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Experimental Study on Supersonic Combustor using Inclined Fuel
Injection with the Cavity, Part 1: OH-PLIF Measurement

Eunju Jeong, In-Seuck Jeung, Sean O'Byrne and A.F.P Houwing

ABSTRACT

The supersonic combustion experiments are carried out using T3 free-piston shock
tunnel. Different shock tube fill pressures have various inflow conditions. 15° inclined
hydrogen fuel injection is located before the cavity. Oblique shock is generated from the
cavity and reflects off the top and bottom wall. For non-reacting flow, fuel makes the
shear layer thicker above the cavity therefore, the shock is generated just before the
trailing edge. This research has self-ignition in the combustor. For reacting flow, as the
equivalence ratio increases, flame starts to generate near the injector or occur in the
recirculation zone before the injector. High fuel injection sustains the jet shape in the
cross flow and air can mix with fuel along the shear layer. Therefore, two flame layers
find above the cavity for high equivalence ratio.
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Table 1 Shock Tube and Nozzle Stagnation Properties

Stock Tube Fill Primary Shock Vel| 4 vijag) | pyivpal | T [
50 257 £ 0.03 6.45 + 0.14 157 + 0.68 4422 + 64
75 2.36 £ 0.03 5.16 + 0.03 150 + 0.46 3835 + 18
100 2.23 £ 0.04 448 £ 0.06 155 + 0.28 3483 + 37
125 2.04 £ 0.01 3.82 £ 0.06 154 + 0.64 3087 + 41
Table 2 Freestream Conditions of Combustor Inlet
ho [MJ/kg] Po [kPa] To [K]l | poo [kg/m’] | e [mv/s] Mo
6.45 11 + 7 1667 + 55 | 0.23 = 0.009 | 2952 + 28 3.71 £ 0.03
5.16 100 £ 4 1280 + 14 0.27 £ 0.01 2680 + 7 3.83 + 0.01
4.48 98 + 2 1095 £ 23 | 0.31 + 0.006 | 2513 + 15 3.87 £ 0.01
3.82 92 £4 899 £ 16 0.35 + 0.01 2347 + 17 | 3.97 £ 0.004
Table 3 Fuel Injection Conditions
Ludwieg Tube Fill P. [kPa] 900 1500 2500
Fuel Plenum Pres. [kPal 631 = 21 1104 + 17 1906 + 33
Fuel Injection Pres. [kPal 333 £ 11 583 £ 9 1005 = 18
Wykg]\ Equivalence ratio
6.45 0.132 + 0.009 0.223 + 0.015 0.447 + 0.034
5.16 0.130 = 0.002 - 0.429 + 0.036
4.48 0.126 + 0.002 - 0.415 + 0.010
3.82 0.116 £ 0.008 - 0.372 £+ 0.006
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Different Equivalence ratio Conditions
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