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Thermal protection model of apogee engine

ZHANG Yang, ZHAO Jianfeng, HAN Chongwei, ZHANG Ningli,
NING Bo, DU.Zhuolin, ZHAO Xin, ZHAO-Qiwei

(“Fhermal Control“Fechnology Department,
Beijing Institute.of Spacecraft-System Enginéering, Beijing 100094, €hina)

Abstract: Tosolve the problem-of modifying-thermal model on _thermal protection of apo-
gee ‘engine ‘with multi-parameter and strongly~thermal coupling, a single-parameter modified
method was proposed by grading therntal.environment-and classifing thermal parameters. By ana-
lysing heat transfer network, the“system was divided to two thermal environments. Only few pa-
rameters were debugged in each thermdl environment. By analysing thermal resistance network,
the undetermined thermal parameters were figured out. By analysing the influence degree of pa-
rameters, the debugging sequence was determined. The temperatures of two Beidou Navigation
satellites were employed. The thermal model was built by I-DEAS TMG. The debug result
showed that all the temperature deviations were less than 2 °C, so the modified thermal model
can be used to verify and optimize thermal protection design. The principle of single-parameter
modified method was based on different influence degrees of the undetermined parameters.
Through several times debugging, the problem can be solved with high precision and stability.
The single-parameter modified method is available to debug multi-parameter and strongly thermal

coupling model.
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Fig.7 Temperature distribution of apogee engine

1.2 RREESN
8 g S gl HIL AR Bl A8 10 B PR I 45, Ol T

RACRAE ST, C AU T AR, JF T /58 4%
KXo —ZAIRET e i PR A5 AR T 2 k2
JZ 7y R R B A R TR B P D8R R B L
SCHAE T — G N IR 5 — AR
FHFEE (Cr) o —GURIR BT I IR K Sh LY
B T4 G ORISR S R S s LB IR AR A il
PSR E A — BRI B AR T R (R 1)
XHEREWR AR (R ) o R BIHLL I I(C,,) 8 i
B AR A R B ML S AR . — G R IR B ) PR T E 7R
O 187 4 BE, W WooR B AE (Cyy) v il B AR
(Ry:) EH(R ) WA ZZ (R ) B

IR FR Iy I 55 A m /AL B TR Al
AR/ P A B M LA B R 7 16T B BLAIER T 2H ) 35t P4
DX o U 2 A BR 58 1 PRI 7R T GEAE B, B2
IR IE B T o I 55 A6 1 /A8 AR Y B BRI Y
A, WOk H R N (Ryy) (AR (R ) AR
(R ) i R TRIRCCy ) H HAR (Cy0) 3 HR ST
AP P 5, R R ) T A B R AR 2 —

] UL, =G PR B P 3 JBE B 1 A2k Bl L
iy NP R AL 38 52 PR IR BT B . Ik
NIRRT 32 B T IG5 AR 1Y T

T BT 3 R SR 22 8] SR e & R P R VEARZS LA R b i OSR B9 #OB 241 e, A X —
XF B HE KB ML LA K E TRPE BB 5 A R] g e PN BT LT 5 2 AT 8 . R, 18 TE R
% B :ﬁf}{

|t | i frk \| -
[ R R ? ;
L e > HEEHE e T H b s
Wk | R
| il | CHliR,)
sl e v

B8 e H g Z

Fig.8 Thermal resistance network



1598 it =

55 36 &

BRI MR I, [l B IE . R T2 ma IR 2,
WIS T i fb b 28 . A5 B IR 55 e ma /b .
2R/ VH B A 1 18 4 s e /G AR /P R AR A TR A
AbHR BRI RAT IR B
1.3 #®SHIH
1.3 1 ¥4 1] HABH B I 2 Bk i
%%‘mmfﬂ1NR|8\R||1NR||75%B#FE/‘J%E
RGP SR FIER T, K51
R AT R B R ST L X A A S S A g
AR5 B A S it i TG S B 5 T M Al 2 )2
AR SR T I MEAE o X 3 S BT B IR .
FIGHABE € g REHEAE 5 K g BT 5
A B HRBH, 5 A 1B A 38 DL R Bk A R
DX 380, ) 42 Ml A TR BOH G o Tt DX R s 2 R 4
B 4o XF 2 HE 5 K I f3 6] 4 X3k i Ak 2 T 2
K 6 )2 T300 g U4 5 Redux420 i #h 5 , 45 )2
T AN TE], DA ORGE N5 5 45 1) [R) Pk o Tk g 4,
T A R A A B A RSN E Tk 2,k
IR B o T DL TR Ak A G B R R AR
AN R TN T 7 e S N = [ 7S S = 51 2
SR BN HZEACH 0.2.am . 38 2 PR A,

A7 PN AR 24 oA J2 ) FABHL 9 180 4% , BI4% J2 J2 55 i
(o FEFEIRY s i A 4% — )2 1.2 mm JE 254
AhFE L F b, S GERBE C AR A I 2 A A
il 1 30 R B Ch) AN, 75 22 R 3K (— fB B 300~
1500 W/(m*C)).

