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Numerical simulation of gas-gas injector based on-orthegonal design

DU Zheng-gang, GAO Yuwshan, JIN Ping,\ CAl Guo biao
(School of Astronautics,

Beijing University of Aeronautics and A stronautics, Beijing 100191, China)

Abstract: The numerical simulation was _performed on gaseous/ oxygen/gaseous hydro-
gen shear coaxial injector as orthogonal array was applied to-guide“injector design. T he injec-
tor combustionTocation\was Selected as the-indicator-of injector performance. The effect of
injector ‘mass-flowrate, oxygen\ pressure-drop, the*hydrogen to oxygen velocity ratio as well
as the angle of oxygen\post\tip on_the combustion length were investigated. T he range analy-
sis and variance analysis on the results of numerical simulation indicate that the increase of
injector mass flowrate make the combustion location far away from the injector faceplate, in-
jector mass flew plays”a predominated role in combustion location; and a higher velocity ratio
of hydrogen to-oxygen shortens the distance between the combustion location and the injector

faceplate; the oxygen element drop and the angle of oxygen post tip have minimum impact on

combustion location.
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Table 1 Combustor parameters and related mass flowrate
1 / /
(kg/s) / m /m  (kge s 'em?)
’ 0113 0 0184 0 0104 425
0 226 0 026 0 0148 425
> 0 339 0 0319 0 0181 425
t lmm,
, s Q2mm ,
, 1.

Fig. 1 Schematic of the angle of oxygen post tip
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> : Table 3 Parameters of gas gas injector
Navier Stokes s 6 9
k-€ : / P /
. / ! % °
( Arrhenius) (8/s) i Q
(13] ) M 1 113 2 04 00
; ’ ’ 2 113 4 7 20
’ 3 113 6 10 90
2 H:O, 4 226 2 7 90
Table 2 Hjy O, chemistry model 3 226 4 10 0
6 26 6 4 20
7 339 2 10 20
1 H,+ 0,= OH+ OH 8 339 4 4 20
2 OH+ H,= H,0+ H o 339 6 ! 0
3 H+ O,= OH+ O
4 H,+ O= OH+ H 4
5 H,0+ O= OH+ OH
6 H+ H+ M= H,+ M 41
7 H+ OH+ M= H,0+ M 2
8 H+ O+ M= OH+ M : ,
9 O+ O+ M= 0,+ M . ,
3MPa,
23
. 7% , -
5
, 300K,
’ Pressure/MPa 50 650 1250 1850 2450 3050
2 2 l
’ 0 50 100 150 200 250 300
Axial-length/mm
3 2
Fig. 2 Chamber pressure distribution in combustor of
No. 1 injector
43 2
3
, . 4 ,
3 . 113, 226, 339 >
gl's; ( ) g
2%, 4% , 6% 4,7,10; . 5 ) ,
: 0%, 20°, 90°. , - 4 )
, 3 \ Lo(3% . ,

[10]
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Fig.3 Temperature distribution in combustor of

No. 1 injector
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Fig.4 OH concentration fields in combustor of

No. 1 injector
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Fig.5 Mass fraction of OH on axial of No. 1 injector
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( i=1,2  3)
ki,j

2

Ri = max{ki, k2, k3} — min{ ki1, k2, k3}) (1)

n =
n= 9. S
Si, S = l_l(yi—:);)z,Sj:
Z}ni(ki- y)2 a= 3 j
ni= 3 l .
j Vi,Vi=S/fi.fi J
s j 1. J

Fi, Fi'= Vi/Ve, Vi

Ve = [S - ZSJ \[n— Zf,].

F ;

F; s (fl 9f"’)
F a( a=
0 05), Er< Fo(fi, fe), J
4.
4 -

Table 4 Simulation results of gas gas injector

/ De
(gs) / % /(%) /mm
1 113 2 o 00 178
2 113 4 7 20 152
3 113 6 10 90 145
4 226 2 7 90 216
5 22 4 10 0 205
6 226 6 4 20 252
7 339 2 10 20 250
8 339 4 4 90 282
9 339 6 0 280
5 )
> > >
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Table 5 Range analysis of combustion location
/ Pe
(g/s) ! % ) 6 , F F < 0 05,
K1 475 644 712 662
K2 673 639 647 654 B
K3 811 676 600 643
k1 158 3 214 7 237 3 220 7
6
k2 224. 3 213 215 7 218
Table 6 Variance analysis on the results of
k3 270. 3 2253 200 214 3 . X
combustion location
R 112 12 3 373 6 4
F
6 7
19016 2 9508 0 0032
268 7 2 134. 35 018
’ 2108 7 2 1054 35 0 027
> 60. 7 2 30 35 -
> 21454 1 8 v -
280 5
A
260 /
£ 240 ’
5 220 | 'y ’
< 200 F ’
180 - > > >
160 - w
140 L~ 1 L = N b | i H
100 150 200 250 300 350
Mass flow/(g/s)
P R :

Fig. 6 Current diagram of mass flowrate
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Fig. 7 Current diagram of velocity ratio
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