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(57) ABSTRACT

A method implemented by a computer for the real-time
simulation of a force and/or of a moment applied to a wing
in a fluid flow, wherein the body is previously modelled by
at least two scalar and vector point sources of a velocity
field, the method including at least one of the steps: assess-
ing at least one element selected among a force and a
moment, through a linear function dependent on the main
velocity vector, V, of the flow; at least one flow rate, referred
to as the scalar mass flow rate, As; and at least one flow rate,
referred to as the vector mass flow rate, AR, associated with
the sources, on at least one point corresponding to one of the
sources.
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METHOD FOR SIMULATING FORCES
APPLIED TO A WING IN A FLUID FLOW

[0001] The invention relates to a method implemented by
a computer for real-time simulation of a force and/or a
moment, applied to a body or to a wing in a fluid flow, and
more particularly such a method implemented in a flight
simulator. It also relates to a method for modelling such a
force and/or such a moment.

[0002] By “wing” is meant the entirety of a flying system
comprising both the symmetrical lateral parts and also the
body of the flying system, i.e. the aircraft in the aecrodynamic
sense.

[0003] A flight simulator makes it possible to train pilots
in flight on a particular type of aircraft, limiting the need for
training on a real aircraft. It can also allow investigation of
specific situations in the flight of the type of aircraft simu-
lated. Typically, such a simulation method comprises the
following steps:

[0004] acquisition: data transmitted by a pilot are cap-
tured and for example converted into digital data;

[0005] calculation: a processor can calculate spatial
parameters of the wing in flight, updated as a function
of the different parameters acquired;

[0006] display of the results: data originating from the
calculation are transmitted to the pilot. These indica-
tions can for example consist of displaying the repre-
sentation of the flight space by means of screens or
producing a force feedback in a control instrument.

[0007] The latency between the action of the driver and
the result in the reproduction of perceptual stimuli can
introduce discomfort (simulator sickness), or more simply
degrade the quality of the simulation, if it is too different to
what is experienced while piloting a real aircraft. The
latency recommended by the Federal Aviation Administra-
tion, in the case of flight simulators, is less than 150 ms
(Federal Aviation Administration, 1991. Airplane simulator
qualifications. Advisory Circular AC 120-40B). This condi-
tion is fulfilled by the most highly developed simulators in
the state of the art. When the duration of the acquisition and
indication steps are taken into account, this latency restricts
the calculation time to less than 10 ms, preferentially less
than 6 ms, for calculations associated with the flight com-
mands and the calculations of the aerodynamics of the wing.
[0008] Typically, flight simulators use systems comprising
data pointers, stored in tables, so as to respect the maximum
calculation time: data from the wings, for example the drag
force or lift coeflicient, are listed in tables as a function of
flight parameters such as the angle of incidence of the wing,
the Mach number, the distance to the ground, the slat and
flap configuration of the aircraft. A linear interpolation can
be carried out between these separate data in order to
estimate a coefficient of the wing in a precise spatial
configuration. The use of data pointers allows quick calcu-
lation. Moreover, certain wing configurations cannot be
calculated realistically using this method. During landing,
the ground effect results in a major modification of the flows
around a wing: this effect is introduced into a simulation
according to the state of the art by empirical values and can
prove inaccurate or imprecise and/or impossible to calculate
for certain attitudes of the wing simulated. Other modifica-
tions of the flows around a wing cannot be simulated by data
pointers, for example separation of the boundary layer
and/or a particular wind shear or squall, which could lead to
a stall.
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[0009] A method making it possible to resolve this tech-
nical problem could consist of carrying out digital simula-
tions of the fluid flows around the simulated wing, so as to
calculate the forces applied to the wing as a function of the
flight parameters. Different methods exist for calculating the
fluid flows. Among them, the calculations using the finite
element method make it possible to calculate accurately the
forces exerted on a wing. A mesh of the space and calcula-
tions in each of the grid cells of the space is necessary: this
type of calculation converges in a characteristic time of
around ten minutes to around ten hours. A semi-analytical
method was developed by some of the inventors: the dis-
tributed point source method or DPSM, described in patent
applications W0O2015177364 and W0O2007071735, makes it
possible to reduce the mesh in the space to a mesh of an
interface. However, this method requires a mesh and calcu-
lations on at least several thousands of points, and does not
make it possible to respect the time constraint imposed by
the flight simulator standards.
[0010] The invention aims to overcome at least one of the
aforementioned drawbacks of the prior art.
[0011] A subject of the invention making it possible to
achieve this aim, partially or totally, is a method imple-
mented by a computer for real-time simulation of at least one
element chosen from a force and a moment, applied to a
body defined by a volume in a fluid flow having a main
velocity vector representing the velocity of said flow at
infinity, in which said body is modelled beforehand by at
least two point sources of a velocity field, including at least
one scalar source, generating a radial velocity field and
associated with a scalar mass flow rate A, and at least one
vector source, generating a solenoidal velocity field, asso-
ciated with a vector mass flow rate A, said sources being
arranged inside said volume, said method comprising at
least one of the steps consisting of:

[0012] (a) simulating a superposition of the contribu-
tions of the fluid flows at least of one main velocity
flow, of one said scalar source associated with a scalar
mass flow rate Ay and of one said vector source asso-
ciated with a vector mass flow rate A5, and

[0013] (b) evaluating at least one element chosen from
a force and a moment, by a linear function dependent
on said main velocity vector, of at least one said scalar
mass flow rate Ag and of at least one said vector mass
flow rate A, at at least one point corresponding to one
said source.

According to particular embodiments of such a method:
[0014] Said simulation can be a far-field simulation.
[0015] Said body can be modelled by fewer than one

hundred of said sources.

[0016] Two of said scalar sources can be arranged so as
to form a dipole. In this case, the scalar mass flow rates
A associated with the two said sources forming said
dipole can be strictly different and have opposite signs.

[0017] Atleast two contrarotating vector sources can be
arranged inside a volume defining said body, of which
said associated vector mass flow rate A, have opposite
directions. In this case, the vector mass flow rates can
be oriented parallel to said direction of a main velocity
vector, the two said sources forming a direction normal
to the direction of said main velocity vector.

[0018] Said body can be a wing.

[0019] Sources can be arranged along a line correspond-
ing to a simple wing.
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[0020] At least one element representative of the envi-
ronment of the body can be modelled beforehand by at
least one element chosen from a scalar external source
associated with an external scalar mass flow rate A
and from one said vector external source associated

with an external vector mass flow rate Az', in which
case:

[0021] the contributions of the fluid flows of each of
said sources are also superposed during said step (a)
and

[0022] in said step (b) said analytic linear function is

evaluated also as a function of at least one said external
mass flow rate A and of at least one external vector
mass flow rate A;'.

