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SLS Core Stage, BHS and Green Run
• Focus here is the Core Stage base heat 

shield Green Run environments & TPS 
observations 
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Base Heat Shield (BHS) DFI
• 10 DFI Islands were installed to determine 

BHS aerothermal environments for ascent

• Calorimeters, radiometers, calorimeter 
embedded TCs, gas temperature probes 
and static pressure sensors were collocated 
where possible 
• 45 sensors were used to reconstruct GR CS 

base environments

• DFI sensors were collocated or symmetry
was used to measure the convective heat
transfer coefficient and assess the Reynolds 
Analogy and Colburn Turbulent Flat Plate 
Theory

• All DFI sensors on the BHS were flush with the 
TPS
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GR HF1 Pre and Post-Test Observations
• Localized tape adhesive and TPS cork burning observed

• Led to localized tape removal and BHS charring 
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GR HF1 BHS Aerothermal Reconstruction
• Localized tape

adhesive and TPS cork
burning observed
near the CAPU ports 
between E1/E4 led to 
significant increase in 
convective heating 
and gas temperature 
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GR HF1 BHS Aerothermal Reconstruction
• No  burning event observed between E2/E3

• Localized TPS cork convective cooling
observed near the CAPU ports between E2/E3

• Negative base pressure  and convective heating 
observed between E2/E3 shows flow entrainment 
effects
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GR HF1 BHS Aerothermal Reconstruction
• IR imagery,

convective
heating and
base pressure
data and CFD 
analysis show 
that in the low 
CAPU flow state, 
H2 flame 
attachment to 
the BHS in the 
E1/E4 region 
due to 
freestream flow 
obstruction

• Test fixture may 
have led to the 
flow obstruction



www.nasa.gov/sls

Mitigation Approaches for GR HF2
• Theoretical analysis done to determine CAPU design

• GR HF1 reconstructed data used to size sacrificial TPS
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GR HF2 Pre and Post-Test Observations
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GR HF2 BHS Aerothermal Reconstruction
• Upon reaching the cork 

ignition heat load, large 
increase in total and 
convective heating observed

• Cork combustion first occurred 
near the CAPU ports between 
E1/E4 due to the exposed TPS  
and then large-scale flames 
propagated through most of 
the heat shield 

• Cork combustion supported by
high convective heating and 
high gas temperatures 

• Radiation nominal and close 
to prediction prior to cork 
ignition, but not measured 
during cork combustion due to 
soot covering the radiometers
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GR HF2 BHS Aerothermal Reconstruction
• Large-scale BHS deflagration leads to increases 

in base pressure and convective heating
• Large-scale BHS deflagration leads to up to an 

order of magnitude increase in convective
heating over the whole heat shield from nominal 
(unknown impact to radiation)
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GR HF2 BHS Aerothermal Reconstruction
• CAPU extensions have shown to substantially decrease local convection as

observed from DFI data, IR imagery data and as predicted by engineering and
computational analysis (performed as designed)

• Radiation environments were still high and led to P50 cork TPS combustion
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BHS PGR Heating Models 

 

      (1) 

         (2) 

    (3) 

   (4,5) 

 (6) 

 (7) 

 

   (8) 

	

• BHS has multiple sources of fuel,
oxidizer and ignition for burning

• Applied methods in deriving 
equations and constraints for the 
base heat shield post-Green Run 
(PGR) heating models  
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BHS PGR Models
• BHS PGR heating models 

show a significant increase 
in both convective heating 
(red line) and total heating 
(green line) as compared to 
the baseline SLS-SPEC 
models (black line) prior to 
T+103 s due to P50 cork 
combustion

• 7 DFI island GR test data 
reconstruction was 
incorporated to all the body 
points in the BHS either 
through zonal or symmetry 
approximations
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AR01 BHS TPS Flight Redesign
• CS BHS TPS redesign required an increase in TPS thickness anywhere from 140% to 200% from the 

baseline due to the updated PGR heating models

• Required full removal and reapplication of new TPS prior to launch
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Conclusions
• Completed base heat shield environment reconstruction and TPS 

observations for both GR HF1 and HF2

• Quantified critical Hypalon/P50 cork TPS combustion environments from GR 
HF1 and HF2 that led to the development of PGR models

• Completed mitigation approach analysis that both protected the Stage 
from heat shield burn through and showed optimal performance for GR HF2

• Updated PGR base heating models led to significantly higher heating than 
the baseline SPEC models which would result in a heat shield burn-through if 
no TPS redesign occurred

• BHS TPS redesign occurred about 1 year prior to launch


