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CFD simulation of a torpedo swim-out launching

F. Pécot (Naval Group / Sirehna), T. Taillefet (Naval Group)

Abstract 8 Amongthe various missions expected from a submarine, weaponshiagrfcom a tubds of major
importance. To secure these launchings and to determine the safe operating envelope, a numerical approach constitutes
an interesting alternative to expensive moadlub-scale trialsThis paper focuses on the development of a numerical
methodology based on CFD to simuléite swim outlaunchingof torpedoes from a tube. The methodology relies on

the overset grid approach. This tool solves the strongly coupled URANSDOF weapon dynamics equations, with

given propellers rates of rotatiofo validate this numerical methodology, fatfale trials of swim out launchings were

carried out with a torpedlike drone from a momdiameter tube immersed isea water atest A satisfactory

correlation was obtained between numerical and experimental results in terms of both weapon velocity and pressures
inside the tube

1 Introduction Thedrone length was 5.8 m (figurg, vith a maximum
diameter of 533.4 mnThe slight buoyancf+14 kg)of the
Among the various missions expected from a submarine body allowed to get it back easier after shot. The mobile
weapons launching from a tube, either by waber  was propelled by a pair of countatating propellers,
mechanicapulsg or in swim out, is of major importance ~ whose RPM were, for the upstream one, linked to the

. . . velocity commandVmin = 11 knotsor Vmax = 20 knot$
At each weapon is associated a safe operating envelope.nd for the downstream one.telenined in order to annul

The success of a weapon launching and of course th he total torque
safety of the submarine and its crew during this operation que.
is guaranteed provided that the triplet [immersion depth,
submarine velocity, sea stataglongs to the firing domain.
To determine this domain, the use of a numerical approac
able to predict the weapon hydrodynamic behaviour and
identify the risks of launching failure constitutes an
interesting alternative texpensivemodel or full scale
trials.

In this context, numerical methodologies for the LS "water droplet" shape
simulation of weapons launching and in particular for the A . =2e
swim out of torpedoes have been developed by Naval
Group, on the basis of the CFD code STBRM+ [1].
Hydrodynamic calculations of the swim out figirof a
torpedalike drone from a tube were performed and the
obtained results were compared with those ofdodlle sea
trials achievedn order toqualify the developed numerical
tool.

During the trial, a buffer within the drone recorded both
he rates ofrotation and the acceleration, thus leading to
he mobile velocity and displacement. Pressure
measurements along and at the bottom ofttive were
also achieved, with a 10 kHz sample frequency.

2 Sea trials

2.1. Experimental set-up and measurements
Full-scaletrials of swim out launching of a torpedike
drone from a monaliameter tube (closed at its bottom)
were carried out in sea water at rest, to provide
experimental data to validate the proposed numerical CFD
methodology. The experiments were performedaat
immersion depth of about 11 m on the tube axis, in order
to avoid, or, at least, to limit cavitation inception.

Fig. 1. Torpedalike drone within the 730 mm diameter
launching tube

The tube length was 6.6 m with an internal diameter of 730
mm (figure 1). Thanks to four rails placed on a 537 mm
diameter cylinder, the dne was guided in translation. In
the upper rail, a groove had been machined to permit the
drone vertical pin to slide and thus avoid any roll motion.

Fig. 2. Torpedalike drone.
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2.2. Trials reproducibility and  studied 3. Tube modelling and fAover sce

configurations

Due to the presence of the guiding rails, a very small gap

In order to ensure results reproducibility, two trials were (1.8 mm) is located between the drone and the dabane

performed foreach velocity command-igure 3 and 4 hand and the tube cross section area is redirethe
compare the evolutions of, respectively, the propellersOther hand

RPM versus time, and the drone velocity versus the drone

aft position, in both similar »@eriments, for the Wax

velocity command. They show that this reproducibility is Two different approaches were used to modetubeand

quite satisfactory. its rails but by strictly keepingthe sameoverall cross
section area
5 - asimple ong6]: for whichthis tubewas replaced
250 by an equivalent one without any rails, which
400 . . .
350 permits toavoid meshing the small gap
- 30 R D e - a complex_onefor wh|c_h fictive guiding rails
£ 1% T RPMup. propelersecond il were effectively taken into accountThe gap
£ "5 - - RPM do. propellersecond trial )
E 0 between the drone and tmeodelledrails was
& 100 \ chosenas small as possible, but deliberately
g 2% T, increased in order to keep enough cells between
350 it both bodies. Two distances values between
400 HEdep gt sy 4= o L - . . . . .
50 R diametrically opposite rails were considered: 560
550 and 580 mm(Figure 5) Therefore,to keep the
0 02505075 1 12515175 2 22525275 3 32535375 4 42545 s .
Time (s) samecross section area, thellsawere enlarged

with respect to reality

Fig. 3. Trials reproducibility- both propellers RPMVmax

velocity command Moreover, the "water droplet" shape at the tube exit was

modelled.
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Fig. 4. Trials reproducibility- drone velocity Vmax velocity
command

