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Outline
• What is aerocapture?
• Where can aerocapture help?
• How aerocapture designs have evolved
• Point Design: Uranus aerocapture
• Point Design: Small Satellites aerocapture
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What is Aerocapture?
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Orbital maneuver where the drag from a single atmospheric pass 
provides deceleration for orbital insertion

Aerocapture is different than 
aerobraking 

Which skims atmosphere; 
maneuver takes a long time



Typical Fully-Propulsive Mission
• Need 50% or more mass for fully-propulsive orbit 

insertion (requires ΔV of 1-2 km/s)
• Typical mission require long cruise phase (13-17 

years)

Aerocapture Enabled Mission
• Reduced propellant need
• Savings used for launch vehicle choice, launch 

opportunities, or increase on-orbit science payload
• Aerocapture can enable faster interplanetary 

trajectories – reduce trip time by 3-5 years
• Fit a larger mission into a smaller funding cap. e.g., 

Flagship class mission in New Frontiers cap

Where Can Aerocapture Help Missions
Planetary Science: Uranus and Neptune

SmallSat: Planetary SmallSat Missions
Ø Typically: Volume and mass constrained; 

propellant systems are a heavy burden
Ø Aerocapture systems: Can reduce necessary 

propellant – 50-80% more useful mass on-
orbit depending on the orbit

Human Exploration: Human-scale Mars Missions
Ø Human-scale missions could reduce trip time with a 

faster interplanetary trajectory and increase on-
orbit mass compared to traditional orbit insertion

Aerocapture directly infusible to top destinations for the 2023-2032 Decadal Survey
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Capabilities that Enable Aerocapture  
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I. Introduction 
 

NASA%s Space Technology roadmap includes focused Entry, Descent, and Landing (EDL) technology 
activities to enable both increased mass delivery and more robust landing capabilities for future planetary 
missions.1 The current state-of-the-art, the 2011 Mars Science Laboratory (MSL) mission, flew a guided trajectory 
using a ballast mass to achieve an offset center-of-gravity (CG) and maintain a trim angle of attack near 16 degrees. 
Because the cruise stage was spin-balanced during interplanetary transit, an additional counter-balance mass 
(ejected prior to atmospheric entry) was also required to offset the trim ballast. These combined masses represent 
325 kg of sacrificed payload. Trim tabs are deployable 
aerodynamic surfaces capable of trimming a vehicle to a 
non-zero angle of attack with minimal or no radial CG 
offset. Thus, trim tabs could provide a mass-savings 
alternative to the current practice of using CG-offset 
ballast mass to maintain the trim angle required for lift 
(increased payload mass) and guidance (precision 
targeting). In a preliminary analysis done by the recent 
Mars Science Laboratory Improvements (MSL-I) study,2 a 
trim-tab concept (Figure 1) enabled a 1464 kg landed 
mass, as opposed to only 1230 kg for the baseline 
configuration with ballast mass. The trim tabs thus 
provided a payload gain of 235 kg. To put these two results 
into perspective, the mass of the Mars Exploration Rovers 
were 185 kg each. The mass savings/payload gain benefit 
of a trim tab is of the same order as a small science mission 
payload. EDL at other planetary destinations besides Mars could also benefit from the use of trim tabs if a non-zero 
angle of attack is desired. 

Current and previous research has long pointed to trim tabs affording a very effective method to increase 
landed mass for planetary entry for both blunt and slender bodies. Experimental investigations of trim tab 
configurations occurred as early as 1961 for Mercury-type and Apollo-type entry capsules.3-5 More recent work has 
examined the feasibility of trim tabs for robotic Mars lander missions through system analysis,6-8 wind tunnel 
testing,9,10 and computational aerodynamic analysis.9-12 High fidelity aerodynamic analyses were not used to 
generate aerodynamic/aerothermodynamic databases due to a lack of parametric experimental data with which to 
anchor and validate computational tools. The Mars Surveyor 2001 work9 investigated a single placement of a trim 
tab of 3 different sizes at Mach 6 test conditions. An experimental aerodynamic test conducted by the first author10 
for the Mars 2007 Smart Lander (which later became MSL) generated data for tab parametrics in the supersonic 
test regime (M�=2.5 to M�=4.5) and provided a valuable set of comparison data for current work.  

