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Trajectory Optimization for a Ramjet-Powered Vehicle in
Ascent Phase via the Gauss Pseudospectral Method

Shengbo Yang”, Tao Cuif, Xinyue Hao?, and Daren Yu’
Harbin Institute of Technology, 150001 Heilongjiang, People’s Republic of China
Abstract: To determine the optimal trajectory for the ascent phase of a general supersonic vehicle propelled
by a hydrocarbon-fueled ramjet, a strategy is developed based on the coupling characteristics of a flight-
propulsion system. With two different cost functions and a series of necessary constraints, minimum-fuel and
minimum-time trajectory problems are formulated. Both problems are transformed into typical continuous
Bolza problems, which can be solved via the Gauss pseudospectral method. The results show that along the two
optimal trajectories, the vehicle accelerates horizontally at the onset of the ascent process until the dynamic
pressure can provide sufficient lift. Efficiency analysis is conducted to reveal the coordination between engine
performance and atmosphere characteristics. It is found that the take-off weight influences the optimized

results. The difference between the two optimal trajectories narrows as the take-off weight increases.
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Nomenclature

A = cross-section area, m?

C = function, defined by Eq. (29)

Cp = drag coefficient

G, = lift coefficient

Cp = constant-pressure specific heat, ]/ (kg - K)
D = drag, N

g = acceleration due to gravity, m/s?
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