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Résumeé :

Dans cette étude, les résultats d'une etude numérique sur les caractéristiques d'écoulement provenant
d'un seul jet d'eau axisymétrique impactant une surface plane sont présentés. Le comportement du jet
en dynamigue des fluides computationnelle (CFD) est étudié a I'aide d'une méthode FV (volume fini)
implémentée sur ABAQUS/CFD. Le jet atteint le niveau de la structure avec une vitesse initiale de 113
m/s a travers une buse d'un diamétre de 1 mm. | obstacle est situé a 10 mm de la sortie d'eau. Le
modeéle K-¢ est adopté pour traiter les phénomeénes de turbulence. Le champ d'écoulement se comp0se
de quatre régions distinctes ; chacun est discuté en détail. De plus, la répartition des pressions est
également détaillée. Les résultats numériques sont comparés a I'étude théorigue du profil de vitesse
déja présentée et validée expérimentalement dans le cadre des travaux de Martin en 1977 [1].
L'approche utilisée dans la modélisation numérique a montré un bon accord entre la théorie et les
données numériques.

Abstract:

In this study, the results of a numerical survey on the flow characteristics coming from a single
axisymmetric water jet impinging on a flat surface are presented. The Computational Fluid Dynamics
(CFD) behavior of the jet is investigated using a FV (Finite volume) method implemented on
ABAQUS/CFD. The jet hits the target with an initial velocity 113m/s through a nozzle with a diameter
of 1mm. The obstacle level is located after 10mm away from the water outlet. The K-¢ model is
adopted to handle the turbulence phenomena. The flow field consists of four distinct regions; each one
is discussed in detail. Furthermore, pressure distribution is also detailed .Numerical results are
compared with theoretical survey of velocity profile already presented and experimentally validated
within the work of Martin in 1977 [1]. The used approach in the numerical modelling showed a good
agreement between theory and numerical data.

Keywords: Water-impacting jet, CFD, Turbulence, ABAQUS, Velocity
profile, Pressure distribution, slope target

1 Introduction
The impact of a high-speed jet on an obstacle is observed in several applications starting with home
uses and moving on to space technology devices. The high-speed water jet is characterized by its
many advantages and by its simple industrialization [2]. The most common way to produce a high
velocity stream of water is to force a quantity of water through a converging nozzle. Using this
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method, the water is accelerated and the jet can reach speeds of up to 4000 m/s [3]. The technique of
water jets is now applied in many industrial fields, such as welding, cleaning (turbine, engine parts),
decoration process, cutting (metal sheet, plastic), material removal by abrasive water jet, the assisted
high-pressure water jet [4], [5], [6], [7], [8] and [9]. The jet's velocity profile is the main term of the
momentum, which will be applied to the target. Then, it is interesting to give it the greatest importance
in jets studies. The pressure of the jet on the target surface is not a minor parameter either, therefore it
must also be analyzed and optimized. Generally, studies of this type of flow must go through an
experimental expertise. However, the implementation of instrumented tests is often time-consuming
and expensive, or even impossible, as for large industrial installations, for example. In addition, the
sensitivity of the observation coming from the multidisciplinary aspect of physical phenomena (speed
of the process, evaporation of the lubricating fluid, the microscopic scale of stress state, etc.) makes
that we rarely turn to an experimental study [8], [9] and [10]. Therefore, in order to have a qualitative
and quantitative idea of the behavior of the jet before and after the impact, a numerical experiment is
often carried out. Indeed, in one hand a numerical simulation gives the opportunity to test different
models then judge and validate the performance of each with the benefits of avoiding the
disadvantages of experimental studies. This approach cannot present all the physical aspects of the
phenomenon studied. However, it allows dealing with relatively complex problems by posting fewer
assumptions than an analytical approach. It can be less expensive than an experimental approach.
Elsewhere numerical tests enable research to complete, understand, and define the experimental results
mainly in fluid mechanics and thermal analysis. It is well known that in the field of fluid mechanics,
CFD is the method that offers all the advantages previously mentioned. Thanks to its simplicity of
application, it is integrated into many commercial software. From an analytical perspective, with some
assumptions, the analytical approach has the advantage of providing exact solutions. The postulate of
simplifying assumptions limited the scope of the approach to simple cases. Sometimes these results
are quite satisfactory and indicate a good approximation of the problem. This paper is dedicated to the
study of a high-pressure water jet impacting a fixed horizontal plate using the CFD implanted in the
ABAQUS software. The jet leaves the nozzle at a speed of 113 m/s and it is considered turbulent. The
ratio of jet height to nozzle diameter is set to 10: H/D = 10. The model presented within this
framework treated only from a mechanical point of view. The thermal effect of the jet is not
considered. However, there is few works based on direct numerical simulation to study the dynamic
behavior of an impacting and axisymmetric jet. This flow configuration presents several difficulties,
particularly when dealing with outlet boundary conditions. We will also show in our study that the
choice of spatial discretization patterns is a crucial issue. By considering, first, a «simple»
configuration, we propose to highlight the problems of a numerical order. This preliminary work will
help guide our future choices regarding the discretization and boundary conditions used for numerical
simulations of a machining case. The flow structure depends on many parameters such as injection
conditions (Reynolds number, turbulence, etc.), impact height. The purpose of the study is to
determine the influence of each of these parameters in the case of a jet orthogonally impacting a flat
target.

