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Figure 26. Panel orientation comparisons between Loci/Chem time dependent and database/6-DOF 
approaches.  Red panels are Loci/Chem.  Time level t=0.5 seconds after panel leaves the hinge. 
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Figure 28. Panel orientation comparisons between Loci/Chem time dependent and database/6-DOF 
approaches.  Red panels are Loci/Chem.  Time level t=1.5 seconds after panel leaves the hinge. 
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Figure 29. Comparison of panel clearance between Loci/Chem time dependent and database/6-DOF 

simulations. 

To further assess unsteady viscous effects, a high angle of attack case of approximately three times the maximum 
allowable for the database was simulated. Such a case could represent an extreme event such as loss of engine. 
Figure 30 shows that the time-dependent 6-DOF viscous computation still agrees well with the inviscid database 
approach for a case where the aerodynamic effects for the windward panel are significantly more extreme than the 
baseline case shown in Figure 29. Additionally, this simulation demonstrates the margin available to avoid 
recontact. 

 
 
Figure 30. High Angle of Attack Comparison of panel clearance between Loci/Chem time dependent and 

database/6-DOF simulations. 
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Finally, as mentioned early in this paper, there exists a point at which the aerodynamic benefit from the cavity 
pressurization seen with the panel on the hinge is outweighed by the negative aspect of the freestream pressure 
pushing the panel back into the body. Figure 31 shows the result of running the same flight conditions as seen in 
Figure 30, with exception of increasing the freestream dynamic pressure by 300%. The result is the panel contacts 
the body roughly mid-way down the vehicle. Again, we see a close match between the viscous time-accurate 6-DOF 
prediction and the inviscid database trajectory, lending confidence and validity to the assumptions which form the 
SLS SM panel database.  

 
 

Figure 31. High Angle of Attack with 3xDynamic Pressure Comparison of panel clearance between 
Loci/Chem time dependent and database/6-DOF simulations 

In summary, results from the time-dependent Loci/Chem simulation agree well with the database/6-DOF simulation 
for all cases examined. The results indicate that unsteady effects are minimal for the panel jettison event, and lend 
confidence that the sequential-static approach is sufficient for analysis. 

 

VI. Uncertainty Quantification 

For numerical simulations, the uncertainty can be derived from three primary sources of error: the model form error, 
the numerical error, and the database modeling error. The model-form error is due to neglecting certain aspects of 
the physical modeling. Examples include neglecting viscous and real-gas effects, and simplification of the vehicle 
geometry. The simulations performed for this database assumed inviscid flow with a single perfect air species. As a 
result, viscous and real-gas effects are neglected. Previous experience yielded confidence that it is reasonable to 
assume real gas effects are negligible compared to the viscous effects for these simulations. To derive a measure of 
the model form error, a subset of the inviscid simulations were obtained with the Loci/Chem unstructured Navier-
Stokes CFD solver. Direct comparison between the viscous and inviscid CFD simulations yields a measure of the 
model form error. The difference in predicted force and moments between the inviscid and viscous solutions was 
computed. The model form error is computed from the mean of the differences plus 3-sigma of the differences. This 
was shown to capture all of the differences with the exception of one case which lied slightly outside the error. 
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Figure 20. Chimera Background mesh. 

 

 
Figure 21. Chimera panel mesh. 
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Figure 22. Z-Slice through Chimera and background meshes. 

 

 
Figure 23. Pressure contours at 0.5 seconds after release from the hinges. 
























