E3HEELE 1M
20105 1 A

F oM % R
Journal of Astronautics

Vol.31 No.1
January 2010

MLI # Fy B3 47 6€ 77 38 38 45 T X B P 1 B

e

#HEE, RER, BIR, F #
(1. o2 R BRSEBE MR RIS, L3 100086; 2. b ERREH A R HBIE SIEH TR R, 411 230027)

W OE: NRELE SSRGS EE =T T ML R By 38 3R B M X MLL R # i s RO M . F
FEFREA 7 — 72 i B A3 A0 ML B8 STH5 I8 38 5 P bRk 38 S R =2 1) B S G 4 24 R 4 PR B U8R MILT R R
PERE, E RS T 20 850 MLI FRE YR EMELA R 40% . B TIBBT R A0S < % m ) MLI 8950 HERE , bE
F T B0 3 5 B MLL A0 BB B 8 B L 78 S 5 R 5 308 5 M ek 2 T 5 348 56 At b 8k 22 1) 45 16 P 6

REW: ZEAM; WP ; BAERE; ABRNK; HEHE

hESHEES . V423.7;V476 TR A
DOI; 10.3873/j.issn. 1000-1328 .2010.01.043

0 3l

ZZRE#HM B (ML) B A % 47 1 b 88,
BRR ANER TR MR8 B SR,
CHATOBEDESHWMRIMEEIIRT. B TEE
MLI RS i B R B TR 5
25 B WA, R AR /N T 1mm BB/ R BB R 2R
B, FHoE 2 EE R K,

FEML R 28 BV A% G2 % B B 30 R 45 A AR 3R
K,—BEAT 1 om L EEHBEHEHHBEP . 1 mm
DU B8 /NI 7 B 37 0 3= Bl A 48 & MLI A9 B
Bt RE S152 B, EAb NASA fiESAELTFRT K&
MLI {8 /N B B 37 7 T B BF ge ) H e TR 9 1
Jiti XoF B Ak BB R M O T B F R AN R GE . Rule AEK
EITE ML M B, PF5 T 45 B 5 MLI 8w
H IR E R ERE ALY . BT RE MU EE
B A 2 bR BB A, T R B 3, MLI B 4 Bl 37 RE T B9
PR B B R AT, 0 T H 28 G TR E M K&
INERBIR TR R RN AR, Bk
TR 3R MLI B R Bl 47 1 it %o B # i B 32 1)
MEEAEFEEHALE XL,

MLI B $CRE 7 4 BFF 55 5 125 40 935 1 30 00 3K 0 0
DI EWIR . B PR EE 2 07 7 5 R 46 W A
¥ BB BV 5 AR A R 45 07 351 . Kamran 3R A
PR BE 5 R MLI 837 T 1% U Y, Markur 2R F

il

WA B 39 :2009-09-09; &8 H 3 :2009-11-01

XEHES: 1000-1328(2010)01-0259-05

scaling 1 B X MLI %8 5 & 17K R . TR R A
A 5 1 7 7 R A A R IR L T &R AR
P ARG ML RS RSCERT . =M ES =
] F7FL MLI A 5 $4OR0 58 5 /9 &2 & 1% A T8 R 1Y 5 il
ELRETEEITAMUFESREETENRS
PRS-

R MLI B R B RE I RS A : (1)
MLI B2 %05 (2) £ MLI A [E 47 B 1 A 358 R 6,
=3l B A Kevlar £F 4 5%, Nextel M & 45 ;(3) FHA]
PR 4% #18 MLI 43 % JL 41 5] B% — 8 BE B8 /9 MILL, =k &
MLI 5 2 25 2 T 22 ] ) ) Bl 4% P JF — 2 B PV B

2% 30 IR B M 43 BT 30 T 3K AN BB AR L =
A F BEBIF T = 38 5 15 i XF MILT Bl B B A S 0,
DAGE R 3% [ 38 58 AU MLI vk B R K 38 . 2% E 4h
BFSE, A8 SCHE$E 20 B0 MLI N 3 AR MLI, & 51 5
S FTFL U B 5 5 R R ) B A R R 48 IR A
B, 98 M4 BHE A Kevlarl29,

1 FREESH

RELEITIL MLL B LR ad AR W R 4%,
& e XA 1 18] B 4 = 18] LA K% 6] B 4 -5 B 5 22 8]
G [ S AR S R AR Ji] R A = T 19 B AR
Tt i I A B 2 18] A E] B ) 2 5 00 A B
SO R HEAE MILT R IR] A 48 5 e PO AL A AR I 5
22 [ B St e AN ] B B 22 18] 388 5k /) L0 4 A e A



260 FM

14 #£31%

PiEhsr. ZRBIHMRITILRE —~RE 1944, 7
DL A 38 2o /) FLE S B SR o 2 A A A Y e
BAK

S bR R A H L, 3T L 22 2 B BORE RE Y 4 1 TE AR AR
AR, RS EEERNE I HSRR—E
A ot U /N AR o T B, SR AT AL 22 2 B b R P A
PO A R — L PO R

B—NARFE BB GO BB TR REY
PEFRBEA SR N A HRITW AR Z 2R HRM
PHRCBETERE A T, # T,,, KRSRZIE,7ER
W S5t 3 2ok /N FL B R G 6 B SR F R, ML A9 4
HARTTFRR R
oA(Ty - Ty,,)
(N + 1)(% - 1)

