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Aerothermal problems of a capsule
DLR
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Study logic of SACOMAR
DLR PROGRAMME

WPs 1,2 and 3: Project Management, Technical Coordination, Dissemination

WP4: Requirements and Synthesis WP6: Physico-Chemical Modelling
# Review of Physico-Chemical Modelling ’:
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Reference Trajectory

Fan L8

SEVENTH FRAMEWORK
PROGRAMME

Six points of Exomars Shallow trajectory have been selected, covering most of the
entry trajectory

trajectory entry time velocity enthalpy Pitot pressure
point [s] [m/s] [MJ/kg] [hPa]

1 81 5228 13.8 55
2 104 4072 8.5 82
3 113 3581 6.6 82
= 120 3266 55 79
5 131 2691 3.8 70
6 140 2317

E 40 -

g

E

20

Velocity [Km/s]
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Comparison 7
DLR Ground testing to flight
I’ET
Ground Chemical non-equilibrium Chemical non-equilibrium
Testing Thermal non-equilibrium Thermal non-equilibrium
|
Flight Chemical equilibrium Chemical non-equilibrium

Thermal equilibrium

Thermal non-equilibrium
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Comparison 7
DLR Different model sizes
Io
Ground Chemical non-equilibrium
Testing Thermal non-equilibrium Long relaxation distance
L
r
Ground Chemical non-equilibrium ‘ o
Testing Thermal non-equilibrium Shorter relaxation distance

o
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# Facilities 7
DLR

= Hypersonic short duration facilities
- HEG (DLR-GO) * nonequilibrium flow
- IT-2 (TsAGI) * high reservoir pressure
 flat enthalpy profile

» Subsonic long duration facilities
- IPG4  (IPM) * (non)equilibrium flow
- U-13 (TsNllmash) » low reservoir pressure
« peak enthalpy profile

= Hypersonic long duration facilities
- L2K (DLR-K) « frozen flow
» Jow reservoir pressure
» flat enthalpy profile
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# Flow regimes 7
DLR

= subsonic equilibrium flow (U-13, IPG-4)

- chemical composition at the boundary layer edge refers to
equilibrium at local temperature and pressure

- dissociation level high

= hypersonic non-equilibrium flow (HEG, IT-2)

- chemical composition deviates from local

r
equilibrium in the shock layer, but tends to °r
approach equilibrium.

- lower dissociation level flow

* hypersonic frozen flow (L2K) :> D

- chemical composition strongly deviates

from local equilibrium and is almost

constant in free stream and shock layer. =
- intermediate dissociation level
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Test conditions 7
DLR Reference to EXOMARS ST TEAMEIORR

= Requirement:

The test conditions shall reflect characteristic points of the
EXOMARS entry trajectory.

trajectory entry time velocity enthalpy Pitot pressure
point [s] [m/s] [MJ/kg] (hPal]
1 81 5228 13.8 55
2 104 4072 8.5 82
3 113 3581 6.6 82
4 120 3266 5.5 79
5 131 2691 3.8 70
6 140 2317 2.9 62
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# Test conditions 7
DLR Basic considerations CEERTHI AMEWOEK

* The SACOMAR objectives do not require a full
duplication of trajectory points.

» Test conditions are specified for Martian gas mixture
(97% CO,, 3% N,) in terms of
- total enthalpy
- Pitot pressure

= Appropriate test conditions should

- be sufficiently close to one or two trajectory points,
- account for individual capabilities of test facilities,
- consider the flow field properties in terms of thermochemistry.
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# Test conditions 7
DLR

Test condition Total enthalpy Related trajectory
[MJ/kg] points
FC-1 13.8 1
FC-2 9.0 2
FC-3 5.5 4
FC-4 2.0 6

» Pitot pressure is used as test parameter in plasmatron and arc
heated facilities with settings between 10 and 80 mbar in
accordance to the variation along the EXOMARS trajectory.
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Model Geometry ?

SEVENTH FRAMEWORK

D LR PROGRAMME

* rounded flat-faced cylinder models
- edge radius 11.5 mm

* two model diameters are required due to facility
constraints
- D=100 mm (HEG, IT-2, L2K)
- D=50mm (IPG-4, U13, L2K) “ESA standard®

D =100 mm

* D =100 mim
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Test matrix

_1«1 -
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SEVENTH FRAMEWORK

DLR
Test Test Total Velocity u.2 Pitot pressure model
facility | condition | enthalpy U, diameter

[MJ/kg] [m/s] [MJ/kg] [hPa] [mm]