[0023] In this case, moreover,

[0024] said body can be close to the ground, said ground
coinciding locally with a plane, said sources being
arranged beforehand in a first half-space formed by said
plane;

[0025] at least one mirror scalar external source asso-
ciated with a mirror external scalar mass flow rate A{'
and at least one said mirror vector external source
associated with a mirror external vector mass flow rate
Ag' can be arranged in the other half-space formed by
said plane, in which case:

[0026] the contributions of the fluid flows of said
sources are also superposed during said step (a) and

[0027] in said step (b) said analytic linear function is
evaluated also as a function of at least one said mirror
external mass flow rate AJ and of at least one said
mirror external vector mass flow rate Ay'.

[0028] Another subject of the invention is a computer
program product stored on a recording medium suitable for
implementing such a method.

[0029] Yet another subject of the invention is a recording
medium on which such a program is stored.

[0030] Yet another subject of the invention is a flight
simulator characterized in that it comprises at least one
calculator configured in order to receive at least first data
acquired by a user, a memory containing second data rep-
resentative of the fluid flow around said body, and in that
said calculator is configured in order to implement such a
method.

[0031] Yet another subject of the invention is a method for
the construction of a model body in a fluid flow having at
least one main velocity vector representing the velocity at
infinity, said body being associated with at least two aero-
dynamic parameters chosen from a drag force coefficient, a
lift coefficient, a roll coefficient, a pitch coeflicient and a yaw
coeflicient, each coefficient being determined in one or more
known spatial configurations of said body, in said fluid flow,
said method comprising at least the steps consisting of:

[0032] (a) arranging in the simulated space at least two
fluid point sources, including at least one fluid scalar
source, associated with an unknown scalar mass flow
rate Ag, and at least one fluid vector source, associated
with an unknown vector mass flow rate A, said sources
being arranged inside said volume defined by said body
and

[0033] (b) determining the value of each said scalar
mass flow rate A; and each said vector mass flow rate
Az as a function of a part of the boundary conditions
imposed by at least one main velocity vector and as a
function of at least one said acrodynamic parameter.
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[0034] Advantageously, it is possible to determine in said
step (b) the value of each said scalar mass flow rate A and
each said vector mass flow rate A5 by the distributed point
source method.

[0035] The invention will be better understood, and other
advantages, details and characteristics thereof will become
apparent during the following explanatory description, given
by way of example with reference to the attached drawings
in which:

[0036] FIG. 1 shows the arrangement in space of sources
S according to the invention:

[0037] FIG. 2 shows a method for the construction of a
model according to an embodiment of the invention;
[0038] FIG. 3 shows the construction of a model accord-
ing to the invention adapted to the simulation of an inter-
action between a wing and an external event:

[0039] FIG. 4 shows a wing A in a configuration able to be
affected by a ground effect;

[0040] FIG. 5 shows the construction of a model accord-
ing to the invention adapted to a simulation of the ground
effect:

[0041] FIG. 6 shows a simulation of the lift coeflicient
according to the invention:

[0042] FIG. 7 shows a model construction according to the
invention making it possible to simulate the Magnus effect
and a shape drag force;

[0043] FIG. 8 shows a cross section of an infinite cylinder,
corresponding to a body or to a wing:

[0044] FIG. 9 shows a simulation of a fluid flow around a
wing A, the shape of which is an infinite cylinder simulated
by a model according to the invention in which two scalar
sources are arranged as a dipole;

[0045] FIG. 10 shows drag force coefficients and lift
coeflicients evaluated comparatively according to a method
of the prior art and according to the invention;

[0046] FIG. 11 shows a wing A and an arrangement of
sources S according to the invention,

[0047] FIG. 12 is a photograph of a simulator SIM accord-
ing to the invention.

[0048] The invention comprises a step of calculation reso-
Iution by the distributed point source method or DPSM,
described in patent applications WO2015177364 and
WO02007071735. As a preliminary, this method requires
knowledge of the equations governing the development of
physical variables in the different simulated environments
and their particular solution in the case of a point source
(Green’s function). The principle thereof can be compared to
methods of the integral boundary type, singularity methods,
or other boundary element methods (BEM). This method
only requires meshing of the surfaces or of the physical
interfaces between the objects of the simulation. The DPSM
method is based on a spatial distribution of point sources,
arranged on either side of active surfaces of the objects of
the simulation. This semi-analytical calculation method
relies on a superposition of emission (or “luminous”) points
called sources, the weights of which, called associated
values, are determined so as to satisfy the set of conditions
at the boundaries of a problem. The principle consists of
substituting for the objects present in the system, layers or
surfaces comprising point sources situated on either side of
an interface. The arrangement of the sources is associated
with a mesh of test points situated on the interfaces. These
sources are intended to substitute for the physical variables
(fields, potential, pressure etc.) present in the simulation
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object and are calculated so as to verify the boundary
conditions on the test points distributed over interfaces.
[0049] The DPSM method uses the equality C=M;A, in
which C is a vector comprising the boundary conditions of
the domain of a simulation. M, is an intercoupling matrix
between sources S and test points, the test points being
arranged in a mesh at the interfaces, and the sources S
arranged on either side of the test points representing
interfaces in prior art embodiments. A is a vector of the
values associated with the sources, unknown at the time of
construction of a model. In all of the embodiments of the
invention, the elements of A are mass flow rates. The matrix
M, can be inverted so as to determine A. The value of a
physical variable simulated at a point P of the space, or of
the spatial domain of simulation, is calculated or evaluated
by using the product M,"A (M, in this case representing an
observation matrix).

[0050] The inventors discovered that it is possible to use
a part of this method so as to evaluate or simulate forces or
moments applied to a wing:

[0051] by calculating macroscopic variables. It is pos-
sible to use jointly, integral formulations such as the
rotational theorem (Stokes’ theorem) and/or the diver-
gence theorem (Green-Ostrogradski theorem). In the
embodiments of the invention, these integral equations
are used in order to calculate forces or moments;

[0052] by expressing forces or moments under far-field
hypotheses. These hypotheses make it possible not to
produce a mesh of the objects of the simulation, but to
use representative points, as one or more barycentres.
In this way, it is possible to calculate forces by using
fewer than 100 sources S and preferentially fewer than
10 sources S, while a mesh produced in the prior art
requires at least more than one thousand sources S,
making the calculation more complex and extending
the calculation processing time.

