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Infrared radiation calculation of rocket engine

exhaust plume with shading
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(School of Astronautics, Beihang University, Beijing 100083, China)

Abstract ; The exhaust plume in the working process of rocket engine generates strong infrared radia-
tion, which has a heating effect on its structure and load. At the same time, some structures become shad-
ing objects and affect the radiation transfer. In order to study the complex infrared radiation under shading
conditions, this article uses the Backward Monte Carlo Method (BMCM ) to compile an calculation pro-
gram for the gas infrared radiation. The radiation intensity of the standard isothermal flow field on its sur-
face is calculated and analyzed, which verifies the effectiveness and correctness of the infrared radiation
algorithm by comparing with the textbook examples. For the flow field of an afterburning exhaust plume,
the infrared radiation intensity of the gas in the case of the flow field with or without shielding is calculat-
ed and analyzed, respectively. In addition, the effects of shading objects in different shapes, sizes and
positions are compared. The results show that the radiation of exhaust plume has a thermal effect on the
engine structure. With shielding, the infrared radiation intensity of the blocked area is significantly re-
duced. The shape, size and position of the shielding will affect its effect.

Keywords ; exhaust plume of rocket engine; infrared radiation; BMCM ; shielding

W8 H #5:2019-02-28 ; & [E] H #§:2019-09-18
EHE R FHRIR(1994—) , B Wit B9 sl A SR LD AN S T3



26 KoOHE e B

2019 410 H

0 5%

KA B AL I B R R U Y R
B RN MR SRR . X T A 5 2
1)K R EIHLRSGE, H R P A B L 2
PR ZA R, X 2R s AL AR R HE A T2
A SR 2] — SO 7 A SRS RN, AR
AR ST B BRI A8 /0N, B2 MR TR AR 1Y PO B R )
At RIS, E TSI I e R 21 A B A
B EARGSI  MOBAE 7 LR 21 41 58 S i
WA T —FAR I BT SR g 7 =X

1z A 2 1n) 52 5 R 1% 7 1 ( Backward Monte Carlo
Method , BMCM ) (%) Jk i & 3l HIL & 4 it 373 i S0 4 1
Wt I T kel 90 AEAR, S T — R A HUR .
H. F. Nelson ' 1992 4E7E 1155 i 2 sh LR M 3 %
SIAURE T AR ) i AR T S 1) SR R I Ik
THAERARL, o 458 uE W] BMCM 7] DAAR &
B PER G L R B, D. V. Walters #1 R. O. Backi-
us P BFSE T RS A I A Wl L T O A B
BT SERF IR U N Y, JHG e BAGR SR AR B R e
SRR R AR T B LA, S g
SCRHRE T O ER K R e v R ) B ) B A Ky
. VL EBFSECR S S 2 S BT 1 K i
RN N I 3 1 2L 48 S e PR AIF 5 4 it 1
.

HRT, BT X0 52 AR OL T 2 463 04 5 S A 0T 52 O
AgEs , IR B — DAY . AR SCHE P Sk 1Y
oA R 5 ) SR I AR ST R B A5 S A —
B EET C+ +IHF WY, A58 7 A
PIEOLT , K5 R SR M T I LLA MR SR o
1 HEFE
L1 RERFHFEAE

SN SRR U R SR 2 R B 3 ) 38 O TR
A2, DNTITRA 5 T B A28 Sk 1 4 S 0 A PR 28 114 4
L HEERYE MR R N TR ST . BM-
CM 7ERE PR /NI ST /N S A4 AR 45 05 30 B et S 6
I RS A A %S MR 2 RS R R i 2 1 33
P PR AL A SE T Bk B H R 145 SR IT R
TG AP 2

WE 1 s T OC @ 8E AT HYE 6, AT I

TEWMOTS AR A A, RS HRIVBERLMIIT 0 5 0
£ 7 I TE IO AR A dQ W R RE S 1T LR Ry
Q.0 = M, g,c080,d2 1, (T,)D, (1)
Qi = AVEAOI (T)D; (2)
s kAT R A AA, NTETT | TR
AV, RRTE ) IR SR EHE RN T D, 0 805 D, 40 A
MNIRITT @ B ARTT j AT R M BE I 6 £ )7 W)
FESL RS dQ NHEATRITT 0 B RE S Y HLAF AL

1 HAAZERNNRESLRIERR

Fig.1 Backward beam tracing in closed space
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Fig.2 Segments intersect with triangles

2 HEERSW

2.1 RESRFFFEFETELIMESERME

R L) BRI 9 - 8 X4 TS 1)
8] SERF RIS TR Y HEATIRUE T . XA LA « b
TEJ7 16 AR T 6] . ZHnR 1 iR .

*1 ZERHBH

Tab.1 Parameters of isothermal flow field
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Fig. 3 Results of cylindrical radiation intensity
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Fig. 4 Results of bottom radiation intensity
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Tab.2 Comparison of example and program results
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Tab.3 Geometric parameters of flow field shielding
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Fig.5 Temperature cloud map of flame flow field
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Fig. 6 Relative positional relationship among flow field,

shading surface and detection surface
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Fig. 7 Radiation emission situation without shielding
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Fig. 8 Rays blocked by the cylinder
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Tab.4 Calculation results
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Fig. 9 Radiation intensity at different radius

of cylindrical shield
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Fig. 10 Radiation intensity at different positions

of cylindrical shield
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Fig. 11 Change of shielding half angle
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Tab.5 Design parameters of thrust chamber
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Fig. 12 Relative position of three detection surfaces and engine
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Fig. 13 Emitting rays of detecting surface 1 with shielding
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Tab. 6 Radiation intensity value of detection point
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