Rof o W —BURER B R, A NI SEIE
Bl Ty Ty HRAMABRSMURE R, ¢ R
SR B R 5T

SR AR o WH AT -

(1)

o = Aa(yg? i, (N + 1)(12/e 1 @
K o Tl - PORKREHE; A AR,

WA (2) T LLE H ML FE SR 58 7557
REMRITE e REHREBAEX. YRHFZEHE
WEAER, MRS REHR, YEEHEEX,
MLI B BR PR R B 4, B 338 B 3% i MLI B o0 i
Tt A A F 52 = PR PR RE o

Xof N 038 5 A R Y e B A BB R R
BIFE m 5 m + 1 JZREFEZEGEN 1 Z 358
BLHERSER e, LWHE 1,
BmAERR
1] Y

01 2 m k m+l N-1 N N+1

B 1 ZEAED ML FS 038 58 A pbn B A
Fig.1 Sketch of inserting enhancing material in base MLI
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Fig.2 Test samples
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Table 1 Temperature test results
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Fig.3 The thermal exchange mode of MLI
J k5 161 £ 6 S f A B 5 5k /s LAY R S 4 BT

6(]":+1 - ]":)

R VoS v A (6)
g(]":’+2 - ]":)

@ = S 1/e, + 1/e, — 1 M

JC k5 [F1 £ [ e A 3 B o 28 I Y 3 BB R
AR, 3% BN S8 Ao AL, 00 [ A 3 BRI AT N

0 = (- K T ()



262 ==

14 #£31%

S5 B (6] B9 SR 4

T, - T,
q, = tKg - ll (9)

Kof ¢ MR ETBRBIFTALER; ¢ o8 57 (8] [E 1R ROR AR
RIRFLE; K M E R Y SFROT R | R AR A
FRYIRRRE . K, 9 S5 B SR AR TR
AT

A

K = 38,Gn s D)/ (10)
B=Qe/y +1)(2-a)/a (11)
e = (97 —5)/4 (12)

K A, FREETFTREHRTR; v AHREEL
ks 1, ARAER T RAS TR B HBERE; p
HESIHERRIE; o FIGERNRELEHK 0.9,

SR EMEZSRET ML A — &2 E K,
B B R4 A 58 4 He i, (LT SR B e oA O i
LW SRR ETEEMN, XEBOTEE R 5K
WHERA —-EMRE, ATHRELNFRERE
MLI HBHEMEHRR, FIA—NEME « HBEE,
3R U s ) [ A G AR A A EL ) L YEREL 0 ~ 1

HE L Y S A g

P N CE)

FIA AR SR X R BAT R B A 20 BT
Z< R MLI A3 58 B MLI 9 bR #A M gE 47 T 3000, 1
H MLI 54 2 BB AR o A5 Y op 38 58 M b R 2
IF) B 38 58 kb k5 I S B =2 ) N R B X

T, BT AR A AR A 5B 0 2 UL MMOR B
300K YR, 55 TR ¥ R85 42 fik i) BELR A7 , ZE A AR o
WARE R — 5, HIRE 100K BBk, 3£ 27t
BEH.

x2 SHUESH
Table 2 Physical property coefficients

& R R BodE
KGR IR TE C, 2559k]/m*K
R R F e 0.022
R FREAY K, 0.012W/mK
WERHFREAY K, 0.084 W/mK
SRR d 0.000006m
5[5 [ A T AR B F) JREBE 1 0.00016m
S BRI ATFLER ¢ 0.011

B A A _EIR AR ] 2 A s e A G R
PEBEBEAT BN, 3 T AR A (0 ~ 1, g 0.1)
BT P L RE SR, 4R LA 4,

A 4251 8N, B G W B il 2R A0 38 0, [ A
S BB TR, PO AR ML A9 24 B 58 5 R 0B i
Ko Xt FHEAR ML, B8 MELE 0.4 £H8, 1T
BEMEZBELEY S, TS RE ML Y2585 %
AR S0 0 S 38 0 7 5 Ak 3R 0 0425 B EL R W)
Bo GAMSE , N AEAMFEI 0.40 LKA,

BETFRIE T RFEEMEO~1,HEO.1)F
BUF RGO E (P, A e, AN AR [R5
BEE(1.2.3.4.5. )BT R ML Y 255 R, 48
WL 5,

ME 5 T LAE b, SHEE ST —3, B BF
T3 SR A RN ML B R RS R A RT3 T, 3 58
PERERL T AL BRGS0 2 B0t 3 5E RY MLL B At
RERISL I R K, 3R R MLI 24 2 48 57 2 B 3 fih R
DTN

5 T

P
B

4

3 - -
/ B MLIERA
2 E g:k_&ﬂ MLI ﬁsﬁﬁ‘

00.0- 0.1- OI.2- 0.3 - 0I4I- - 0.5- 0.6- 0.7- 0.8- 0.9 - 1.0
Hefuh LA
B4 PIZH ML fF 2 58 5T 52 bl 5l R fl

Fig.4 Variation of equivalent radiance with contact ratio
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The Influence of Debris Shield Enhancement on
Thermal Insulation Performance of MLI

HAN Hai-ying' , HUANG Jia-rong' , CHENG Wen-long’, LI Hui’
(1.China Academy of Space Technology, Beijing 100094, China;
2. University of Science and Technology of China, Hefei 230027, China)

Abstract : The influence of debris shield enhancements on thermal insulation performance of MLI was studied in theory and by

test and simulation. The result showed: (1) increasing of layers and inserting of enhance material and Splitting the Mylar layers

into multiple do not change thermal insulation performance of MLI. (2) the touching ratio of spacer in 20 layers Mylar MLI was

approximately 0.4 in vacuum condition For reducing the influence of debris shield enhancements on deflation of MLI, spacer

should be adding between enhance materials and Mylar layer.
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