[0053] FIG. 1 shows the arrangement in space of sources
S according to the invention. In particular, FIG. 1 corre-
sponds to the case in which a body C corresponds to a wing
A. Generally, the different embodiments described can be
implemented equally well for a body C or a wing A. In
embodiments of the invention, a model is constructed of a
wing A (or aircraft) in a fluid flow FLU. The fluid flow FL.U
is described at least by a main velocity vector V, shown by
a bold arrow in FIG. 1. In embodiments of the invention,
several vectors V can be considered: V can be different for
each of the sources.

[0054] The body C or the wing A can be described by a
volume. This volume is for example defined by the interface
between the wing A and the fluid flow FLU.

[0055] By “scalar source S” is meant a point source S
resulting in a radial velocity field. Each scalar source is
associated with a scalar mass flow rate Ag. In embodiments
of the invention, the dimension of the scalar mass flow rate
A associated with a source S is homogenous at a mass flow
rate, expressed in kg-s~'.

[0056] By “vector source S” is meant a point source S
resulting in a solenoidal zero divergence velocity field. Each
vector source is associated with a vector mass flow rate Ay.
In embodiments of the invention, the dimension of a vector
mass flow rate A is homogenous at a mass flow rate,
expressed in kg-s™.

[0057] By “far-field simulation” or “simulation produced
in far-field” is meant a simulation proceeding to a phenom-
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enological decomposition of the drag and/or the lift of a
body C or of a wing A to be evaluated, as opposed to a
“near-field simulation” corresponding to an evaluation of a
drag and/or of a lift by integration of forces of pressure
and/or of friction at the interface defining the volume of said
body C or of said wing A.

[0058] InFIG. 1, a set of four point sources S (S1, S2, S3
and S4) is arranged inside the volume defined by the wing
A. Generally, at least two sources S can be arranged inside
the volume defined by the wing A. In FIG. 1, two sources S
are arranged at the centre of the wing A: the source S1 which
is a scalar source S associated with an unknown scalar mass
flow rate Ay and the source S2, which is a vector source,
associated with an unknown vector mass flow rate Ax.
[0059] Generally, at least two sources S are arranged
inside the volume, including a source S called scalar source
and a source S called vector source. Two other sources are
shown in FIG. 1; S3 and S4 are sources arranged at two ends
of the wing A. S3 and S4 are contrarotating vector sources
S, i.e. the vector mass flow rates A, that are respectively
associated therewith have opposite directions. In the inven-
tion, the vector mass flow rates Ay associated with the
sources S3 and S4 can be oriented parallel to the direction
of the main velocity vector V, the two sources S forming a
direction normal to the direction of the main velocity vector
V. The advantages of a modelling shown in FIG. 1 are
described hereinafter.

[0060] FIG. 2 shows a method for the construction of a
model according to an embodiment of the invention. Gen-
erally, during the construction of a model according to the
invention, the body C or the wing A is associated with at
least two aerodynamic parameters. These parameters can be
chosen from a drag force coefficient, a lift coefficient, a roll
coeflicient, a pitch coefficient and a yaw coefficient. These
coeflicients correspond to parameters of the wing A deter-
mined in the state of the art for known spatial and aerody-
namic configurations of the wing A, for example determined
experimentally beforehand, in a known fluid flow FLU.
These parameters can correspond to parameters of the
nomographs used by the nomograph pointers in the embodi-
ments of the prior art.

[0061] The sources S (S1, S2, S3, and S4) shown in FIG.
2 correspond to the four sources shown in FIG. 1: the
modelling comprises two sources S1 and S2 arranged at the
centre (S1 being a scalar source S, associated with the scalar
mass flow rate Ay and S2 being a vector source S, associated
with the vector mass flow rate Az, The modelling also
comprises two other vector sources S, called boundary
sources. S3 and S4. In the embodiments of the invention, the
sources S3 and S4 are contrarotating and are respectively
associated with the vector mass flow rates A, and A, ..
The source S3 (called starboard rotational boundary source)
and the source S4 (called port rotational boundary source)
are arranged on either side of the sources S1 and S2, at a
distance b from the sources S1 and S2 (2.5 corresponding to
the span of the wing A). In the case shown in FIG. 2, the
directions of the vector sources S3 and S4 are normal to the
main velocity vector V shown. This condition is for example
not verified in a modelling in which a wind component is a
crosswind.

[0062] Generally, for a wing A with surface area S, having
a drag force coefficient C, and range coeflicient C, it is
possible to derive the following lift force F, and the drag
force Fy:
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F,=Yp-7?-$-C, and 1
F=Y%pV2-5:Cy. )

where p is the mass density of the fluid FLU in Kg-m™>. The
vector mass flow rate Az can be written in the form A =p-
(w-dS)-dl, o being the vorticity in s~* and dl a vector length
element.

[0063] By analogy with electromagnetic forces, the lift
force F, and the drag force F can be expressed as follows:

F,=V/\hg 3
Fy=Vhs (©)]

[0064] The equation (3), corresponding to the source S2,
can be written in matrix form:

f Vy Ape = vzt Agy 0 =vy 4+ (g ®
F=|Hl=l videe=vedpe |=| +v: 0 —ve || Ary
£ Vet Agy = Vy - Ags —vy v, 0 AR;

[0065] In the modelling shown in FIG. 2, the main veloc-
ity vector V is orientated along the axis x shown, such that
V,=V_=0. In the example shown, non-limitatively, the vec-
tor mass flow rate associated with S2 is oriented along vy, the
components along x and z being zero. In this case:

fx 00 0 0 0 (6)
[fy]:[o 0 _VX].[AR}]]:[ 0 ]
f 0 +v, O 0 Valry

[0066] The lift force in the equation (6) is reduced to
L=V Ag,
[0067] The equation (4), corresponding to the source S1,

can be written in matrix form:

f Vy Ve Ag ve 0 0 Ag (7
f:[fy]z[vy]-/ls=[vy-/lg]=[0 vy 0]-[/15]
1z v, vy As 0 0 v, )\

[0068] The drag force can be reduced in this modelling
example to £=v_-A the force F has a single x (drag force)
component oriented along x if V has only one component
along x.