2 THEORETICAL BACKGROUND

A simplified analytical model can be used as a guide in the numerical model. It is in this option that
we propose to conduct the following analytical study. Indeed, the literature is not rich in numerical
studies dealing with the problems of impacting jets handled by ABAQUS. Moreover, in the context of
this paper we do not have the possibility of conducting an experimental study. To validate the
modelling and to calibrate the CFD numerical approach, we will refer to the work of Holger MARTIN
[1]. Dating back to 1977, this work was carried out analytically and based on an empirical
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formulation. Figure 1 shows an axisymmetric impacting jet hitting a horizontal plate target. Under
some conditions, technically realistic, the free jet developed from the outlet of the nozzle is generally
turbulent. This turbulence is strongly related to the number of Reynolds based on the diameter.
Schroder [12], Glaser [13] and other authors [14] and [15], has conducted many analytical studies in
particular. These studies show that such a flow can be subdivided into 4 characteristic regions as
shown in Figure 2. These regions, which will be detailed later, are the potential core, established flow,
deflection (stagnation flow) and a lateral flow outside the stagnation zone. This latter region is also
called the wall jet region (or parietal jet), Glauber [16].

o7
D> IR oy
= Nozzle \AAAA7 QU,
N G > |0 ///// _______________
oS N\ . '
: 2 ' | !
lX \\’rj % g Potential Core ! | ) u
£ |
Axisymmetric impacting jet A H € | Z
: : s
H : il \Y -
< Impactinglet ¥
* M
£ L e R,
g 00 memepeeefeeee K o
5 : 3
° | X[,
£ “—r—QA )
a ! 2
T T ] I s D ittt T TP
. Horizontal plate target i
i i ;
vy E | i -
Region IV ! Regipn 11l { Region IV
; |

Figure 1: Simplified illustration of an ; a ;
axisymmetric jet impacting a fixed plane target. mﬂo‘ 777777 7
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Figure 2: regions of an impacting jet.

At the outlet of the circular nozzle, the jet is similar to a free jet, except in the immediate vicinity of
the impact area. Indeed, the disturbance created by a solid wall on an incident jet propagates upstream
at a speed equal to the difference between the sonic speed and the speed of the fluid. Thus, the wall
effect decreases with the increase in the number of Mach and disappears completely at Mach 1. The
disturbance created by the wall would be unable to spread upstream. Hence, the 4 main regions
forming the typical velocity profile of an impacting jet are as follow.1) The Free jet zone (Regions |
and 1) ;When the fluid flows into an environment at rest, the jet is called free. Near the opening of the
nozzle and due to the velocity gradient between the jet and the surrounding environment, a mixture
arises and a turbulent mass exchange takes place. This mixture is characterized by a shear stresses due
to the viscosity. The mixing zone grows in width in the downstream direction of the jet. leaving in its
wake a potential core where the physical properties and the velocity profile of the fluid are relatively
constant. This core zone dissipates gradually with the spread of the fluid. Schlichting [18] showed that
at a givenpoint A(r, y) of the free stream (cf. figure 2), the radius "r" is directly proportional to the
height "y". According to reference [18], the pressure in the potential core region is practically
constant. It is equal to the pressure in the surrounding environment at rest, namely atmospheric
pressure. By an intensive and continuous exchange of the momentum with the surrounding
environment on the free boundary, the jet widens linearly with its length "y" to a limit distance "yG"
from the solid surface as presented in figure 3. The velocity profile, having almost a cylindrical shape
at the near outlet of the nozzle, propagates to the free boundary. For a sufficient length of the free
stream, it approaches a bell shape announcing the beginning of the stagnation zone.
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The constant C in equation (1) takes a value of about
0.1: C = 0.1 [1]. It is slightly dependent on the shape
of the nozzle and the Reynolds humber governing the
flow [1]. Equation (1) is valid only in region Il. This
zone, located between region | and region Il as
presented in figure 3, is limited in one hand by, the
length of the core zone "yk". Up to this limit, the fluid
velocity on the axis remains almost constant V(0, y) =
Ve if y < yk. And, in the other hand, the distance
"yG" from the boundary, which marks the limit of the
stagnation zone
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Figure 3: Velocity profile in the different
characteristic regions.