In order to obtain the data required to validate the expected benefits of aerodynamic trim tabs, supersonic 
aerodynamic data were obtained for a range of trim tab parametrics. The effects of trim tabs with various areas, 
aspect ratios and deflection angles on aerodynamics and aeroheating will be examined for several entry-vehicle 
configurations. A combination of wind tunnel testing, Computational Fluid Dynamics (CFD) flow field analyses, 
flight dynamics simulations, and mechanical and thermal design is proposed to evaluate trim tab performance. The 
results can used to develop candidate trim-tab designs for future exploration missions. The goal is to advance trim 
tab design concepts from a Technology Readiness Level (TRL) of 3 to a TRL of 6, where the knowledge base is 
sufficient for flight-testing. The first experimental aerodynamic test program for trim tab database development is 
described herein. 
 

II. Objectives 
 
 A four-week test program to generate static aerodynamic data for various trim tab configurations at supersonic 
conditions was executed in the Unitary Plan Wind Tunnel (UPWT) at the NASA Langley Research Center (LaRC). 
The objectives of the test program were as follows: 
 

(1) Generate longitudinal static aerodynamic data for Trim Tab Parametric Model (TTPM) at 
supersonic test conditions for a range of attitude, configuration, and flow field parametrics to support 
aerodynamic database development for trim tabs. To accomplish this objective, 38 unique blunt-body trim tab 

Figure 1. Artist's concept of proposed planetary trim 
tab configuration. 
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Ø TPS for Aerocapture Environments
• PICA TPS has flight heritage (Stardust, MSL, Mars 2020) and HEEET (3MDCP) TPS has 

been chosen for flight projects (Mars Sample Return Earth Entry System)
• Conformal PICA TPS might be a lightweight solution with performance for 

aerocapture

Ø Previously
• Aerocapture needed new vehicles
• Guidance, Navigation, and Control (GNC) and Thermal Protection System (TPS) material 

development needed
Ø Developments in last 10-15 years matured components needed for aerocapture success
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Model During Testing @ 400 W/cm2 

Ø Optical Navigation (OpNAV) and Autonomous Navigation (AutoNAV)
• Improves navigation uncertainty for entry
• Demonstrated in missions like Deep Space 1
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The aerocapture maneuver sets 
requirements on navigation accuracy in 
order to enter the atmosphere at an 
acceptable flight path angle (J). The 
minimum J  results in the shallowest entry 
and the highest integrated aeroheating 
loads. The maximum J gives the steepest 
atmospheric path, and results in the largest 
aeroheating rates and aerodynamic loads. 
The region between the minimum and 
maximum allowable J determines the 
entry corridor. The orbiter lift-to-drag 
ratio (L/D) is chosen to provide adequate 
corridor width such that the vehicle can 
accommodate the 3-V dispersions with 
margin. A preliminary analysis including 
uncertainty estimates for navigated entry 
states, atmospheric density, and 
aerodynamics showed that an L/D of 0.6 
is just sufficient to capture the 3-V entry 
corridor1. In order to have margin above 
3-V, an L/D of 0.8 was selected as the 
baseline requirement. The current analysis 
presents orbiter shapes with L/D = 0.6 - 
0.8. 

