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Performance Design Techniques for Scramjet Engines
with Finite-rate Chemistry Combustion Models
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Jong-Ryul Byen*** - Hyun-Gull Yoon****

ABSTRACT

An efficient performance model for scramjet engines has been proposed for scramjet performance
design. In supersonic air intake design, the compression angles of the wedge were determined to
maximize the total pressure recovery of the intake based on Oswatisch criterion. Both combustion
models of chemical equilibrium and finite-rate chemistry model are implemented, and compared each
model with the results by Starkey for Waverider engine configuration. Finally, the performance model
of concern has been confirmed by conducting performance analysis with hypothetical mission
profile and design conditions.
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Fig. 1 Schematics of Scramjet Engine
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Continuity:
Ldin_1dp, 1dU_ 1 d4
mdr pder Udr A dx
- Momentum conservation:
LdP oM AU yM(1—c) dm +KF(4C})
P dx U dx m dw 2

- Energy conservation:

dy; 1 dm)
i dr +f2(h0% i

a7 1
dr ?P 0 dm Ud_U ©)
m dr dx
- Equation of State:
1dp_ 14 1 dMw
;%p p d.i) T T MW dx @)
- Mixture Molecular Weight:
AMW _ 1 a4y

Y E MW, dx ®)

- Species Conservation:
ay; ‘%M—Wz 1 dmi,jadd Y, dm
dr pU ; dx _n'Id.z'
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Quasi 1-D Combustor Analysis

Initial Flight Condition [+ Equibrium Model
ombustion Properties : CEA code
- 14 species
- Constant Friction Factor

- Linear Reaction Profile
| Finite Chemistry Model

- 12 species, 16 reactions

- van Driest Il Friction Model

- Fuel Injection Profile : Starkey Profile

l

Nozzle Design &
Flow Property Calculation

Atmospheric Condition
(ARDC 62)

Supersonic Intake Design

« Intake Step (1 -3 step)

« 2:D Rectangular Type
(Oblique Shock Relations)

« Coaxial Conical Type
(Talyor-Maccoll Method)

« Intake Total Pressure Recovery

| Performance Parameter ‘
= 5

Scramjet Engine
Performance Design Completion

Fig. 4 Performance Design Process of Scramjet Engine
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Table 1. Design Conditions for Scramjet Engine
Flight conditions

Altitude 30 km
Ambient Temperature 216.65 K
Ambient Pressure 0.0119 atm

Flight Mach Number 8.0

Angle of Attack 0 deg
Fuel characteristics
Fuel Type Jet - A
Equivalence Ratio 0.93
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Scramjet Intake Geometry : Rectangular Type Air Intake
- Design Mach Number =8.0,
- Compression Ramp : 2 step External Compression
- Total compression angle =27 deg
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Fig. 5 2-D Rectangular Type Supersonic Intake Design
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