For 0 < y <G, the velocity on the axis (0, y”) of the jet can be calculated according to Schlunder [19]
by the following equation:

V(0,y) =V, Jl —exp {— (C;y)z} 2)

Here "yk" corresponding to the toposition where the centerline velocity reaches 97% of its maximum
value. Equation 2 may be reduced to the simple following equation giving the relation between onstant
C and core length yk:

€ = 0,102 (%) 3)

So, the length of the core is about four times the diameter of the nozzle: yk = 4 D. For turbulent flow,
other researchers have shown that the length of the potential core area is proportional to the diameter
of the nozzle: yk = o D. Unfortunately, the proportionality coefficient "o", experimentally
investigated, varies from a study to another. The observed divergence generally exceeds the expected
experimental error.It is probably due to the effect of the scale choice and the turbulence intensity
inside the jet. Other factors such as nozzle shape, initial velocity, etc...., seem to play an important
role in the difference between experimental results. However, researchers agree that the ratio of

proportionality "¢" varies between 4,7 D and 7,7 D [20]: 4,7 D <yk<7,7 D.

Enough away from the nozzle exit (y > yk ), a simple Taylor series written around 1 of equation 2
allows us to show that it tends asymptotically towards a hyperbolic shape. Subsequently, the relation
between the centerline velocity regarding the y-axis is given in the following relation

Vo, =V (755) 4)

2)Deflection Zone (Region I11): According to Schrader [12], flow stagnation begins near the impact
surface. He estimates that the limit distance « yG » is equal to about 1.2 times the diameter of the
nozzle as mentioned in figure 3: yG = 1,2 D. Within this area, the radial component of the jet velocity
increases while the axial component decreases rapidly. As a result, a local increase in pressure is
observed. The latest could be explained by the conversion of kinetic energy. The impact area is thus
marked by a pressure gradient in the radial direction. Such a pressure gradient is responsible for an
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increase in velocity in the same direction. The end of the stagnation zone is bounded by a radial
velocity, which reaches a maximum Vr,max. The stagnation zone is roughly delimited by G = 0.5D.
Outside the boundary layer, but sufficiently close to the impact point O1(0,H), the equations (5) show
that the velocity components are linearly proportional to the coordinates of the stagnation point (Cf.
figure 3). The boundary layer thickness 60 is shown in figure 3. When the ideal stagnation flow is
reached, the thickness of the boundary layer becomes invariant. It no longer depends on the radius “r”
in the case of a parallel flow.By neglecting the friction effect, the flow velocity in the vicinity
of the stagnation point (r = 0, y = H) is given by the following equations:

{Vy =2ay (a)

V.=ar (b)
Here: ¥ = H — y and « a » is a constant coefficient.

In case of real stagnation flows coming from impacting jets with finite diameter nozzle and such as
H/D < 10, Schrader [12] and Dosdogru [21] determined the constant “a” and the thickness “30”. They
expressed them in the following equation:

)

a= (%) (1,04 — 0,034 g) and 8y = 15D (6)

J (1,04—0,034 %) Re

Using all expressions and data presented in the work of Martin[1] we have determined
the different parameters. Indeed, we will investigate the case of a nozzle with a diameter
D =1 mm, placed at a height H =10 D = 10 mm from the plate. The water is ejected from
the nozzle at a velocity Ve = 113 m/s. The Reynolds number is then Re = 1.13 105 . Using
equation (6), then the thickness of the boundary layer is given as 60 = 6.9 10-3mm as
well as the constant @= 0,7 Ve. So, the ordinate « yG » of point G, is estimated at: yG = 1,2
D = 1,2 mm. In aim to calculate rG, an additional mathematical approach is needed.
Using equation 1 the velocity of the point G is presented as follows:

V(rg, H) = V(0,H) exp {— (’"—")2} (7)

CH

Note that C x H = 1, then equation 7 then becomes:
V(re,H) =V(0,H) e™% ®)
At the level of the target (y = H), the centerline velocity is given by equation 4: V(0, H) = VG = Ve \2

By replacing, in equation 8 V(0, H) by its expression, we obtain a first expression of the centerline
velocity at the so-called point G as given in equation 9:

V(rg, H) =V 7' )
On the other hand, equation 5.b is an additional expression to calculate the velocity of the point G as a
function of the constant a. Remember that the constant has been determined above and it is worth
a =Ve \2=VG. The velocity at point G is then given by equation 10 as follows:
V(rG,H) =Qarg = VG ¢ (10)
Thus, based on the continuity of the velocity profile at point G, we have equality between the velocity
given respectively by equations 9 and 10. This allows deducing equation 11, which gives rG:

Te = e~76 (11)
Back to the Taylor series written around 1 near 0, the non-linear equation 11 is reduced to a
polynomial: rG 2 + rG — 1 = 0. It admits as the only physically accepted solution
rG =0,62 mm
3)Wall jet zone (Region IV):Compared to the stagnation line (y > yG), this area of the stream can be
subdivided into two layers: A parietal layer, between the wall and the stagnation line and an external

5
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layer above the line. They are analogous to a wall boundary layer and a mixing layer respectively. The
external layer is not a new mixing layer but it is an extension of the one coming from the free stream.
It is simply modified by the target. The turbulent structures formed in the free stream region, extend
radially as far as they approach the target. The interaction of these structures with each other causes
the separation of the boundary layer and the emergence of other secondary turbulent structures. At the
end, and because of the «finite breathing» of the jet resulting from the phenomenon of intense
turbulence and the momentum exchange with its resting surrounding environment, the accelerated
stagnation flow eventually turns into a decelerated wall jet flow. Thus, the radial component « Vr » of
the velocity, which initially increases linearly from zero, must reach a maximum value at a certain
distance rG from the stagnation point. Then, it ends up moving towards zero following a curve
governed by a r —n function. In the case of axial turbulent wall jets this velocity is inversely
proportional to the radius r (i.e. n = 1) [16], [22], [23] and [1]. While the stabilizing effect of
acceleration maintains the laminar boundary layer in the stagnation zone, the transition to turbulence
generally occurs immediately after G in the decelerating flow region. As a result of this analytical
approach, and in terms of fluid dynamics, it is obvious that the impacting jet involves several different
physical phenomena. It should be recalled again that we have excluded from this study the thermal
aspects. Thus, understanding the physics of this flow and the limitations of numerical methods to
reproduce it are major interests. Within this framework, we propose to explain and investigate this
purpose using numerical modeling through ABAQUS/CFD

3 NUMERICAL SIMULATION

This section, dedicated to the study and calibration of the numerical CFD method. the modeling is
handled using ABAQUS 6.14-1 by the "CFD" tool, specifically dedicated to fluid dynamics. The
geometric configuration of the proposed jet is axisymmetric. The water flows from a nozzle with a
diameter D =1 mm and a distance of H = 10 D = 10 mm from the obstacle level. The target, subjected
to the action of the jet, has a radius r = 12 D. Table 1 illustrates the various parameters involved in the
problem. Since we propose to study an axisymmetric jet, we considered that a cylindrical volume
would be the most appropriate. This choice is the result of a series of simulations testing many
geometric configurations. Indeed, the studied volume is the volume that can be occupied by the fluid
during the simulation. The diameter of the cylinder was fixed in aim to avoid the end-effect. In this
table, we also presented the fluid volume and the adopted turbulence model. When it comes to the
boundary conditions, the nozzle output velocity is equal to 113 m/s. On the rest of the upper wall of
the study volume, a zero velocity is imposed. A no-slip condition is applied to the target. The lateral
surface of the volume representing the output and it is assumed to be under atmospheric pressure. For
the fluid modeling, the water is considered as an incompressible and homogenous fluid. The Mie-
Grineisen EOS is adopted. it is Hugoniot's linear Us-Up form, implemented in Abaqus, which is
written
cs I
p =220 (1-20) 41y p Em (12)

