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Experimental Study on Supersonic Combustion Phenomena
in the Cavity Duct by the Supersonic Inflow Conditions

Eunju Jeong, In-Seuck Jeung, Sean O’'Byrmne 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 at the
trailing edge of the cavity and reflects off the top and bottom wall. For non-reacting
flow, static pressures in low equivalence ratio are similar to those in no fuel injection.
As equivalence ratio is increased, static pressures are increased in the duct. In the
similar equivalence ratio, static pressures are increased when total enthalpy is decreased.
For reacting flow, the flame is occurred near the cavity. The combustion is weak locally
in the middle of the duct. The up and down pressure distribution in the duct means that

the supersonic combustion is generated.
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Fig. 1 Schematic of Supersonic Combustor

Dump Tank\ Test Section  Nooale

22 T3 Aw 345 gdn 735 =

B A¥e FF9 Australian National
Universityol 4l 48 =%k, Compression tube
W B2EL gt F7] AFi o8] oA
A ¥ o] compression tube W EA3E AFT
olafo2 FAE driver gasE ¢EA|7it} v
2E°] compression tube?] W Eo =g3 WA
compression tubeWo] ZA38E driver gas$t
shock tubeWldl &A= test gasE HE A7z
AW A ZAote] AA FElY driver gasel 9
&) stgd |t Zolo}, shock tube WA Z3E &
Azt AoEn, AY Z)H7t sAEdn ol ¥
shock tube®] €A FZH =7t wkALE o] A H
3, =&& 58 sz

d42<d He9 FF v €8 g
el FXelng A8 AL shock tube?]
vo} =22 HEHe FAfF o AL
AYFA e A AT 4= AF AL
2 AALAY A dgye ue} d2xg gty
22 05ms% 2ms Atelelt}. o|2jd FAH s H
de A Ag AztE AF%e F8TF F A &
2% DxZ E7dA49 74T /%59 34, 2)
% AALZ driver gas7} =& wel A Y
7147} driver gas®Z <&l &g A& Holtl
T3 A% 247 BES o] 43 ¢ A d7d o
294], A 94E9(h,)7} MJ/kg & o, A
7t &2 AAHAA WwAlE F dms A= 71A
= A8 7|A7} driver gasst EF o] HA ¥=
o}, =3, University of Queensland® T4 A&
A3 gy AgoMEe A dgyr 6MJ/keg ¢
i, 3497} =& ZFALNAN AR F 25ms
HAE 10%AEe 29 AEE BHAYG5] =
Al & A¥dAE oA FHFPo] FHLG A
AN wAr" F 15msilA ErEHEE
driver gasel & FF< ¢A gt

B AP e test gase ZAEL WA 77
28ty shock tubeol ¢+ test gasd ¢HE
ZFsAh F, #HA AT gdo] o8 2y
A9 O £57) test gas® ¢l W &
PR A= 2, B2tA shock tube oA 717}
WALE o) AA ZAEL WA

ke -{IT. oft

High-Pressure

Shock Tube Diaphragm Compreﬂw’:)}Tube Piston  Reservoir

Fig. 2 T3 Free-Piston Shock Tunnel



A 3331 KOSCO SYMPOSIUM =3 (2006 FA)

211

Shock Tube Fill [Primary Shock Vel
Pres. [kPal [km/s] ho [MJ/kel Po [MPa] To [K]
50 257 + 0.03 6.45 + 0.14 157 + 068 4422 + 64
75 2.36 = 0.03 516 £ 0.03 150 = 0.46 3835 + 18
100 223 + 0.04 448 + 0.06 155 + 0.28 3483 + 37
125 204 £ 0.01 3.82 + 0.06 154 + 0.64 3087 + 41
Table 1 Shock Tube and Nozzle Stagnation Properties
ho [MJ/kg] Po [kPa] Te [K] pw [kg/m’] | ue [m/s] M
6.45 111 = 7 1667 + 55 | 023 £ 0.009 | 2952 £ 28 3.71 £ 0.03
516 100 = 4 1280 + 14 0.27 + 0.01 2680 + 7 3.83 + 0.01
4.48 98 + 2 1095 + 23 | 031 + 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 2 Freestream Conditions of Combustor Inlet
Ludwieg Tube Fill P. [kPal 900 1500 2500
Fuel Plenum Pres. [kPa) 631 £ 21 1104 £ 17 1906 = 33
Fuel Injection Pres. [kPal 333 £ 11 583 + 9 1005 * 18
holMJ/kg Equivalence ratio
6.45 0.132 + 0.009 0.223 = 0015 0.447 + 0.034
516 0.130 + 0.002 - 0.429 + 0.036
448 0.126 + 0.002 - 0.415 + 0.010
3.82 0.116 = 0.008 - 0.372 = 0.006
Table 3 Fuel Injection Conditions
Z2A59 59 =2 FAAY 4HS PCB 4 F34  v7Mfrequency  doubled,  532nm)
o] rHMME o]&sle] A3 o, o] FE  NAYAG laser® At£3t9 rhodamine 59034
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Fig. 7 Pressure Distribution according to the Total Enthalpy in Non-Reacting Flow
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Fig. 8 Pressure Comparison between Nonreacting and Reacting Flow
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Fig. 11 OH-PLIF Image near the cavity
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