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Summary

AES=0= performs the prediction & analysis of compressible steady & unsteady
aerodynamics (subsonic & supersonic), incompressible hydrodynamics (implicitly and
explicitly including free surfaces) and aeroacoustic quantities of interest for multipart
deformed/trimmed and oscillating Aircraft & Watercraft configurations.

Flow equations

Hydrodynamics, Aerodynamics and unsteady aerodynamics/aeroacoustics are modelled with
the Laplace, the Prandl Glauert equation and the well-known equation of acoustics,
respectively. The latter becomes the convective Helmholtz equation for Mach number is zero.

Methodology
The true surface gradient free Boundary Volume Method (BVM) [1] for potential flows.

Configurations

Realistic geometries (wings/T-tails/ Winglets/ fuselages/ payloads/ ships/ submarines et
cetera (thick and thin))

Specifics

Effects of symmetry, anti-symmetry, runway, sea bottom, free surfaces and observer surfaces
are modelled. A permeability model for supersonic inlets/outlets & bluff body parts
modelling and a shockwave model for approximate transonic modelling [2] is included. A
Mach number correction model for approximate hypersonic flow ( [3])is embedded.
Hydrodynamic configurations beneath a free surface can be modelled with explicit surfaces
(Rankine [4]) applying the linearized free surface boundary condition or implicitly (Havelock
[5, 6]) with elementary solutions that satisfy the linearized free-surface boundary condition
and radiation conditions.

Oscillations, deformations, seedings

Rigid motions and sub-rigid (effectors) motions/deformations are modelled

including arbitrary elastic (e.g. FEM modals) motions/deformations of the configurations.
Arbitrary deformation is warped by efficient volume spline class methods'. The flow field
might include gusts & waves & scattered sound fields.

Time behaviour

The time behaviour of oscillating configuration parts or unsteady flow elements (gusts,
waves) is not restricted to harmonic oscillations and extended to exponentially undamped
motions [7]. Also the H method [8] is embedded to analytically extend data for harmonic
oscillations to data for exponentially undamped motions.

Potential flow

The potential flow field is composed with a superposition of distributions of elementary
potential solutions of the governing equations at selected surfaces of the configuration and/or
free surfaces and/or a shock surface. Constant source and/or constant/linear doublet
singularities can be applied at the surface of the configuration or at the camber surface.?

1 As a bonus, the mollifier/VSIC method has been described and demonstrated

2 An AES=3= type modelling can also be adopted in lifting surface mode (Doublet Lattice in subsonic flow.
Potential Gradient or Constant pressure model in supersonic flow).
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Gradient free Boundary Volume Method

The gradient free Boundary Volume Method [1] is the method of solution. The scalar
potential due to distributions of elementary solutions (sources, doublets) is evaluated at
discrete points at wetted surfaces and at ghost surfaces located a relatively small distance
from them. The strength of the distributions is obtained by imposing boundary conditions
with a flux-balance model in incompressible/subsonic flow and characteristic differentiation
for supersonic flow using the potential values at the discrete points avoiding analytical
gradients, collocation and tedious dealing with the integration and derivatives of the
elementary solutions.

Application inputs

The input model is composed of patches describing the configuration, observer patches
(interference analysis), patches describing the free-surface for hydrodynamic modelling
(explicit Rankine model), and patches describing a shock interface. The deformation/
oscillation is prescribed for each patch. Incident sea waves, the incident sound potential, a
geometry correction (representing boundary layer/edge effects) , a trim vector (+static
deformation and effector settings) can be set. Structural data (geometry & mode shapes et
cetera ) is efficiently warped to the aerodynamic configuration geometry by means of
Hounjet’s well-known volume spline [9] [10, 11] methods.

Application outputs

The main quantities of interest are pressure and force’/ generalised force coefficients They are
available as data file , excel file and on screen graphical output. The pressure coefficient
distribution can be factored with a correction (Mach (Froude) number, frequency and position
dependent!) to accommodate for missing transonic, boundary layer and edge effects. The
pressure coefficients are obtained at the center of panel leading and trailing edges and used in
the calculation of generalized forces. At subsonic edges of lifting surfaces care has been
taken to deal with the singular behaviour of the pressure and to integrate the pressures
consistent with the evaluation of forces by global methods.

Execution

Efficiency is offered by storage of warpings for reuse, accommodating follow on stages of a
design cycle ( Mach/Froude number and/or frequency changes) and by storage of the solution
matrices for reuse accommodating follow on stages of a design cycle ( mode shape changes).
Also it is made possible to coarsen the paneling in one button click to reduce computational
work. Calculations can also be performed in batch. The input and output data can be
interactively inspected/analysed. The patches can be edited/generated on the fly.

3 Suction Force modelling (Exact induced drag on lifting surfaces)



Introduction

The AES=0= method, developed by AES4AC B.V. (see Appendix AES4AC) is directed to
the prediction of steady and unsteady linearized potential flow aero(hydro)dynamics (forces
& pressures) on arbitrary thin & thick (2D & 3D) deformed/trimmed and oscillating Aircraft
and watercraft configurations with a broad application range of Mach number, Froude
number, frequency, angle of attack/slip, trim and sinkage, vibration modes, sea waves,
scattered waves & gust modes.

In particular AES=0= calculates 3 types of physics:

1. Aerodynamics: Steady and unsteady pressures and forces on arbitrary aircraft
structures for subsonic (Mach=0..1 and supersonic/hypersonic (Mach = 1.. ) speeds
governed by the thin-aerofoil equations (Laplace, Prandl-Glauert)4. The structures are
deformed and/or trimmed and/or oscillating with arbitrary oscillating vibration modes
or placed in arbitrary oscillating flows characterized by the divergence rate
(exponential growing motions) and the reduced frequency (oscillating sinusoidal
motions). Also, transonic effects can be approximately modelled ( [2]) and hypersonic
effects ( [3]). Accurate Suction Force modelling (correct induced drag on lifting
surfaces).

2. Hydrodynamics: Steady and unsteady pressures and forces on arbitrary watercraft
structures for incompressible (Mach=0) speeds governed by the Laplace equation
moving in the vicinity of free surfaces and/or sidewalls and sea bottoms. The
structures are oscillating with arbitrary oscillating vibration modes or placed in
arbitrary oscillating flows characterized by the divergence rate and the reduced
frequency. Efficient integration of Havelock sources & doublets (implicit linearized
free-surface BC) for Froude >=0 and frequency >=0 with a unique efficient proprietor
integration method (Telles [12]-Filon et cetera). Alternatively, the free surface can be
taken into account with a Rankine explicit model. Also, trim and sinkage is taken into
account.

3. Aeroacoustics: pressures on arbitrary structures governed by the well-known
equation of acoustical theory which becomes the convective Helmholtz equation
[13] at Mach number zero. Easy modelling of incident sound potential &
impedance distributions.

The AES=0= modeling is based on the unique true surface gradient free Boundary Volume
Method (BVM) method for realistic geometry and lifting surface methods. ([1]). The BVM
method is a strict potential formulation, imposing boundary condition with a flux-balance
model in subsonic flow and characteristic differentiation for supersonic flow. It uses the
evaluation of the potential at the A/C surface and at a virtual surface located a relatively small
distance from it.

Constant source and/or constant doublet distributions of singularities can be applied at the
A/C surface or at the camber surface.

4 The well-known equation of acoustical theory is applied for the unsteady case
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Other characteristics are:

e The geometry of the structure is modelled with components(patch). Each component
i1s composed of quadrilaterals (panels).

e Symmetric, anti-symmetric, runway, sea bottom, wall models and free surface

Rankine models.

Shock patches for approximate transonic flow.

Observer surfaces for interference analysis.

Permeability model for inlets/outlets & bluff body parts modelling.

Rigid, sub-rigid (effectors) & arbitrary motions/deformations, gusts & waves.

Geometry correction (Mach (Froude) number, angle of attack, Reynolds number &

position dependent!) to accommodate boundary layer and edge effects.

Trim vector to model static deformation and effector settings.

e H continuation of harmonic generalised forces (ref)

¢ 3D inspection/analysis of panelling, trim state (static deformation & effector settings),
displacement modes, pressure distribution & warping.

e And more



Mathematical models

This chapters presents the mathematical models.

Aerodynamic model

The aerodynamics is modelled with the thin-aerofoil potential flow equations for subsonic
and supersonic flow (without strong shockwaves) conditions. The potential flow is
considered around an oscillating body, which is a superposition on a uniform flow with free-
stream velocity or on the flow about the steady body. Alternatively the potential flow is
considered around a steady body, which is a superposition on a uniform flow with free-
stream velocity and incoming gusts. The vorticity is everywhere zero, except for areas
occupied by thin lifting surfaces and wakes. A Cartesian coordinate system is chosen fixed to
the mean position of the body with the x-axis in the direction of the free-stream velocity
vector /. The body can be rotated by the Angle of Attack and the Angle of side-slip A
disturbance velocity potential is introduced which is split up into a steady part ¢ and an
exponentially varying unsteady part e ", s=g+ik, o denotes the divergence rate, k is the
reduced frequency of the motion, k = w L/V , 7 the reduced time 7=7 V/L, tis time and . a
reference length. w denotes the frequency of oscillation.

All variables have been made dimensionless with the free stream velocity and/or the
reference length . The pressure coefficients have been made dimensionless with the

. 1
dynamic pressure - pV?

