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Selected Test Cases for Validation
MacLean Sphere-cylinder JAXA’s OREX Re-entry Capsule 

• Blunt body re-entry capsule.

• Rare set of re-entry flight data with ionization 
effects.

• CFD validation against data with experimental 
uncertainty. 

• Hemispherical nose tip geometry.

• Data from wind-tunnel experiments and 
results from DPLR code.

• CFD validation against data under controlled 
conditions.
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MacLean Case Description

• MacLean et al[1] used the new LENS-XX expansion tunnel 
facility to make surface heat transfer measurements for a 
planar cylindrical and hemispherical nose tip geometry.

• The DPLR code was also used to predict heat transfer rates 
for a non-reacting wall and a super catalytic wall conditions. 

• It was noted that recombination of disassociated species 
has a significant impact on surface wall heat transfer rates 
for hypersonic flows.

• In Ansys Fluent, we use the catalytic wall boundary 
conditions to simulate these effects.

Figure 1 : Hemispherical specimen from 
experiments[1].

Figure 2: Recombination of disassociated species at the 
wall.

References
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MacLean Case Setup: Computational Domain

Figure 3: Hemispherical specimen from 
experiments[1].

Figure 4: Computational domain along with boundary conditions.

• A structured quad mesh was generated for this case.

• Cells are finer closer to the wall in order to predict the 
surface and stagnation heat transfer rates accurately. 

• Cell Reynolds number was used as to quantify the cell 
resolution near the wall. 

References
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MacLean Case Setup: At a glance

Figure 5: Mach number and Vibrational Electronic Temperature contours 
for axisymmetric case.

Ansys Fluent setup

- Axi-symmetric formulation

- Laminar Flow

- Double-precision

- Steady-state DBNS solver

- 2nd order scheme for convective fluxes

- Green-Gauss Node-Based gradient for viscous fluxes

- Modified Roe scheme.

- Finite-Rate Chemistry solver

- 2T model to capture Thermal Non-Equilibrium 

- Gupta model for reacting air mechanism:  

- 11 species:  N2, O2, O, N, NO, N+, O+, NO+, N2+, O2+, e-

- 21 reactions 

- Wall Catalytic boundary conditions to model Chemical Non-
Equilibrium 
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MacLean Case Results: Grid Dependence Study

• A grid dependence study was 
conducted.

• 3 meshes with 250k, 1.04 million, and 
4.42 million elements were studied.

• The medium mesh with 1.04 million 
elements was chosen for further 
studies.

• A cell Reynolds number of 8 was found 
to be sufficient to resolve the first cell 
height.

Figure 6: Grid Dependence Study
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MacLean Case Results: Effect of increasing recombination 
coefficients 

Figure 7: Heat Transfer Rates on the hemispherical surface for increasing 
recombination coefficients with Gupta reaction mechanism.

Figure 8: Mass fractions of O and N on the stagnation line at 3 
recombination coefficients with Gupta reaction mechanism.
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MacLean Case Results: Comparison of Gupta and Park93 reaction 
mechanism 

Figure 9: Comparison of Heat Transfer Rates on the hemispherical surface 
for Park93 vs Gupta reaction mechanism at 3 recombination values.

Figure 10: Mass fractions of O and N on the stagnation line at 3 
recombination values for Park93 reaction mechanism.
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OREX Case Description 

• ORbital Re-entry 
EXperiment

• Flight test by JAXA to measure 
plasma environment during 
Earth atmospheric re-entry

• Rare set of re-entry flight data 
with ionization effects

• Geometry is typical blunt-body 
re-entry capsule with heatshield  
on windward side

• Large (unquantified) 
experimental uncertainty due to 
nature of experiment  
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Ma = 9.06-25.11

V = 3000-7451 m/s

Alt = 48.40-105 km

Ps = 0.02-98.56 Pa

Ts =  189-271K

MN2 =0.78

MO2 =0.22375

OREX Case Description : Problem definition
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13 ©2023 ANSYS, Inc.

• Block-structured 2D mesh of 1.27 mil. quad cells

• Gas is air as a mixture of O2 and N2, ideal-gas, 
variable properties

• Assume laminar flow

OREX Case Setup: Computational Domain 

Pressure Far-Field

No-slip wall at

Fixed Temperature

Pressure Outlet

Axis
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OREX Case Setup: At a glance 

Ansys Fluent setup

- Axi-symmetric formulation

- Laminar Flow

- Double-precision

- Steady-state DBNS solver

- 2nd order scheme for convective fluxes

- Green-Gauss Node-Based gradient for viscous fluxes

- Modified Roe scheme, CASM = 5

- Finite-Rate Chemistry solver

- 2-temperature model to capture Thermal Non-Equilibrium 

- Gupta model for reacting air mechanism:  

- 11 species:  N2, O2, O, N, NO, N+, O+, NO+, N2+, O2+, e-

- 21 reactions 

- Wall Catalytic boundary conditions to model Chemical Non-
Equilibrium 
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OREX Case Results: Mesh Independence Study

Refinement Mesh size

Base mesh 318520

*4 1274080

*8 5096320 

Aspect Ratio at Stagnation : 1
Cell Reynolds Number at Stagnation : 1.6

Refinement Stagnation Heat Flux 
(KW/m2)

Base mesh -117.291

*4 -116.659

*8 -116.410

% difference in Qstag between Base and *4: 0.54%
% difference in Qstag between *4 and *8: 0.21%

Figure 12: Total Surface Heat Flux on wall Heat Shield
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OREX Case Results: Contours 

Figure 14: Contour of Vibrational Electronic Temperature at 88.45 kmFigure 13: Contour of Mach Number at 88.45 km

A detached bow shock is formed which causes high temperature and pressure on the surface of the re-entry body
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OREX Case Results:  Stagnation Heat Flux plot

*

*

*Extrapolated data
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Figure 15: Stagnation Heat Flux of CFD (using Gupta model) compared to flight test data
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Conclusion and Future Work

• Two cases were validated against available experimental data. Recombination was found to be a very 
important component in accurately predicting the heat transfer loads on re-entry objects.

• It is important to validate commercial codes against both wind tunnel data as well as flight data.

• Ansys Fluent provides the ability to model thermal and chemical non-equilibrium using the Two-
Temperature Model and Surface Catalysis wall conditions. This is key for hypersonic re-entry applications.

• Further modeling using Park93 reaction mechanism.

• Include thermal radiative effects. 

• Use partially catalytic wall conditions for the OREX case.



Thank you for your time!

Do you have any questions?
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Additional Slides: OREX Extrapolated Data (Heat Flux) 
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Additional Slides: OREX Extrapolated Data (Cell Reynolds Number ) 
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