SIAABE C, R & S LS S S (R] B PR .
2 BB H P 43 BB O R AL, 1B 9. FLER
3k G5 S AL A P A L 2B THT 5 o A 1 422 A BHL LA B
B PR [ B T BAARBHL 5 i £ Sk 23 S AL B
B WRETWE & Sh B4 R T I A 4 Ak BB L DL R
BRETAF B 5 A PR BH o Al S A BH B
25.8°C/W. HIBSLPRLEAGI  IRETAT S 555
FLA i, 5 250 A B, DY O (B D A R
— M REBEMNEESH

FIIBH Cyp Copa 7518 1E, M 408 5 422 1 1Y
WA ORE DL B sl D B G R B N fH O S 27
0.1 €7W.
V3.2 A H &S5RI

A5 AT A AP T LA AR B 14 1) S0 A DA
BB L AT A 8] . B AR R A S R A
TR0 S s W A 7 2R R B 43 A

F1 AL ST ERK R
Table-l_ Emissivity and absorptivity of the parts

A4 A ol S W e T P ages
Bl e R 2 1 0.88 0..83 75 Bl
X FEAE i 2 A A% 1k 0.08~0. 12 0.22~0.39 = S AR
A F40E (R R IERIE 2) 078 0.83 7 S
5 1 L =] - 3
R R PN R (5 R ) 0.05~0.1 = fiti it
20 WA A B IABE
B G % 0.02~0.05 B
HREG & (X 1. 3. 245)
W22 A (R ) 0.05~0.1 = i
B 0.85 i SEN
Rl
A4 0.1 7 S
R (B 52 1) 0.85 e Sz
H T
A% T (BRI 0.05~0.1 = i3t
B W52 B 0.85 & S
i A
e 0.1 7 S
N 21 (SR107 [11) 0.85 s S
Rl
A Fm (OSR) 0.79 0.135 i S
PN 25 T O R D) 0.05~0.1 = fiti it
5 Hb AR SR (RAEZ)Z) 0.78 0.92 w SN
B L 2 R R R 0.02~0.05 & 20




5 8 1 g WG T AR S LR 1599

SHEERE N A &M B S LD10, k&
IR . SCHRERE R A i T 300 fik 2T 4 4 21
S5, BOR TC SN B | (AL 26 /N T 300 £F 4 11 #4
SR (10 W/ (meC), = fF W) o Bk pe Jb A
5 AR S R 1.3~1.5 W/ (m=C)"™ . & i b
T8 S B /B B A UL THT B A SR TR IV B/ i 4
D el S TS AN E R - e o M
i, 2B 0 0.02~0.05, &5 PR .

RIS M B A (L 4) 75 R S8 8007
Pt BT R 2K ) fRT A B R g 1 (5 0] 4
AE TOU 5 (7% X6F 42 T8 ) 15 30 5 b Az X 8K« Bk 52 SR
13 )2 M55T kA, B 28k A J& 0.1 mm, B 55505 A
WG AL o B LA DX I e 5 B 2 A AH T 0 S
Ty E AR . MR E SCHR[13]45 t MS5T 52 ik A
G SN, DL K £ SR Bk A S AT R
AR T EM T DHF -4 F 4K ) 8 1 # 5:
RN 3, Al UL AE 20~50 “CIE N G R ARk
BN 5 FLEL 50 CRIEC

R2 TI0BRHX.Y.ZARSHRY
Table 2 Thermal conductivity of T300 carbon fiber

reinforced polymeron X,Y,Z diréction

Mh 5 FIEE/ (WA(N=C))

WE\ i =60C /=L =95C =115C

X 33027 3.163  3.283 3.409

T300/4211
3.027 3.163™-3.283  3.409
[+45°)
% 0.756, 0.783 0.798 0862
% :%/%/4901\1
) —
490N 48 T s

K9 S C LR

Fig.9 Thermal resistance component of C,

x3I EKAGHREER
Table 3 Thermal conductivity of cylinder

TR/ (W/(meC))
HBAF = 1= = = 1=
—150C —50C 20°C  50°C  100°C
R AT 4 4 30 38.9 45 51 56
P2 2T 12 14.7 17 20.1 24.2
HIEEX 32.9 39.9  44.8 49.9 54.6

o3 0 71X 25.8 32.8 37.7 42.8 47.5

2 HREER

2.1 BB

MR FR 30T, — AR T 2 I 2
B Ry %k 42 HE 1 W AT/ e 3 (e () ) B ARG A
BB (e) FEHE S AT (N, X HEHE
55K 7 A hn i w AR 1) 5 BABE (Cr /A h)
DL K e s L5 S8R T B AP (C ) o IREIAIAR
B 2R 09 2 80k B AR R R T 3 (ey) T HLAR
Z )2 A MRS (e) VRGP Cyp, . Cypao

AL AR TR BLE T SRR £ O B it
TG AR 53 B Al H, S8R 25 Gk AEHTS

Z SRR T AR A R S (R R A
AN i Ao 8 1 Y 45 R W8T R i e, R Re
T2 1 0 P N RS MR I A R — 2D

AW 2 S8 G MR G A HA
S5 W RE SRS Z 500 A [0 L A5 5 el R
ANTEVS AR R BB g A T AT REE .

