0 5.00 60.0 1.16 2.88 29.0 - 147
9.00 22.0 5.00 44.0 1.22 1.29 -17.7 - 117
6.40 20.0 10.2 19.6 0.25 0.48 19.4 - 196
12.7 20.0 10.2 19.6 0.37 1.33 22.2 -45.6
1 [4]
6.3BUm, 20 , 3.29¢cm, 1.3x10 °Pa
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Fig.1 Equivdent therma conductivity) eqvs. the number of radiation shields per unit thickness N/ t for Snge-duminized mylar crinkled

5.2 - 3
[8.9]

2000 4 —21 —



3 N
Tab.3 Insulation perfor mance o double-aluminized mylar-gassfabric ML |

/Um /Um / mm / _com*  /100*'W- (m K) ! TH Tc
10.0 30 50.0 30 20.0 15.0 2.67 14.0 - 196
' 34 200.0 4 30.0 11.3 2.27 20.0 - 196
33 60.0 33 16.5 20.0 1.27 24.0 - 196
20.0 33 50.0 33 17.0 19.4 1.11 23.0 - 196
' 66 50.0 66 30.0 21.6 3.52 80.0 - 1%
4 A 34.0 3.53 4.9 - 80.8
5.3 - [10,11]
4 1 1] 2 3 1
4 _ .
Tab.4 Insulation performance o double-aluminized mylar-net spacers ML |
/
Tw Tc
/Mm /mm / -cmt /100 7100'W- (m K) !
23 23 5.40 46.0 0.16 9.8 117 25.0
10.0 29 29 9.40 30.9 0.18 11.6 130 25.9
29 29 9.40 30.9 0.27 6.27 32.2 - 87.3
21 20 4.70 42.6 0.20 2.51 20.3 - 185
6.00 14 26 5.80 34.5 0.82 0.93 20.6 - 179
11 30 6.60 30.3 0.73 0.9 20.5 - 183
2 —_— [4]
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Fg.2 Equivdent therma conductivityA eqvs. the number of radiation shields per unit thickness N/ t for double -gpldized kapton dacron
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10 10 , 5.4 —
6.35um 8.13Um
, 1674 m , 5
0.386 cm, 288 K, 77.5 K,
1.3%x10 *Pa
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Tab.5 Insulation performance o double-aluminized mylar-faam ML |
/
Tc
um Mm /mm /[ .em’! /107 W (mK) !
1.41 6.1  10.2
1.95 5.6 19.2
2.15 272 217
2.44 3.5 38.0
5.33 70.6  65.4
6.40 2 762 2 25.4 8.66
0.88 24.7 - 12.5 93
1.05 6.7 21.3
1.66 58.4  52.2
3.19 8.7  75.0
5.21 %.1 85
, 10 11
) , , 0.5mm
' , , 32
3 kg/ ni® 1.74cm |,
[4] 7x10 % Pa , 293 K ,
10 20.5 K
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Fg.3 Equivaent thermd conductivityl eqvs. 0. 84 cm, 6.7x10
Pa 250

the number o radigtion shidds per unit
thickness N/ t for double-duminized mylar foam
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Fig.4 Equivaent therma conductivity A eqVs.
the number o radiation shidds per unit
thickness N/ t for snge-duminized kepton tissugass
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Tab.6 Congitution and applied temperature ’
o high temperature ML |
/ b
6.3
(6.350 M) 480
(12.7um) 535 815
10
(12.74m) 812 925
1425 ,
BN 1645 0.32 Pa 828 Pa, 25.9 /cm
91.5 /cm, 1.49x10°°
61 W/ (m- K) 1.26 x 10 * W/ (m- K) ,
' 6.4 (13]
3 0.8 mm, 6
, 1.0x10 ° Pa
4 mm
, 7.62x10 "W/ (m- K) , 6.5 (14 15]
, 4.98 x10" 2 W/ (m-
7
K) , [12]
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Tab.7 Application smples o ML |
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