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ABSTRACT

In this work, a one-dimensional combustor solver was constructed for the scramjet control m
odel. The governing equations for fluid flow, Arrhenius based combustion kinetics, and the inje
ction model were implemented into the solver. In order to validate the solver, the zero-dimensi
onal ignition delay problem and one-dimensional scramjet combustion problem were considered
and showed that the solver successfully reproduced the results from the literature. Subsequentl
y, a ramjet analysis algorithm under subsonic speed conditions was constructed, and a study o
n the inlet Mach number of the combustor was carried out through the thermal choking locatio
ns at ram conditions. In such conditions, a model for precombustion shock train analysis was i
mplemented, and the algorithm for transition section analysis was introduced. In addition, in or
der to determine the appropriateness of the ram mode analysis in the code, the occurrence of a
n unstart was studied through the length of the pseudo-shock in the isolator. A performance a
nalysis study was carried out according to the geometry of the combustor.
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Fig. 1. Ram—-Scram transition algorithm
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Table 1. Initial conditions for solver validation

Combustor inlet velocity 2,000 m/s
Combustor inlet density 1.5 kg/m®
Combustor inlet pressure 0.5 MPa
Injector diameter 8 mm
Injector length 219.0 mm
Mixing length 7 mm
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Table 2. Considered flight condition
Altitude 25 km
Flight Mach number 5.844
AOCA 4°
Table 3. Isolator, combustor inlet conditions
Density 0.377 kg/m?®
Temperature 609.6K
Pressure 6.630% 10* Pa
Velocity 1.503%10° m/s
Mach number 3.037
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Table 4. Combustor inlet conditions (scram mode)

Density 0.375 kg/m®
Temperature 612.2K
Pressure 6.588% 10* Pa
Velocity 1,501 m/s
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Fig. 9. Observed location of the thermal choking

Table 5. Combustor inlet conditions (ram mode)

Density 0.339 kg/m®
Temperature 1,514K
Pressure 1.472X10° Pa
Velocity 663.0m/s
Mach number 0.85
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Fig. 10. Mach number profile during iterations.
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Table 6. Unstart simulation details
Combustor Inlet Mach number 0.85
Isolator length (Dimensionless) 5
Pseudo shock length (Dimensionless) 3.587
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