[0069] The preceding equations show that, considering the
sources S1 and S2, it is possible to model forces parallel
and/or normal to the fluid flow FLU having main velocity
vector V by using respectively the properties of the scalar
and rotational sources S. The resulting force applied at the
point corresponding to S1 and S2, associated with {Ag,, Ay,
Arxs Ash is:

0 —v; 4V, (Age ve 0 0 (A (8
F= +v, 0 =-v, '[/\Ry]+[0 vy 0].[/15]
—v, 4y, 0 Ar; 0 0 v, ) \Ag
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-continued
As  Ape —ARy ) (Ve )
F=|-2 A A ||v

[0070] It is also possible to derive the analytical expres-
sion of the velocities created by a scalar source S (isotropic.
Green’s function) associated with a scalar mass flow rate A.
For example a scalar source S is considered, with coordinate
1, radiating at a coordinate point r. The relative coordinate
R thereof can be defined as follows:

X=X rx (14)
§=7—7o= y=Yo [=["y
i—Z20 ¥y

with:
L 15)
R=(? +r§ +r§)2

[0071] The velocity radiated at the coordinate point r is
then given by:

Vy +r, 0O 0 As (16)
- 1
V= vy]:m[ 0 +r, 0O ]-[/IS
v, 0 0 +r)\As
[0072] The scalar source S associated with the mass flow

rate A radiates isotropically.

[0073] Similarly, it is possible to consider a vector source
S with coordinate r,, associated with a vector mass flow rate
Az, and derive the expression of the velocity radiated at a
coordinate point r. The equations (14) and (15) at still
verified and:

Vx . Apx T 17
- AR
v[]4R [A]A[]

vz Ag; r;

Vx ) Apy rz—Agy-ry (13)
V=lv :m Apgtry —Apyry

AgeFy = Agy 1y

[0074] Ifr, is the coordinate of a first vector source S with
respect to a second vector source, the first vector source
radiates the following velocity on the second vector source:

Vy 0 +r, -1y ARy (19
- 1
V:[”]:m' T 0 [*]

v, +ry =ry 0 Agrz
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and radiates the following force:

f 0 +Ag2z —Ar2y Y [ v (20)
F=|f|=] -2 0 X || v
I +Ar2y —Agz O v,

[0075] In the case where A only comprises one X com-
ponent (the case corresponding physically to wingtip vorti-
ces, shown by S3 and S4 in FIG. 1), the first source S results
in a force, at the point of sources S1 and S2, at the centre of
the wing, comprising only a single z component.

[0076] In the case of the starboard wingtip vortex, (cor-
responding to the source S3) A, is positive, r, is negative,
and V_ is negative.

[0077] Inthe case of the port wingtip vortex, (correspond-
ing to the source S4) Ay is negative, r, is positive, and V,
is negative.

[0078] The velocity induced by the vector source S3 on
the torque of sources S1 and S2 is therefore:

1 N 2D
Tdnpi? TAMTx

V; =

[0079] Similarly, the velocity induced by the source S4 on
the torque of sources S1 and S2 is:

1 22

vz = +4—-7r-p-b2 - Augx

[0080] The different components of the forces induced by
the sources S3 and S4 on S1 can be deduced therefrom:

— As (23)
Fo=- p—— (Aurs — Anps)

and on S2:
[0081]

- AR 24)
Fy= +ﬁ (Am7x = Angx)

[0082] The mass flow rates associated with the different
sources are proportional to the velocity:
MR, =g,V (25)
hs=ksV (26)
Mgr=hagrV @n
M=V @8)
[0083] Symmetrical flight of the wing A results in the
condition:
kagp=—knqzx 29)

Nov. 21, 2019

[0084] Preservation of the vorticity results in:
kMTx:kRy:_kMBx (30)

[0085]
ways:

The lift can then be written in the two following

BD

- ks 1
Fomhny Vi= g Qohum) Vi = 50 V25 C

7

[0086] Similarly, the drag force can be written in the two
following ways:

- R k (32)

Ry 2 1 2
— Y . Qkyp)-VEi=<p-V2.S-C,
PP (2-knr) - V5 3P ¥

[0087] In the model shown, the sources S3 and S4, mod-
elling the wingtip vortices, result in a reduction in the lift
(induced incidence effect) and an increase in the drag force
(induced drag force effect). In the absence of the sources S3
and S4, the terms corresponding to a typical lift and an
atypical drag force would be found.

[0088] With the following notation:
B=4-7p-b? and (33)
A=Yrp-S (34)
[0089] The expressions for the lift and drag force can be

written respectively as follows:

- k 35
Fzszy-[l—ES-(Z)]-szA-VXZ-CZand 35)

- K3 (36)
FX=1-[/(5—%-(2)}#3:/:.#3-@.

[0090] The lift and drag force coefficients can then be
expressed as follows:

1 k (37)
C, = X-kRy-[l—Z-Ef] and
K% (38)
C, = i-[k5+2-ﬂ}
A B
and therefore the expression of kg,
f o AC (39)
BT -2k /Bl
The expression for the drag force coefficient becomes:
1 2-A%.CF (40)
Cio=—- ks + 3
A B-(1-2-ks/B)
[0091] Itis possible to solve the equation (40) numerically

so as to identify k, and subsequently the different values for
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the other mass flow rates associated with the other sources
of the model. Generally, a step of a method according to the
invention consists of determining the value of each scalar
mass flow rate A and of each vector mass flow rate A, as a
function of a part, or the totality, of the boundary conditions
imposed by at least one main velocity vector V and of at
least one aerodynamic parameter, such as the drag force
coeflicient and the lift coefficient in the example shown in
FIG. 2, in a given configuration. Advantageously, the values
of each scalar mass flow rate A and of each vector mass flow
rate A, can be determined within the general framework of
a resolution according to the distributed point source method
(DPSM).

[0092] By simplifying the equation (40) to the first order,
it is possible to write:

Sl ) o @1)
k5+2-A-cZ2_ks '(Q'P' ] <

Cy=— — +
TTA B A 4.m-p-b2

and therefore:

ks S-CF ks c? 42)
Cy = =—+
7-(4-02]9)

AtizeETa

[0093] The aspect ratio All is defined by the ratio of the
span to the chord of a wing A, i.e. in the model shown in
FIG. 2:

All=(2.5)/(S2.b)=4.6%/S @3)

[0094] The equation (42) becomes:

ks c? c? (44)

G=gtraens ©

R I
T T (AlD

[0095] The equation (44) makes it possible to identify a
term similar to the induced drag force of Prandtl’s theory,
added to C_,,.

[0096] Similarly, it is possible to express C, as a function
of C:
1 Ky 45)
Cy = Z-[k5+2-F
1 ks 46)
Co=~ -kRy-[l —Z-E]
2.k} @7n
ks = A Com —2
1 2-A-Cx 4k, 48)
Co=g ke |l-—F—+
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[0097] On the basis of a dimensional analysis, it is pos-
sible to show that:

kg, AN? 1 32 A 49
4'ﬁ ;(ZE) E(R—AH) <<(2-§]-Cx

[0098] It is possible to simplify the equation (48) to the
first order as follows:

1 (50)
c - 1 ‘ [1 Z'A'CX]_kRy | 2.(§-p-s).Cx
AU TR T AT T e
ie.
c _kRy[l S-Cx ]_kRy[l Cx ] 51)
AL T 4xpr]T Al @Sl
B kry Cx B Cx (52)
CZ‘T[l_n-(4-b2/3)]‘Czo[l_n-Azz]
[0099] It is possible to identify a corrective term in the

equation (42), dependent on C,, which reduces the lift C_,.