3 Numerical CFD approach _ _ o
Fig. 5. 730 mm diameter tube + modelled guiding rails (580 and

With the ongoing computational capabilities and the CFD 560 mm distance)

progress, the swim out launching of a weapon from a tube

can now be simulated with a full CFD numerical approach. ynjike previous studies on weapons launchings [2, 3, 4],
The selected code must be able both to deal with the timen order to avoid the remeshing of the evolving fluid
ewlution of the calculation domain due to the weapon cajculation domain due to the drone displacement, the

displacement, and to solve the strongly coupled URANS "gyerset" grid method avaible in the STARCCM+ was
and XDOF weapon dynamics equations, with given ged.

propellers rotatinrates In the current study, the ability to

solve this problem and the accuracytbé CFD code ) ) o
STAR-CCM+ are evaluated. The "overset" method consists, for this current application,

in superimposing two nedeforming meshes:
- an overset mesh around the moving drone and its
propellers,
- a fixed background mesh inside, around, and
outside the tube,
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These meshesxchange information data by interpolation
between them to solve both the flow and the drone
dynamicgFigure 6)

Zoom on the tube

Fig. 7. Views of the background region mesh.

Fig. 6. Meshing of a tube with rails modellirigoverset
interfaces

3.2. Meshing

The numerical model included four different regions:

- the background region meshed with trimmed
hexahedral cells. The inner launching tube and its
exit were homogeneously and finely meshed.
But, outside, the mesh wésen quickly released
(figure 7). Fig. 8. Surface mesh of the rear part of the drone and its

- the overset cylindrical region around the drone counterrotating propellers
and its propéers, which was meshed with
polyhedral cellsfigure 8). This region was finely  3.3. Propellers rotations treatment
meshed close to the drone and inside a cylinder
whose diameter is larger than the tube one.
Further, the mesh was released.

- two other regions around each one of both
propelles(in blue and grey on figur®), included
in the previous overset region.

To take into account the rotation effects of the counter
rotating propellers on the flow, two methods were
compared:

- the "MRF" method (Moving Reference Frame)
consisting in solving the Navi&tokes equations
in two rotating frames (one for each propeller)
without any visible rotation of the propellers,

- the "sliding grid" method consisting in simulating
the real rotations (in opposite directions) of the
propellers during the launching of theode. In
that case, unlike the previous one, non conformal
interfaces are used tweeen the three regions
meshes.

For each studied configuratiorwith or without rails
modelling, the global mesh inctled about 10 millions of
cells.

3.4. Modelling

To simulae the drone launchings from the tube with
STAR-CCM+ code version 10.06, the following
assumptions were taken into account:

- the flow was unsteady, non compressible,
turbulent, and in almost all cases monophasic.
Nevertheless, some tests were carriedwithithe
Schnerr & Sauer [5] cavitation modahabled

Overall view of the region
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o
o

- the gravity waglisabled

- the rotaton ratesaws of propellers obtained from
the simulatedgerimental tests were imposed,

- the drone moved forwardlong the tube axis
thanks to its own propellersyithout any solid
friction on the guiding rails

- the sea water density was equal to 1026 kg
the dynamic viscosity to 1,219 kg's™.
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0.5 Second test

The two equations-id SST URANS turbulent model was 00
. . . . . . .. 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
chosen, since it remains still valid in the vicinity of walls distance rear part of the drone / back of the tube (m)
where turbulent Reynolds is low and viscous effects are
dominating. Fig. 9. Drone velocity- Vmaxvelocity command without rails

modelling
At the boundaries of the calculation domain, we imposed:

- no slip conditions on walls,

- zero relative pressure outlet far from the tube. B T v
30 —CFD MRF approach
28 CFD Sliding grid approach
Moreover,initially, the fluid was assumed at rest. Tay || Secondtes
E
R
All the computations were performed with the STAR g1s
CCM+ segregated solver with implicit linearization of the =
flow equations, using a first order time scheane second 08
order space schemes. o5