Where: co and s define the relationship between the shock velocity « Us » and the velocity « Up » of a
particle as follows: Us = co + sU,. The values of these parameters as well as the physical properties of
the water were taken from the literature. Table 2 shows the different values of these parameters. The
fluid flow in the current impinging jet study is turbulent due to the large Reynolds number of Re =
113000. Therefore, the best turbulence model used in the literature is called k — € which can be used
for high Re values to deliver acceptable numerical results in a steady flow analysis for higher H/D
ratios [40]. The ratio is equal to 10 in our case. We have used this model of turbulence presented in
ABAQUS to handle this phenomenon.
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Tablel : Formulation of the impacting jet problem: The CFD model parameters.
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Table 2: Physical properties of fluid water.

Water density p=1000kgm3
Dynamic viscosity n= 10~3 Pas
EOS Us-U,
sound Reference speed in water Co = 1450 m/s
Slope of the US-Up curve s=0
Grineisen Constant T,=0

4 Numerical results
4.1- Mesh and dependency grid

within this CFD study, we tried to create a well-adapted mesh: Enough high density to faithfully
reproduce the details of the geometry but with a limited number of meshes so as not to unnecessarily
slow down the calculation. we generated a hybrid mesh composed of form elements (FC3D6: Prism
with six nodes and FC3D8: Brick with eight nodes). After introducing the inlet geometry, this volume
would have significant geometric transitions. Thus, in order to ensure a good and fast convergence, the
mesh refinement was carried out in the inlet nozzle and the target as presented in the following
figure5.As far as the mesh was refined, we considered the smoothing transition. Then, we varied the
number of elements on the borders adjacent to the refinement areas. In this CFD analysis, we adopted
the maximum pressure on the target as a criterion to follow the grid dependency. Figure 6 shows the
mesh sensitivity of the maximum pressure as a function of time. Notice here that from an optimal
density, the pressure evolves almost independently of the mesh. This density has been

established at a number of approximately one million meshes (Nopt = 1054861).

- ’
* 131857 clements
263715 ements
\ 527430 ements
1 \ 1054861 ements 1

2109722 elemenis

P ' )

4 v (@)
. . , ) Figure 5: Discretization of a) of the target b) the entire volume of fluid.
Figure 6: Mesh sensitivity: Maximum pressure on the target.

4.2- The velocity’s profile

Figure 8 shows the velocity profile of the jet at the final moment,Morphologically, this profile has an
almost cyindrical shape just at the near outlet of the nozzle. When propagated towards the target, the
flow takes a bell shape and can be subdivided into three main regions. After a flow time of
approximately 0.176ms in the surrounding volume, the structure of the free (or autonomous) jet is
fully established as presented in figure 9. This region will be retained until the end of the flow. Such
result is shown and detailed in several references [24], [25], [26], [1], [27] and [28] spotting on jet
dynamics. The choice of the distance between the nozzle and the structure to be impacted, which is

H =10, made it possible to observe this jet structure [1]. The freestream dynamic begins to develop
immediately as the water exits to the surrounding volume. Indeed, near the opening of the nozzle, a
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mixing zone arises and a turbulent mass diffusion takes place. Figure 10 shows the appearance of
already turbulent primary structures observed at 0. 08 from the nozzle.

Potential core

Potential core

Free jet
z0ne

Stagnation zone
Turbulent transition
Established flow zone 0ne
Recirculation zone ! Wall jet zone

Established flow zone

iy

Figure 9: Velocity profile at moment t = 2T.
Figure 8: Velocity profile at the final moment t; = 10 T.

The incident jet may be considered a free
jet except in the immediate vicinity of the
impact surface. In this simulation, the free
jet region extends from the nozzle to a
distance equal to yL = H — yG = 8.64 mm
(as highlighted in figure 9).

Figure 10: Vorticity at 0.08 mm from the nozzle outlet.
The actual potential length of the core corresponds to the distance between the virtual origin of the jet
and the point where the central velocity of the jet begins to decrease. Figures 8 and 11 show that the
centerline velocity is reduced to 97% regarding the velocity at the nozzle inlet when moving away
from the distance yk = 6.1 mm from the jet origin. The stagnation zone extends at a distance « » from
the target. Figure 12 shows the deviation of the axial velocity measured numerically at = 1, 3 mm

axialvelocity (en m/s)

' i I i |
Vi =61 8 10

0 2 4 . =6,
Position on the jet axis (en mm)

Figure 12: The velocity profile in the near neighbor of the targetatt = 10 T.

