5526 & 59 fn=sh HEHR Vol. 26 No. 9
2011 4 9 A Journal of Aerospace Power Sep. 2011
XEHS:1000-8055(2011)09-2002-07
R — A — R 1117 —=_ s
ES/EEMKRR-|[IWMEEXML
\rL A /
wit5aHh
W &, = K, & T, ZEMN
bz i R R FiFpe, bt 100191)
it B, ETEXRIMAR T HKEIHSEOTE &/ 5 SRS S W = Bhbe (i & | RE i 5 B K it

T DA T 5 T 5 D) AR R e R L 7 25 A3 AT R 2 43 A 5 R SR WD - R SR R L S e R e K R R R T U
B9 F PR R /N Y SRS I L T S R ) U A T MR O 085 R R Y 3 AR R NS [ 3R E AR  me
JBE 2 S R s 22 L W 7 T 43 A 3¢ B« ATy 4B i o I v 108 0 4 B2 L ARG 214 1y et i 2 B2 e 4 & B L3k 3]
T L 1) ) A P R

x| A W UK BRI £ Hint ikt

RESES: Vi34 MEFRERRD: A

Design and analysis of GH,/GO, fired gas multi-injectors

orthogonal optimization

CHEN Tao,_ EI Mao, JIN‘Ping, CAI-Guo-biao

(School-of Astronautics,

Beijing University of Aeronautics-and Astrenautics, Beijing 100191, China)

Abstract: -Orthogonal\ design methodology was applied to investigate the design
parameters’ impact on multi-objectives, including flame length, wall temperature and injec-
tor panel temperature of GH; /GO, firéd gas shear coaxial multi-injectors chamber. Variance
analysis and range analysis indicate that ratio of hydrogen-rich gas velocity to oxygen-rich gas
is a dominant factor for'flame length and wall temperature, and small thickness of injector is
beneficial for reducing injector panel temperature. The interaction effect of the design pa-
rameters varies sharply for different objectives. The result of response surface shows that
low pressure drop of oxygen-rich gas, high velocity ratio and appropriate injector thickness

are advantageous for balance performance.

Key words: fired gas; multi-injectors; gas-gas combustion; orthogonal design;

multi-objective optimization
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Table 1 Chamber design parameter

m/(g+s ) O/F p/MPa L/mm D./mm D,/mm

1582 6 3 318 68. 8 39.2
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Fig. 1 Schematic of chamber structure
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Table 2 Parameter level

K Ap/ % R, W/mm
K1 4 4 0.5
K2 6 6 1.0
K3 8 8 1.5
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Table 3 Orthogonal tablet head design
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Table 4 Case and related results
F2 Ap/% R, W/mm Lo/mm T,/K Ti/K
1 4 4 0.5 277.3 1361.5 957.6
2 4 4 1.0 268.8 1583.3 1509.8
3 4 4 1.5 258.6 1503.2 1905.8
4 4 6 0.5 221.5 1641.6 1110.7
5 4 6 1.0 208.9 1733.4 1441.3
6 4 6 1.5 208.4 1780.2 1906.9
7 4 8 0.5 189.6 1812.5 1315.5
8 4 8 1.0 180.3 1884.1 1432.3
9 4 8 1.5 176.7 1929.9 1693.2
10 6 4 0.5 317.8—1277.3 1028.9
11 6 4 100 313.0. 1287.%5 1455.6
12 6 4 1.5 299.9 /1332,0 1902.4
13 6 6 0.5  247.6° _1678.2 1250.6
14 6 6 1.0Y 2331 1781.3 1470.8
15 6 6 1.5 £229.2> 1701.2 1917.6
16 6 8 0.5 199.0 2104.8 1414.2
17 6 8 1.0 187.3 2128.9 1457.9
18 6 8 1.5 180.2 2080.5 1752.4
19 8 4 0.5 332.5 1365.6 1098.6
20 8 4 1.0 329.6 1313.5 1471.2
21 8 4 1.5  327.2 1327.9 2075.9
22 8 6 0.5 285.8 1888.2 1278.5
23 8 6 1.0 264.8 1784.9 1496.4
24 8 6 1.5 251.9 1766.6 1936.7
25 8 8 0.5 217.8 2322.1 1430.3
26 8 8 1.0 198.8 2137.6 1524.1
27 8 8 1.5 176.5 2215.7 1729.4
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Table 5 Analysis of variance of design parameters’ impact on L,

Ap R, w ApX R, ApXW R XW e ¢
S 8694. 9 57937.7 1823.7 2095. 5 117.6 132.7 299.0 549. 3
f 2 2 2 4 4 4 8 16
v 4347.5 28968. 8 911. 9 523.9 34.3
F 126. 6 843. 8 26. 6 15.3
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Table 6 Analysis of varianee of design parameters’ impact on T,
Ap R, w ApXR, ApXW R, XW e ¢
S 510978 2185547.0 2509. 6 212551.7 56059. 4 6869. 8 12656. 4 22035.8
I 2 2 2 4 4 8 14
\% 25548.9  1092773.5 53137.9 14014. 8 1574.0
F 16. 2 694. 3 33.8 8.9
I 1k %% %% *% %%
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Table 7 Analysis of variance of design parameters’ impact on L,
Ap R, w ApXR, ApXW R XW e ¢
S 32771.3 10540.4  1983230.8 4909. 3 11739.4 277969.4 13902. 2 41091. 3
I 2 2 2 4 4 8 18
\% 16385.7 991615.4 69492. 4 2282.9
F 7.2 434. 4 30. 4
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