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Abstract

Recent development of thermal protection materials has been reviewed emphasizing on the ablative

materials for deep space exploration. The technical request of ablators for future planet probes has been analyzed via

looking back TPS of several successful missions.
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Fig.3 Energy accommodation of ablative TPS materials
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I RRET AEBR IR RL , REAE 7K Z 417 W/ em® (5 25 HOR
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R it SR AR 3R 14T 45 7 3R [0 b R s %) P A S
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Tab. 1  Aerothermal environments for sample return

mission with different re-entry velocity

inertial entry convective heat  radiative total heat stagnation
velocity flux heat flux flux pressure
/kmes™! /Weem™ /Weem™2 /Weem™2 /kPa
11.5 484 29 504 33
12.0 540 56 587 34
12.9 658 132 788 37
9421 88.9" 1303 381
13.5 751 209 957 38
14.0 834 289 1122 40
15.0 1016 493 1508 42
1255" 365" 1620"

7:1) DPLR and NEQIAIR simulations by Kdrry Trumble/NASA Ames.

G2 (1) B AR AT LS D6 (i R A i 7E R
AR R IX IR, (B & S 8UR g e R, 5 e, BE
B AR = A AR (R, (R A
I BEREX AT S5 1R A TPS BREN B & H Y e
e A ER/NE TPS T 4341,

22 2 B IR SEAT 55 e AR SO R AT, Bk
PHEERA B X — R s th U PR BE (3 Bt K, H
F PICA ISR T Stardust 1555, SFASEE A
12.9 knm/s, BRI EE ARG AT KL Z —, IEAN Raiche Fl
Driver 481" PICA ZEHET 1.0 kW/ em?® I H 31
Rk, PRI, PICA ASBERFH T 58 /iR [l B 94T 55,
SHTHEEIREI , hE EERE RE (p~ 0.50 ~0.70 ¢/
em’ ) A N VIR Rk R, SRT, H AT A A
HRBAT 2L S FRAE ST
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Tab.2 Candidate materials for Stardust—type sample return missions

velocity (Gaot ) max (Patag) man . ACC/

S P— P carbon phenolic ~ PICA avcoat - Dens. PICA  phencarb
11.5 504 33 a b b b b b
12.0 587 34 a b b b b b
12.9 788 37 a b b c b b
13.5 957 38 a c c ¢ c c
14.0 1122 40 a d d c c c
15.0 1508 42 a d d c & c

flight heritage Yes Yes Yes Yes No No

##:1) a Applicable, but heavy; b Applicable; ¢ Not enough data; d Not applicable.

5.4 K2 (Jupiter)

FF Galileo 1155, £ X R () A 2 #E A 11
S R S A R o N R G Y R TRy S [
MJEIR B EE v LI 32 A 2 AR 8 A
W, TPS it /3 40A AT RER T Galileo £ 55871 50% .,
SR, TEA R 1 22 B BRI 84T 55, — BB HR 254
HEATE = BE B, EATT R HE A Rt 2 B = (FF 30°
BF 2924 55 km/s) . BT I #AcEE DUs BE 1) — I O i
IR A A B X R R I ™
fit | TPS KOk it 70% | X BEA 238 far sk A8 15
RN,

5.5 %2 /(Venus)

R 4 R R AN 2 1978 AR 7E NASA 1
Pioneer-Venus T151] 91 & 1 10— K =/ 4 DS
ST BRI SN R A A B LT3, 8 AR B 24
11.54 km/s, T AYFEANBIREE R0 7™ 1 | 18R X
WG R 3.9 ~7.2 kW/em?®, WE(HFR SR R 1.3 ~
3.4 kW/em?®, MOMAE K 12 ~ 14 kJ/em? ) R H
1) 577 FAAA R Ay v 3 Al T R, 2 XY P — 2 TR R

TIEAYA T B R OB e AV BB i e 2

Ak Im) 45 22 S 1) 5 i 8 47 R 5 Pioneer-Ve-
nus AH AR 0 55 PR, 38 5 1 07 5 FH AR ) 1 34 B
258 . SR, BT Pioneer-Venus B9 il 2B B 1 44 4}
BT T fefT FH A R 4 A 45 7 i TG vk . SR A A
L1 Y- (R ALURR B0 1 A4 RE IEFE FEATPEMY . XX e E &
AR T RAE VT A5 T 5 {H o AR 2% i (1] 1 5%
., 2R3 P TARIZEA T it | & 4
S5 T A5 Fl TPS AR LA R PR 5% A 38 A x
T HE AT 2 v 5 B e 1y G B8 2 TPS 34 XU TH
A AT e RA R (E RS AN T2 7= 1) HE At £ 4
KRR A e AR T LR kA 4
5 RAJZ T s ) W (B PR AR (LS fin At B I 44
Ko TEXFERGEOCT , 5 285 B f 193 B S 02 e A Rk
— B R B = BT R, A B R G R A RE
(1) 28 B 7 AR RL T R A IR R, LA, B IR
(] e ol A 5 e v ik TG 288 B2 P AR R R (B 5 T 1Y
g, Sk AR L, 33 283 M R RE B TPS T
IR 50%