Flow equation

The steady velocity potential satisfies the Prandl-Glauert equation:

HY = @u+ @+ (1 — M*) =0 E1

Which implies that the velocity disturbances are small compared to the speed of sound and
that thickness, angle of attack and side slip angle should decrease asymptotically with | /-// |
=> (). M is the Mach number. The unsteady velocity potential ¢pe ~°" satisfies the equation:

H5¢ _ ¢zz+¢yy+ (1 . MZ)(I)“ -ZSMZ(I)x . SZMZ(I) =0 E2

where in addition the assumption is made that ¢ and its derivatives are small compared to ¢
and its derivatives. Both equations are valid in the fluid domain outside the wetted surfaces
and wake areas.
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It is required that disturbances propagate outwards from the body to infinity and in supersonic
flow remain in the zone of dependence formed by the Mach cone with apex half-angle of

-1 1
tan™"( —

) which originates at the upstream origin of the disturbances.

Boundary equations

At the boundaries of the bodies the conditions for tangential flow or for zero mass flux as
described in references [ 14], [15] may be imposed for the steady flow:

V.N=0 E3
or

V.N = M? ¢,N, (mass flux [14] [15]) E4

For the unsteady flow the body boundary conditions are defined by one of the following
formulas:

e The standard form for tangential flow:
G.N+V.7i=shN ES

e The linear formula for tangential flow:

—

e The unsteady mass flux formula:

GN+V.7i—M2p,(N,—sN,+n,) =(1—M>2¢p,)sh.N E7

V is the steady velocity vector defined by: I7=I7f + W, q is the unsteady part defined by ¢

=V¢, h denotes the displacement of the body from its mean position, N is the mean steady
out normal at the body boundaries and 71 is the exponentially varying unsteady part of this
direction.

N is defined by:

N=SxT E8

Where S and T are distinct in plane directions at the mean body surface.



7 is defined as:
n=Sxt +sxT E9

Where  and 5 are distinct in plane directions caused by the motion or deformation.

At the trailing edge the Kutta condition is applied of a smooth potential continuation from the
body surface to the wake surface. At sharp trailing edges of lifting components where the
Mach number of the steady velocity normal to the edge is smaller than one (subsonic trailing
edge) the Kutta condition is imposed in the form that the pressure difference between upper
and lower side at such a trailing edge is zero. When the Mach number of this velocity
component is larger than one (supersonic trailing edge) continuity of the potential difference
between upper and lower side in free-stream direction is imposed. At trailing edges wake
surfaces are emanating causing a jump in the potential. The jump in the potential adheres to
the requirement of no pressure difference between the upper and lower surface of the wakes:

[[Cpﬂ =0 E 10

Hc;ﬂ =0 E11

Planar wakes

The direction and shedding velocity of the planar wake is defined by the x-axis and the free-
stream velocity.The user is allowed to specify the direction in order to avoid the crossing of
the wake with another thick surface, although the shedding velocity remains the free-stream
velocity. The planar wakes should not intersect another configuration component.

Flexible and rotating surfaces

The displacement % is modelled by one of the methods presented in section Downwash

Gusts

The equivalent displacement / is modelled by one of the methods presented in section
Downwash

Solid Walls

The potential is assumed symmetric with respect to the wall.
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Symmetry & Anti-Symmetry

Semi models can be applied assuming the steady potential is symmetric and
the unsteady potential is symmetric or anti-symmetric for symmetric and anti-symmetric
modes, respectively.

Runway
The ground effect during start/landing can be assessed using a solid wall.
Transonic flow

A first order approximation of transonic effects is to introduce a shock patch and apply a
shock condition [2]. The effect of transonic flow can be approximated by assuming a shock
plane at a known position and speed jump [@, [|. At the shock surface the linearized shock
condition of Landahl [16] is applied:

—2s [e] E12

[9,] = y+1m

Permeability

The permeability model for inlets/outlets & bluff body parts modelling is simply:

G.N=P(4.N) E13

P is the permeability factor.

Characteristics quantities

The steady pressure coefficient C, is defined by one of the following formulae

, o o E 14
Isentropic C,, = s (1 — TMZ(V2 — 1)> -1

Linear C, = -2V V¢ E15

Quadratic C, = —2¢, — (1 — M*)@; — @3 — @2 E 16



The quadratic formula is compliant with the mas flux boundary condition.

At wakes the quasilinear formula is only applied:

C,=-2V.Vep° E17

p 1s the steady density defined by one of the following formulae:

1
= E18

-1
p° = <1 + y—z M?*(1 - V2)>

the linear formula:

p°=1—M2(V77<p) E19

and T/: denotes the part of the steady velocity vector which is tangential to the wake surface:

—

V.=V - (V.N)N/(N.N) E 20

The unsteady pressure coefficient is defined by one of the following expressions:

1) the linear unsteady formula:

€5=-2p°(s0+V.V0) E21

11) the linear unsteady isentropic formula:

€;=-2p°(s0+V.V0) E 22

the modified form which is consistent when the unsteady mass flux boundary conditions are
applied:

(;;:_zpose—Z(V.VB—MZ @5 0,) k23
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The pressure coefficients have been made dimensionless with the free stream dynamic
pressure 0.5 p, V/

Mach number adaptation.

In supersonic (especially hypersonic flow) flow the local angle of attack at leading edges and
bluff noses might be too high and needs to be reduced to avoid breaking down of the
calculation or to obtain a better match with more sophisticated predictions. Therefore, two
remedies can be applied which reduce the Mach number to a lower Mach number.

Local Mach number reduction
At an A/C fuselage nose one can reduce the Mach number locally compliant with the flow

over a cone with the same local angle of attack based on the following formulae derived from
an approximation of table 7 of [17].

S i ) »—0.225 (i—1)(sin 6)%%¢ ,-0.306 (j—1)M 33 kaa
M equcea = ch(l’])e . e ”
i=1 j=
c(1..3,1..2) =/-5.30,0.79,5.75,6.21,—0.48,—-5.94/ E 25

0 is the local angle of attack.

Global Mach number reduction

For a wing and even a complete configuration one can reduce the Mach number compliant
with the flow over a wedge with an effective angle [18]. 6 is the compliant equivalent wedge
angle.

S % o\ —0.533(i—1)(sin 8)066 —2.78(j—1)M %33 £26
M, cquced = ZZ C(l,])e . e ”

i=1 j=

c(1..2,1..2) =/-1.02,2.11,6.74,-7.28 / E 27




Quantities of Interest

Aerodynamic Forces are usually obtained by integration of the pressures over the wetted
surface parts of the bodies. Moments are usually obtained by integration of the product
pressures times distance to origin over the wetted surface parts of the bodies. An adequate
discretization is needed to obtain accurate loads adhering to well-known properties (zero drag
2D) of potential flow associated with representing adequately the pressure gradients and the
tangential flow conditions and in case of the lifting surface approximation it does not show
the well-known property of no drag on a 2-D air foil in potential flow, due to the neglect of
the suction force. Here we fortify the pressures with the additional term €, = €, — 2 p V.N
that is zero when the tangential flow is ideally satisfied and conserves the no drag properties
implicitly no matter what discretization has been used. Its origin lies in formulas as derived
by W.E. Cummings [19] in 1957 for the loads on a body in an arbitrary time-dependent
incompressible potential flow including rotation. This permits the accurate determination of
the suction force in case the lifting surface approximation is applied. Furthermore, an option
is provided which rotates the steady and unsteady suction force normal to the wing
(Polhamus suction analogy, [20]) in order to estimate global effects of leading-edge
separation without modelling the wakes emanating from sharp

Generalised forces

Generalised forces are obtained by integration of the product pressure times normal
displacement C,, h. 11 over the wetted surface parts of the bodies.

Elementary solutions:

The source singularity of equation E 2 is:

sM(Mx—R)
B e 1-M?
E = M<1
(x,y,2) an M < E28
sM2x —sMR E 29
e1-M2Re(e1-M?)
ES(x,y,2z) = —u(x)u(x — \/(MZ - 1D (y? + z?)) 7R M > 1

R = \[x2 — (M2 — 1)(y2 + z2) £30

u denotes the Heaviside step function.
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Hydrodynamic model

Hydrodynamics are modelled about objects moving in the vicinity below of a free surface.
The effect of the free surface is modelled with two methods:
e With Havelock [5] elementary solutions implicitly satisfying the free surface boundary
condition or with
e The Rankine [4] approach requiring the discretization of the free surface and the
discretization of the free surface condition

The hydrodynamics is modelled with the Laplace potential flow equations for incompressible
flow. The potential flow is considered around an oscillating body, which is a superposition on
a uniform flow with free-stream velocity or on the flow about the steady body. Alternatively
the potential flow is considered around a steady body at a prescribed TRIM and Sinkage ,
which is a superposition on a uniform flow with free-stream velocity and incoming waves.
The vorticity is everywhere zero, except for areas occupied by thin lifting surfaces and
wakes. A Cartesian coordinate system is chosen fixed to the mean position of the free surface
with the x-axis in the direction of the free-stream velocity vector ;. A disturbance velocity
potential is introduced which is split up into a steady part ¢ and an exponentially varying
unsteady part e 7. s=ik, k is the reduced frequency, k = w L/V; , T the reduced time 7=¢
Vi/L, t s time and L a reference length. @ is the frequency of the oscillation. The model is
directed to slender or thin ship hull surfaces and its formulation is basically the same as the
aerodynamic formulation for Mach=0 with the addition of the linear free surface condition
and choosing the free surface at z=0.

