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have highlighted the need for supersonic, high-altitude testing of parachutes of the scale and materials necessary for 
future missions to Mars. 

The Advanced Supersonic Parachute Inflation Research and Experiments (ASPIRE) project was established in 
2016 to study the deployment, inflation, and performance of 21.5-m DGBs in supersonic, low-density conditions. 
Two test articles were deployed: a full-scale version of the parachute used by the Mars Science Laboratory (MSL), 
and a full-scale strengthened version of this parachute which has the same geometry but differs in materials and 
construction. The parachutes were delivered to targeted deployment conditions representative of flight at Mars by 
sounding rockets launched out of NASA�s Wallops Flight Facility (WFF). The first set of tests (SR01) occurred on 
4th October 2017. The parachute was successfully deployed and inflated at about Mach 1.77, at an altitude of 42 km. 
The payload, and the inflated parachute, descended slowly and splashed into the ocean approximately 32 minutes 
after inflation. Figure 1 shows a schematic of the flight test including the timing of significant events and some 
important trajectory parameters. Also shown (in red) are the expected range of these parameters. For example, prior 
to the flight test the apogee altitude was expected to be between 42.4 and 60.2 km; the apogee during the flight test 
was at an altitude of 51.0 km. The second flight test (SR02) took place on March 31st 2018, where the apogee was 
54.8 km and the parachute deployment was at Mach 1.97. During the third flight test (SR03) on September 7 2018, 
the parachute was deployed at a Mach number of 1.85 and a dynamic pressure of 932 Pa (significantly higher than 
that during SR01, as shown in figure 01).   
 

 
Figure 1 Schematic of the Flight test shows launch, delivery of the payload, parachute deployment and splashdown. The 

parameters in red show the expected range pre-flight, and the corresponding black text show the actual values during the first 
flight test SR01 (4th October 2017). 

 In designing the flight tests, detailed flight mechanics simulations are used to evaluate payload trajectory, 
determine the correct trigger (that results in the parachute deployment at desired conditions), predict the parachute 
loads, estimate the splash-down footprint in the ocean, etc.  Aerodynamic models for the slender body payload and 
the parachute, along with reasonable dispersions, are necessary inputs to these simulations. Computational Fluid 
Dynamics (CFD) simulations of subsonic and supersonic flow past the slender body was used to generated an 
aerodynamic database, which in turn helped predict its trajectory prior to parachute inflation. The final paper will 
describe the generation of this database and compare pre-flight predictions to post-flight reconstruction.  

Modeling the performance of a supersonic parachute in the wake of a slender forebody is more difficult, and 
there is limited test data available. The lack of historical test data (of similarly sized parachutes behind thin/slender 
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III.  ASPIRE Parachute Drag Model  

 

 
Figure 3 ASPIRE drag model, along with the MSL model that it is based on. Note that the lower bound is unchanged and the 

nominal drag is higher than the MSL. 

The drag model for ASPIRE (figure 3) was based on the MSL drag model, but updated to account for the difference 
in the leading body (slender body vs blunt body). This update was informed by the available test results (flight tests 
and wind tunnel tests) and numerical simulations. Available wind tunnel data at subsonic speeds indicated that DGBs 
behind slender body exhibited a drag higher than those behind blunt bodies, by about 1-11%. As a result, the nominal 
ASPIRE drag model and the upper bound curve (for subsonic speeds) was increased by about 5% from the baseline 
MSL drag model. At supersonic speeds, the slender body wind tunnel tests showed a higher drag (compared to blunt 
leading bodies) by 6-11%. These differences were consistent with CFD simulations of flow past simplified/rigid 
canopies. As a result, the nominal ASPIRE drag model was increased by 5% compared to the MSL nominal drag 
model. The development of the parachute drag model, along with the details of the simulations that helped to inform 
the effects of drag on the leading body geometry were detailed in reference 15.  
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IV.  ASPIRE Flight Tests 

 
Figure 4 Trajectory during the first flight test (SR01). Figures show the variation of Mach number, altitude, attitude and dynamic 

pressure leading up to and just past parachute inflation. 

The first flight test (SR01) occurred on 4th October 201713. The two-stage sounding rocket delivered the payload 
(containing the parachute and the instrumentation) to an altitude of roughly 50 km. Past the apogee (51.00 km), as 
the payload was accelerating back towards the Earth, the parachute deployment commenced via mortar fire at an 
altitude of 42.4 km and a dynamic pressure of 452.5 Pa. The parachute pack sails away from the payload and about a 
second later, parachute line stretch occurred. The parachute peak load was attained another half-second later. The 
payload delivery and parachute deployment occurred at the targeted conditions (as defined by the Mach number and 
dynamic pressure), and the test provided imagery and parachute loads. Figure 4 shows the trajectory of the flight 
including payload separation and parachute deployment. Figure 5 shows images from one of the high-speed, high-
resolution cameras on the payload photographing the parachute. Reference  13 presents a comprehensive overview 
of the flight test, additional imagery, and atmospheric information that is relevant to post-flight reconstruction. 
During this flight test, the parachute experienced a peak aerodynamic force of about 31,000 lbf.  

The second flight test (SR02) occurred on March 31 201814. Here, the payload separated from the Black Brant 
second stage at an altitude of 53.0 km and reached an apogee of 54.8 km before accelerating back towards the 
surface of the Earth. The parachute deployment sequence was initiated at a 40.77 km altitude and a Mach number of 
1.97 (dynamic pressure of 670.63 Pa) resulting in a peak parachute load of 50,900 lbf. The third flight test (SR03), 
on September 7th 2018, targeting an even higher force on the parachute, initiated the parachute deployment sequence 
at a dynamic pressure of 931 Pa (Mach number 1.85, altitude 38.1 km) resulting in a peak parachute load of 67,400 
lbf.  
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