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1. Introduction and context

Various missions are able to be assigned to a submarine:

Tactical weapons launching is of major importance. It can be done:

At each weapon is associated a safe operating envelope (immersion depth,
submarine velocity, sea state).

To determine this firing domain and to guarantee the launching success
- use of a numerical approach to predict the weapon hydrodynamic
behavior is an interesting alternative to expensive model or full scale trials
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1. Introduction and context

In that context, Naval Group chose to develop numerical methodologies to
simulate weapons launchings (on the basis of the CFD code STAR-CCM+), in
particular for torpedoes in swim-out.

To qualify the developed numerical tool, full-scale sea trials of the swim-
out launching of a torpedo-like drone were performed.

The obtained results were compared with those of hydrodynamic
calculations.
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Full-scale trials of swim-out launching of a
torpedo-like drone from a mono-diameter tube
(closed at its bottom) in sea water at rest
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Objective: provide experimental data to validate
the CFD methodology

Mono-diameter tube:

Torpedo-like drone within $730 mm launching tube
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Torpedo-like drone:

removable cable

Measurements:

Rear part of the drone
with its 2 counter-rotating propellers
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2 trials performed for each velocity command

Reproducibility = quite satisfactory
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Progresses of computing and CFD - simulate the
swim-out launching of torpedoes from a tube with
a full CFD approach becomes possible.

Rails

Chosen CFD code: STAR-CCM+ (v10.06), able to :

Modelled tube without rails

Modelled tube with fictive

2 different approaches to model the tube and its guiding rails (580 and 560 mm)
rails, by strictly keeping cross section area:

¥ #UDT2019
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Overall view of the
background region mesh

"Overset" method = superimposing of 2 non
deforming meshes exchanging information
data between each other:

* anoverset mesh around the moving drone and its propellers

* afixed background mesh (inner tube + outer cylinder)

Tube with rails modelling Zoom on the tube

Overset interfaces

Meshes built according to previous experience
in simulations of weapons ejection:

* Background region — trimmed hexahedral cells

* Overset cylindrical regions — polyhedral cells
Overset regions - Zoom on the drone

, #UDT2019 e Global mesh = 10 millions cells rear part + 2 propellers
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bl Propellers rotations management — 2 methods used:

Rotation rates imposed in simulations from experiments
1 dof drone motion along tube axis, without any solid friction on rails

Flow assumptions :

Boundary and initial conditions:

¥ #UDT2019
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Pressures:
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= additional "sliding grid" simulation with cavitation model enabled

Potential areas of
cavitatuon mcepuon CaV'tat'On r_lsk _ "S||d|ng gridn
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, #UDT2019 Upstream propeller extrados Downstream propeller extrados
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Comparison trials/simulations results with rails modelling
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with or without rails modelling
"Sliding grid" simulations systematically overestimate drone velocity

Guiding rails modelling reduces the acceleration drop (while the rear conical
part exits), all the more the distance between opposite rails decreases

50 55 6.0 6.5 7 3.0 35 4.0 4.5 5. 5.5 B
istance rear part of the drone / back of the tube (m) distance rear part of the drone / back of the tube (m)

, #UDT2019 Velocity - V., velocity command Acceleration -V, velocity command
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5. Comparison trials/simulations results

with rails modelling

Acceleration drop is related to a thrust drop.

It is due to an increase of the incoming flow
mean axial velocity on the propellers following
the disappearance of a recirculation zone
upstream of the propellers.

This mean velocity rise is lower, when rails are
modelled and the distance between
diametrically opposite ones is smaller.

Radial distribution of the axial flow velocity
upstream of the propellers is drastically altered
by the presence of rails.

Velocity Vx (m/s)

—MRF with rails distance 580 mm

distance rear part of the lhl.‘mv | back ul‘lhl- tube (m)
Mean axial velocity upstream of the propellers
V.. Velocity command

Solution Time 4 (s) Solution Time 4 (s)

"\‘

P

Axial flow velocity upstream of the propellers
with and without rails modelling
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6. Conclusions

Overall correlations trials/simulations are satisfactory

CFD methodology can now be used to predict the performances of
torpedoes swim-out launchings from Naval Group submarines.

The replacement of the real tube by an equivalent one without guiding rails
in the model does not allow to perfectly capture the drone dynamics, when
its rear conical part is leaving the tube.

Guiding rails modelling improves correlations during the cone exit phase.
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Nevertheless, guiding rails modelling has drawbacks:

"MRF" approach with neither rails modelling nor cavitation model activation
is the best compromise between computation time and results accuracy.

If pressure < satured vapour one on large areas on propellers blades
extrados, a new simulation with cavitation model enabled should be
performed.
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