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Activity Modeling WP Objectives

● Identify representative peak-heating points for 45º and 60º sphere-cone 
capsules in Uranus and Neptune entries

● Perform CFD simulations including Ablation products injection at the 
wall boundary (lead: Fluid Gravity Eng.)

● Perform radiative transfer simulations based on the supplied flowfields, 
identify, qualitatively and quantitatively the radiative features of the flow
● Issue recommendations for future testing and sensors development 



Methodology

● Trajectory calculations using FGE Traj6 code, peak q points from usual 
correlations (sutton-Graves, etc...)

● CFD simulations for max q using the TINA CFD code coupled to the 
FABL ablation code.

● Local radiative properties calculation + tangent-slab radiative transfer 
simulations using the SPARK Line-by-Line code.



  

Selected Trajectory Points
Geometric 
parameter

ESA-A and 
ESA-C cases

ESA-B cases

Nose radius [m] 0.45 0.45

Cone angle [°] 45 60

Shoulder radius [m] 0.45 0.45

Forebody length [m] 0.471 0.304

Trajectory 
case number

Flight path 
angle [°]

Entry velocity 
[km/s]

Entry 
altitude [km]

0 -15 21.25 600

1 -20 21.40 600

2 -25 21.60 600

3 -30 21.90 600

4 -35 22.75 600

5 -40 23.55 600

6 -45 23.65 600

Trajectory parameter ESA-A-0 ESA-B-0 ESA-B-4 ESA-C-4

Air velocity [km/s] 18.17 18.03 19.31 19.59

Freestream pressure [Pa] 192 145 377 501

Static temperature [K] 52.14 52.14 52.14 52.14

Molar fraction of H2 0.84 0.84 0.84 0.84

Molar fraction of He 0.16 0.16 0.16 0.16

Molar fraction of CH4 0.0 0.0 0.0 0.0

Trajectory parameter ESA-A-0 ESA-A-6 ESA-B-0 ESA-B-6 ESA-C-6

Air velocity [km/s] 17.67 19.47 17.74 19.23 19.50

Freestream pressure [Pa] 243 738 176 577 770

Static temperature [K] 90.92 57.90 99.80 64.30 56.98

Molar fraction of H2 0.801 0.801 0.801 0.801 0.801

Molar fraction of He 0.182 0.182 0.182 0.182 0.182

Molar fraction of CH4 0.016 0.016 0.016 0.016 0.016



  

Meshes

60º Sphere-Cone 45º Sphere-Cone



Sample CFD Results
Uranus C4

● Huge post-shock pressures → tiny boundary layer
● Moderate temperatures, oblique shock does not fully dissociate H2



Radiative Power per Chemical Species

● C2 and CH will radiate a lot at lower equilibrium temperatures
● H2 and H only take over at higher T (equiv v>27km/s), well known.

Coelho, Adv. Space Res., 2023



Validity of the Tangent Slab approximation

Previous results for similar class of entries (Galileo Jupiter entry) show 
that the approximation is very reasonable for such high-pressure, 
optically thick flows (Fernandes 2019, Phys. Fluids)



  

Selected Grid Points for Tangent-Slab Simulations

60º Sphere-Cone 45º Sphere-Cone



  

Results



Main Findings
● Uranus (0% freestream CH4) radiation from the freestream negligible 

compared to convective heating.
● However, increased ablation layer near the shoulder significantly 

enhances radiation (injection of C species)
● For Neptune (1.5% freestream CH4), radiative heating is the same 

order of magnitude than convective heating, and may even exceed 
convective heating.

● This is due to the small percentage of CH4 in the freestream which 
dissociates and recombines into radiative species after the shock.

● Consistent with previous predictions from Coelho, Adv. Space Res., 
2023



Analysis of the ablation layer

● Radiative transfer calculations carried out in three ways:
1)Full: from the shock until the wall boundary
2)No Ablation layer emission: from the shock until the ablation boundary, 

only absorption from the ablation layer considered
3)No ablation layer emission and absorption. The ablation layer is 

transparent to radiation
● For Uranus, most of the radiation comes exclusively form the ablation 

layer
● For Neptune, the ablation layer contribution to the overall radiation is 

negligible
● Numerical results collated in an excel file



Uranus C4, LOS1 (stagnation line)



Uranus C4, LOS1 (stagnation line, ctd.)



Uranus C4, LOS1 (stagnation line, ctd.)



Neptune C6, LOS1 (stagnation line)



Neptune C6, LOS1 (stagnation line, ctd.)



Neptune C6, LOS1 (stagnation line, ctd.)



  

Comments on LOS2,3,4 (cone & shoulder region)

● Radiation for Uranus trajectory points no longer negligible (ranging 
from 3W/cm^2 to 466W/cm^2 depending on the position and trajectory 
point.

● For Neptune, radiative heating increases to very severe amounts (from 
8kW/cm^2 to 30kW/cm^2. This is due to a thicker shock-layer, which 
means that more radiation is integrated

● It is useful to assess how the composition of freestream CH4 affects 
this, by repeating calculations for a trajectory point with 0.1% CH4 
(more in line with contemporary predictions of Neptune composition) 
instead of 1.5%



  

Neptune C6

C6 point – Left: LOS1 (Stag. Line), Right LOS2
For LOS2, LOS3, LOS4, you integrate longer paths, still at very 
critical temperatures for radiation from C and C2 → radiation will 
increase a lot compared to the stagnation line



  C6 point – Left: LOS1 (Stag. Line), Right LOS2

Neptune C6, ctd.



  

Uranus C4

C4 point – Left: LOS1 (Stag. Line), Right LOS4
Same comment than for Neptune applies. Notice that for LOS4 we have a path 
of 100mm instead of 30mm, still at very high temperatures (4000K). Then the 
injected carbon species will radiate significantly in the edge of the ablation layer 
(about 3mm)



  

Uranus C4, ctd.

C4 point – Left: LOS1 (Stag. Line), Right LOS4



  

Neptune C6, Comparison for 1.5/0.1% CH4 ratio

Neptune C6 point



  

Radiative Heat Fluxes, all points



  

Conclusions

● Radiation heat fluxes extremely sensitive to variations of %CH4 in the freestream for Icy Giants 
entry conditions (v=[17.5-19.5]km/s; p_inf=[150-750]P

● For Uranus, (0% CH4), radiation is a minor contributor to the total heat fluxes, but cannot be 
neglected at the shoulder (because of injection of C ablation products)

● For Neptune, the radiative heat fluxes are considerable, even if minor concentrations of CH4 
(0.1%) are considered. Particularly at the shoulder

● High-p, thermal equilibrium conditions. Main radiator is C2 Deslandres d’Azambuja whereas for 
low-p nonequilibrium conditions (experimental testing) the main radiators are C2 Swan and CH A-
X, B-X.

● ...to be continued (possibly for the upcoming generation of researchers)



  

Corrigendum - Monday Presentation
(I made a mistake)

Switched C2 Swan and C2 Deslandres-d’Azambuja labels!
So still no Deslandres d’Azambuja detected to date at low pressures although it is 
predicted to be dominant at high pressures
Will update the monday slides, please redownload tomorrow



  

Piggyback (mini) presentation

The First Aerothermodynamicist



  

Piggyback (mini) presentation

The First Aerothermodynamicist
James Prescott Joule, 1848
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