Flow equation

The steady velocity potential satisfies the Laplace equation:

H(p = QPzz+ Pyy+Pxx— 0 E 31
Also, the unsteady velocity potential pe ~*" satisfies also the Laplace equation:
HS¢ = ¢ZZ+ ¢\\+¢\\ =0 E 32

where in addition the assumption is made that ¢ and its derivatives are small compared to ¢
and its derivatives. Both equations are valid in the fluid domain outside the wetted surfaces
and wake areas.

20
& }

17



Boundary equations
At the free surface the boundary condition is:

sz(pxx + g9, =0 atz=0 E 33

for the steady flow and

529 — ZVfSHx+Vf29xx + g92=0atz=0 k34

for the unsteady flow

This implies relatively small deviations from the undisturbed situation, g is gravity.

At the boundaries of the bodies the conditions for tangential flow may be imposed for the
steady flow:

V.N =0 E 35
For the unsteady flow the body boundary conditions are defined by one of the following
formulas:
e The standard form for tangential flow:
4N+ 7.7 = sh N
e The linear formula for tangential flow:
E37

V is the steady velocity vector defined by: I7=I7f + Wp) q is the unsteady part defined by ¢

=V¢, h denotes the displacement of the body from its mean position, N is the mean steady
out normal at the body boundaries and 7 is the exponentially varying unsteady part of this
direction.

N is defined by:

N=SxT b

Where S and T are distinct in plane directions at the mean body surface.

7 is defined as:
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E 39

Where f and 5 are distinct in plane directions caused by the motion or deformation.

Planar wakes

At sharp trailing edges wake surfaces are emanating causing a jump in the potential. At the
trailing edge the Kutta condition is applied of a smooth potential continuation from the body
surface to the wake surface. The jump in the potential adheres to the requirement of a zero

pressure jump across the wake. Further it is required that no pressure difference exists
between the upper and lower surface of the wakes:

[c,]=0

[e:]=0

Flexible and rotating surfaces

The displacement /2 is modelled by one of the methods presented in section Downwash

Waves

Incident wave modes can be applied, which satisfy the Laplace equation the free surface
condition and the sea bed condition

Solid Walls

Solid walls (seabed et cetera) are modelled with symmetrty or zero tangential flow condition.

Symmetry & Anti-Symmetry

Symmetric configurations can be modelled with the restriction to the starboard or portside
side.

Permeability

The permeability model for inlets/outlets & bluff body parts modelling is simple:

G.N=P(G.N) E 42

P is the permeability factor.

EX

19



Characteristics quantities
free surface elevation

The free surface elevation is:

Ve

n = _? Dx
Ve

TIS = _? O

Pressure coefficient

The steady pressure coefficient ;, nondimensionalized with pV;” /2 and without
the hydrostatic part 2 K, z where K, = % is defined by one of the following

formulae:

Isentropic: Cp =1- V2
Linear: Cp = -2 W VQD

Quadratic: Cp - _2(px - %% - 4)321 - QDZZ

The hydrostatic part can be optionally applied in the pressure.

Quasilinear formula which is only applied at wakes:

i

Cp=—2V*.V<p

E 43

E 44

E 45

E 46

E 47

E 48

and V. denotes the part of the steady velocity vector which is tangential to the wake surface:

V.=V —(V.N)N/(N.N)

E 49
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The unsteady pressure coefficient is defined a one of the following expressions:

1. the linear unsteady formula:

C5=-2(s0+V.V0) £

2. the linear unsteady isentropic formula:

C3=-2(s6+V.V) Eet

At sharp trailing edges of lifting components the Kutta condition is imposed in the form that
the pressure difference between upper and lower side at such a trailing edge is zero.

Finally, it is required that disturbances propagate outwards from the body to infinity. All
variables have been made dimensionless with the free stream velocity and/or the reference
length L. The frequency of the motion is defined as s = ik where k =w L/V; and @ denotes the

frequency of oscillation. The pressure coefficients have been made dimensionless with the
Vi

i

dynamic pressure % prZ. The Froude number is defined as I, =

Quantities of Interest

Hydrodynamic forces are usually obtained by integration of the pressures over the wetted
surface parts of the bodies. Moments are usually obtained by integration of the product
pressures times distance to origin over the wetted surface parts of the bodies. An adequate
discretization is needed to obtain accurate loads adhering to well-known properties (zero drag
2D) of potential flow associated with representing adequately the pressure gradients and the
tangential flow conditions and in case of the lifting surface approximation it does not show
the well-known property of no drag on a 2-D air foil in potential flow, due to the neglect of
the suction force.Here we fortify the pressures with the additional term €, = €, — 2 p V.N
that is zero when the tangential flow is ideally satisfied and conserves the no drag properties
implicitly no matter what discretization has been used. Its origin lies in formulas as derived
by W.E. Cummings [19] in 1957 for the loads on a body in an arbitrary time-dependent
incompressible potential flow including rotation. This permits the accurate determination of
the suction force in case the lifting surface approximation is applied. Furthermore, an option
is provided which rotates the steady and unsteady suction force normal to the wing
(Polhamus suction analogy, [20]) in order to estimate global effects of leading-edge
separation without modelling the wakes emanating from sharp leading edges.
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Generalised Hydrodynamic forces GHF (added damping/mass)

Generalised hydrodynamic forces are obtained by integration of the product pressure times
normal displacement C), .1 over the wetted surface parts of the bodies. The added mass is

defined as Real Part of GHF/k/k while the added damping is defined as the Imaginary part of
GHF/ k.

Elementary solutions:

The elementary solution of the Laplace equation (., + (yy+ D = 6(x,V,7):

1 E52

EL ) ) =
(x,y,2) =

R=J@?*+ 0+ @)

This singularity which doesn’t satisfy the free surface condition is used in the so called
Rankine approach, which requires also singularities on the free surface to take care of the
latter.

The elementary solution of the Laplace equation that satisfies the free surface condition is
chosen in the elegant form of Hoff [5] [6] using the complex exponential function.

1 1 E 53

E(x_u,y—v,Z—W) = 47‘[R_4T[Rm+(101+102 +111+

Lig — Iy — Iy + I33 + I35 — Iy3 — Iyy) /4T

R=Vx-w?+ (y—v)* + (z - w)? o
R™ = J(x —u)?+ (y—v)% + (z + w)? oo
The integrals are given by:
_ Ko (v Kjce™iexr Kicx1 Ko v KyceKz2cx1 E 56
lor = f 0 ivaTcosf-1 Ep (K¢ x1)dO- T fo iVaTcosO-1 Eq(Kzc x1)d0
- & y cheKlf,'XZ & Y KZCeKZCXZ E57
loz = 7y tazessom Er(Kac X2)A0-T2 Jy iy Ea(Kac 22)d6
E 58

= K
KO 2 K1€ 121

i1 = —
M T J, V1 —4tcosb

E.1(K; x1)dO
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Ky (2 Kefix e
I, = —j E.,(K x,)d6
' m Jy, V1 — 41 cos renL Al
Ky [z Kyefeta b
L, = —j E.,(K, x,)dO
2t T J, V1 — 41 cos B rene At
Ky (2 Kyefex vl
L, = —j E.,(K, x,)df
2 T J, V1 — 41 cos 8 rene A
Ky [z Ksefs%s v
Ly = —2 E.(Ks x:)d6O
3 T Jo V1 + 4tcosf TS
Ko [z KseKats o
Ly = —2 E.o(Ks x4)d6
. T Jo V1 + 4tcosf T A
T E 64
Ko [z KjeXeXs
I, = —2 E (K, x)dO
* T Jo V1 + 4tcosf TS
KO g K4€K4’X4’ E 65
I, = —2 E.0 (K, x2)d6
o T Jo V1 + 4tcosf T
= wV
! ! T=—<1/4
g
- T
14 cos™1— T> 1/4 E 66
4
g E 67

E,(Z) = E(Z) ReZ=0



E,(2) E,(Z) ReZ<0 ImZ >0 E68

E,(Z) = Ei(Z)—2mi ReZ<0 ImZ <0
E,(Z) = Ei(Z) ReZ =0

E,(Z) = Ei(Z) ReZ<0 ImZ<0 E69
E,(Z) = E1(Z)+ 2mi ReZ<0 ImZ=0
E(Z) = Ei(Z) ImzZ =0

E.(Z) = Ef(Z)—2mi ImZ <0 E70
ETZ(Z) = El(Z) ImZ <O
E(Z) = Ef(Z)+2mi ImZ =0 E71

Es(Z) = E(Z) ImZ >0
E.s(Z) = E;(2)-2mi ImZ <0 E72

En(Z) = E@Z) ImZ=>0
E.(Z) = E,(Z)—2mi ImZ <0 E73

Where E is the complex exponential function and further

X1 = Kog(z+w)+i(—(x—u)cos@ + (y—v)sinf))) E74
X2 = Ko(z+w)+i(—(x—u)cosf —(y—v)sinf))) E75
X3 = Koy(z+w)+i( (x—u)cos8 +(y—wv)sinf))) E76
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Xe = Ko((z+w)+i( (x—u)cos8 + (y—v)sinf))) E77

And:
K. = 1 —iv4rcosh —1 E 78
T
2Tt cos O
Kye = 1+ iv4tcosf —1 E 79
T
2T cos O
K3 = 14+2tcosf —ivl+4tcosd E80
2 (cos 0)?
Ky = 1+2tcosf+ivl1+4tcosd EB81

2 (cos B)?



Aeroacoustics model

This tool models acoustic scattering based on the well-known acoustic equation. It should be
noted that for a zero Mach number the latter equation becomes the convective Helmholtz
equation [13] provided that the reduced frequency is based on the speed of sound ¢ and the
potential is made dimensionless with L.c where L is the reference length. In addition to the
aerodynamic model the code calculates 3-D aeroacoustics loads and pressure distributions for
scattering and observer parts characterized by the divergence rate and the reduced frequency.
The latter avoids using complex numbers. By means of analytical continuation results
obtained for diverging rates can be used to obtain results for harmonic frequencies.

