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Fig. 3 Top view of target model
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Table 1. Initial conditions

Input conditions

Combustor inlet velocity 2000m/s

Combustor inlet density 1.5kg/m®

Combustor inlet pressure 0.5MPa
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Fig. 19 Schematic of a computational domain (Target

model)
Table 3. Flight conditions
Input conditions
Altitude 25km
Flight Mach number 5.844
AOA 4°

Table 4. Isolator, Combustor inlet conditions

Input conditions

Inlet density 0.377kg/m>
Inlet temperature 609.565K

Inlet pressure 66297.2Pa

Inlet velocity 1503.168m/s
Inlet Mach number 3.037

A A= Fig. 203 2ok whaku] 0152, 0.185, 0.218 Z7dA A
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Fig. 20 Comparison of computational results of different
equivalence ratio at late scram mode
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Table 5. Combustor inlet conditions

Input conditions

Combustor inlet density 0.375kg/m’
Combustor inlet temperature 612.175K
Combustor inlet pressure 65879.5Pa
Combustor inlet velocity 1500.7m/s

Table 6. Combustor inlet conditions

Input conditions

Combustor inlet density 0.339kg/m’
Combustor inlet temperature 1514.4K
Combustor inlet pressure 147180.2Pa
Combustor inlet velocity 663.049m/s
Combustor inlet Mach number 0.85
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Fig. 21 Mach number plot of early scram mode
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Fig. 22 Schematic of a Ram mode combustor
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Fig. 23 Observed location of the thermal choking
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Table 7. Unstart simulation details

Values

Combustor Inlet Mach number 0.85
Isolator length (Dimensionless) 5
Pseudo shock length (Dimensionless) 3.587
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Table 8. Flight conditions

Input conditions

Altitude

23km

Flight Mach number

AOA

3.565°

Table 9. Isolator inlet conditions
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Input conditions

Isolator inlet density 0.548kg/m®
Isolator inlet temperature 623.520K
Isolator inlet pressure 98095.260Pa
Isolator inlet Mach number 3.073
Table 10. Thrust for each equivalence ratio
Equivalence ratio Mode Thrust (N)
0.1849 Scram 1464
0.2010 Scram 1679
0.2240 Scram 1891
0.2931 Early Scram 2188
0.3159 Early Scram 2519
0.3312 Early Scram 2892
0.4519 Ram 3553
0.4729 Ram 3816
0.4918 Ram 4087
0.7820 No combustion -
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Abstract

Numerical Investigation of a
Dual Mode Ramjet Combustor
using a Quasi 1-Dimensional

Solver

Jaehoon Yang
Department of Mechanical and Aerospace Engineering

The Graduate School

Seoul National University

In this work, a one-dimensional combustor solver was constructed
for the scramjet control model. The governing equations for fluid
flow, Arrhenius based combustion Kinetics, and the injection model
were implemented into the solver. In order to validate the solver, the
zero—dimensional ignition delay problem and one-dimensional scramjet
combustion problem were considered and showed that the solver
successfully reproduced the results from the literature. The 2D
analysis result of ANSYS Fluent, a commercial numerical analysis
program, was compared with the quasi 1D analysis result of the

current code. The current solver has successfully reproduced the
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results of previous literature and secured the wvalidity of quasi
one—dimensional analysis. Subsequently, a ramjet analysis algorithm
under subsonic speed conditions was constructed, and a study on the
inlet Mach number of the combustor was carried out through the
thermal choking locations at ram conditions. In such conditions, a
model for PCST (precombustion shock train) analysis was
implemented, and the algorithm for transition section analysis was
introduced. In addition, in order to determine the appropriateness of
the ram mode analysis in the code, the occurrence of a unstart was
studied through the length of the pseudo-shock in the isolator. A
performance analysis study was conducted according to the

equivalence ratio of the combustor through the constructed code.

keywords : Scramjet, Ramjet, Ram—-Scram transition, Hydrogen
Student Number : 2019-22259
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