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An axisymmetric body representative of an entry probe with a
payload is simulated.

It is representative for the flow properties that would be seen on a
complete three-dimensional body.

flow topologymodel geometry

Definitions
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Reference case
coarse level

Monodomain grid

5 species CO2 model
(derived from Park 94)

Non-catalytic walls

Iso-thermal walls:
1500K on the heat shield
500K on the rear section

Constant Prandtl number
fine level

medium level
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Results are obtained with a grid sequencing technique
Space convergence can be assessed

The flow on the front shield (bow shock) seems converged on the
fine grid level for the shock capturing

For the considered conditions (t=115s), strong dissociation is
taking place

Front shield results (stagnation line)

CO2 dependency composition profileTemperature dependency
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Temperature drop:
500 K per grid level

Closure point large
changes

Flow properties
large changes

Wake results (symmetry line)

CARE must be 
taken as the fine 
grid is not enough
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Wall data

Wall heat flux and pressure show:

on the front shield the fine grid is enough, converged thermal values
on the cylindrical section the flow still changes but most important
is the apparent change in the flow structure
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CO2

Species composition
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From medium to fine mesh, two corner vortices appear:
Wake flow pushed upward
Shear layer angle affected by corner vortex strength
This acts on the closure point

Wake flow

Vortical structures govern the wake flow
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Models sensitivity

The Prandtl number is assumed to be constant in the entire field.
However we know that for non-equilibrium high temperature flows
the Prandtl number variation can vary depending on the local
flow properties.

Walls are assumed as pseudo-fully catalytic – Proper physical
catalycity models are not easy to obtain. What is the influence
(e.g. on the wake) of the wall catalyticity ?

Chemistry models vary (from year to year!) - how sensitive results
can be from a 5 to an 8 specie model ?

A crude wall temperature distribution is used – What is the influence
of a different wall temperature model (e.g. radiative equilibrium) ?
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Prandtl number effect

On the heat shield, Q variable Prandtl max = 102.40 kW/m2
18 % lower than for the constant Prandtl
Non-negligible influence
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Wall catalicity 1/2

Large increase of the wall heat fluxes due to surface recombination
386 kW/m2 catalytic / 121 kW/m2 non-catalytic
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Thermal boundary layer thicker for the
fully catalytic case
Wake peak temperature lower (6%)

Wall catalicity 2/2

Stagnation line
temperature profile

Wake symmetry
line temperature
profile
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8 species set (from CEA) compared to 5 species workshop set
3 species for (N)itrogen components: NO, N, N2
9% increase in peak heat flux with 8 species model (132 kW/m2)
but almost 3 fold increase for the cylinder: 19 kW/m2 vs. 6.60 kW/m2

Chemistry model 1/2
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Flow sees a “more dissociation” with the 5 species model
The wake temperature increases by 100K in the 8 species case
(constant offset)
Chemistry models have non-negligible effects on the solution

Chemistry model 2/2
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Wall temperature
assumption has very
large effects.

Radiative equilibrium
assumption gives a lot
more physical
temperature profiles

Wall temperature modeling 1/2
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Wall temperature modeling 2/2

Peak heat flux increases by 10%

Overall flow topology is unchanged

But we now have no numerical 
cavitation issues!
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A multidomain topology is much better adapted for this geometry
The convex parts (shield rim & cylinder edge) as well as the
concave part (cylinder / shield junction) can be properly meshed.

Note that the grid extends much further downstream

Reference multidomain

Coarse mesh and block topology Temperature
field and
streamlines

Vortices traces indicate poor results?
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There is only one vortex above the cylinder
The wake temperature is anormally high
The closure point is very close to body (short closure)

Reference multidomain
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Inspecting the results, it appears that the multidomain grid
is not adapted to properly capture the flow gradients.
We add additional numerical viscosity.

The viscosity damps the vorticity field:
destruction of the smaller vortices
reduction of the wake length

It is important to :

1) capture gradients at the shield rim
2) refine the discretisation in the wake

An adapted multidomain mesh is derived

What went wrong?
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Multidomain refined case
views of the fine mesh

Multidomain adapted case
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On the front shield, the flow is (still) grid converged
Looking at the traces of the vortices on the cylinder, there are
still changes

Multidomain adapted case (shield)
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Closure point (representative of the spatial convergence) seems
to be grid converged on the fine grid: but look at the location!
Wake temperature profile tends to converge to a low peak value

Multidomain adapted case (wake)
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Comparison of results (on fine meshes) for:
monodomain reference case
multidomain reference case
multidomain adapted case

Same flow assumption for all cases (chemistry model, wall model...)

Same flow solver

Results presented in the next slide for the wake symmetry line

Three completely different results

Wake flows do need special attention / treatment / requirements

Effect of spatial resolution 1/2
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Closure point jumps from 3 to 6 to 9 meters !
Wake temperature is much lower for converged grids

Effect of spatial resolution 1/2
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Flow topology comparison reveals the vortices mechanism

Effect of spatial resolution 2/2

Monomain ref. Multidomain adaptedMultidomain ref.

vortex 1: primary vortex behind the shoulder
vortex 2: primary vortex forming the wake closure
vortex 3: secondary vortex in the corner between the shield and the satellite
vortex 4: secondary vortex at the tip of the satellite rear corner

The key holding the flow topology is the strength of vortex 4.
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It is generally a good idea to check for space convergence!
Especially for wake flows...
Otherwise, predictions can be really far off (c.f. closure point)

Note that it is also a good idea to extend meshes downstream to
avoid forcing wake closure point

Is the flow steady ?

Is the flow laminar ?

Experimental values (flow field visualisation, detailed wall
pressures on the cylinder) would be useful

Conclusions