F3 Rk Venus HiTHRIAE BN F XIS B MRS

Tab.3 Aerothermal environments for Venus probe via different entry type

velocity convective heat flux radiative heat flux total heat flux stagnation pressure
entry ype /km-s™! /Weem™? /Weem™? /W-cm™? /kPa
hyperbolic 11.58 2319 2450 4685 1010
aerocapture 11.18 505 707 1212 29
out—of—orbit 10.2 339 26 364 30

&4 AEK Venus FHRMHHIMEIE TPS #1#1"

Tab.4 Candidate materials for Venus missions

TPS material hyperbolic  aerocapture out-of-orbit  flight heritage
carbon phenolic a b b Galileo, Pioneer-Venus
PICA d a a  Stardust, MSL, (CEV)
avcoat d a a Apollo, (CEV)
ACC/insulator c b b Genesis
densitied PICA d a a (CEV)
phencarb d a a None
{#:1) a Applicable; b Applicable, but heavy; ¢ Not enough data;

d Not applicable.
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5.6 T2 /(Saturn)

5 G T B EIAE 55 PR R iE A 7
KANINFRIAIE 3R 6 FIH T X AT 55 A it A1 sk A I
KATIRER L B A Saturn BYS SN0 IR 4 B
3K TPS #1 KL BE 2252 4. 74 KW/em® Y W {H A S
0.297 MPa 3E fUE ), 3244 IR RATIE T, R
1o 28 R il T T2 7 3K A ™ TG 1 P B b 2 0k AL B IE
FHT Genesis FJiR/ Bk 2 JZ Bl7 #4864 BE ( ACC/insulator )
WAFRE T FRX R IAST | (H R 2 Mo i @A ik
B, AT R R R NUZ 5 iR A T
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TREAR BCAEE MR RTEL 5 em B YR ES S T
PR, b S I e R A R R R S S B AAZ
LI900 , SE LB #2854 e il 5 B FA MR BB AR ZE 50 IR
MR (A FE PICA (BU% 1k PICA (Phen Carb) # A~
WHT AR KR kA Saturn (4
ISR B 2 I (H S AR TPS M A £ 8 S

%5 Saturn T RIARE#ENF KOS IMMAIFE
Tab. 5 Aerothermal environments for Saturn

probe via different entry type

. convective  radiative  total heat  stagnation
entry velocity
heat flux  heat flux flux pressure
type /kme-s™!
/Weem™® /Weem™? /Weem > /kPa
hyperbolic 28.6 4480 95 4540 297
aerocapture ~ 28.6 2970 52 2985 100

% 6 Saturn IR RIEIE TPS #744"

Tab. 6 Candidate materials for Saturn missions

TPS material hyperbolic  aerocapture flight heritage

carbon phenolic a b Galileo, Pioneer-Venus
PICA ¢ ¢ Stardust, MSL, (CEV)
Avcoat ¢ ¢ Apollo, (CEV)
ACC/insulator b ¢ Genesis
densitied PICA ¢ ¢ (CEV)
phencarb c c None

E:1)  a Applicable, but heavy; b Possibly applicable; ¢ Not applicable.
5.7 T I75(Titan)

1997 4F-,NASA F1 ESA /- 1E#4T T Cassini-Huy-
gens 11HI| , Huygens AL 55 B S RHEA L EM T
A Titan , X H T A0 ML R EAT0F 9, 327 44
T ARk Titan BRIAT55 19 B HE AR SRR PIFI T
A G (R BRI RN f R ST 08

8 B T AR A AR B KA TR Y B
Lt Titan B3 IMAIRIEXT TPS M4} 1 225K AH
STAR W AE I A 100 W/ em?® , BE &5 J1°0 10 kPa,
Huygens R3] 4f 19 AQ 60 J&— AN 1y 3k
$5, Hofth — 26 XE Mars 2830 AT 56 90F (19 A4 8L 40 SLA
561-V SIRCA AV A ik i1k,

%7 Titan FRWIT R AR EFHNF XS IAIRE
Tab.7 Aerothermal environments for Titan probe

via different entry type

. convective  radiative  total heat  stagnation
velocity
entry type P heat flux  heat flux flux pressure
m-s
/Weem 2 /Weem ™2 /Weem™? /kPa
hyperbolic 6.0 50 15 ~45 65 ~95 10
aerocapture 6.5 60 40 100 10
8§ —

%8 Titan M RIIRIE TPS #HRY

Tab.8 Candidate materials for Titan missions

TPS material hyperbolic aerocapture flight heritage

AQ 60 a a Huygens
SLA 561-V b b Viking, MPF, MER, Phoenix
SIRCA b b MPF, MER, Backshell

ARA SRAM b b None

F:1) a Applicable; b Likely applicable.
5.8 T E (Neptune)

WIERE, B N R A F) 28 ~ 32 km/s,
T 3 S R R B &, 7E Venus 5 Jupiter 22 [H]
1o 25 Tl T T 2 1 6 TPS MK,
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(k7 AT TN 7 BT 0, 23k AR Ry
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THERSZ T AT [ A B s ok, 2928
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