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ITH manned missions on the horizon for Mars exploration, the ability to decelerate high-mass systems
Wupon arrival at a planet’s surface has become a research priority. Supersonic retropropulsion (SRP), the
application of jets facing into the freestream, is currently being studied as a candidate enabling technology.
A model describing a significant drag augmentation mechanism based on shock manipulation was recently
introduced; this proposed method of augmenting decelerative forces without directly relying on escalating
thrust offers a deceleration technique independent of fuel use. This work proposes preliminary quantification
of the benefits offered by this method of SRP-based flow control. We present an analytical method yielding
estimates of maximum drag coefficients attainable through shock manipulation via SRP jets, establishing
the feasibility of flow control via SRP as a Mars EDL technology.

The analytical study examines the benefit of maintaining stagnation pressure through cascading oblique
shocks as compared to a single strong normal shock. Comparisons with both computational and experimental
data of blunt body flows validates the analytic method and shock physics assumptions. A family of Cp—Mach
curves and corresponding tables are generated for various shock structures. We then consider real gas effects,
analyzing the consequence of varying specific heat ratio, v = {1.2 — 1.4}, and apply an effective « value to
produce a Mars-specific set of C'p—Mach curves. A theoretical maximum drag coefficient for realizable SRP
shock structures is proposed at the conclusion of this study.

By engineering SRP systems optimized for drag augmentation rather than raw thrust, fuel savings allow
increased payload thus maximizing landable mass. This paper examines the feasibility of SRP-based flow
control for high-mass planetary EDL by quantifying the drag afforded via this technique.
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