The unsteady aeroacoustics potential flow ¢e e’ is considered around an oscillating body or
in practise the unsteady acoustic potential flow is considered around a steady body, which is a
superposition on an incident aeroacoustics potential ¢’ ¢ ~a* | The effect of the mean
aerodynamic flow might be added. A Cartesian coordinate system is chosen fixed to the mean
position of the body. The body can be rotated by the Angle of Attack and the Angle of side-
slip. A reduced acoustic frequency of the motion or the incident waves is defined as s, =

g, + tk,, where k, =wlL/c and w denotes the frequency of oscillation. g, denotes the
divergence rate,  is time and ¢ is speed of sound.

Flow equation
Hop = Pu+ Pyyr (1 — M*)pxx 25,Mp, — s5¢p = 0 E 82

—5qT

the incident acoustic potential ¢ ‘e satisfies also the same equation:

H ' = ¢'us @iy (1 — MA) P 25, MP' —sip' =0 E 83

At Mach number zero the acoustic potential ¢pe ' satisfies the convective Helmholtz
equation:

Hop = pa+ Pyys Prx 55 = 0 E 84

—5qT

Also, at Mach number zero the incident acoustic potential ¢'e satisfies the convective

Helmbholtz equation:

Hot' = Plocs lyyr dlxe 529" = 0 E 85

where in addition the assumption is made that ¢, ¢* and its derivatives are small compared to
the undisturbed flow. Both equations are valid in the fluid domain outside the wetted
surfaces.

It is required that disturbances propagate outwards from the body and remain bounded:

lim (R*|¢p — sap|) < oo E 86
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Where R denotes the radial distance from the center.
Boundary equations

At the boundaries of the bodies the normal velocity boundary conditions imposed for the
oscillating body presented in equations E 5,E 6 are deployed using s, instead of s:

Further writing the aforementioned boundary conditions in the short form:

G.N=F E 87
Equation E 87 is the hard surface condition and F denotes the other components of the
equations E 5,E 6 .

The equation for a surface with a mixed boundary condition (finite surface impedance) is:

GN+azp=F E 88

a is the mixed boundary potential coefficient. In [13] for the convective Helmholz equation
itis defined as a, = é, with Z the acoustic impedance defined as Z = £ the ratio of total

Adn

surface pressure to total normal velocity.

At the boundaries of the bodies the normal velocity boundary conditions imposed for a body
exposed to an incident sound field:

G.N=F— ot E 89
or

GN+ap=F —¢.—apt E 90

Flexible and rotating surfaces

The displacement /2 is modelled by one of the methods presented in section Downwash

Gusts

The equivalent displacement / is modelled by one of the methods presented in section
Downwash



Solid Walls

The potential is assumed symmetric with respect to the wall.

Symmetry & Anti-Symmetry

Semi models can be applied assuming the steady potential is symmetric and

the unsteady potential is symmetric or anti-symmetric for symmetric and anti-symmetric
modes, respectively.

Incident Waves

In the scattering case the incident wave can be described by:

e A planar wave

(]’)i — Piesa(lxx+lyy+lzz) E91

P! is the
magnitude.

E 92
1-M3l; —2ML+1E+1z2=1

e or by a set of input sources
j E 93
¢t = Z LE® (x;,y1,2;)

I; is the source strength
(x;,yi, 2;); the source position.
These model acoustic potentials which are supposed scaled with the speed of sound and the
reference length.
Characteristic quantities
The pressure coefficient is similar as the ones presented in equations E 21, E 22& E 23 , apart

from using s, instead of s. Further the pressure is often presented in SPL (Sound Pressure
Level) of which the definition is given below.

psp. = 93.9794 + 20 log10 p

p 1s the pressure obtained by dimensionalizing the pressure coefficient with the dynamic
pressure 0.5 pc?
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The acoustic impedance is:

G, E 94

Quantities of Interest

Aeroacoustics loads

Aeroacoustics forces are obtained the same way as the aerodynamic forces presented in
Quantities of Interest .

Generalised acoustic forces

Generalised aeroacoustics forces are obtained by integration of the product pressure times
normal displacement C,, h.1 over the wetted surface parts of the bodies.

Elementary solutions:

Sa(Mx—R)
e 1-M?2

Esa(x,y,Z)z_ll-T[—R’M<1 E 95

R =/x% + (1-M?)(y? + z2)

ESa(x,y,z) E 96
saM x —-saR

e1-M?2 Re(e1-m?

= —u()ux — (M2 — 1)(y2 + z2)) 27T§? ) M >1

R=x? = (M* = 1)(y* +2°)

The source singularity of the convective Helmholtz equation is:

¢zz+ ¢yy+ ¢xx 'Sa2¢ = 6(3(, vy, Z) E 97



o ~SaR
4R o

R =x*+y?+2z?

ES(x,y,z) =
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Solution method

This chapter deals with the methods to obtain solutions of the mathematical models in the
previous chapter. The basis of the solution is the integral equation method which presents the
solution as a superposition of elementary solutions. The distribution is obtained with the
gradient free boundary volume method.

Integral equation method

The integral equation approach assumes that in the domain of interest a homogeneous
equation is satisfied:

H=0 E 99

Further a solution can be expressed as:

p=IH}+f E100

With / the integral operator:

Im= ff m(u,v,w)E(x —u,y — v,z — w)dudvdw E101
Where £ is the elementary solution of H:
HE(x,y,z) = §(x,y,2) E 102
and
m=Hda¢ E103

f'is a solution of //=() and takes care that the applicable far field conditions are satisfied. 7 is
the singularity distribution. Note that I = H~1!



In the aerodynamic method the singular distribution is restricted to the wetted surfaces or the
camber surface of the bodies under consideration and the wakes®.

In the hydrodynamic method the singular distribution is restricted to the wetted surfaces or
the camber surface of the bodies under consideration, to the free surfaces® , walls , sea bottom

and the wakes.

In the aeroacoustics method the singular distribution is similar to the ones of the aerodynamic
method.

To account for symmetry (walls) and/or ground(bottom) singularities can be mirrored.
The integral equation formulation reduces the problem for the complete xyz to the space in

the immediate neighbourhood of the bodies, wakes and other surfaces. The integral
formulation that is applied here for the unsteady flow is’:

$(x,y,2,5) E 104
= ff o(u,v,w,s) E(x —u,y — v,z —w,s)dudvdw
S

+ ff u(u,v,w,s)ﬁ.ﬁE(x—u,y—v,z—w,s)dudvdw
S+w

Where S and /7, denote the body surface (bi-panel or camber surface, shock, free surface, sea
bottom etc) and wake surface, respectively. o is a surface source distribution and 1 is a
surface doublet distribution which are to be determined by the computational method which

is described in section Solution method. IV is the normal vector from the surfaces into the
field.

E is the unsteady elementary solution satisfying

H(x,y,z,5) =6(x,y,2) E 105

and the radiation conditions.

In this expression 6 (x, v, z) denotes the Dirac delta function. The solution of E is given in the
previous sections.

5 The approximate transonic model assumes singularities on the patch representing the shock surface.

¢ Only in the Rankine approach singularities are placed on the free surface and optionally the singularities at the
bodies are mirrored with respect to the free surface.

7 The formulation for steady flow is the same applying s=0
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Gradient free boundary volume method

The method comprises the calculation of the potential due to source and/or doublet panels at
the boundaries of the configuration while satisfying the boundary conditions by means of a
finite volume discretization on an external one-layer mesh. Therefore, the potential has to be
calculated not only on collocation points at the panels but also at exterior points on the one-
layer mesh. The BVM method is a strict potential integral equation method applying source
and/or doublet singularity layers at the wetted surfaces (or free surface) or at the camber
surface and consist of a discretization method, imposing boundary conditions with a flux-
balance model in subsonic flow and characteristic differentiation for supersonic flow. It uses
the evaluation of the potential at the wetted surfaces and at (dummy) surfaces (ghost points)
located a characteristic distance from it. Flow velocities and quantities of interest are derived
by numerical differentiation. The wakes which start at the sharp trailing edges of the lifting
components can be modelled in a fairly arbitrary way, extending towards downstream infinity
as planar wakes in the direction of the x-axis.

The BVM modelling has strong advantages:

e The efficient evaluation of influence coefficients. The calculation of surface
singularity integrals is straightforward and less cumbersome even for complicated
elementary solutions. Especially this applies for the Havelock free surface elementary
solution. No evaluation and storage of velocity influence coefficients.

e The field equation is fulfilled at least in the immediate neighbourhoods of the surfaces.
The boundary conditions and other conditions are uncoupled which allows realization
of a better balance between them (reduction of work).

e The suction force® (required for induced drag prediction on lifting surface models) is
calculated up to machine zero!

e More flexibility with respect to the grid system (panel shapes). Reduction of
computational work by evaluating the potential instead of 3 velocity components.

The boundary conditions at the body surfaces, represented by equations 3,4, 5,6, 7, 12, 13,
33, 34,35,40 ,41 ,86 ,87 ,88 & 89 are discretized as explained below (see [21] [22] and [1]).
For this technique dummy grid points are constructed on a secondary surface normal to the
body surface. The distance between the dummy points and the corresponding panel midpoint
depends on the dimensions of the panel and the local curvature. The discretization of the
normal velocity at the surface by an obvious one-sided difference along the normal direction
1s hampered by insufficient accuracy and stability. Therefore, the flow equation at the
boundary is discretized as follows. The discretization is performed on the set of collocation
points at the boundary and on the set of exterior points which are constructed for subsonic
flow in normal direction and for supersonic flow along the characteristic direction,
respectively at about one half of the mesh spacing measured along the boundary.

