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A Numerical Study on Combustion-Stability Rating
of Impinging-Jet Injector Using Air-Injection Technique
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Abstract

Combustion stability rating of jet injector is conducted numerically using air-injection technique in a
model chamber, where air is supplied to oxidizer and fuel manifolds of the model five-element injector
head. A sample F(fuel)-O(oxidizer)-O-F impinging-jet injector is adopted. In this technique, we can
simulate mixing process of streams flowing through oxidizer and fuel orifices under cold-flow
condition without chemical reaction. The model chamber was designed based on the methodologies
proposed in the previous work regarding geometrical dimensions and operating conditions. From
numerical data, unstable regions can be identified and they are compared with those from air-injection
acoustic and hot-fire tests. The present stability boundaries are in a good agreement with experimental
results. The proposed numerical method can be applied cost-effectively to stability rating of jet
injectors when mixing of fuel and oxidizer jets is the dominant process in instability triggering.
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Table 1 Flow conditions of impinging-jet injector for various operating conditions

my; {g/s]
Test No. 1 2 3 4 5 6 7 8 9
q 0 0.50 0.87 1.20 1.50 1.90 222 2.55 287
m, [g/s] 0 0.57 1.00 138 1.72 2.19 2.56 2.94 330
0.61 Qr [$/min) 28.41
Q. [¢/min] o | 2686 | 4674 | 6446 | 8058 | 10200 | 11920 | 13690 | 154.10
Ur [mss] 23.56
U, [ms] 0 11.78 20.50 2828 | 3535 | 4477 | 5231 | 6009 | 67.63
Test No. 10 11 12 13 14 15 16 17 18
q 0 0.30 0.50 0.72 0.90 1.10 1.28 1.50 1.72
m, 0 0.57 0.95 137 1.71 2.10 2.44 2.86 3.28
Lot oy 47.04
Q. 0 26.68 44.47 64.04 | 8005 | 97.84 | 113.80 | 133.40 | 153.00
Qs 47.04 73.73 9152 | 111.00 | 127.10 | 14480 | 16090 | 180.40 | 200.00
Uy 39.02
U, 0 11.70 19.51 2809 | 3501 | 4292 | 49.94 | 5853 | 67.11
Test No. 19 20 21 22 23 24 25 26 27
q 0 0.23 0.32 0.50 0.65 0.78 0.95 1.10 122
m, 0 0.61 0.85 133 1.73 2.07 2.53 2.93 325
o 62.83
141 Q 0 28.56 39.73 6209 | 8071 | 96.86 | 117.90 | 136.60 | 15150
Q+Q, 62.82 9424 | 10540 | 12770 | 14640 | 16250 | 183.60 | 20220 | 217.10
U 54.47
U, 0 12.51 17.43 2723 | 3540 | 4249 | 5175 | 5992 | 66.45
Test No. 28 29 30 31 32 33 34 35 36
q 0 0.20 0.28 0.40 0.50 0.62 0.72 0.85 0.98
m, 0 0.68 0.95 136 1.71 2.12 2.46 2.90 3.35
1.81 @ 8432
Q 0 31.88 44.63 63.76 | 7970 | 9883 | 11470 | 13550 | 156.20
QrtQ, 84.31 81.99 | 12890 | 148.00 | 16400 | 183.10 | 199.00 | 219.80 | 240.50
U 69.93
U, 0 13.98 19.57 2797 | 3496 | 4335 | 5034 | 5943 | 68.52
Test No. 37 38 39 40 41 4 43 44 45
q 0 0.13 0.24 0.30 0.42 0.49 0.60 0.70 0.75
m 0 0.59 1.09 136 1.91 223 2.73 3.18 3.41
241 & 11227
Q 0 27.59 50.94 6367 | 89.14 | 10400 | 12730 | 14850 | 159.10
QrtQ, 11220 | 139.80 | 16320 | 17590 | 201.40 | 21620 | 239.60 | 260.80 | 271.40
Us 93.11
U 0 [ 1210 | 2234 [ 2793 [ 3910 [ 4562 | 5586 | 6517 | 69.83
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