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Abstract

The present review outlines the recent progress of rigid ceramic insulation tile, ceramic fi-

brous felt and light-weight ablative materials. The compositions, structures, performance and applications of

these materials on hypersonic flight vehicles are elucidated in detail and future developments of thermal insu-

lation materials are also highlighted.
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Tab.1 Properties of ceramic insulation tiles of space shuttle
) N , PR LA P U EOALIEYES 4 58 Rk R EL
B % B W /geem 3
/We(meK) ! /Je(kgK) ! /K /MPa /MPa /107K !
BRI—8 0.128 - - 1640(MD 0.41(TTT) - -
1640(M) 0.38(TTT)
AETB—8 0.128 0.0684(TTT) 628 - -
1810(S) 0. 69(1P)
1700(M) 0.69(TTT) 0.90
AETB—12 0.192 0.064CTTT) 628 26.0
1870(S) 1. 44(1P) 1. 83
0.053(TTT) 1640(M) 0.56(TTT)
FRCI—12 0.128 712 — -
0.0796(1P) 1810(S) 1. 77(1P)
1640(M) 0.79(TTT
FRCI—20 0.320 — — - -
1810(S) 3.2(1P)
0.048(TTT) 1590(M) 0.16(TTT) 0.19
LI—900 0. 144 628 4.05
0. 068(IP) 1760(S) 0.47(1P) 0.48
0.074CTTT) 1640(M) 0.50(TTT) 0. 90
LI—2200 0. 352 628 4.83
0. 1(IP) 1810(S) 1. 25(1P) 1.59
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B tungsten

TUFI/AETB
B haynes alloy

B carbon—carbon
copper alloy

TUFI Coatingy

TUFI=toushened uni-niece fibrous insulati
! AETB Tie TUFI=toughened uni—piece fibrous insulation

AETB=alumina enhanced thermal barrier
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Fig.1 AETB tiles on surface of X—43A
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Fig. 2 Structure of FRSI blanket



cruiser TPS materials

O BLA-S:boeing light—weight ablator (sprayed—on)
O BLA-HD:boeing light—weight ablator (honeycomb reinforced)

Bl BRI-16 tile:boeing reusable insulation
B FRSI:lexible reusable surface insulation
SIP:strain isolation pad (under tiles)

stack structural materials
B tungsten (nosecap)
0O inconel (engine cruiser fins)
[ titanium (interstage flowthrough,booster boattail)
Oaluminum (cruiser & interstage skin,booster fins)
@ steel (attachment lugs,booster skin & nozzle)

B composite hot structure (cruiser fin LE)

Bl 3 X—51A &AT#% I FE#AA

Fig. 3 Different materials on X—51A for thermal insulation
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Fig.4 Structure of CFBI blanket
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Fig. 6 Thermal conductivity of OFI as a function of temperature
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Fig.7 MT aerospace multi-layer insulation for 1 000°C
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Fig.8 MT aerospace multi-layer insulation for 1 600°C
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Fig.9 Flight PICA heatshield of MSL
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