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VEGA LAUNCHER

•VEGA evolution aerodynamic data-package has

been built taking into account numerical

simulation results and VEGA experience

•Distributed aerodynamic coefficient trend has

been obtained starting from available VEGA

aerodynamic data-package. For each region of

the launcher, a dedicated law/trend has been

obtained.

•A validation of the extrapolation approach with

respect to CFD analysis results has been

provided. The extrapolation approach and the

CFD analysis results are characterized by

percentage difference lower than 4.5% at M=2

and lower than 1% at M=2.5
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• The separation of the stages is one complicated

phase of the flight in which practically all the

subsystems of the launcher are involved. The

separation of VEGA 1st stage is made by pyro-

cutting the inter-stage 1-2 structure and occurs at

the end of the combustion phase of the solid

rocket motor P80 at relatively low altitude. Due

to the residual thrust of P80 and the interaction

of the 6 separation solid rocket motors with the

external aerodynamic field, this is a critical phase.

• The supersonic jet of the RR, flowing towards the

opposite direction of the hypersonic mainstream

strongly interacts with the external field

generating a 3D shock wave which completely

changes the aerodynamic of the two separating

bodies.

• The difficulty into solving such a phenomenon by

a CFD approach requires very hard job to set-up

the model, to complete each run and to post-

process it. The most powerful CPU available on

ENEA grid are needed to implement the

appropriate meshing (about 15ML of

computational cells) and to reach a converged

solution a short time.

Virtual Wind Tunnel – 2/2
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• The activities performed in the frame of the transcritical

combustion topic has the scope to simulate the fluid dynamic

field inside the combustion chamber of a liquid rocket engine

(LM10-MIRA Demonstrator) in trans-critical conditions.

• The LM10-MIRA Demonstrator is a liquid propellants rocket

motor, designed for a set of test activities. The employed

propellants are the methane and the liquid oxygen (LOX); these

propellants are pushed in the combustion chamber through 60

coaxial injectors.

• The methane is supplied to the injector head manifold, than

through the casing orifices and to the cavity between the face

plate and deflector. The methane flows in a radial direction

from the injector head periphery to its centre, along the face

plate, and ensures its cooling; then it comes to the cavity

between the deflector and the casing, where it is distributed

through the injectors. The methane comes to the combustion

chamber through the annular channels of the injectors. The

Oxidizer comes to the oxygen cavity of the injector head, and

further through the central channels of the injectors to the

combustion chamber.

• The single injector element is designed in order to provide the

mixing of the two propellants and at the same time to limit the

pressure drop within itself.

• CFD analyses have been performed on a computational grid of

about 4 ML of computational cells.
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• The MPS P230 of Ariane 5, like the other large solid propellant motors, has to be designed as segmented for

technological reasons. Such motor experience pressure oscillations leading to thrust fluctuations, at

frequencies close to its first longitudinal modes. This behaviour induces some penalties on the overall

performance of the launcher, so the study of pressure oscillations has attracted the interest of many

researchers during last few decades.

• It is well known that numerical simulation of pressure oscillations in SRM is a very challenging task in terms of

accurate modeling and capability of numerical simulation for highly intensive computing problems.
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• Numerical results are quite close to the experimental data in terms of both amplitude

and frequency.

Pressure Oscillations – 2/4



Avio S.p.A. Proprietary Information – subject to the restrictions on the cover or first page 8

Pressure Oscillations – 3/4

• CFD results are quite in line with

experimental data both in frequency and PO

amplitude .

• The maximum difference relevant PO

amplitude is of about 6% and 1.5% for the

frequency



Avio S.p.A. Proprietary Information – subject to the restrictions on the cover or first page

Pressure Oscillations – 4/4

9

• During the combustion process, the propellant matrix vaporizes and the most superficial aluminum grains get uncovered. In such

manner Al gets in touch with the high temperature fluid in the combustion chamber. Such temperature melts the superficial Al

generating a thin liquid layer on the propellant free surface

• Due to the speed and the turbulent nature of the fluid flowing through the combustion chamber, such liquid aluminum layer gets

fragmented into droplets, which get randomly and chaotically dispersed in the chamber (primary break-up) and then further

shattered by the fluid (secondary break-up).

• Coupling between Aluminum droplets combustion and chamber acoustics causes thermo-acoustics instability .

• Looking at the vorticity magnitude is possible to identify the region where the break-up can occur. Presented model could explain

the link between the pressure oscillation level and the combustion instability in SRM.

• Numerical activities are on-going



Conclusions
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Although testing is the standard practice for rocket engineers, time to market and pressure on Launch

service price push towards an extensive application of numerical simulation during development and

validation of Launch Vehicle.

Vega LV was qualified on the basis of a relatively limited full scale testing (based of the Test as you Fly

– Fly as you Test paradigm) and a large use of numerical simulation both at system, i.e. GNC, dynamics

or aerodynamics, and subsystem level. This contributed to enter the commercial exploitation market

with investment costs one order of magnitude lower than its predecessor, Ariane 5.

Next generation of European LV, Vega C, Vega E, Ariane 6 will face a harsh global competition. Their

development will take advantage of lesson learned from Vega, by relying largely on simulation based

on models formally validated from test and flight data. Infrastructure and models readiness is the key

success factor for European competitiveness.

In Avio view, frontiers for applied research in simulation for the next generation Launch Vehicle are:

the Virtual Wind Tunnel, the multi-physics modelization of hybrid combustion chambers, the trans-

critical regenerative cooling in innovative combustion chambers for LOx-CH4 engines, the simulation

of transient cavitation in turbopumps.

Avio intends to consolidate its partnership with ENEA in the field of simulations

Next Challenges
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