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Fig. 1 Computational model of a RADICL nozzle
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CONV . (DCD) ’VISC
1 COIL 21
Table 1 21 reactions in COIL chemical computation
Reaction equations Rates/cm® *mol "' eg !
1 Oz(lA)"'Oz(lA) "02(12)“'02(32) 2.7x10°"7
2 0,('S) +H,0 — 0,('A) +H,0 6.7 x10 12
3 0,('A) +0,(°%) — 0,(°3) +0,(’%) 1.6 x10°'8
4 Oz(lA)*’HzO"Oz(gE)*'HzO 4.0x10°"®
5 0,("A) +ClL,— 0,(’3) +Cl, 6.0x10 '8
6 0,("A) +He — 0,(°3) +He 8.0x10 %
7 L +0,('S) - 21+0,(°) 4.0x10° 12
8 L+0,('3) - 1, +0,(C3) 1.6 x10"
9 L+0,('A) -1, +0,(°%) 7.0 107"
10 L+1" >1+1; & 3.8x107"
11 L, +0,('A) —21+0,(%) 3.0x10°1°
12 L +0,C%) > 1, +0,(C3) 4.9x10° 12
13 I, +H,0 > 1, +H,0 1.7x10° "
14 I, +He — I, + He 9.8 %1012
15 1+0,('A) - 1" +0,(’3) 7.8 x10 !
16 I" +0,(’°S) - 1+0,('A) 1.0277 x 10 710 g(-4014/D
17 1+0,('A) - 1+0,(°3) 1.0x10°"
18 " +0,('A) - 1+0,('3) 1.1x10°"
19 " +0,('A) - 1+0,('A) 1.1x10°"
20 1+1 —I+1 1.6x10°"
21 1" +H,0 - 1+H,0 2.0x10°12
2.1
1 3
0,(A) 0,(C2) H,0 Cl, N N
(Case 1 Case 2) (Case 3) 1:1.5:0.16:0.24:19.72
1:1.5:0.16:0.24 Ma . I, He Case 1 Case 2
Case 3 45°
2 p s
2
Table 2 Computational conditions in simulation
nyin, n g, p,/kPa T,/K M, P_/kPa T./K M,
1 5 1: 104 9.961 7 315 0.35 60 319 1.0
2 8 1:182 9.961 7 315 0.35 60 319 1.0
3 15 1:31 9.961 7 315 0.17 5 319 2.5
2.2
I, (Dissociation) .1 (Pump) 0,('A) (Yield) :
Pi t P P Po,(1a)
MNaiss = Moump = MNyield = .
P, + P +ptpr T py +py Po,iny FPo(iy T Poyx
I

1) )
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Fig. 2 Distribution of dissociation pump vyield rate and gain along x at j =25
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Fig. 3 Distribution of dissociation pump yield rate and gain along x at j =25
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2.5
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Fig. 4 Distribution of U component of velocity along x axis at j =25
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Optimization of COIL with Jet in Supersonic Section Based on Mixing Process

LV Junming'  HU Zongmin®  JIANG Zonglin>  WANG Qiang'
(1. China Academy of Aerospace Aerodynamics Beijing 100074 China;
2. National University of Singapore 119077 Singapore;
3. Key Laboratory of High Temperature Gas Dynamics Institute of Mechanics
Chinese Academy of Sciences Beijing 100190 China)

Abstract: Three-dimensional algorithms solving laminar Navier-Stokes equations coupled with chemical reaction and transportation
equations are developed. Detailed flow field and distribution of yield dissociation and pumping rates and small signal gain are obtained
which cannot easily be got in experiments. The reason that experimental results are not as good as that in theories is analyzed.
Furthermore a better way to operate the system is suggested. It is shown that the mixing and chemical process in a nozzle of limited
length is not complete due to the high speed in supersonic mixing zone and low mixing efficiency. Higher iodine concentration for
speeding up chemical reaction causes insufficient of singlet oxygen so as an unreasonable gain. A primary flow without buffer gas is
claimed necessary and essential to reduce flow velocity and assure mixing process and chemical reaction accomplished before arriving
the cavity. With an appropriate flow rate ratio a small signal gain can reach 1.3% cm™'.
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