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Experimental Study on Fuel/Air Mixing using the Cavity
in the Supersonic Flow

Chae-Hyoung Kim* - Eunju Jeong* - In-Seuck Jeung**

ABSTRACT

To achieve efficient supersonic combustion within a manageable length, a successful fuel injection
scheme must provide rapid mixing between fuel and airstream. In former days, various injection
concepts have been investigated. Cavity flow is the open type, that is, length-to-depth ratio L/D=438,
aft ramp angle is 22.5°. An experimental study on a transverse cross jet injection into a Mach 1.92
supersonic main stream which flows over a cavity was carried out to investigate the effect of the
momentum flux ratio(J), the jet interaction characteristics, and the pressure distribution in the
combustor and using the primary diagnostics : schlieren visualization and wall static pressure
measurements. Fuel penetration height and jet interaction characteristics depend strongly on the

momentum flux ratio.
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Nomenclature

Dy : Downstream step height

D, : Upstream step height

d Injection hole diameter

h : Penetration height

J Jet to main flow momentum ratio
L : Cavity length

L/D: Cavity length to depth ratio

M : Mach number

M., : Main flow Mach number

M; : Jet flow Mach number

P, : Total pressure of main flow
P : Total pressure of jet flow

p Static pressure

T . Total Temperature

u velocity

x Main flow direction

Greek
¥ : Ratio of specific heat
p :  Density
subscripts
a : main flow
f : jet flow
.M B
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Fig. 2 Facility Schematic
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Fig. 3 Cavity Geometry Specification

Fig. 4 Fuel Injector/Pressure Transducer Holes
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Pressure Transducers
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Table 1 Free-stream Flow Condition

Ma Pa T u
(kgt/cm’) | (K) (")

1.92 7 300 500.2

Table 2 Jet Flow Conditions

Inj. P M| T | ¥ Inj. J
Gas | (kgt/ sz) (X) Dia.(mm)
He 2 1 13001 1.67 1 0.3
He 6 1 1300|167 1 0.9
He 11 1 1300 1.67 1 1.7
N3 11 1 |300]|1.40 1 1.5
(pu®),  (ypM?),
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Fig. 6 The Effect of the Back Wall angle to
the Flow Field Structure of a Cavity
Exposed to a Supersonic Flow
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Perpendicular fuel injection
(Billig et al.,1971)
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Fig. 7 Transverse Injection Flowfield Schematic
and Schlieren Picture of the Flow Field
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Fig. 9 Flow Visualization for Variable
Momentum Flux RatioJ) : a) J = 0.3,
b)J=09 ¢ J=17
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Fig 10 Fuel Penetration for Variable Momentum
Flux Ratio(J)
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Fig.12 Characteristics of No & He Flowfield
a) Nz J=15, b) He J=17
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