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PADA1 Project
Introduction




PADA1 Project consortium
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PADA1 Project

Overall Objective : Developing a hybrid demonstrator Baguette One to build the first hybrid micro launcher OB-1 able to place payloads up to 250 kg

on circular orbits at 300 km

UPSTREAM INJECTORS

FUEL GRAIN

COMBUSTION CHAMBER

OXIDIZER TANK

FEED VALVES
DOWNSTREAM INJECTORS
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Baguette One
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Suborbital Launcher
Launched from France in
2026

Demonstrates the feasibility
of the engine

Allows to adjust some engine
parameters for OB-1
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Orbital Baguette One
(OB-1)

Two Stages Launcher

8 Hybrid engines for the
whole Launcher
Sequential Jettisoning
Target orbit : Equatorial
Circular Orbit 300 km
Max payload mass: 250 kg
First lift-off in 2027
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PADA1 Project — CT Expertise

Multi Disciplinary Optimization

Engine Architecture Optimization
- Injection/thermodynamic data
- Structure geometry
- Staging and trajectory definition

=» Helps to find the best compromise between several solutions
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Injection data:
Lox mass flow rate

Lox tank

Thermodynamic data:
Combustion Chamber

temperature, pressure,
flow velocity

Ergol mass

Overall structure
mass

Throat diameter

Exit diameter
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PADA1 Project — CT Expertise

CFD simulations

Own CFD software CPS_C developed for more than 30 years and currently used by
CNES (French Space Studies Center)

Efficient in many application fields as combustion chamber flow description, jet
impact on a Launchpad, aerothermal description inside an open volume, external
aerodynamic impact on space vehicle, ...

Allows to size external or internal systems while preventing problems that could be
encountered in real life

Allows to compute difficult flow fields in a reduced amount of time thanks to a
powerful HPC
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Study Context

) Aerodynamic forces
Aerodynamic Y

forces * Aredirectly linked to the surface area of the studied vehicle
[ « Reachits maximum in transonic regime (near the speed of sound)
* Areresponsible for the maximum efforts encountered during the flight

=>» It is important to have an accurate description of the flow repartition around
the launcher to hold the loads

Drag coefficient in function of Mach number
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Study Context

External
aerodynami
c envelope

Interaction
between each
booster’s flow

Recirculation
flow

» More the distance between boosters and central body increases, larger
will be the surface area encountered by the wind and more important will
be aerodynamic forces

» Several other phenomenon occur while moving the distance between
boosters and central body, as the air flow recirculation between both

» The addition of those phenomenon leads to a complex estimation of the
non-linear aerodynamic behavior

Simulation time

* Onesimulation lasts about 6 hours to converge
* For one configuration, a hundred simulations are needed
=» |t could take months to get all the results

Important work to simulate every cases depending on all the input
parameters for each configuration

=» A Reduced Order Model allows to estimate quickly all the behaviors
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Workflow and CFD
simulations automation



Workflow and CFD simulations automation

Reduced order

e d Modelling

Input Mesh creation CFD simulation

Post-treatment

parameters —/ el running e 4

e Mach number e Depending on e OnCT's HPC e Convergence e Integration of

e Distance the geometry through VOLTA checking the results
between e Oriented in the e Computation of e Training of the
central body studied domain aerodynamic models
and boosters according to coefficients e Extraction of

e Angle of attack the input angles the models

e Exploitation
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Workflow and CFD simulations automation
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VOLTA

.

Network connected laptop
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Reduced Order Model
creation and training



Reduced Order Model creation and Training

Objective
* Define the range of study for each variable

 Distribute a correct number of points for each of them ’ - o 2
* Not too much points are needed * s : o 40 %
 Provide high quality results = . . . : [ > Z
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Reduced Order Model Training and Validation
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Reduced Order Model Training and Validation







Reduced Order Model Training and Validation

Training Set Validation Design

Prediction analysis
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ROM prediction workflow

ROM consumers:
colleagues and

U VO LTA managers
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Predictions in VOLT
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Predictions in VOLTA Advisor
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Conclusion




Conclusion

« The ROMs are representative of the complex
behavior of the aerodynamic flow depending on
several parameters

« 60 simulations required to create the model

 Allows to get a maximum relative error of
3,48. 1074 for the points used to train the model

 Time ratio of 30 seconds vs months

 These high-fidelity models are accessible and

can be used by every team members through
VOLTA

Prediction analysis

Compare predicted and validation designs
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