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Aerothermodynamics and Propulsion Technology Group A#y
Dr. Tobias Ecker / Dr. Tim Horchler DLR

Development of advanced numerical methods and models

» Efficient large scale HPC-Application

» Interfaces and infrastructures for interdisciplinary and multi-
physics simulations

= Chemically reacting flows, complex multi-phase thermodynamics,
advanced turbulence models, radiation

Numerical analyses of vehicles, sub-systems and test stands

» Aerothermodynamic performance, heat loads and design
database development

» Propulsion systems
» Fundamental research in high enthalpy reacting flows
= Numerical support for experimental work in test facilities

T. Ecker and T. Horchler, Institute for Aerodynamics and Flow Technology, 01.12.2022




Rarefied Flows Group
Dr. Martin Grabe

Electric space propulsion

= Advanced plasma beam diagnostics and thrust measurement

Plume / spacecraft interaction

Electric propulsion thruster studies and development

Technology transfer from R&D to application
Large-scale test facility: STG-ET

Chemical space propulsion

» Thruster plume characterization

Spacecraft self-contamination (molecular, droplets; erosion)

Landing site contamination assessment

Plume / Plume interference in nozzle clusters
Large-scale test facility: STG-CT

T. Ecker and T. Horchler, Institute for Aerodynamics and Flow Technology, 01.12.2022




Aerothermodynamics for Spacecraft Group
Dr. Alexander Wagner

High enthalpy hypersonic flow

» Hypersonic flight configurations at realistic flight conditions

» High temperature effects on aerodynamics of (re-)entry

= Boundary layer transition control

» Complete supersonic combustion scramjets

» |nvestigation of magneto-hydrodynamic effects during (re-)entry
= Large-scale test facility: HEG

T. Ecker and T. Horchler, Institute for Aerodynamics and Flow Technology, 01.12.2022




CFD Experiences: Development & Application ‘#7
DLR

DLR-TAU (> 3 decades) UQ-Eilmer (< 6 month)

C (, Python) - procedural D, Lua - object oriented

Finite volume on dual grid Finite volume on primary grid
netcdf, .plt, ... ASCIl.zip, .pvd + .vtu

1IS099, (tecplot, paraview) Paraview

Expert Learner
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Ko turbulence model 4#7
DLR

Production term P:

Observation: too much turbulence predicted downstream of shocks (worse the stronger the shocks is)

V. Hannemann, Spacecraft Department, AS, 2024



Explanation of modification 4#7
DLR

Better production term at shocks with p,=0

P=- %pk V'u (1 — max[0,0.4(1 — e'"™)]) - %pk Viu (1 —0.4(1 - %))

V. Hannemann, Spacecraft Department, AS, 2024



Implementation issues 4#7
DLR

New idea:

2

—Ymin _yv—-1
P=- Epk YTE (1 —0.4(1 - lf_:ﬁj)) Winin= h Y = Ynin
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Concave ramp flow at Mach 12.25 . /_#7
DLR

M_local

5

— 6.72e+0?2

— 4.2e+0]

— 4.9e+03

— 6.6e+01

V. Hannemann, Spacecraft Department, AS, 2024



Divergence of the velocity field
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Balance equation with 1st source term only / e /_#7
"", 1000 :
N - DLR

Restrict source term to div < -€ to avoid g > 1.
But, still indicates more then only shocks.
Therefore, minimal pressure jump to accept
div as shock related.

i
—lal—l
neg_div

Without 2" source term g < 1 downstream of 1st shock and

values of g = ssf are no local measure of 2" shock strength. 100200
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Balance equation with relaxation term

++ Local shock strength measure downstream of second shock!

mp Influence in turbulence model restricted by shock indicator
based on y distribution:

S=f(y<yy =0.98,Vy -u<0)
f includes transformation to make S smooth but almost binary.

V. Hannemann, Spacecraft Department, AS, 2024




Modification
DLR

Allow 2"d source term only where 15t source term is not active i

but then with stronger relaxation. ;;‘._r_?
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Shock indicator 4#7
DLR

Default Eilmer indicator without any user adjustment.
Primary usage: switch between more and less dissipative schemes.
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Shock indicator
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ko turbulence model
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turbulence intensity 0.01
turbulence intensity 0.001
turbulence intensity le-6

laminar
experiment

turbulence intensity le-5
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1.5e+05

Turbulence model prediction with different turbulence
Intensities at the inflow

turbulence intensity 0.01
turbulence intensity 0.001
turbulence intensity le-6
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Status of Implementation in Eilmer 4#7
DLR
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Flat plate Hakkinen SWBLI

DLR
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Pressure jJump parameter needs adjustment for the test case at hand
Visualization of shock indicator useful to adjust the sensitivity

Divergence of the velocity is a nice value to analyze supersonic flow fields

This laminar separation bubble generates compression waves rather than shocks

Sinha investigated fully turbulent SWBLI — more complex shock structure

(Amjad Ali Pasha & Krishnendu Sinha (2008) Shock-unsteadiness model applied to oblique shock
wave/turbulent boundary-layer interaction, International Journal of Computational Fluid Dynamics,

22:8, 569-582, DOI: 10.1080/10618560802290284)



Lessons learned 4#7
DLR

Thank you for the great work atmosphere at UQ!
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