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Abstract

Efficient and flexible launch and deployment technologies are fundamental to the future of space sys-
tems from scientific, commercial, as well as strategic perspectives. The rocket-based combined cycle
(RBCC) system is a reusable launch propulsion concept comprising air breathing engines to enable access
to space via two-stage to orbit (TSTO); more specifically, the phases consist of winged boosters and or-
biter vehicles powered by a hydrocarbon-fuelled ramjet, scramjet and rocket engine, utilising atmospheric
oxygen to orbit, thus minimising the mass associated to the supplementary oxidant and increasing the
specific impulse [1]. However, highly nonlinear aerodynamic and propulsion characteristics associated
with multi-mode engine operations and multi-stage trajectory inherently pose a considerable challenge
for the design and control of the vehicle, as well as the integration of RBCC propulsion into the airframe [2].

This paper examines the feasibility and capability of the RBCC engine to provide sufficient access to
space carrying a small payload for satellite constellation, simulating its full trajectory, the path and direc-
tion of all phases from launch to orbit by means of multi-disciplinary design optimisation. A high-fidelity
trajectory simulation and optimisation capability based on numerical orbit propagation integration and
pseudo-spectral methods, is combined with a specifically constructed framework using advanced vehicle
aerodynamic characteristics and multi-mode propulsion characteristics and coupled with a precise orbit
propagation algorithm, for advanced mission analysis [3]. This optimisation is performed by employing
3-DOF equations of motion for the launch phase from ground to LEO, with respect to the following
three design criteria: maximising the velocity, altitude and mass at the end of the systems trajectory,
decisively realising the aim of validating the design optimisation framework, evaluating the feasibility of
the transportation system and providing useful insights into the technological requirements necessary to
reach orbit. The analyses are expected to reveal the expediency of RBCC-based access to space, thus
defining the outlook of RBCC-powered transportation systems in future.
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