8 An accurate determination of the suction force on cambered lifting surfaces (Zero drag on 2-D lifting surfaces
at angle of attack), according to D’ Alembert’s paradox).

(.. N
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Finite volume discretization. When the component of the Mach number normal to a
panel leading edge is subsonic (subsonic edge) the flux balance discretization as introduced
and described in reference [23] [21] is used. This technique discretizes mass-conservatively
the equation by using local geometric and fluid relations between neighbouring panel
midpoints, and is second-order accurate on smooth grids. It reduces mainly to a surface
integral of (mass-)fluxes along the cell surfaces of and the surface integral of (mass-)fluxes at
the body cancels partially or completely against the cell surface integrals depending on the
boundary equation which is used. By this the downwash (normal velocity or mass-flux) at the
boundary surface is expressed approximately in tangential velocities (mass-fluxes) along its
surface and a normal velocity or mass-flux at a finite distance from the body surface. This
approach works very well when the flow has an elliptical character (subsonic flow,
supersonic flow with subsonic edges).

The volume integration of the governing equation takes place over the number of volumes V/;;
which are formed by the collocation points and ghost points:

[1f, H (w.v,w)du dv dw = Y Cnhijiccm) — Byj=0 E 106

C,, denote the coefficients of the potential ¢, at the neighbouring points ijk(m) . Bj; is
the prescribed boundary part. For the Laplace equation and the steady Prandl-Glauert
equation the discretization which is compliant with the discretization applied in [1] results in
6 fluxes through the surfaces of which one is prescribed by the boundary condition. In
addition for the acoustic equation additional s related fluxes and a s? volume term
discretization results. In the discretization of the free surface condition downwinding is
applied in free stream direction to eliminate unphysical waves.

Characteristic discretization. Furthermore in supersonic flow upwinding is applied in free
stream direction or characteristic differentiation. When the flow has a hyperbolic character,
the aforementioned approach may give problems with respect to stability and accuracy of the
discretization. Then the characteristic direction is applied. If the component of the Mach
number normal to the panel leading edge is supersonic (supersonic edge) the boundary
equations are discretized by finite differences. Therefore, dummy grid points are constructed
on a secondary surface in the "characteristic" direction formed by the intersection of the
"characteristic" cone with apex half-angle tan™*( M#-1-tan®(A)) at the panel midpoint and
the plane through the apex and parallel to the x-axis and the normal to the panel. A is the
sweep angle of the panel edge. Along the characteristic direction the potential gradient is zero
and the downwash is again expressed in tangential velocities.

Lifting components® with small thickness can be modelled by a thin lifting surface
approximation applying the BVM method on the upper or lowerside.

The load integration scheme allows the exact determination of the suction force in case of a
lifting surface approximation and improves the drag prediction in case of a full body

? Lifting surfaces (zero thickness) can be handled without any modification and without extra cost because the
potential (jump) at the lifting surface is known a priori.
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approximation. In addition, it is possible to rotate the suction force in a direction normal to
the wing (Polhamus suction analogy, [20]) in order to estimate global effects of leading-edge
separation without modelling the wakes emanating from sharp wing leading and tip edges.

On substitution of the potential due to the singularities a linear system results for the strength
of the source or doublet distributions which is solved by direct solution, After that the
potential can be calculated and pressures and velocities can be derived by similar finite
differences expressions.

Kutta condition

At a trailing edge the continuation of the the potential is imposed by the following
discretization:

upwind edge downwind edge
K CpP 5+ (1-0)C, =0

which is applied at the wing panel at the trailing edge. k¥ =0.25 proved to give good results
and actually means that the pressure jump is zero at a quarter mesh width downstream of the
trailing edge. The square root behaviour of the pressure jump can then be properly simulated
already with a very coarse grid. At a supersonic trailing edge of a lifting body continuity of
the potential jump is required or the velocity boundary condition is imposed.

Rankine approach

In the Rankine approach at the free surface the finite volume discretization involves the fluid
equation together with the free surface boundary equations. Down winding is applied to
eliminate problems with respect to stability and accuracy of the discretization.
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Potential Influence Coefficients

This chapter presents the evaluation of the influence coefficients for the aerodynamic, the
hydrodynamic and the aeroacoustic model, respectively. The influence coefficients require
the double integration over a panel containing a constant, a linear and an exponential
singularity distribution. The latter occurs at the wakes.

The potential influence coefficients are obtained by integrating the elementary solutions over
the surface panels and/or wakes:

Fi(s) = E107
ﬂ 0i(p1, P2, 5) E (% — u(p1, P2), ik — v(P1, P2y, Zjk — w(P1, P2), 5)dp:dp,
Si

(Dﬁ('i(s) — E 108

ﬂ 1i(p1, P2, 5) Ni .V E (x5 — u(py, p2), Vik — v(P1, P2y, Zijk — W(P1, P2), 5 )dp1dp;
Si

The potential influence coefficients represent the potential at mesh centroid points j,k=0 and
its ghost point (j, k=1) obtained by integrating unity elementary solutions (constant or linear
tentlike'” or sinusoidal (exponential)'! ) over the surface panel with index (i). The panel
surface is constructed bilinearly, (p;, p,) are the local coordinates. The integration over the
oscillatory singularity distribution over the wakes is performed with a doublet lattice like
method. To avoid problems in supersonic flow about thick bodies due to internal reflections
of artificial waves two alternatives can be used. The first one places the singularities at a
mean streamwise(camber) surface of the bodies while the second one introduces for each
body panel a secondary panel inside the body with opposite strength which cancels the
internal disturbance field due to the body panels.

Denoting the discretization [24] of the equations [L], the discretization of the downwash
equation [ D] the discretization of the pressure equation | P| the discretization of the velocity

components [[J],[V],[I/], the free surface elevation [Z] and the singularities (m)= (Z) we
obtain the equations:

[L][®](m) = [D](d) E 109
(Cp) = [P][@](m) E 110
(u) = [U][®P](m) E111

19 Supersonic
T 'Wakes
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) = [VI[®](m) E 112
(w) = [W][®](m) E113
() = [Z][®](m) E114

Aerodynamic influence coefficients

Wings and bodies

Source and doublet integrals are evaluated by a summation of weight factors (influence
coefficients) times the doublet or source strength at the panel midpoints on the bodies and
wakes or camber surfaces. Single midpoint rule is often sufficient. Receiving points in the
immediate neighbourhood of the boundary of the zone of influence formed by the downwind
Mach cones from the panel edges require an extended numerical integration by analytical
expressions. Also this applies for the higher frequencies.and the Machnumber close to 1.
Analytical expressions are applied for the first two terms in a series expansion of the
elementary solution in s based on a constant doublet distribution.

Analytical expressions are applied for the first term in a series expansion of the elementary
solution in s based on a constant source distribution.

Analytical expressions are applied for the first two terms in a series expansion of the
elementary solution in s based on a linear doublet distribution distribution in x-direction in
supersonic flow.

The remaining parts are calculated with an extended two-dimensional midpoint rule.A semi-
analytical option has been included for the remaining parts using the approximation

D24.2 of reference [25], thus reducing the two-dimensional integration to a one-dimensional
one.

Bi-panel

The calculation of supersonic flow about thick bodies with singularities on the surface might
be hampered by the occurrence of purely artificial numerical oscillations due to internal
reflections. These internal reflections might be reduced by adding to each body panel a bi-
panel along an inward characteristic direction with opposite singularity distribution. The bi-
panel is meant to damp spurious oscillations due to internal reflections (M >1) for thick
bodies. It Is constructed along the Mach lines emanating from the vertices of the body panel
and contains the same singularaties. The integration is performed the same way.



Planar wakes

The planar wake integrals are evaluated with a technique related to the Doublet-Lattice
method [26] using the approximation D24.2 [25]. The planar wakes should not intersect
another configuration component

The direction and shedding velocity of the planar wake is defined by the x-axis and the free-
stream velocity. If M= 0, the user is allowed to specify the direction in order to avoid the
crossing of the wake with another thick surface, although the shedding velocity remains

the free-stream velocity.

Hydrodynamic influence coefficients

Wings, bodies, free surface, seabed

In the Rankine approach all influence coefficients are obtained analytically. In the Havelock
approach the first two terms (Rankine) are dealt with analytically, the other terms are dealt
with a special designed numerical quadrature method, consisting of Telles [12]
transformation and Filon quadrature fortified with asymptotics [27] to deal with the singular
and highly oscillatory behaviour.

Planar wakes

In the Rankine approach the influence coefficients are obtained analytically. In the Havelock
approach the first two terms (Rankine) are dealt with analytically, the other terms are dealt
with a special designed numerical quadrature method, consisting of Telles transformation
[12] and Filon quadrature fortified with asymptotics [27] to deal with the singular and highly
oscillatory behaviour.

Aeroacoustics influence coefficients

The aeroacoustics influence coefficients are obtained the same way as used for the
aerodynamic influence coefficients in section Aerodynamic influence coefficients

Solution method

The resulting linear system E 109 is solved by the well-known Crout method. Thereafter the
quantities of interest are obtained by means of E 110, E 111, E 112, E 113 and E 114.
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Downwash

The body boundary conditions require the description of the downwash by which we mean
external velocities induced by the moving/oscillating structure or incident waves/gusts in the
fluid.