[0100] Another embodiment of the invention is a method,
implemented by a computer in real-time, for simulating at
least one force F or a moment M, applied to a body C,
modelled by a volume described above, and using a model
the construction of which has been described above. i.e. a
model in which the fluid flow FLU comprises at least one
main velocity vector V representing a velocity of the flow at
infinity, in which the body C is modelled beforehand by at
least two point sources S of a velocity field, including at least
one scalar source S, generating a radial velocity field and
associated with a scalar mass flow rate A, and at least one
vector source S, generating a solenoidal velocity field,
associated with a vector mass flow rate Ay. It is possible to
calculate, beforehand, for at least one configuration of the
body C, the values of each scalar mass flow rate A and of
each vector mass flow rate A, as described above. An
embodiment of the invention comprises at least one step
consisting of:

[0101] simulating a superposition of the contributions
of the fluid flows FLU of at least one main velocity flow
V, of a scalar source S associated with a scalar mass
flow rate A5 and of a vector source S associated with a
vector mass flow rate A, and/or

[0102] evaluating at least one element chosen from a
force F and a moment M, by a linear function depen-
dent on the main velocity vector V, of at least one scalar
mass flow rate A and at least one said vector mass flow
rate Ay, at at least one point corresponding to one said
source S. In an embodiment in FIG. 2, this step can for
example consist of calculating one of the forces, or the
two forces corresponding to the equations (34) and/or
(35). This embodiment of the invention makes it pos-
sible to solve at least a part of the technical problems
raised: the inventors discovered that by using a method
according to the invention, it is possible to simulate a
force and/or a moment by evaluating a simple linear
expression. This calculation can be carried out by a
computer in less than 6 ms, and makes it possible to use
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this model in order to simulate the flight of a wing A by
using the calculation power of an ordinary computer at
the time of the invention. i.e. one with performance that
is not exceptional at the time of the invention.
[0103] Advantageously, the simulation described above is
a simulation carried out in far field.
[0104] Another embodiment of the invention is a com-
puter program product, stored on a recording medium suit-
able for implementing a method described above. Another
embodiment of the invention is a recording medium on
which such a program is stored.
[0105] Another embodiment of the invention is a flight
simulator SIM, comprising a calculator, for example incor-
porated in a computer, the calculator being configured in
order to implement a method according to the invention
described above. Such a flight simulator SIM can for
example be configured in order to receive first data, acquired
by a user of the simulator. A memory can comprise second
data representative of the fluid flow FLU, updated in real
time. These second data can also comprise values of the
different mass flow rates Ay and A, calculated beforehand by
a method for the construction of the model according to the
invention. They can also comprise nomographs. In this case,
a simulator SIM can choose to evaluate forces applied to a
wing A below a height defined beforehand for the wing A in
the simulation. Below this height, these forces can be
evaluated by nomograph pointers according to the prior art.
In a variant, a calculator of a second computer connected to
a first computer of the simulator can be responsible for the
simulation of a force F or of a moment 9M sequentially with
the simulation carried out according to the state of the art by
the first computer.
[0106] FIG. 3 shows the construction of a model accord-
ing to the invention adapted to a simulation of the effect of
an element of the environment external to the body C or to
the wing A. Generally, the inventors discovered that it was
possible to model the effect of an external element on a
model of an existing body C, by adding to the models
described above, at least one scalar external source S',
associated with a mirror scalar mass flow rate A'. Advan-
tageously, it is also possible to add at least one vector
external source S', associated with a mirror vector mass flow
rate Ag', each of the external sources S' being arranged
outside the volume of the body C or of the wing A. FIG. 3
shows the construction of a model adapted to a simulation of
the external effect, comprising sources S of an embodiment
shown in FIG. 2, and external sources S' modelling a
premises or a building. More generally, different systems of
external sources S' can be arranged so as to simulate for
example a naval vessel (in the case of landing at sea),
buildings on land, the ground, or even particular crosswinds.
In this embodiment of the invention, the contributions of the
fluid flows FLU of each source S' are also superposed during
step (a) of the method, and in step (b) of the method an
analytic linear function is evaluated, also as a function of at
least one external mass flow rate A and/or of at least one
external vector mass flow rate A;'. An embodiment of such
a model is given in the remainder of the description, in
particular in modelling the ground effect.
[0107] FIG. 4 shows a wing A in a configuration able to be
affected by a ground effect. Experimentally, this configura-
tion modifies the lift and the drag force of a wing A, close
to the ground, with respect to a configuration of the wing A
at a cruising height. In FIG. 4, it is assumed that the ground
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coincides locally with a plane GND. The wing A is shown
above the ground GND, in a first half-space a limit of which
is formed by the plane GND. Conventionally, the ground
effect on a wing A is simulated, experimentally or numeri-
cally, by replacing the ground GND by a mirror wing A',
symmetrical with the wing A with respect to the plane GND.
[0108] FIG. 5 shows the construction of a model accord-
ing to the invention adapted to a simulation of the ground
effect. Generally, the inventors discovered that it was pos-
sible to model the ground effect on a model of a wing,
adding to the models described above at least one mirror
scalar external source S', associated with a mirror scalar
mass flow rate Ag' and at least one mirror vector external
source S', associated with a mirror vector mass flow rate Az,
each of the mirror external sources S' being arranged in a
second half-space defined by the plane GND and different
from the first half-space, in which the sources S are
arranged. FIG. 5 shows the construction of a model adapted
to a simulation of the ground effect, comprising sources S of
an embodiment shown in FIG. 2, and mirror external sources
S' symmetrical with the sources S with respect to the plane
GND, each of the sources S' being separated from the
symmetrical source S with respect to the plane GND by a
distance a-2.h.

