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Performance simulation analysis for a hydrogen-rich/oxygen-rich

shear coaxial gas-gas injector
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Abstract: Based on ofthogonal-experiment desigh-methods” the“design parameters of a
hydrogen-rich/oxygen-rich\sheaf coaxial gas-gas injector. including the ratio of the oxidizer
pressure drop to-the combustor pressure ¢D,), the ratio of the fuel velocity to the oxidizer
velocity (R,), and the oxidizer post-tip wall thickness (W,), were combined. The flow
field of the single injector ‘\combustor was simulated. The influences of the injector design
parameters and the interaction of the parameters on the combustion performance and heat
load performance-were studied. Evaluation indexes include: combustion length (L.), aver-
age gas temperature on combustion chamber wall (T,,) and average gas temperature on the
injection faceplate (Ty). The results show that, the influence of R, on the combustion per-
formance and the heat load performance is remarkable. The influence of the interaction of D,
and R, on the combustion performance and heat load is obvious. The results can provide reli-

able criterion for the gas-gas injector experiment design.

Key words: injector design parameters; shear coaxial gas-gas injector;
numerical simulation; orthogonal experiment design; combustion length;

average gas temperature

BEE LR BE 2 BRI HE R A S8 AT A 2 AT o Al R B O A ki e s LR ok i T
KA RSB R Z 8 T AT R BAE RBz—.
RE 4 AT 55 1 i 25 D0 A A 42 B ARG 26 & sl Bl TE A/ A AU ARG A K sh AL . BT A3 3 A

Y #m B #9:2009-11-03; 83T HEJ:2010-01-15
EBER A 2% Q983 B K A A T ENF LR MR R E AR BRI E S/ ERI- B
HARIFSE.



2828 i

H¥

)

PARE 5 25 &

{14 4 75 257 30 ok S/ SRS TR A AR B I
e &/ B AR IR B IR 5 IS i A AN HE
T3 AW Sy A RS AR Z — AR
PRBE. Y 5 R LAY S IR AN (]
e RN J5 WA 5 A28 R HAR B IR IR RS s
P 00 9 0 T T R e A BRI R X
SEREAE X A Sh ML LT TR B kR
LA WFSE 3 % LA 4 Ui i b BRI B4 2 B AL
RNHOR A F0 A B e S AR A T
I HEAT T R B W 5T TR, 348 T -k b
AR, H K 4 TAE 2 DL il &R/ AR ek
TR s LR /5 AR 4 1 390 1 AH S 5
TAETFJEARAR . A T o R A AR e
EWACE =R /Sl 0 A I I LN AR N R
oA B AL, B ST/ AR L
FIFARE BN 2 5 A/ W R B I
T T SE PR TR N YRS R O e
A/ B AR NI A BT RE A/ AR
UM T 5T
S A/ R R M R Y I K
TSRO 2E 2 WA T a0 SRR e Y B3 2
HEOCR A T R B BIE A b FE R R & 1Y
FHEE BT 50 B 3 N W ) FERE] Y TR
B, I A AT REAE LA BIHTHROCR A SRk LA 1
T 0 VR e e A R I i 4, 9% R S
AT I 5 S S AR SOR I 38R 56 15 R ok
Xof [) Al B 1) - W R AT B e s B O
FLZ5 BP0 W B T S B0 R BRI BE RN FA
631 A ER/
1 EXHERRIZIT
1.1 HETERE
ASCAE T FLUENT Bl K04 38 3o oK fif fff
H ke Jii AR LAY Navier-Stokes 5 #24 ¥ & &/
SR ACIR) il 0 D70 B A b = R R I
HEATHCAEASEALL 2R I BURS B2 105 -#E #-A S B AL 1k
2EN AR (MRS = 38440 .
H,+0,=0H-+0H
OH+H,=H,O+H
H+0,=0H+O0
H, +O=0H+H
H,O+0=0H+OH
H+H+M=H,+M
H+OH+M=H,0+M

H-+OH+M=H,0+M
O+0+M=0,+M
Ao 27 J 0 3 5y B SR e 5 i 4 AR
PRI KA e = it R J1 O 3 MPa, i i 226
g/s IRE N 6, B A/ B AR T PR =
ANTE TR 2 B R B A A RE R % L B A/ AU
KBHANE 1R,

x1 HEHFSH
Table 1 Propellant parameters
sl Filkiiht/ WigksE A BESEU Y
(gesH RAEW 55 &= K
wARA 180 320 0 97.22 2.78
B AR 46 0.45 65.08 0  34.92

TR DXCHR DL & 1, 958 % HAR 26 mm, [R] A B
KB 250 mm O R BEE) , S8 R A% £ 40 000
A o BE TH] B 3 DA 0 48 L TR R SR R B A
H R J7 O s RS $A 0 W 7%

S T

B P X
Fig. 1

Simulation region
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Table 5 Results of the L. range analysis
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Influence of the design parameters on the L.
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Table 6 Results of the L. variance analysis

Ty 2 K S f \% F
D, 3880.5 2 1940.3  5028.6
R, 28993.0 2 14496.5  37570.7
w, 79.9 2 40.0 103. 6
D,XR,  1703.9 4 426. 0 1104. 0
D, X W, 9.9 4 2.5 6.4
R XW, 7.8 4 1.9 5.0
e 3.1 8 0. 4

?j{; F(;_(J5(298>:4. 467Fo_[)1(278):8. 65,
Fo.05(4,8)=3.84, Fy 0 (4,8)=7.01.
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Table 7 Influence of the interaction D, X R, on the L.

D,
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4% 6% 8%
4 196.7 221.3 252.0
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8 140. 2 142.7 148.8
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Table 8 Results of the T, variance analysis

Ir-22 R 5 S f \% F
D, 24.904. 2 2 124521  403.7
R, 1825665.1 2 912832.5 29596.8
W, 1664.6 2 832.3 26.7
D, X R, 18673. 2 4 4668.3 151. 4
D, X W, 453.3 4 113.3 3.7
R, X W, 350. 2 4 87.6 2.8
e 246.7 8 30. 8
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Table 9 Influence of the interaction D, X R, on the T,

D,
R,

4% 6% 8%
4 1523.4 1521.1 1515.5
6 1850.0 1907. 8 1927.5
8 2071.0 2171. 2 2217.8
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Table 10 Results of the T; variance analysis

Ty 25 K S f \% F
D, 193620. 1 2 96810.1 12432.7
R, 177847. 6 2 88923.8 11419.9
w, 277.7 2 138. 8 17.8
D, X R, 26418. 2 4 6604.6 848. 2
D, X W, 79.5 4 19.9 2.6
R XW, 202.3 4 50. 6 6.5
e 62.3 8 7.8
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