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• Steep entry flight-path-angle


• A relatively large size capsule


• Highest peak heat flux of any 
NASA Earth Entry vehicle


➡ Unprecedented turbulence & 
roughness

Earth Entry System (EES) Mission Profile
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Post Arc-Jet Scan of the EES TPS Surface Roughness

EES Capsule

nominal value:

 0.7 mm ≈

EES TPS: 3D Medium Density Carbon Phenolic (3MDCP) 
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4.5M cells1.65B cells

Toward Grid-Resolved Roughness CFD

Azimuthal periodic BC
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Surface heating Surface temperature

Verification
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Results
0.7 mm peak-to-valley height

Arough
Asmooth

= 1.39
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Results
0.35 mm bump (no-valley)

Arough
Asmooth

= 1.13
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Smooth Surface Heating Augmentation Factor

Augmentation Factor :
q (0.7mm)
rough

qsmooth
= 0.955 ← k+ ≈ 35



A(0.7 mm)
rough

Asmooth
= 1.39
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Smooth Surface Heating Augmentation Factor

Augmentation Factor :
q (0.7mm)
rough

qsmooth
= 0.955 × = 1.33

Augmentation Factor :
q (0.35mm)
rough

qsmooth
= 1.09 × = 1.23

← k+ ≈ 35

← k+ ≈ 17



0.35 mm

0.7 mm
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Heating Augmentation Factor
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• Developed a non-coplanar periodic boundary condition and a 
reconstruction procedure to enable grid resolved roughness CFD 


• Presented a proper process in evaluating augmentation factor for the 
flight project


• Discussed that the —type correlations are inadequate in accounting 
for roughness characteristics.


• Future work is to investigate transition onset through probability stability 
equation (PSE) with DNS-like simulations.

k+

Contributions & Future Work
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Backup
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Results
0.7 mm bump (no valley)

Arough
Asmooth

= 1.533


