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1.3 EHHE
K2 0 A 2 SR ) S 1R = 2 N-S 5 7 A D A
M3l o i i s A R iR e s it O . s B 20
W  W(F—F,)  (G—G,) [ d(H—H,) _
7t+ dx - dy ™ dz o

A, U Bspfas b &, ¢ IR E, F, G, H X
Wi, Foy Goo He RPEST &, T PRI . 20(2) 43
NIRRT 2y y. z TSR TR BEi T B A4S A5 7
[

R FI s 3 W s 1 4 4880 v B T R S WL 4o i 3 ik
. Ll realizable 377 FEAE BUSK A i 3 N-S =4 7 f2, DA
IR 3 A4 /i A6 HBOASE A R 163 AR BROME S B 43 03 B R0 B R
NN 22 25 T A0 AL 2 R . ] Arrhenius 23 23155 46 % R
i,
1.4 HRERE

X AR T R B AL S SR R A . R A% i R (ra-
diation transfer equation, RTE)Jy

dL, (syw) _
ds

K L Gaa) =S AL E s R ATT 1] 0 P A A0 B Sl 316 4
SEPE s ay (DR A FTHOEIE MR KL, L (9 0 BRAKE I 48
ST BE A BRAAR B E SROA A O A i O . LR RO AR

J @2

—a (L (syw) + a3 () Ly () (3)

PR UEARCHR T M7 B> S AR PN I R A BE e SR X X
BRI AN A 25 18] 3 2647 25 [0 8 /ORI £ B2 B A

25 1) B HUR KT 3 X B Oy BN B & i ARV, .
AR AR S — DA TGRSR A e
OB R T A 35 51 0 4 S A N s FE 8 — 2 R I 0 35
AR (9 18 8 f ¢ LA RI 432 4, 8, 12, -+, 2ZN—4, 2N,
2N, 2N—4, =+, 8, 4, XX )G, BT R AECH N
(N+2),

FEREdAR vV, FE bl sr R M QP9 xR 545 b O R AT
By, A4SV, @ PR GTRE S SE1E 7 R I A IR R ik 2

| va ALres)ygray, — anva [ e (DL G +
o (D1 (H1de dv, )
KA R AT T R L AR AL s 5 O BT T
AT R
K F G 45 3K (step scheme) 5 45 il 4R 26 T A 48 5 o )32
S AR PN T S A R O SR B I Rk, R Bl AR HL
I 28
ay Iy, +aelie +awliw +adlis +alliy +
atlie +apliy = b7, ()
THrJ=E, W, S, N, T, B4 JFEm 56KV, RS
ASPERAR S AT . SRR SN

ap = Z max[S;D}.0] + «..,0"V, (6)

=erwnsimstsb
7 at = min[ SpD?%,0]
a¥ = min[ Sy Dy .0 ]
a¥ = min[ SsD¥% ,0] (7)
a% = min[ SyD% ,0]
a% = min[ S;D%,0]
a = min[ SzD%,0]

0B, T, J E,(T,Hda
by = s, gy =, e ey (8
T bis
o w
E//A(T[,> == e‘z“’lTip—l (9)
Dy = | G (10)
a

R R MOCL R Q" T R 0y FORFE S, 1
FRIAME R WK A, pmy PR w=1/A; o, = (3. 741 5+
0.000 3) X10" W« cmm 2 » ym‘; T,, K; ¢, =(1.438 786 &
0. 000 045) X 10* pm * K; £#=(1.380 54+0.000 18) X 10
Wese K, FFRRH CGSTAB J " sk, kgt b
55 S AR O 5 R B SR T Young™™) 4 19 J7 1 L HIT-
TEMP2010 ¥4 14 SE i 115543 51 . 1840 06 BOR i = W 22 930
A,

2 RIPWNWTAITE S 5t
2.1 MIgSHBREH

R BHL N FRIRBE T S T T RS R L AR 3 s
BHR K E X 1.



BT

ik

55 Hr 2001

SRR
AH

B REFRLGE
B3 RIBNMARDHE=LNESHREM

Fig. 3 Three dimensional mesh and boundaries

of engine internal flow field
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Table 1 Boundaries conditions of the internal

flow field calculation in the engine

Ak FUR A& AT
1 mass flow inlet 1178 kg + sy SRR LA
2.4, WA
2 wall BE T TG
3 pressure outlet  J&A 300 K; /7 1 atm
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Pressure
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1.2E+07
1.1E+07
8.9E+06
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5.4E+06
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Pressure
1.9E+07
1.8E+07
1.6E+07
1.4E+07
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Fig. 4 Pressure contours in engine

(a): Single-step reaction; (b): Multi-step reaction
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Fig. 5 Temperature contours in engine

(a): Single-step reaction; (b): Multi-step reaction
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Fig. 6 Three dimensional mesh and boundaries of plume
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Table 2 Boundaries conditions of the engine

plume flow field calculation

s SR BAR A
1 mass flow inlet FURLIE S JE AL 90 5 A 1 S
B & s bl R R T R R
2 wall BETHI TC 8%« s o4 B THT 2R 2
3 pressure far field V& 300 K; JE /7 1 atm
4 symmetry PO
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Fig. 7 Plume temperature contours with single—step reaction
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Study on the Influence of Chemical Reaction Mechanisms on the Infrared
Radiation Characteristics of the LOX/Kerosene Rocket Engine Plume

CAI Hong-hua, NIE Wan-sheng, SU Ling-yu, GUO Kang-kang
Department of Space Equipment, Equipment Academy, Beijing 101416, China

Abstract In this paper, a method to calculate the LOX/kerosene rocket engine plume infrared radiation characteristics is pro-
posed. First of all, the simulation of engine internal flow field is carried out, and the nozzle throat section parameters are ob-
tained as the inlet boundary condition. Then the calculation of single nozzle and multi-nozzle engine exhaust plume flow field are
carried out, infrared spectral radiation characteristics and radiation imaging characteristics of the engine plume are calculated with
the finite volume method (FVM) based on the field parameters. The accuracy of the method and the model are proved. On this
basis, studies on the influence of chemical mechanisms and the reaction on the plume infrared radiation characteristics are carried
out. It is found that the internal combustion field of the LOX/kerosene engine are simulated accurately with the multi-step chem-
ical reaction model, the temperature is 3. 34 % higher than that from the thermodynamics calculation and the pressure is 2. 89 %
greater than that from the engine test result. The reaction can enhance the infrared radiation of the plume, and the increase ratio
in the 2~5 pm band of the two condition of the single-step chemical reaction and the multi-step chemical reaction achieve 50 % ~
100% and 150% ~170% , but it can’t affect the infrared spectral radiation characteristics and the variation trend of infrared total
radiation intensity with detection angle. The clear infrared images are obtained with both the single-step chemical reaction and
the multi-step chemical reaction, the infrared radiation intensity of the former is 90% ~190% greater than that of the later, but
the infrared spectral radiation characteristics and the variation trend of infrared total radiation intensity with detection angle vary

widely with different chemical reactions.
Keywords 1.OX/kerosene engine; Plume; Infrared radiation; Chemical reaction mechanisms; FVM
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