[0109] The sources S1', S2', S3' and S4' are respectively
symmetrical, with respect to the plane GND, with the
sources S1, S2, S3 and S4, and are respectively associated

with the mass flow rates Ag 5, Ag,, 5, Masro and Mgz . The

conditions of symmetry also define:
}"MB):Q:_}“MT):Q:}"MT)::_}“MB)::}“R)) (53)
Mgy =g, and 4
Aso=hs. (55)

[0110] Itis possible to calculate the influence of the model
of the mirror wing A' comprising the mirror external sources
S' on the forces exerted on the wing A'. In the following
calculation, by “centre” is meant the point of sources S1 and
S2. The vector R, with norm equal to a, between the sources
S1' and S2' and S1 and S2 is defined by:

re 0 (56)
ﬁ =|r|= [0 ]
¥z a
[0111] The contribution of the vector source S2' can be

expressed as follows:

[0 +r, —ry] ARx2 (57

Vx
- 1 2
VRcamrez =| Vy | = TR | | 2

v, +ry, -1 0 /IRZ’2

ie.

. 0 a0 0 (58)
VR,Cemre,2=4—_ﬂ_p_R3-[—a 0 0]- /\Ry,Z =
0 00 0
a-/\Ryz
1 ! -A
— 0 |[= b o
4.7-p-a® 4-7-p-a?
0
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[0112] The contribution of the scalar source S1' can be
expressed as follows:

Vs re 00 (As2 (59
-, 1
- - A,
Vs.cenmre2 =| Vy | = m . ry Oy S2
v, 00 r)lAs,
ie.
vS,Cemre,Z = (60)
As2 0
1 A,
= _Jooo0|]|As,]= 0 == =
4mp-d® Asa 4.7-p-a?
00 a)las, s
, 4.7-p-a?
[0113] The mirror external sources S3' and S4', corre-

sponding to the image wingtip vortices, make the following
contribution:

0 (61)
N 0 —Ary
V MT,Centre = S |7 mez
Trpb?

[0114] The sum of the contributions of the sources S and
the mirror external sources S' at the centre, corresponding to
the source S2 can be expressed by:

b o —Agy (62)
*T4.z-p-a?’
vy =0 and (63)
Agy (-2 2-b As (64)
v, = - + [+ 5
4-7-pl b N s d-7-p-a

[0115] It is possible to calculate the forces linked to the
velocities induced on the source S1 on the basis of the
equation (7):

_ Asdgy (65)
T 4gopea?’

F, =0 and (66)
_Ag-dpy —2+ 2:-b N As+Ag (67
T 4gpl b2 \/5124-—b23 4.m-p-a?

[0116] Similarly, it is possible to calculate the forces
linked to the velocities induced on the source S2 on the basis
of the equation (5):

_Agde -2 2:b As-Agy (©68)
Fr= A.7- b_2+ 3|\ " 4 xp-a2
P Va2 +b? Tpa

F,=0 (69)

Nov. 21, 2019

-continued
_ —Agy Ay (70)
“4.7-p-a?

z

[0117] A sum of the forces applied at the point of sources
S1 and S2 of the wing A can be written in the form:

- :_ARy-ARy __2+ 2-b 20, 1)
* 4.m-p | b2 \/ms 4.m-p-a?
Fy=0 72)
As '/\Ry -2 2-b As-Ag ARy -lRy (73)
= — + + —
4-m-p b2 WS 4-7r-p-a2 4-7r-p-a2
[0118] Itis for example possible to choose a condition a=b

(the ground effect exists when the height of the aircraft is
less than one third of the span, corresponding to h=(2.b)/4
and

A

hypothetically). By defining

%
4.7 pb?

5

KZ:‘

it is possible to summarize the different contributions of the
forces using the following table:

S3, sS4 N S2° S3°, S4°
F, F(:I)(2 . K2 . K2 K
3 s W2
(=0-2) =0-2) (=0.35)
Fy e Zero Zero Zero

F. e K2 F=K? K2

=5 =25 =1 F=—"=7

5.(v2)
(=0.2) (=0.04) (=0.07)

[0119] The majority of the variations in the lift and drag

force originate from the two rotational sources situated at the
centre of the wing and of the image wing. The variation in
the drag force is much greater than the variation in the lift
when the aircraft approaches the ground. Close to the
ground, one wing A appears experimentally to glide, as the
drag force is the variable that reduces the most, essentially
as a result of the reduction in the effect of the wingtip
vortices of the wing A approaching the wingtip vortices of
the mirror wing A'. In a method for the simulation of a force
according to the invention, in a configuration of the wing A
close to the ground, the contributions of the fluid flows FLU
of the sources S' are also superposed during a step of
simulation of the fluid FLU around the body C, and in a step
of evaluation of a force and/or a moment, a linear function
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is evaluated, also as a function of at least one mirror mass
flow rate A of at least one mirror vector mass flow rate A,'.
[0120] FIG. 6 shows a simulation of the lift coeflicient
according to the invention. The data from a simulator SIM
contain the values of different aerodynamic parameters of
the wing A, for example the values of Cx and Cz for different
angles of incidence of the wing A (in data tables). Based on
these data, the values of Cx and Cz can be amended as a
function of the height of the aircraft with respect to the
ground, and of the results of the evaluation of the aerody-
namic parameters simulated according to the invention. The
data thus evaluated are weighted, so as to be adjusted to a
real behaviour of a wing A.

[0121] The diagram in FIG. 6 shows the drag force coet-
ficients C, of a flight simulator according to the prior art
(curves (b)) and the drag force coefficients C_ evaluated
according to the invention (curves (a)), using a model
comprising mirror external sources, described above. The C,
values are shown as a function of altitude, for altitude or
height of the wing A and its angle of incidence.

[0122] FIG. 7 shows the construction of a model accord-
ing to the invention making it possible to simulate the
Magnus effect and a shape drag force.

[0123] Theoretically and generally, considering a cylinder
in rotation, with an angular velocity w,,,, of infinite length,
the cylinder being considered according to its circular cross
section, Poisson equations make it possible to derive the
potential of the velocities in polar coordinates:

cos(8) 1 r 74)
$0r.6) = — (r ;]— 370
[0124] The streamlines can be described by:
sin(6) 1 r (75)
Y(r,0) = 3 (r— ;) + ﬂln(r),
and the radial and angular velocities, respectively by:
B a¢p B cos(9) 1 (76)
Kl (1 - r—z]
199 sin(6) 1 r amn
R () R
In this case the lift force is:
F,=—pvI’ (78)

[0125] In this theoretical framework, it is possible to
express a lift force, but not a drag force. Outside this
theoretical framework, as the cylinder is infinite, there is no
induced drag force. There is however a shape drag force and
a friction drag force.