The following types of downwash are modelled:

A Rigid translation and rotation of the whole configuration.

B: Sub Rigid translation and rotation of individual patches (effectors).

C: Regular vibration modes (obtained from FEM or arbitrary), which are warped to the
configuration surface.

D: Polynomial modes, for each individual patch.

E: Special modes, for individual patches.

F: Sinusoidal gust modes defined by the reduced frequency and sinusoidal variaton in x
(invariant in y,z), Amplitude is linear varying in |y| and |z].

G: Patches with zero downwash

H: Incident wave modes defined by the reduced frequency which satisfy the Laplace
equation the free surface condition and the sea bed condition.

I: Incident plane and source wave modes. These model acoustic potentials.

Furthermore, a special type of downwash is the trim vector which accounts for geometry
corrections or settings.

It should be noted that the steady velocity field can be applied to the unsteady boundary
condition and the unsteady pressure coefficient.

The unsteady route may be run with a steady velocity flow field obtained from a previous
steady run of the AES=0= system, with data from other sources or straightforward with the
undisturbed steady flow field. The mean velocity field can be defined at arbitrary
(x,y,z,Alpha & M ) points. The data is interpolated in space and in Alpha and Mach with a 5
dimensional biharmonic volume spline.

Application of geometry corrections by means of adding Boundary Layer Thickness allows a
corrected prediction of pressures in zones where the prediction is known to be way off reality
(effectors et cetera). The correction can be applied by specifying positive thickness in normal
direction at arbitrary (x,y,z,Alpha, M & Re) points. The data is interpolated in space and in
Alpha, Mach and Reynolds with a 6 dimensional volume spline .

(.. N
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The outputs

The output consists mainly of the pressure coefficient distribution on the wetted surfaces and
or the observer surfaces and the velocity distribution. In addition, the height of the free
surface in the hydrodynamic mode and the SPL level in the aeroacoustics mode are
calculated.

Loads are obtained by integration of the calculated pressures over the surface of the bodies.
This gives satisfactory results as long as the applied discretization is good enough to
represent adequately the pressure gradients and the tangential flow condition. Otherwise the
discretization will fail for some of the components. This way the drag force in case of the
lifting surface approximation does not show the well-known property of no drag on a 2-D
airfoil in potential flow, due to the neglect of the suction force. To conserve the global no
drag property the integration is fortified and conserves the no drag properties implicitly. Its
origin lies in formulas as derived by W.E. Cummings [19]in 1957 for the loads on a body in
an arbitrary time-dependent incompressible potential flow including rotation. The suction
force is calculated, allowing accurate induced drag calculation or the suction force analogy to
estimate globally effects of leading edge separation.

To correct the prediction of pressures in zones where the prediction is known to be way off
reality (eg effectors) gain factors can be applied with respect to the pressure coefficients
applied in the generalised forces and loads (only unsteady!). A gain factor distribution is
defined by specifying the Real and Imaginary parts of the gains at arbitrary (x,y,z,k &M)
points. The data is interpolated in space and in frequency & Mach with a 5 dimensional
biharmonic volume spline.

3-D loads are calculated including sectional forces&moments coefficients (Cl & Cd and K, M
(AGARD manual on aeroelasticity notation [28]) and generalised force coefficients for rigid
& flexible displacement modes.

The generalized forces are defined by G;; = [ fS CLhidS where ; denotes the vibration mode
for which the pressure distribution has been calculated and / denotes the downwash mode on
which the pressure distribution is acting. /2 is the displacement function normal to the lifting
surface.
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Warping

Efficient methods are included in AES=0= with respect to the warping of the (un)structured
support data to the receiving geometry patches. This information transfer at the fluid/structure
interface is performed by:

e Volume spline interpolation introduced/originated in [29] and
e Planar surface spline interpolation [30]
e Least Squares Polynomial approximation [9].

The first two approximations A&B can be applied in a combined hybrid way with the last
enabling a noise-free interpolation with respect to algebraic type of motions (rigids). [10]
Nearest neighbours strategies are embedded to reduce computational work.

Various nearest neighbors (NNB) strategies are available to reduce computational work. The
smoothed global and patch NNB are advised. These take care of local and global trends of the
support data.

Also computational work can be reduced by coarsening the number of support points. The
Warping matrices are stored for reuse, accommodating follow on stages of a design cycle (
Mach/Froude number and/or frequency changes).

Warping is the technique of interpolation or extrapolation of discrete data (mode shapes)
defined at a set of arbitrary support points (mostly FEM structure related) to a set of arbitrary
receiver points (wetted surfaces of configuration). An evaluation of warping techniques has
been presented in 1995 [9] with the conclusion that the volume spline method introduced by
Hounjet in 1994 [29] is the absolute best method to consider. Basically it assumes that the
distribution near the set of receiving points satisfies the biharmonic or the Laplace equation.
In 2003 [10] further enhancements of the method have been presented. Besides warping the
volume spline method has come since its introduction into purpose in many other cases:
multidimensional interpolation for a measurement balance, visualization of pressures on
unstructured meshes (CFD and experimental [31]), multidimensional inverse interpolation for
rotor blade [32], smooth intersection generation of geometries (wing pylon, wing/fuselage,
ship/ free surface (sinkage/hydrostatic force)) [33], mesh deformation/morphing and
enhanced visualization of experimental data [34], the H flutter analysis method which
automatically extents harmonic data to damped and diverging data by means of fitting free
harmonic interpolation [8], Mass Warping [35] et cetera.

It has also been further developed into the mollifying technique which is part of the AES=V=
method [36] [33]. The mollifying technique takes the warping technique a step further by
continuation a thrusted set of data (A) defined at arbitrary support points to a baseline set of
data (B) defined at arbitrary supports points in such a way that the result is cardinal with
respect to the trusted data and adheres to the trends(/conformity) of the baseline dataset. The
mollifying technique is developed for occasions in which a thrusted set of data (A) describing
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systems are scarce/coarse (reduced in order) due to economic reasons. Often a correction
method or surrogate model is developed to continue/interpolate the data. The mollifier can be
regarded as intruding the valuable (accurate) scarce data in an already existing dataset in a
black box manner. The approach is suitable for impact assessment of design(market)
changes, starting data for optimization, reverse engineering and many more.

We refer to the next section for the explanation of the volume spline and the mollifying
method.

Volume spline/Mollifying method or VSIC (Volume Spline Injection Continuation)

method

This section describes the volume spline and mollifying method. the volume spline is
introduced in 1994 [29]. To obtain data in regions where the support data is not specified the
data needs to be continued according to a realistic model. Therefore, an interpolation is
needed that provides a realistic continuation. Methods based on the volume spline class
technique are used that are robust, automatic and cardinal. For a theoretical background on
the volume spline method Refs. [9] [10] should be consulted. Ref. [9] introduces the volume
spline and various core functions and discusses their behaviour and implementation aspects
extensively. Ref. [10] deals with further developments. Here as a bonus we present also the
mollifying (alias VSIC) method which is available in the AES=V=method and embeds the
volume spline method.

There are many occasions in which characteristic data describing A/C systems are
scarce/coarse (reduced in order) due to economic reasons (wind tunnel testing, flight testing
and Hi-Fi CFD simulations). Examples are tabular data for engines, lift & drag aerodynamic
forces, high-fidelity generalised forces needed in flutter certification, Hi-Fi CFD data in
optimization processes. Often a correction method or surrogate model is developed to
continue/interpolate the data in the unknown zones. In flutter certification so called Mach
correction tables are implemented on top of the Doublet Lattice method to account for
transonic effects.

The mollifyer can be regarded as injecting the valuable approach is suitable for impact
assessment of design changes, starting data for optimization and reverse engineering. The
model is described in details in the next sections.
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The volume spline method

Supposing a basic data set D, (1..N,) is available in a multidimensional space
|x,v,z,1,v,w,..| we interpolate the data by:

Vy(x,v,z,u,v,w,...) E 115
Nb
_ 0 j vb b b . bbb
=C"+ ZCLE(x,y,z,u,v,w,..,xi Vi, zit,u, v, wi, L))
i=1

Where V, is the interpolation function, C are its coefficients which are determined by
satisfying the afore mentioned equation at the N” support points

b .. .
(x,", yl.b, 220,02, w,”,,..) and an additional closure relation:

Nb
Z Ct =0
i=1

E116

Further we select the interpolation to be harmonic or bi-harmonic meaning that the kernel
function £ satisfies the Laplace equation or bi-harmonic equation, respectively:

AE =96 E 117
or
A’E =6

Examples of bi-harmonic core functions are:

e 1-D kernel The bi-harmonic kernel in 1D:

E(x:x;))= 13 E118

Where 7 is the absolute distance = |x — x;|

e 2-D kernel The bi-harmonic kernel in 2D:



E(x,y:x;,v;)) = r2lnr E119

Where 7 1s the distance r = \/(x —x)%+ (y — y;)?

e 3-D kernel The bi-harmonic kernel in 3D is:

E(x,y,z:x;,9i,2;)) = T E120

Where 1 is the distance r = \/(x —x)2+ (= y)?+ (z—z)*

e 4-D kernel The bi-harmonic kernel in 4D is:
E(x,y,z,u:x;,y;,z;,u;) = Inr E121

Where 7 is the distance r = \/(x —x)2+ (W —-y)*+(zZ—-2)%+ (u—u)?
e 5-D kernel The bi-harmonic kernel in 5D is:

E(x,y,z,u,v:x;,y;,2;,u;, ;) = 1/r E122

Where 7 is the distance
r=yJ(x—x)2+@-y)*+ @z —2z)*+ Uu—w)?+ @ —v;)?

e Etcetera
Examples of harmonic core functions are:

e 1-D kernel The harmonic kernel in 1D:

E(x:x;)) =71 E123

Where 7 is the absolute distance = |x — x;|

e 2-D kernel The harmonic kernel in 2D:

E(x,y:x;,y;)) = Inr E 124
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Where 7 is the distance r = \/(x —x)%+ (y — y;)?

e 3-D kernel The harmonic kernel in 3D is:

E(x,y,z:x;,v;,2z;) = 1)r E 125

Where 7 is the distance = \/(x - x)2+ W —y)?+ (z—2z)?

e 4-D kernel The harmonic kernel in 4D is:

E(x,y,z,u:x;,y;,z;,u;) = Inr /r/r E126

Where 7 is the distance = \/(x —x) 2+ -y)*+(zZ—-2)*+ (u—u)?
e 5-D kernel The harmonic kernel in 5D is:

E(x,y,z,u,v:x;,y;,2;,u;,v;) = 1/r/r/r E127

Where 1 is the distance
r=yJ(x—x)2+@-y)*+ @z —2z)*+ Uu—w)?+ @ —v;)?

e Kt cetera

Note E bi-harmonic in ND is £ harmonic (N-2)D! When applying the singular kernels, a
regularization is needed for which one can consult [10]



The mollifier or the VSIC method

In this section the VSIC or mollifier is described that can be regarded as injecting the
valuable (accurate) scarse data in an already existing dataset in a black box manner.

The black box model is based on an interpolation model of a baseline system where the
scarce data available from the new system is injected. Thereto an injection model based on
the volume spline method is adapted to allow for injection of the scarce data points.

This Volume Spline Injection Continuation model adheres to the following:

» The assumption is made that in between the support points the harmonic or bi-
harmonic equation governs the distributions;

» This leads to two sets of sources at the support points of the original set and the new
set;

A\

The sources at the support point of the original set closest to each of the support
points of the new set are (blanked) deleted;

The resulting sets are combined in one set of sources;

When no injection is done this model is the original model;

When the new set is large enough the model is the new model;

YV V V V

The resulting model will generate the true data close to the new data at the support
points and smoothly drift away according to the original trends.

Next we assume that a data set D¢(1.. Ng) with respect to a new development is available for

a limited set of Ny numbers. We can also interpolate/extrapolate the data by the volume

spline:

Vs (x,y,z,u,v,w,...) E 128
N$

0 i .
:C$ + ZC$ E(X,y,Z,u,U,W,..,Xi,yi,Zi,ui,Ui,Wi,....)
i=1

where C Sf are the coefficients which are determined by satisfying the afore mentioned
equation at the NV $ injection points (x;, v, z;, u;, v;, w;,....) and the additional closure
relation.

This data will be fairly good near the injected points but at some distance away the likeliness
of the data will be questionable. Therefore we interpolate the data such that close to the
injected points the data is fairly good represented by the last equation and at some distance
away it should follow the trend of the baseline data. It should be regarded as the
generalization of the transfinite interpolation method [37].
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The resulting equation is:

M(x,y,z,u,v,w,...) = C°+ E 129
b .
N CLE(X,y,2,U,v,W,..; X, Vi) Ziy Ui, Vjy W, oon. ) + C$Om +

$ .
N i ,
Yic1Cs mE(x,y, z,u,v,w, .5 x4, Vi, Zi, Ui, Vi, W, )

where C | are the modified volume spline coefficients of the baseline interpolator which are
blanked afterwards to zero in regions close to the injection points:

CL=CYmin|r? — 1| > core E130
l

C, =0, min|r? — ;| < core
l

Core 1s a characteristic minimal (blanking) distance between the support points.

Vit y,z,u,v,w,...) = C%+ E 131

Nb CiE ]
i=1C,E(x,y,z,u,v,w,..;X, Vi Zi, U, Viy W, ....)

The C $”m coefficients are obtained by satisfying the volume spline equation for the differences
between the injected data ¢ and the interpolated VZ (x,v,z,u,v,w,...). By this the resulting

interpolation is cardinal and adheres to the trend of the baseline data.

Mollifier demo

The procedure is applied for a structured set of baseline data and a structured/unstructured set
of injected data and presented in

Figure 1, Figure 2,

Figure 3 and Figure 4. The first figure present all datasets. The upper left data is injected in
the baseline data (lower left) resulting in the upper right data. Note that the injected data is
invariant for the mollifying and the result is cardinal with respect to the injected data and
adheres to the trends of the baseline dataset. The second figure depicts the baseline and the
mollified data. The third one shows the the injected after the data is visualized by means of
triangularization and finally the fourth one show contours of the baseline and the mollifyed
data.
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Digital model description

To carry out the calculations a digital model has to be provided or generated on the fly
together with case parameters. The model describes the geometry and/or the
motions/vibrations of the bodies and/or the gusts/ waves/ incident sound fields. The digital
model consist of bulk data (geometry, geometry and flow disturbances) and case data. Both
can be stored in a single .cnf file.

Geometry

The wetted surfaces of the configuration are divided into components (patches). Each
component is divided into quadrilaterals (panels).

The surfaces of the configuration under consideration is described by a number of patches. It
is advised to use a minimum of patches for which AES=V=[33] can be used. Each patch is
defined by a quadrilateral mesh defined by a number of subsequent chordwise lines, which
start at the leading edge (thin-airfoil approximation) or trailing edge lower side , continue
clockwise and end at a assumed uniform wake position and by a number of subsequent span
lines which start at the portside of the patch and end at the starboard side of it. The normal
direction of each segment is assumed to be in the direction of the out product of the directions
formed by the chordwise and spanwise lines. The sequence of the spanwise lines should be
chosen such that the normal is pointing outward. When the thin airfoil approximation is
applied the chordwise line should start at the leading edge else the chordwise line start at the
lower side trailing edge and continues clockwise to end at the upper side trailing edge.

Geometric Input file

Besides interactive generation/change of the paneling one might specify the geometric data
on the first file on aes=o=.cnf. In general, the patches will be described on the geometry file
with default name aes=o0=.geo. The geometry file contains the geometry in the format
presented in Table 1.
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recs 1 int npatch (number of patches)

recs 1 Char* patchid(p=1) (name patch 1)

recs 1 Int*3 npj(1), npi(1), xoption (number of vertices on patch p=1
along span and chord, respectively , input option)

if(xoption==1)

{

recs 1 Float*3 xa(1,1),ya(1,1),za(1,1) (x,y,z vertices of panels)

recs npi(1)*npj(1) | Float*3 xa(npi(1),npj(1)).ya(npi(1),npj(1)),za(npi(1),npj(1))
(x,y,z vertices of panels)

else {

recs 1 Float*3 xa(1,1,1),ya(1,1,1),za(1,1,1) (x,y,z vertices of LE-PE
patch corner)

recs 1 Float*3 xa(npi(1),1,1),ya(npi(1),1,1),za(npi(1),1,1) (x,y, z
vertice of TE-PE patch corner)

recs 1 Float*3 xa(1,npj(1),1),ya(1,npj(1),1),za(1,npj(1),1) (X,y,z
vertices of LE-SE patch corner)

recs 1 Float*3
xa(npi(1),npj(1), 1),ya(npi(1),npj(1),1),za(npi(1),npj(1),1)
(x,y,z vertice of TE-SE patch corner)

}
recs 1 Char* patchid(2) (name patch?2)
et cetera

Table 1 Geometry file

Additional patches can be generated ab initio on the fly by entering the corner coordinates at
the portside and starboard edges. The panelling inside the corners are carried out with the
specified numbers and according to a hyperbolic distribution. Also existing patches might be
changed, cloned or mirrored in interactive mode.

Patch types
The following patch types can be selected:

A body patch

A wake patch

Free surface patch
Observer patch

A shock patch

Lift Carry Over patch(strip)




Lift Carry Over strips

The so-called LCO (Lift Carry Over) extension strips are embedded to avoid unphysical
velocities at wake edges and need to be defined by the user.
The singularity distribution on the LCO planes is extrapolated from the neighbouring planes

Wakes

Parts of a patch can be set to wake parts. A positive value indicates the trailing(shedding)
edge. A negative values indicates shedding before the trailing edge. The option GP_K (see
Table 2) should be used for the geometric autoconnection at the sharp trailing edge of a wing
(airfoils).

Static Geometry
The static (mean) geometry of the model is described by a composition of patches:

e Tabular data of patches on input file
e Patch creation ab initio
e Patch editing of geometry (including sweep, taper, dihedral, thickness & twist).

Further the geometry can be corrected according to:

e Trim vector to model static deformation and effector settings.
e Artificial geometry corrections to accommodate boundary layer and edge effects
specified for a set of Xyz co-ordinates and parameters.
o Mach (Froude) number
o Angle of Attack, TRIM(SINKAGE)
o Reynolds number

The set is interpolated with a 6-dimensional bi-harmonic volume spline.



Connection of Patches

When a configuration is modelled with multiple patches the BVM method require potential
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data at the edges of patches to carry out the discrete evaluation of potential gradients. In

general, this can be performed by natural connection with other patches or by extrapolation.