00 05 1.0 15 20 25 3.0 35 40 45 50 55 60 65 7.0
distance rear part of the drone / bottom of the tube (m)

4 Comparison between trials and

simulations without rails mOde”mg Fig. 10. Drone velocity- Vmin velocity command without rails

modelling.
4.1. Drone displacement, velocity and

acceleration In simulations, a significant and suddamop of the drone

acceleration (negative jerk) is observed, while the rear
Figures 9 and10 show the drone velocity versus the drone conical par is leaving the tube (figurell). This
aft position, for both cases of velocity commangdaand acceleration drop, although existing, is far less important
Vmin). On this figure, experimental and CFD results during tests and its effect is not visible on the experimental
without cavitation are compared@he two vertical lines ~ Vvelocites curves. This difference of accelerations
indicate the exits of both the drone junction and the dronePehaviours while the drone rear part is going pu$
aft out of the tube. coherent with the small velocity gap between tests and
"MRF" calculations at the tube exit.

This figure shows that the drone continuously accelerates

inside and outside the tube. Moreover, it shows that, for 0

each velocity command, the numericabults correlate e -
quite well the experimental one. Globally, the "MRF" 20 1| o i approach
results are closer than the "sliding grid" ones, even if, up gizz Second test

to an aft position of 3 m, the latter model leads to a better £,

correlation. But, anyway, "MRF" computations are less Lo
time-consuming than the "sliding mesh” ones (15 to 20  §_..

hours versus-8 days, on 80 cores). 050

The maximum velocity deviations between numerical and 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
experimental results at the tube exit does not excezd 0 distance rear part of the drone/ bettom o the tube (m)

m/s, which is of the same order of magnitude of the

velocties discrepancy at the tube exit between two similar Fig. 11. Drone accelerationVmaxcommand velocity without
tests. rails modelling.



UDT 2019

This acceleration drop, generated by a thrust drop, is 25000
concomitant with an increase of the average velocity of the 20000 | | o codm-Te
incoming flow on the propellers (especially at the blades 15000
feet). That is due to the progressive disappearah@ o
recirculation zone located on the drone upstream of the
propellers, during the exit of the conicahrepart of the
mobile (figurel2).
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’ Fig. 13. Relative pressures versus time inside the t\heax
velocity command without rails modelling.

At each point, the pressure evolves in the same way in
three stages:

- adecrease stage, due to the drone motion, making

§— the sea water flow into the tube. Except for P2
— point, this phase lasts until the mobile junction
| —y ‘ e overtakes the considered point.

- anincrease stage, until the junction goes out, due
to the compression of tHiw between the drone
conical part and the tube (diffusiéke annular
space) and at the bottom of this one. It can be
noticed that, at this time, thegssure is higher
than outside.

- a decrease stage, during which the pressure
reaches the immersion one.

£

Velocity[i] (m/s)
0 -20 00 20 40 60

Fig. 12 Disappearance of the recirculation zone upstream of the
propellersi without rails modellingremark: the drone rudders

have been voluntary hidden) Although the cavitation was not simulated, the risk of

cavitation inception was, nevertheless, assessed by
To better understand the physics of this phenomenon, &omparing pressure levels on the blades withstitered
simulation at Vhax velocity command, without any rudder vapor pressure value. If the pressure drops below this
on the drone was achieved. The obtained results showedhreshold value, this phenomendrosid occur.
that these rudders have no infwe on the drone

dynamics, including the exit phase of the mobile conical occording to the "MRF" simulations results, there is no
rear part. Therefore, it could be presumed that the tubgisk of cavitation inception in both cases of velocity
modelling, in particular the removal of the guiding rails, command. But, according to the "sliding grid" ones, there
altering the three dimensional local structure of the flow at 53¢ some small potential areas of cavitation inception on

the tube exit, is probably responsible for the drone ihe |eading edgesf the blades erados (in dark blue on
dynamics discrepancies between simulations andfigyre 14) in the case of Ma velocity command.
experiments.

4.2 Pressure and cavitation inception risk Potentialareas of

cavitationinception

("MRF" approach without cavitation) pressusignals “
versus time, at three different points along the tube, for @ -
Vmax velocity commandThis figure shows a satisfying » @)

Figure 13 allows to compare experimental and numerical s Q ﬁ

correlation obtained at each point between numerical and E’ D L N
experimental signals, despite small offsets whose levels ' CD’
depend on the presgusensors locations.

Pressure (Pa)
-2.0e405  -1.5e+05  -1.0e+05  -5.1e+04 0.0

Fig. 14. Cavitation inception risk "sliding grid" approach
Vmax velocity command without rails modelling.
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In order to understand, in that case, the impact of cavitatiorb.1.