[0126] In an embodiment of the invention, a model is
constructed in which two sources S are arranged so as to
form a dipole. In embodiments of the invention, this dipole
can be oriented, as shown in FIG. 7, in the direction of the
main velocity vector V. Two sources S arranged in this
manner are shown in FIG. 7 by the sources S5 and S6. These
two sources are respectively associated with the scalar mass
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flow rates Ag5 and A g, and placed on either side of the point
corresponding to the sources S1 and S2, and along an axis
of the same direction as the main velocity vector V. The two
sources S forming the dipoles can be associated with scalar
mass flow rates A that are different and have opposite signs.
[0127] In variants of the invention, the scalar mass flow
rates Ags and A associated with the sources S5 and S6 can
be equal or different.

[0128] In a variant of the invention, when the mass flow
rates Ags and A are different, a supplementary condition is
necessary in order to make it possible to solve the systems
of equations allowing the different scalar and/or vector mass
flow rates associated with the sources S to be calculated. A
condition corresponding to a zero normal flow velocity at a
point of the interface of a virtual wing A or a virtual body C
can be added to the modelling.

[0129] FIG. 7 shows the construction of a model compris-
ing a dipole of scalar sources S. According to the equations
(1) and (2) it is possible to derive:

1 79
AVeo = 5PVeaC2S )
1 (80)
AsVer = 5pVesCxS
ie.
1 81), (82
VeCom T, (81), (82)
38
1
Vilx = 7—2s
Zo0-85
ZP

[0130] A intercoupling matrix can be identified by deriv-
ing the following equation:

1 (83)
- 0
o I P TS A (f
vocy ) 1 0 1) \ag)” 1|
3PS 07 p
7

[0131] FIG. 8 shows a circular cross section of an infinite
cylinder, corresponding to a body C or to a wing A. Two
scalar sources S5 and S6 are arranged in the same way as
shown in FIG. 7. The two sources are separated by a distance
d and the cylinder has a radius R. It is possible to derive an
equation corresponding to a zero normal velocity condition
at the interface of a body C or of a wing A.

d d (84
(R——]-ASI (R+—]-l52
V=0 2 2 _
= I 5 =
4-7r-p-(R——] 4-7r-p-(R+—]
Asy As2
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A intercoupling matrix can be identified in the following
equation:

1 85
1 0 0 (85)
s
Zp-
2
0 A
1 1 R
V.G, | = 0 — [ |=
V.G, P85 PS5 | (e
1 L 2
4-7r-p-R2( _ZR] . .
1 0 of
I 0 1 1 R
zp-S | Ast
1 Asz

d\7? d\?
(1-55) (1+55) o

[0132] FIG. 9 shows a simulation of a fluid flow FLU
around a wing A, the shape of which is an infinite cylinder
simulated by a model according to the invention in which
two scalar sources S5 and S6 are arranged as a dipole. The
scalar sources S5 and S6 are arranged as described in the
embodiments of the invention corresponding to FIGS. 6 and
7. The different grey levels show the value of the fluid
velocity FLU (the black corresponding to zero velocity and
the white corresponding to maximum velocity). The black
lines comprising multiple arrows correspond to streamlines.
The single black arrows, in panels B. C and D in FIG. 9
correspond to the resultant of the forces calculated by a
model constructed according to the invention and simulated
according to the invention.

[0133] The panel A in FIG. 9 shows a simulation accord-
ing to the invention, using a model constructed according to
the invention, comprising sources S1, S5 and S6 described
above, associated respectively with the scalar hgs, Ags and
vector Ag, mass flow rates. In this case, Az, =0 and Ags=h .
The resultant cylinder of the simulation is fixed and without
drag force. In this case, the lift and the drag force are zero:
this case corresponding to d’Alembert’s paradox.

[0134] The panel B in FIG. 9 shows a simulation accord-
ing to the invention, using a model constructed according to
the invention, comprising sources S1, S5 and S6 described
above, associated respectively with the scalar A, Ay and
vector Ag, mass flow rates. In this case, Az 0 and Ags=h .
The resultant cylinder of the simulation is rotational about
its main axis, without drag force. In this case, the lift is
non-zero and the drag force is zero: this case corresponds to
the Magnus effect.

[0135] The panel C in FIG. 9 shows a simulation accord-
ing to the invention, using a model constructed according to
the invention, comprising sources S1, S5 and S6 described
above, associated respectively with the scalar A, Ay and
vector Ag, mass flow rates. In this case, Az, =0 and A gs=A .
The resultant cylinder of the simulation is fixed and involves
drag force. In this case, the lift is zero and the drag force is
non-zero: this case corresponds to a shape drag force.
[0136] The panel D in FIG. 9 shows a simulation accord-
ing to the invention, using a model constructed according to
the invention, comprising sources S1, S5 and S6 described
above, associated respectively with the scalar hgs, Ags and
vector Ag, mass flow rates. In this case. Az, #0 and A gs=hgs.

4.7p-R?

10
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The resultant cylinder of the simulation is rotational about
its main axis, and involves a drag force. In this case, the lift
is zero and the drag force is non-zero: this case approaches
a real case.

[0137] FIG. 10 shows drag force coefficients and lift
coeflicients comparatively evaluated according to a method
of the prior art and according to the invention.

[0138] The panel A in FIG. 10 shows on the one hand, drag
force coeflicients C, evaluated according to a method imple-
mented by a flight simulator, according to a method of the
prior art using nomograph pointers. These values of the drag
force coeflicients C, are shown by the continuous curves, for
example the curve (a). Moreover, the panel A in FIG. 10
shows drag force coefficients C,, evaluated according to the
invention, and corresponding to the curves marked with
stars, for example the curve (b). The C, evaluations accord-
ing to the invention are obtained by weighting the scalar
mass flow rates by a factor 0.25 and weighting the vector
mass flow rates by a factor 0.1 so as to adjust the evaluations
to the real behaviour of a wing A. The flaps of the wing A
are inclined by 8° with respect to a main plane of the wing
A.

[0139] The panel B in FIG. 10 shows on the one hand,
drag force coefficients C, evaluated according to a method
implemented by a flight simulator, according to a method of
the prior art using nomograph pointers. These values of the
drag force coeflicients C, are shown by the continuous
curves, for example the curve (a). Moreover, the panel B in
FIG. 10 shows drag force coefficients C, evaluated accord-
ing to the invention, and corresponding to the curves marked
with stars, for example the curve (b). The evaluations of the
C, according to the invention are obtained by weighting the
scalar mass flow rates by a factor 0.25 and weighting the
vector mass flow rates by a factor 0.1 so as to adjust the
evaluations to the real behaviour of a wing A. The flaps of
the wing A are inclined by 8° with respect to a main plane
of the wing A.

