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A Numerical Study on Combustion-Stability Rating of
Impinging-Jet Injectors Using Hot-Fire Simulation

Hyo Hyun Choi* - Chae Hoon Sohn**"

ABSTRACT

Combustion-stability rating of impinging-jet injector is conducted numerically using hot-fire
simulation in a subscale chamber with the five-element injector head. A sample F(fuel)-O(dxidizer)-O-F
impinging-jet injector is adopted. In this work, instantaneous chemical reaction is adopted for hot-fire
simulation based on the assumption that mixing process of fuel and oxidizer streams is controlling.
The model chamber was designed based on the methodologies proposed in the previous work
regarding geometrical dimensions and operating conditions. The present stability boundaries are in a
good agreement with air-injection and hot-fire experimental data. 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
m; [g/s]
Test No. 1 3 4 5 6 7 8 9
q 0 0.55 0.96 1.33 1.66 2.10 2.46 2.82 3.17
m, [g/s] 0 0.5 1.00 1.38 1.72 2.19 2.56 2.94 3.30
0.61 Q¢ [/min] 28.41
Qo [/min] 0 26.86 | 46.74 | 64.46 ‘ 80.58 ‘ 102.00 ‘ 119.20 ‘ 136.90 ‘ 154.10
Ut [m/s] 23.56
U, [m/s] 0 11.78 | 20.50 28.28 35.35 | 44.77 52.31 60.09 67.63
Test No. 10 11 12 13 14 15 16 17 18
q 0 0.33 0.55 0.80 0.99 1.22 1.42 1.66 1.90
m, 0 0.57 0.95 1.37 1.71 2.10 2.44 2.86 3.28
Lol Q 47.04
Qo 0 26.68 | 44.47 64.04 80.05 97.84 | 113.80 | 133.40 | 153.00
Q:+Qo 47.04 73.73 91.52 | 111.00 | 127.10 | 144.80 | 160.90 | 180.40 | 200.00
Us 39.02
U, 0 11.70 19.51 28.09 35.11 42.92 49.94 58.53 67.11
Test No. 19 20 21 22 23 24 25 26 27
a 0 0.25 0.35 0.55 0.72 0.80 1.05 1.22 1.35
m, 0 0.61 0.85 1.33 1.73 2.07 2.53 2.93 3.25
141 Q 62.83
Qo 0 28.56 | 39.73 62.09 80.71 96.86 | 117.90 | 136.60 | 151.50
Q+Qo 62.82 94.24 | 105.40 | 127.70 | 146.40 | 162.50 | 183.60 | 202.20 | 217.10
Ut 54.47
U, 0 1251 17.43 27.23 35.40 | 42.49 51.75 59.92 66.45
Test No. 28 29 30 31 32 33 34 35 36
q 0 0.22 0.31 0.44 0.55 0.69 0.80 0.94 1.08
m, 0 68 0.95 1.36 1.71 2.12 2.46 2.90 3.35
L81 Q 84.32
: Qo 0 31.88 | 44.63 63.76 79.70 98.83 | 114.70 | 135.50 | 156.20
Q+Q, 84.31 81.99 | 128.90 | 148.00 | 164.00 | 183.10 | 199.00 | 219.80 | 240.50
Us 69.93
Us 0 13.98 19.57 27.97 34.96 | 43.35 50.34 59.43 68.52
Test No. 37 38 39 40 41 42 43 44 45
q 0 0.14 0.27 0.33 0.46 0.54 0.66 0.77 0.83
m, 0 0.59 1.09 1.36 1.91 2.23 2.73 3.18 3.41
9l Q 112.27
: Qo 0 27.59 50.94 | 63.67 89.14 | 104.00 | 127.30 | 148.50 | 159.10
Q:+Qo 112.20 | 139.80 | 163.20 | 175.90 | 201.40 | 216.20 | 239.60 | 260.80 | 271.40
Us 93.11
U, 0 12.10 | 22.34 27.93 39.10 | 45.62 55.86 65.17 69.83
ANN fpeas THBLA St FERE AT Llkcia=
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