Figure 11: The centerline velocity att = 10 T.
Figure 13 shows the evolution of the axial component of the velocity at different heights« 4 » from the
target at the final moment tf. These curves show that the closer one gets to the target (at # = 0) the
lower centerline velocity. This decrease is also observed when moving away from the centerline of the
jet. All velocities taking a zero value or almost at a common point located at a radius rG = 0,55 mm
marking thus the end of the stagnation zone. Figure 14 shows the thickness of the boundary layer in
the immediate neighbor of the target. This layer mentions the stall area of the flow. The numerical
simulation shows a thickness equal to 60 = 0.38 10—3mm. Among all simulation results, this
measurement is the furthest from the analytical value. Indeed, as shown in figure 14, the cell length is
larger than this physical size. Therefore, the mesh does not allow representing in a satisfactory way.
The results shown in the following Table 3 show a good and satisfactory correlation between the
characteristic values of the velocity profile analytically calculated and numerically obtained.
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Axial velocity (m/s)

Figure 13: Centerline velocity at different heights from the targetat t = 10 T.

.~ o 5 or o = Figure 14: Minimum thickness in the boundary layer: Within the stagnation zone att = 10T.

Position on the plate's radial axts (mm)

Table 3: Comparison between analytical and numerical studies.

Characteristic Desianati Analytical value | Numerical value Relatli}/e effI:Y)r
length esignation (mm) « Vr’l » (mm) « VN » £= Q (%)
L
Core zone length Ve 4<y, <77 6,1 21 <& <53
Stagnation zone
’ length s 12 1.36 13
Radius of the
stagnation zone T 0,62 0r55 11
Minimum
thickness of the 8, 6,93 1073 0,38 1073 g5
boundary layer

+Recirculation of water due to

Figure 15 illustrates the three different

S satatedBl  regions forming the wall jet area at the

inar boundary layer Jet

Stagnation zone

transition Turbulent boundary

flow’s final moment. These three regions
are associated with different flow regimes:
A laminar boundary layer, a transient

BEE3 2 boundary layer and a turbulent boundary

Vo= Vymar ~ 0,46V, = 52,74m/s

Figure 15: Wall jet region structure at t;.

layer

4.3 Pressure Distribution on the targe

The pressure in the potential core region is
almost constant. It is equal to the pressure of
the surrounding environment and it is about
0.14 Pa. In this area, the pressure variation is
inconsiderable in the direction of flow. As a
result, the effect of a pressure gradient in the
potential core area is relatively small in terms
of flow propagation. The pressure gradient
starts to be significant at the beginning of the
stagnation zone, i.e. y = yL . The pressure
reaches a maximum value at the central
stagnation point. This value is about 2.54 Pa.

Prossuro(MPa)

Establishod rogine

o 01 02 027 03 04 05 o5 o7 ox
Time (ms)

Figure 22: History of maximum pressure variation at the center of the plate during 10 T.

A depression which corresponds to
the separation of the boundary layer

v¥

Figure 20: Pressure distribution cross the symmetry plane (O.?, F;)
of the studied volume at the final moment t;.

The so-called « T » is denoted as the required
time to reach the first point of the obstacle,
which is the center of the circular target. This
time is approximately 25 T : T =25 T. This is
illustrated by a pressure peak in Figure 22,
which represents the maximum pressure time
evolution regarding the time at the center of the
obstacle.
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5- CONCLUSION

In this study the capability of a CFD modeling approach is evaluated. this CFD analysis is carried out
with the aim to model a water jet impacting a circular and fixed target. The water flows from a circular
nozzle at a constant velocity of 113m/s. The nozzle/plate separation distance is 10 times the nozzle
diameter. A comparison was made with an analytical / empirical study presented in references [1] and
[20]. The numerical CFD model built presents very good correlations in terms of the velocity profile.
Regarding the pressure field, the CFD model gives a quantitative and qualitative idea of the
distribution of pressure on the target after a sufficiently long duration of the water flow in the studied
volume. Thus, the present study allowed us to calibrate the model and to control the methodology of
the calculations. We also familiarized with the Abaqus software and the various numerical steps
required in building a «simple» modeling of the impacting axisymmetric jet dynamics. It would be
very interesting to study the pressure considering the fluid coupling structure. This will be the subject
of further study
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