U-13 FC-1 13.8 80,40,20,10 50
FC-2 9.0 80,40,20,10 50
IPG-4 FC-1 13.8 80,40 50
FC-2 9.0 80,40 50

L2K FC-1 13.8 ~3000 4.5 80,20,10 50,100

FC-2 9.0 ~2600 3.4 80,20 50,100
HEG FC-1 13.8 ~4400 9.7 700 100
FC-2 9.0 ~3200 5.1 80 100
IT-2 FC-4 2.0 ~2000 2.0 tbc 100
FC-3 5.0 tbc tbc 100
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Heat flux measurements in IPG-4
(see IPPW-9 paper 3, Koleshnikov / IPM)
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Heat flux measurement techniques

DLR L2K
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Measured heat fluxes

0

DLR L2K : Pl{OGRRAMI\EAE §
.M odel Pitot Heat flux rate [kW/m?]
Test diameter | pressure
condition HFM Slug calorimeter water-cooled
[mm] [hPa] . :
sensor | (stainless steel) calorimeter (copper)
100 20 891 640 -
FC-1 50 20 1091 740 830
50 80 - 1380 1680
100 20 518 355 -
FC-2 50 20 694 440 570
50 80 - 630 1000

» Heat flux reduction for stainless steel: ~30%
» Heat flux reduction for copper: ~23%
are in agreement to measurements at IPM
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DLAS experimental set-up
DLR
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DLAS measurements in L2K
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Test condition Velocity [m/s] Temperature [K]
X =128 mm X =355 mm X =128 mm X =355 mm
FC-1 3150£110 322080 488 360
FC-2 2635110 270080 510 442
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Experimental results of IT-2 faciliy

DLR (see IPPW-9 paper 75, |. Egorov / TsAGI) SEVENTH FRANEWORK

Regime 2 (H= 2.29 MJ/Kkg), =0

Regime 1 (H=1.85 MJ/kg), ¢=0

Testrun 15. A=15.4 mm Testrun 6. A=17.1 mm

—— —p — e m e

Test run 14. A=155 mm

Testrun 5. A=17.9 mm

Regime H:, MJikg A, mm AR g v
1 1.85 177 0.354 0.154 125
2 2.29 15.9 0.318 0.138 1.20
3 3.91 16.1 0.321 0.140 1.20
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Experimental results of IT-2 faciliy

see IPPW-9 paper 75, |. Egorov / TsAGI
DLR ( pap g )
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# Physico-Chemical Modelling 7
DLR SEVENTH FRAMEWORK
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Modelling of Thermal State
Chemical Kinetics
Transport Properties

Surface Catalysis

Limiting cases of supercatalytic vs. non-catalytic surface modeling offer
ways to obtain the upper and lower physically possible limits of the
aerothermal heat fluxes. But, morre uncertainty exists in the
quantitatively correct heat flux calculation of partially catalytic surface
materials.

Therefore comparative analysis of the heat transfer data and catalycity
determination for different surfaces (metals and quartz) is essential.
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CFD simulation, TP 1
(Kovalev / TsNllmash, see IPPW-9 paper 86)
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Temperature contours Drecsure contoure
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non-catalytic (left) and super-catalytic (right) non-catalytic (left) and super-catalytic (right)
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Code-to-Code-Validation 7
Heat flux rate on the 100 mm cylinder S O
DLR PROGRAMME
Trajectory point | Boundary Condition [ SP Heat flux rate [kW/m2] Code

T1 FC 857 TAS-I Code
677 TsNIllmash
650 CIRA (FLUENT)
651 DLR (TAU)

T2 FC 808 TAS-I Code
614 TsNIllmash
590 CIRA (FLUENT)
715 DLR (TAU)

T1 NC 350 TAS-I Code
332 TsNIllmash
350 CIRA (FLUENT)
415 DLR (TAU)

T2 NC 276 TAS-I Code
262 TsNIllmash
260 CIRA (FLUENT)
307 DLR (TAU)
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Numerical Re-building of Shock 7
Tunnel TeStS (TAU'COde) SEVENTH FRAMEWORK

DLR

Example Results:
HEG Condition Ip, Non Catalytic Calculation, Calculated Mach Field

y

I
-
r.

~ hdach umber

| 8.45939
B CFD TAU-Code
403712
3.22069
242227
1.61485

. g.BI:I?4'24

Experiment HEG
Schlieren Image
Ip condition, run 1255
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S

SACOMAR team consisting of several institutes in Europa and Russia
studied aerothermal problems of Martian entry using experimental and
numerical tools.

Experiments on well defined material surfaces allowed to keep the
surface chemistry relatively simple and to explain phenomena easier.

The results show clearly that compared to the Earth atmosphere
Martian atmosphere has different characteristics with respect to the
gas surface interaction.

Based on the experimental results on quartz (SiO2) the surface
catalysis model has been improved.

The dependency of the shock stand-off distance on the specific
enthalpy has been oberserved clearly.

CFD simulation of the ground tests and flight with the same probe
provide useful information to undestand the physics and to improve
extrapolation to flight.
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