[0140] The panel C in FIG. 10 shows on the one hand,
drag force coefficients C, evaluated according to a method
implemented by a flight simulator, according to a method of
the prior art using nomograph pointers. These values of the
drag force coefficients C, are shown by the continuous
curves, for example the curve (a). Moreover, the panel C in
FIG. 10 shows drag force coefficients C, evaluated accord-
ing to the invention, and corresponding to the curves marked
with stars, for example the curve (b). The C, evaluations
according to the invention are obtained by weighting the
scalar mass flow rates by a factor 0.75 and weighting the
vector mass flow rates by a factor 0.1 so as to adjust the
evaluations to the real behaviour of a wing A. The flaps of
the wing A are inclined by 42° with respect to a main plane
of the wing A.

[0141] The panel D in FIG. 10 shows on the one hand,
drag force coeflicients C, evaluated according to a method
implemented by a flight simulator, according to a method of
the prior art using nomograph pointers. These values of the
drag force coeflicients C, are shown by the continuous
curves, for example the curve (a). Moreover, the panel D in
FIG. 10 shows drag force coefficients C, evaluated accord-
ing to the invention, and corresponding to the curves marked
with stars, for example the curve (b). The evaluations of the
C, according to the invention are obtained by weighting the
scalar mass flow rates by a factor 0.75 and weighting the
vector mass flow rates by a factor 0.1 so as to adjust the
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evaluations to the real behaviour of a wing A. The flaps of
the wing A are inclined by 42° with respect to a main plane
of the wing A.
[0142] FIG. 1 shows a wing A and an arrangement of
sources S according to the invention. In variants of a method
for the construction of a model according to the invention,
advantageously fewer than one hundred sources S are
arranged, preferentially fewer than ten sources S. In this
way, it is possible to reduce the calculation time, by a
simulator SIM implementing a simulation method according
to the invention, to a period less than 6 ms.
[0143] FIG. 12 is a photograph of a simulator SIM accord-
ing to the invention.
1. A method implemented by a computer for real-time
simulation of at least one element chosen from a force (F)
and a moment (M), applied to a body (C) defined by a
volume in a fluid flow (FLU) having a main velocity vector
(V) representing the velocity of said flow at infinity, in
which said body (C) is modelled beforehand by at least two
point sources (S) of a velocity field, including at least one
scalar source (S), generating a radial velocity field and
associated with a scalar mass flow rate A, and at least one
vector source (S), generating a solenoidal velocity field,
associated with a vector mass flow rate A, said sources (S)
being arranged inside said volume, said method comprising
at least one of the steps:
(a) simulating a superposition of the contributions of the
fluid flows (FLU) at least of one main velocity flow
(V), of one said scalar source (S) associated with a
scalar mass flow rate Ag and of one said vector source
(S) associated with a vector mass flow rate A,; and

(b) evaluating at least one element chosen from a force (F)
and a moment (M), by a linear function dependent on
said main velocity vector (V), of at least one said scalar
mass flow rate A and of at least one said vector mass
flow rate A, at at least one point corresponding to one
said source (S), said body being a wing (A).

2. The method according to claim 1, in which said
simulation is a far-field simulation.

3. The method according to claim 2, in which said body
(C) is modelled by fewer than one hundred of said sources
(S).

4. The method according to claim 1, in which two of said
scalar sources (S) are arranged so as to form a dipole.

5. The method according to claim 4, in which the scalar
mass flow rates A associated with the two said sources (S)
forming said dipole are strictly different and have opposite
signs.

6. The method according to claim 1, in which at least two
contrarotating vector sources (S) are arranged inside a
volume defining said body (C), the associated vector mass
flow rates A, of which have opposite directions.

7. The method according to claim 6, in which said vector
mass flow rates are oriented parallel to said direction of a
main velocity vector (V), the two said sources (S) forming
a direction normal to the direction of said main velocity
vector (V).

8. The method according to claim 7, in which the sources
(S) are arranged along a line corresponding to a simple wing
(A).

9. The method according to claim 1, in which at least one
element representative of the environment of the body (C) is
modelled beforehand by at least one element chosen from a
scalar external source (S') associated with an external scalar
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mass flow rate AS' and from one said vector external source
(S") associated with an external vector mass flow rate A/,
and in which:

the contributions of the fluid flows (F) of each of said
sources (S') are also superposed during said step (a);
and

in said step (b) said analytic linear function is evaluated
also as a function of at least one said external mass flow
rate Ag' and at least one external vector mass flow rate
A

10. The method according to claim 9, in which:

said body (C) is close to the ground, said ground coin-
ciding locally with a plane (GND), said sources (S)
being arranged beforehand in a first half-space formed
by said plane (GND); and

at least one mirror scalar external source (S') associated
with a mirror external scalar mass flow rate A and at
least one said mirror vector external source (S') asso-
ciated with a mirror external vector mass flow rate Ay
are arranged in the other half-space formed by said
plane (GND), and in which:

the contributions of the fluid flows (F) of said sources
(S") are also superposed during said step (a); and

in said step (b) said analytic linear function is evaluated
also as a function of at least one said mirror external
mass flow rate Ag' and of at least one said mirror
external vector mass flow rate A'.

11. A computer program product stored on a recording
medium suitable for implementing a method according to
claim 1.

12. A recording medium on which the program according
to claim 11 is stored.

13. A flight simulator (SIM) comprising: at least one
calculator configured in order to receive at least first data
acquired by a user, a memory containing second data rep-
resentative of the fluid flow around said body (C), and in that
said calculator is configured in order to implement a method
according to claim 1.

14. A method for the construction of a model body (C) in
a fluid flow (FLU) having at least one main velocity vector
(V) representing the velocity at infinity, said body (C) being
associated with at least two aerodynamic parameters chosen
from a drag force coefficient, a lift coefficient, a roll coet-
ficient, a pitch coefficient and a yaw coefficient, each coef-
ficient being determined in one or more known spatial
coeflicients of said body (C), in said fluid flow (FLU), said
method comprising at least the steps consisting of:

(a) arranging in the simulated space at least two point
sources (S) of fluid (FLU), including at least one scalar
source (S) of fluid (FLU), associated with an unknown
scalar mass flow rate A, and at least one vector source
(S) of fluid (FLU), associated with an unknown vector
mass flow rate Az, said sources (S) being arranged
inside said volume defined by said body (C); and

(b) determining the value of each said scalar mass flow
rate A and each said vector mass flow rate A as a
function of a part of the boundary conditions imposed
by at least one main velocity vector (V) and as a
function of at least one said aecrodynamic parameter,

said body being a wing.
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15. The method according to claim 13 in which in said
step (b), the value of each said scalar mass flow rate Ay and
each said vector mass flow rate Ay is determined by the
distributed point source method.
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