Drone displacement, velocity and

inception on the drone dynamics, an additional "sliding acceleration

grid" simulation was carried outjith the Schnerr & Sauer
[2] cavitation model, whose parameters were kept to their
default values. Thisimulation showed that cavitation
actually appears on the blades (figutg). Nevertheless,
there was practically naripact on the dynamics (figure

16).

It can be noticed that this simulation was a bit time
consumingsinceit lasted more than 20 days 86 cores.

Fig. 15. Vapour volume fraction "sliding grid" approach

Volume Fraction of VapeurEau
0.0 0.25 0.50 0.75 1.0

Vmax velocity command without rails modelling.

Velocity Vx (m/s)

Fig. 16. Drone velocity (with and without cavitation modelling)
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——CFD MRF approach
CFD Sliding grid approach

--- CFD Sliding grid approach - Cavitation

00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
distance rear part of the drone / back of the tube (m)

- VmaxVvelocity command without rails modelling.

5 Comparison

between trials

simulations with rails modelling

The impact of the guiding rails modelling on the drone

and

Figure 17 (zoom on the rear congartexit phase) allow

to compare the evolutions of the drone velocities obtained
experimentally and numerically with and without rails
modelling, versus drone aft positi.

A satisfactory overall agreement is observed between trial
and "MRF" simulation results with or without rails
modelling. On the other hand, the "sliding grid"
simulations systematically overestimate the drone
velocity, even if taking into account guiding rajls
improves the correlation.

Figure 18shows that modelling guiding rails significantly
reduces the acceleration drop concomitant to the exit of the
drone rear conical part, and all the more the distance
between diametricBl oppositerails decreases. If this
distance was enough reduced to be close to its real value,
the simulated acceleration profile should logically fit the
trial one, during that phase.

The simulated acceleration drop is related to a thrust drop
(figure 19). It is due to an increase of the mean axial
velocity (in absolute value) of the incoming flow on the
propellers, following the disappearance of a recirculation
zone located just upstream of the propellers. This velocity
rise is lower when rails are motll and the distance
betweerdiametrically opposite rails smaller (figure20).
Moreover, the radial distribution of the axial flow velocity

in a cross section located just upstream of the propellers is
drastically modified by the presence of rails (fig@1).

Velocity Vx [m/s)

weses Test
——CFD MRF without rails

——CFD MRF with rails distance 580 mm
——CFD MRF with rails distance 560 mm

-~ CFD Sliding grid without ralls

-~ CFD Sliding grid with rails distance 560 mm

4.0 a5 5.0 55 6.0 6.5 70
distance rear part of the drone / back of the tube (m)

velocity was studied to attempt to explain the observed
drone dynamics differences between tests and simulations
during the exit of thegar conical part of the body.

Simulations with disabled cavitation model were
performed, for Vhax velocity command, using "MRF"
approach in both guiding rails modelling configurations,
and also using "sliding grid" approach in the case of 560
mm distance.

Fig. 17. Zoom- drone velocitywith and without rails
modelling VmaxVvelocity command
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Fig. 18. Drone acceleratiowith and without rails modelling
Vmax velocity command

Fig. 19. Propeller thrustwvith and without rails modellingV max
velocity command

Fig. 20. Mean axial velocity in a cross section upstream of the
propellers with and without rails modelling/ max velocity
command

Fig. 21 Axial flow velocity (m/s) upstream of the propellers
with and without rails modellingV max velocity command

5.2. Pressure

Figure 29 allows to compare the static pressures coming
from trials and AMRFO si
modelling versus time, at two different positions along the
tube.

Guiding rails modelling allowed to furthemprove the
calculation/test correlation in terms of pressures within the
launching tube during the exit of tHeonerear conical part
(figure 22), all the more the distance betwdemetrically
oppositerails decreases.

Fig. 22. Relative pressures inside the twtiéh and without rails
modelling- VmaxVvelocity command

6 Conclusions

Experimental and numerical results (drone displacements,
velocities and acceleratiorend pressures inside the tube)
generally show satisfactory correlations for theo
considered velocity commands, whatevéne tube
modelling(with or without rails)theusedapproach to take
into account the propellers rotation ("MRF" or "sliding
grid"), andthe flow modelling Eavitation modeknabled

or not)

Therefore the developednethodology on the basis of the
STAR-CCM+ code can now be used to predict the
torpedoes swim out launching performances from
submarine tubes.
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