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Scope

Transient/Unsteady flows

* Engine Ignition Screech phenomenon, side loads, re-burning,
Launch-pad, blast waves formation/propagation.

e Stage separation Structural loads, flight mechanics.

e Stability at re-entry Amplification/dumping of oscillatory motion

(base flow features)

e Unsteady eddy simulation Detached flows/ base flows

Steady flows

« AEDB Flight mechanics (Sub/supersonic)
 Hypersonic - ATDB Thermal loads, launchers, re-entry bodies...
* Propulsive flows Base flows, engine flows, nozzles/plumes...
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History

Ariane 5 (1987-1996)

e Stage separation

* Take-off blast wave
 AEDB

« ATDB

Huygens probe (1991-1997-2005)

* Stability at re-entry

Ariane 6 (2012-2020)

e Stage separation

* Take-off blast wave
 AEDB

« ATDB

Reduced/surrogate Models - (Euler)
RM - (Euler).

Wind Tunnel Tests - (Euler - RANS)
WTT

WTT - Gunnery Flight Tests - (URANS)

URANS - RM
URANS

RANS => WTT/3
RANS => WTT/3
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Industrial Requirements

Reliability

* Robustness Stability-Conservativity-Positivity
Realizablility-Frame independency

 VERIFICATION Consistency-Truncation Error
Assessment (A/M Solutions)

 VALIDATION Industrial Test Cases Data Base
=> Certification

e Uncertainty Quantification Mesh Convergence
Reduced/surrogate Models + MC

Efficiency

* Easy to use Meshing strategy-modification-GUI

e Optimal algorithms Temporal integration strategy

 Scalability HPC

e Accuracy 3'd order for steady 4t for unsteady

Automated Mesh adaptation
Sustainability

* Software engineering Git-Non regression DB
* Adaptability to hardware evolutions Software architecture
e Improvability idem
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FLUSEPA

aerodynamics & Propulsion

Complex physics

* Moving bodies

* Turbulent models

* Particles modelling (H20,AL203...)
* Chemical modelling

Efficient Meshing strategy

e Unstructured Hybrid meshes
e Conservative CHIMERA
e Automation

* MUSCL approach

* High order reconstruction

e Adaptive Temporal Integration
 Implicit Temporal Integration

6DoF Motion/Connections
RANS-URANS-VLES
Dispersed Eulerian formulation
ARRHENIUS / JANAF tables

Canonical elements
Geometrical intersection
CASCADES tool (+ Mesh adaptation)

Accurate and Robust numerical schemes

Godunov Numerical Fluxes

3'd order k-exact - Global 4t order
Explicit local time stepping
Newton algorithm + GMRES-QR
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Verification

Basic Models (convection, diffusion, production, coupling)

Complex issues

Floating-point arithmetic & round-off errors

Computer Engineering

— AIRBUS SAFRAN _
7 LAUNCHERS



It shall not be communicated to any third party without the owner’s written consent | [Airbus Defence and Space Company name]. All rights reserved.

This document and its content is the property of Airbus Defence and Space.

Basic Models

Inflow

Verification

 Flat plates (NASA data bases)

0015

|

Experiment
NASA results
FLUSEPA

|

e Sub-Supersonic Ringleb’s Flow (on distorted grids)
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Verification

Complex issues

e Boundary Layer-shock interaction (Astier's Nozzle: Robustness)

Launder-Spalding k-¢
» Realizability constraint

Chamber:
e P =50bar, T = 3200K
[1y=1.17, N = 32.8 mole/kg

Geometry: 2;1 Atmosphere:
* Dipoar = r=0.2m 13 e P =1bar, T = 300K
e Bi=1.4m 13 7 y=1.4,N=34.52mole/kg
e Ty = 2000K o7
03
0.1

» Hypersonic sphere (Carbuncle)

Caleul Equilibre Chimigue - EULER
Mach 10.47 - FLUSEPA
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Verification

Floating-point arithmetic & round-off errors
 Computer arithmetic. CADNA software (Discrete Stochastic Arithmetic)

12000-2001 Implementation of CADNA in FLUSEPA: Evaluation of round-off errors &
numerical robustness for several models & numerical schemes:

v’ 1rst & 29 order convection scheme (Godunov-MUSCL)

v Viscous & Turbulence model (Laminar — RANS k-¢)
v'Temporal integration (Adaptive explicit — Newton implicit)
v'Chemical reaction model & resolution

U Future work?

* Parallel Computing issues (non-deterministic behaviour)
UPerformance drop to make reduction operations deterministic
(Compiler — OpenMP — MPI libraries)
Computer Engineering

e Compilers Enforce Usual Specification (trade-off btw
Accuracy-Reproducibility-Performance)
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Industrial Validation Issues

Complex Model CPU cost
*RANS,,, (with Wall Law) 15 mn (64 cores)
e RANS (without Wall Law) x10 to 100
*RANS,,, + Chemistry x 2 10 10
*RANS,,, + Particles x 2 10 10
Unsteadiness

 URANS,,, 1day —1month
* VLES 1 week —1 year
*LES 1year -1 life

Industrial validation: minimum CPU requirement

 Best practices Model requirements
e Empiricism + Automation Mesh libraries - AMR
CERTIFICATION

11
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Validation

Cascades fool
Automated process

—=— FLUSEPA
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distributed gradient of lift coefficient (WTT vs CFD)
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Validation

1-ATDB-Base Flows (NASA)

(A) WIND TUNNE!