ANALYSIS 

ORBITER AEROSHELL SHAPE 
SELECTION 

A L/D between 0.6 and 0.8 requires a 
vehicle shape that is more slender than 
typical 70-deg sphere-cone planetary entry vehicles, which give a maximum practical L/D near 0.25. The orbiter 
shape affects several other aspects of the mission, including aerodynamics, aeroheating, structures, packaging, mass 
properties, and thermal protection. Thus, considerable time was spent on an orbiter shape trade study before 
additional system analyses were performed. The shape trade study was undertaken in order to rapidly assess the 
performance capabilities of candidate mid-L/D shapes. The shapes were defined parametrically and aerodynamic 
performance was screened using modified Newtonian Theory, which is known to give reasonable predictions for 
blunt shapes at hypersonic speeds. In this fashion, many shapes were defined and analyzed in a short amount of 
time. 

 
The goals of the shape study were to: 

 
1. Achieve L/D = 0.6 - 0.8 
2. Minimize ballistic coefficient, Em 
3. Maximize effective volume9, Veff 

 
where Veff is a measure of the effective internal packaging volume: 
 

sphereafor1
S

U6
V

2/3
wet

eff   
S

  (1) 

A L/D > 0.6 ensures that the orbiter can accommodate the 3-V dispersions during aerocapture. Minimizing Em 
reduces aeroheating rates and requirements placed on the entry guidance system. Maximizing Veff gives the lowest 
surface area for a given volume, which can help reduce the aeroshell structure and thermal protection system (TPS) 

 
 

Figure 1.  Neptune Orbiter in Aerocapture Configuration 
 

 
 

Figure 2.  Schematic of Aerocapture Orbit Insertion at Neptune 
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Ø Advanced GNC
• Entry guidance successful on Mars Entry, Descent, and Landing (EDL) – Mars Science Laboratory 

and Mars 2020
• Predictor-corrector guidance flew on Exploration Flight Test-1 and part of Artemis-1
• Trim tab used on Chinese EDL mission to Mars in 2021



Uranus Aerocapture
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Credit: Girija 2022

Conformal TPS 

2021 Uranus Orbiter and Probe (UOP)

• 2021 Uranus Orbiter and Probe mission concept study 
influenced the 2023-2032 Planetary Decadal Survey choosing 
Uranus as the top flagship-class destination

• 2031/2032 launch date; 13 years of transit
• 1000 m/s ΔV for Uranus Orbit Insertion (1800 kg fuel)
• 60-70% of launch mass is fuel
• Nuclear power source lifespan degrades after 17 years

• Recent aerocapture studies have shown UOP payload can fit in 
heritage aeroshell and have feasible GNC and TPS solutions

• Transit to Uranus in 7-9 years; save 1000 kg in fuel in orbit insertion
• Can we enable Flagship class science in New Frontiers 

budget?



Small Satellite Aerocapture
• Planetary exploration using Small Sats will become more common
• Small Sats are constrained by volume; orbit insertion propellant tanks, fuel may limit 

abilities for planetary missions
• Aerocapture can improve volume and mass constraints for Small Sat orbit insertion
• Options like deployables (inflatable, mechanical) can further allow volume, mass 

efficient orbit insertion alternatives for Small Sats

7

NASA Small Satellite Fleet

Mechanical Deployable 
Small Sat Configuration 

Inflatable 
Deployable Small 
Sat Configuration 



Summary

• Aerocapture can be mass, volume, and time-saving 
orbit insertion mechanism that uses atmospheric drag 
to capture spacecraft into orbit

• Aerocapture has potential usages in planetary science 
applications, orbit insertion for small satellites, and 
even for human exploration

• Recent advancements in GNC, TPS, and navigation 
have extended the capabilities of aerocapture

• Aerocapture is especially enabling for a Uranus 
flagship mission or small satellites
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• Aerocapture has appeared in the literature since the 
1960’s

• Three white papers on aerocapture were written for the 
2022 Planetary Decadal Survey
• Aerocapture for Ice Giants (Dutta et al.)
• Aerogravity Assist to Enable Enceladus Missions 

(Tackett et al.)
• Small Satellite Aerocapture (Austin et al.) 


