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Conceptual Design Study of
Two-Stage Hypersonic Scramjet Vehicle

Kyungjae Lee*' - Sanghun Kang** - Sooseok Yang** - Chul Park***

ABSTRACT

In this study, two-stage hypersonic scramjet vehicle was designed for the flight condition of Mach
number 6. In order to launch at sea level, two stage concept was applied. The first stage of the
vehicle is solid rocket-powered and is mounted under the second stage. The second stage is powered
by scramjet propulsion system and gas wings. The suggested mission scenario is to deliver 0.2 ton
payload to the range of 2,000 km. For the first step of conceptual design, trajectory of air vehicle was
calculated by 3-DOF trajectory code. Based on the result of trajectory code, scramjet engine design and
mass estimation were performed by non-equilibrium nozzle flow code and NASA’s HASA model,
respectively. In order to find best solution, all steps of designing process was iterated until they was

reached.
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Fig. 1 Concept of Two-stage Hypersonic Vehicle

Table 1. Design Requirements

Item Requirement
Payload [kg] < 200
Down Range [km] < 2,000
Flight Speed Mach 6

Cruise Altitude [km] 30
Launch Site Ground
Solid Rocket
Powered System
Scramjet Powered

First Stage

Second Stage System

Fuel of Second Stage Hydrocarbon

Table 2. Design Limits

[tem Limit
Loading 6 G
Dynamic Pressure [kpa] 100
During Powered by Rocket
Dynamic Pressure [kpa] 50
During Scramjet Flight
Terminal Velocity Mach 2
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Fig. 2 ORION 50 XL - First Stage

Table 3. Results of Mass Estimation

First Second
Item [kg] Payload

Stage Stage

Dry mass 400 600

- Structure - 140

- Propulsion - 350

- Subsystem - 110

Fuel 2,600 300

Total 3,000 900 200

Take-off Mass 4,100

Table 4. Assumed Vehicle Configuration

First Second
Item

Stage Stage
Body Length [m] 3.1 35
Body Height [m] 1.2 0.36+0.36
Equivalent Body

1.2 0.72

Diameter [m]

Wing Area [mz] 1 0.8
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Length [m]
Combustor
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Area Ratio
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Table 6. Dimension of Proposed Vehicle

First Second

Stage Stage
Body Length [m] 3.5 3.1
Body Width [m] 0.96 1.2
Body Height [m] 0.72 1.2
Wing Area [m?] 0.8 1
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