BASE PLATE

(_:Di:k Calorimeter
Static-Pressure Sensor

(C) JP4/LOX ROCKET BELL NOZZLE

().000e+00

‘tatic gas temperature (Tg)
sensors recorded 0.5 inches

(B) BASE PLATE fromthe base plate surface

F [TO
Figure 7. (Top) Full wind tunnel flow field domain (Mach contour); (Bottom

NASA case - High Altitude left) Base flow field domain (Mach contour); (Bottom right) Base heat flux
1000 contours

O  TestData
CFD NASA
—— CFD FLUSEPA

mean base heat flux (kW/m~*2)

Plumes interaction

nondimensional base length (r/rb) 13
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Validation

3b-Propeller Aerodynamics (AGARD)

[AGARD propeller (FLUSEPA-code) - Uinf = 50 m/s AocA = 0° AoS = 0° pitch point = 29°]
[Q criteria iso-surface (Q = 5000) colored by U (velocity)]
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Validation of unsteady phenomena

1-Sl'ages Separations 1995 EULER 90 K-cells
2016 URANS 14.5 M-cells

N
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Validation of unsteady phenomena

1b-Stages Separations

/,_\-— Vacuum chamber

<——— Pneumatic jack

—  Support
L Cylinder rod

— Lower stage model

- Nozzle

— Upper stage model

Base + engine

Computation

- Dropped stage Velocity @ .-
Pressure on the dropped stage : e L
Computation ] hme
ime __ AIRBUS SAFRAN _
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Validation of unsteady phenomena

PRES$URE SENSOR P 1
—— flightdata

simulatian

2-Take-off - Blast-waves
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Validation of unsteady phenomena

Time

o Cbm”pufati'on )
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Validation of unsteady phenomena

s-Unsteady Eddy Simulations

B .

Mach: 0,00 0.29 0.59 0.88 1,20

0.4
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A6 PPH : iso Q criterion colored by Mach Number(top) -
Comparison of Cp and Cprms with experiments (bottom)

A5 and A6 PPH VLES computations:
Instantaneous schlieren
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Validation of unsteady phenomena

sb-Unsteady Eddy Simulations (4 PhD+2)
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Conclusions

Verification Implementation-(Algo-Num-Models)
* Sequential computing Achievable goal

* Parallel computing Very Serious issues (no determinism)

* Sustainability issues Software management (GIT non regression)

Compilers — Libraries — Hardware

Industrial Validation (Certification) Small scale + flight measurements

 Steady configurations Fairly well controlled task
* Unsteady simulations Painstaking work

*Very Large Eddy simulations Tedious job

Outlook

e Automation Mesh & Model

_ AIRBUS SAFRAN _
21 LAUNCHERS



It shall not be communicated to any third party without the owner’s written consent | [Airbus Defence and Space Company name]. All rights reserved.

This document and its content is the property of Airbus Defence and Space.

Outlook

CASCADES Tool(1/3)

CASCADES designed to compute Aerodynamic
database on nearly any kind of launcher.

*Auto building of hexahedral meshes
*Auto run of simulations

Fully automatized : / |

«Auto post-processing L

Multi overlapping approach: complete launcher is | |
made by merging of several (fully parameterised) ‘
elementary parts. No CAO needed in most of case. |

Very intensively used in Airbus DS : More than 100
different geometrical configurations since
beginning 2013.

L

Examples of civil launchers modelled by CASCADES

22
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Outlook

CASCAD ES TOOI[Z/ 3) stz Nosies and atchemeni TS e Senerigeen
CASCADES deals with a set of elementary parts. 2 hj I I l. j h
3 \\

Cable ducts

The user chooses how to build the launcher: which ’ {
parts will be used and with what dimensions, ' et
positions and priority. 3 | ——
CASCADES makes automatically the volume : ’ k\ i
meshes and the assembly. | 3 | [ \
/| '

Engine fairings and shields Flatiron prott n

(O

Aftach fitting

I ﬂll 12

X © cascadesGUI - V2.0 (Alpha version) @ ®

File Flow Coeffs General parameters iew Run Post Help

Simulation cases Geometry | Mesh | Position  Trim

1: M=0.3 Alpha_e=3.0 Phi=0.0 Name=CC type=1 priofity=1 (\
Fairing i
* ogive . Spherefcc K © patpre @) @ ® /I
~
Rnose(mm) 600.0 M
MNew Delete Modify Reset Reairing(mm) 16500
Lengthimn 8582.0 > X
Display details N

Radius(mn 2726.0

[ 3: Upperattachment \

: Upper attachmen ] \
.| Tiked fairing Type 13 generic | )
beam+ manual
trimming
LY 1 Main Body 2 EAP
1. x=15000.0 1=2726.0 Type 1: elongated body Type 1:elongated body + auto trimming
2: x=45000.0 r=2726.0
4 : Main body rear zone + -
. mock up sting
Type 12 : generic step

New Delete Modify Reset

<>

| Tilted skii

Mew Delete Modify Reset

Output Forma | Binz | Reset | [ FRONT | ToP

CascadesGUI Main ‘Window

7. EAP rear attachment
M —— rods

Type 0 : specific part

6: EAP rear
5. EAP rear zone + attachment ring
mock up sting Type 6 :ring

Type 12 : generic step
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Outlook

CASCADES Tool(2/3)

The meshes are built by multi-overlapping: the overall mesh is the addition of several simple submeshes.
No CAO files are needed.

CASCADES deals with a set of common elements. The user chooses which parts the launcher will be composed
of and just gives the dimensions, number and positions. CASCADES makes automatically the volume meshes
and the assembly.

Ex : simplified Ariane 5

T

protrusion
Cable duct

-
See

Boosters and Main body
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Outlook

AMR
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Vérification, Validation et Quantification des incertitudes en simulation numeérique (VVUQ)
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Thank you
Any question?
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