B S BT T s R A S HR el K Y
T I 5 22 /N TN SR A B IR BE I i . 2
A QRN ) NS o s S N b IR El Y S i N
BB S TN AN 73 g, NI 1 2 S
Heo3- 0 3 A [rHT R St o it B R B AR
B8 1E 0 S E0Zs b DT R Kk A & e 1
BT XRG4 9 S B KR RS R
Yal i R R AT A A AL AL RR Y L A
P T

3 o A% PAGER A 43 BT AT R IR R R B A X R
B OF H AR 2 S8R D iz IR GO R iR 18
Eo RBWANSEWE, KN RIS
B AL W ERAE A B IR (ey o) o AT £
TR B TR TS MR B B X T S S 0 Bk
Bl . B KSR — HPOME A BRI RS
(Cyi Cr) o TEE —HHRIREEE A E S50
WAE o B Cyy Cy AR M 7K 7 66 JR 38 04 1 B2 ()
X A 7 TR K (1) 5 W 887N ] LLLAE e e
A S S R K

—PRIREL ) SN SHT oy =K, Bk
HIRHTBSE (A .C ) o B RS
P (a(e) (Cr)o BB =KNERSE, JE — PR
P55 00 U R KL 5 ) T AR AR () o RLIE
BERSHHE RIS R RSB
—RBH R JRIRBIERN AT . — A BT S BN
S AR BE Sy AT UL ER 40 W UL REAS S EO0 AN [



1600 it =

VAR S 55 36 %

L R A A 25 S
2k LTk 1 B K ) R P A0 18T 10,

R4 SHEMEESN

Table 4 Parameter influence degree analysis

24 T1 T2 T3 T4 T5
A X X X S-S A G kg
Cy, X X X W Wk
ale) Yol Yok X X X
Cy PASA IR A A @AY w X X
€urt A A PAGAOA SN ok PAQAS

TE OXCUERAAR G, Yo " SO SRR A G

2.2 HATERER
2.2.1 WY IRE S B

ST TR T M AR DN R S T AR AR Y 4 A
R, Z AU AR T AR DA B 10 N #E ) 28 S B
RS M K, AN B T LTS b AR A7 2 S Y R e 1
Do R T HER b A TE B A I e I R DL R AR
ZIREMKR S FR R DFHA4 6 2 DA% 2
O BT T TR E SR A R AR R
5. MG TR RATEE AL ST, AR T
RN 26~28 C(BELZE) .

PR A LA 2 TR BT R R R ) ey

WIS ZHOHIR

B ST (e, )
TR EATRR ST (e

—RHITHI SO
ERRHR I ARSI Ge,)

A 4

MA0.05 34 i £ 0.1, 5 kb Al (7 TR BE AT =5 T AE 9L
AL, 22 2 B A RO 28 (e ) J2 52 T 5 1 Al IR 32
R Z T X — S 8O T R Y
TRR(0.02) . ZWMIASE, B e,—0.005/¢,=0.1
HEPURE BV &84 W21 °C,

BIER 2 BEA LSRRk, Koy £
J2 W AT B8R S RN 2 — A s A T2 B R A2 Ak
9. SCHER[18]4E Hh , 2 )2 1 B #A 5 R 2 3 AR 4
SP AR R4 R 8 S T A AU R AR RO T AR
TP 0 S 00 A A R R DR O AN R I U A
A 52 . MR SCEk[18], SR A I'DEAS TMG £
T 20 AT 2 AL OB R  TH A T i iR SR
BTN BRIEZ R A SO SR THRAAR RV, T
R PH RS O (IR L 2 2 B3R 5% 802018
5280 —501E BRSO F (iR ) W BAKZ 2
B R b R Be07005, 5K 1Y 45 R — 2.
2. 2. 27— A RIFSH A

KEE RIS EGEA 74, TRIE W) iE 2
W KA, W3k 6. FHH-GIG2 W il T2 78 51K
FT T 50 AT ASC T 00 1) 52 0 3 R Sl 0 ik S . G
G2 TR L2 A5, oK FH 35 B Hb , B 2R
FERE G AR I H bR B R ALY
307, XHEAE 1Y LT B A BEOR P . G2 8k
YA, T M IS BH O R e £ 24 Oy 85°, o 5 HE B
AR TE KPR oK 2ot B 4722 60 min

— ISR

A

BN, R A0, (e)
SHRAWLC,)

% E\‘
i

— IS O

HEES A G (L)
THIBH(C )

A

E10 S8R E
Fig.10 Flow path of parameter debugging



o8 ik

W55 55« J22 b 5 S AL AR By A Y 1601

R5 RE/RESEIRRK

Table 5 Secondary thermal environment adjustment
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Table 6 Primary and secondary thermal environment parameter adjustment process
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