Extrapolation can reduce cost (less influence coefficient evaluations), increases accuracy and

increase robustness with evaluation of velocity components. At edges of patches, it is
possible to prescribe the geometric and the potential continuation as follows:

Geometry Potential
linear linear
GL PL
linear constant
GL PC
GN linear, Natural (tip edge)
periodic constant
GP _PC
periodic linear
GP PL
GP periodic Natural (fuselage)
GP_K! | periodic, Kutta condition at LE/TE
(airfoil/wing)
TE p | continuously connected at TE to LE continuously connected at TE to LE
other patch other patch
LE p | continuously connected at LE to TE continuously connected at LE to TE
other patch other patch
PE p | continuously connected at PE to SE continuously connected at PE to SE
previous patch indice previous patch indices
SE p | continuously connected at SE to PE continuously connected at SE to PE
next patch indice next patch indices

In general segments will have natural (FREE) boundaries which are not connected to other

Table 2 Connections

segments. Examples are leading ,trailing and tip edges of lifting surfaces and apices of

bodies. Use the natural nonconnection option (GN) for these cases. In case of an abrupt end

of a thick body without a trailing wake use the linear extrapolation nonconnection option
GP_PL. Incase of troubles with apex flow use this option.

Another 'natural' boundary is an edge in the symmetry planes. When the natural
nonconnection option GN is specified a special treatment is given to these edges.

This special treatment is not completely embedded for the calculation of the pressure on
lifting surfaces with the non-linear pressure formula. In that case use linear extrapolation
GP_PL for anti-symmetric modes and constant extrapolation GP_PC for steady flow and
symmetric modes. Better is to use the linear pressure option.

In general patches will share boundaries with other segments with the following properties:

20
& }
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e Geometry (panelling) and solution smooth across segment boundaries. The cross
connection options LE p, TE p, PE p, SE p or the autoconnection option GP are the
obvious best choices. Choosing another option always results in extrapolation of the
geometry at the boundary and will affect the results.

Choosing the natural connection option GN will result in an increase of computational
cost because additional AICs will be calculated and might lead to wrongly calculated
pressures at lifting surfaces because the program then might make the wrong
assumption that the potential jump which is needed for the pressure calculations
across the boundaries is zero. In such a case use the

nonconnection linear extrapolation option GL_PL although in most cases it is less
accurate than the natural one it will keep you always out of trouble especially in
supersonic flow because only data is used generated at the segment itself and
therefore it is less sensitive to changes in panelling’s at the boundary. Moreover, the
fact that supersonic flow potential solutions basically behave linearly contributes to
the preference.

e Geometry (panelling) non-smooth (non-aligned panelling) and solution smooth across
boundaries. For the same reasons as mentioned in the previous section prefer the
GL_PL options over the GP options.

e Solution non-smooth across the boundaries (abrupt geometry change, wing fuselage
junction). For all segment longitudinal strip edges the program checks if there are any
neighbouring non-smooth connections with longitudinal strip! edges of other!
segments (There is no hunt for auto non-smooth strip! connections). In which case the
program automatically applies the GL_PL option for the relevant connected points
(not the whole strip!). For a segment longitudinal edge this is only done when the
natural nonconnection option GP is specified otherwise the prescribed option is
applied. This procedure will deal with most wing-body junction cases and LCO
connections. When the geometry is non-smooth along the boundary apply the GL_PL
linear extrapolation option. This is also true for LCO connections or wing fuselage
connections which for some reason have been missed by the program checks. The
automated procedure deals with most wing (wake) (LCO) body junction problems as
long as the longitudinal segment border of the wing (wake)(LCO) can be connected
by that procedure to a longitudinal strip edge of a body segment. So there is no need
for a body segment to have a segment border at the junction! When this fails you
should always use the nonconnection GL_PL, GP_PL options. Beware the
longitudinal edge of the wing (wake) (LCO) should never cross a longitudinal strip
edge of a body.

e  When the geometry (panelling) auto connects (tip store at a wing tip) use the GP_PL
option.

The constant solution extrapolation options GP_PC are preliminary ment for the cases where
the cross velocities are known to be zero. (Wing fuselage juction in steady flow). This option
can also be recommended when due to very nonsmooth panellings the linear extrapolation
will fail. However in supersonic flow options GL_PC, GP_PC are not recommended.
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The VB 1 and VB 2 are alternatives to the BVM methods:

VBI apply the normal boundary condition by a
one-sided difference in normal direction
VB2 apply the normal boundary condition by a

one-sided difference in normal direction in
addition cross derivatives are neglected
when VB 2 is selected in evaluation of

pressure et cetera.
Table 3 Alternatives to BVM method

At edges of the free surfaces radiation conditions can be imposed:

D Dirichlet condition free surface
N Neuman condition free surface
A Absorbing condition free surface

Table 4 Radiation Condition at free surface

The so-called LCO (Lift-Carry Over) extention strips are embedded to avoid unphysical
velocities at wake edges and need to be defined by the user.
The singularity distribution on the LCO planes is extrapolated from the neighbouring planes

Parts of a patch can be set to wake parts. A positive value indicates the trailing(shedding)
edge. A negative values indicates shedding before the trailing edge. The option GP_K should
be used for the geometric autoconnection at the sharp trailing edge of a wing (airfoils)



Dynamics Geometry

The geometry dynamics of the model is described by:

1. Structural data (geometry & mode shapes) on input file (see Table 5) which are warped
with efficient volume spline class methods

Polynomial data on input file (see Table 6)

Rigid motions (rotations and translations)

Sub-rigid (effectors) motions

Arbitrary motions/deformations which are warped with efficient volume spline class
methods

Nk W

The information transfer at the fluid/structure interface is performed by the
following interpolation methods:

A) Volume spline interpolation

B) Planar surface spline interpolation

C) Least Squares Polynomial approximation.
D) =A+C

E) =B+C

The combined hybrid D) and E) methods enabling a noise-free interpolation with respect to
algebraic type of motions.
General modes file format

Regular Vibration Input file
The second file on aes=o0=.cnf containing regular vibration modes should be specified on a
input file with discrete format described in Table 5:

recs 1 Int*3 npart, nv, ndis (number of structural
parts, vertices, modes, respectively)

recs 1 Char* partid(1) (name part 1)

recs Npart Char* partid(1) (name last part )

recs 1 int nas(1) (number of vertices on part 1

recs Npart int nas(npart) (number of vertices on last
part

recs nv Float*3 (xs(1),ys(1),zs(1);1=1,nv) (vertices)

recs 1 Char* modeid(1) (name mode 1)

recs nv Float*3 (dx(1,1),dy(1,1),dz(1,1);i=1,nv)
(vertices)

recs 1 Char* modeid(nd) (name last mode )

recs nv Float*3 (dx(i,nd),dy(i,nd),dz(i,nd);i=1,nv)
(displacement at vertices)

Table 5 General Displacement File
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Polynomial modes file

The second file on aes=o=.cnf containing polynomial vibration modes should be specified on
a input file with discrete format described in Table 6:

recs 1 | (int) ndis number of
polynomial
displacements
(modes)

recs 1 | (char*) modeid name mode 1

recs 1 | (int)*8 (ipp(1);1=1,8) patch ids of

affected patches,
npp is number of
different entries)

recs 1 | (float)*6*6*npp x-direction
(xpes(i,,1);1=1,6,j=1,6,1=1,npp) | polynomial
coefficients
along chord, span
recs 1 | (float)*6*6*npp y-direction
(ypes(iy,1);1=1,6,j=1,6,1=1,npp) | polynomial
coefficients
along chord, span
recs 1 | (float)*6*6*npp z-direction
(zpes(i,),1);1=1,6,j=1,6,1=1,npp) | polynomial
coefficients
along chord, span
line 6 | (char®*) modeid (name mode 2)
et (int)*8
cetera

s=x-x_LP and Note the
t=arclenght((y,z)- | polynomials
(y,z)_LP). are defined
along local
patch
coordinates

(s,t).

(int) lines
starting
with % or #
are treated
as
comments. ;

Table 6 Polynomial file



Flow Dynamics

The dynamics of the incoming fluid can be described by:

1. Gusts (Aerodynamics)
2. Waves (Hydrodynamics)
3. Incident sound fields and waves (Aeroacoustics)

Outputs

e Pressure Coefficients

e Flow velocities

e Forces and moment’s coefficients on strips of patch (according to AGARD manual on
aero elasticity notation [28]), on patches and on the whole configuration and
generalized force coefficients for rigid and flexible displacement modes'?

e Free surface height

e Data, xlIs and graphical output

The outputs are available on the files described in the next section.

File outputs

AES=0= can create the output files presented in Table 7:

.aes=o=.prfs contains preferences data

aes=o=.cnf contains all input, control data and
.aes=o=.prfs

aes=o0=.cps A text file containing unsteady pressure
data

aes=0=.zcps A text file containing steady pressure data

aes=o=.frcs A text file containing unsteady aero forces
data

aes=o=.zfrcs A text file containing steady aero forces
data

aes=o=.gafs A text file containing the GAFs
(generalized aero forces).

aes=o=.gafsV A text file containing the GAFs in
AES=V= format.

aes=o=Hgafs A text file containing GAFs extended to the

12 The calculated pressure distribution can be factored with a correction (Mach (Froude) number, frequency and
position dependent!) to accommodate transonic, boundary layer and edge effects.
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diverging rate domain

aes=o=-HgafsV A text file containing GAFs extended to the
diverging rate domain GAFs in AES=V=
format.

aes=o0=.ppm A graphics file

aes=0=.ps A postscript file

aes=o=.cpsV A text file containing pressure data in
AES=V= format

aes=o=xls An excel file containing many data of
interest

=o0=.hot Matrice data for the unsteady restart case

=o0=.zhot Matrice data for the steady restart case

=o0=.dvs_in_use Warped regular modes on the surface
paneling

Table 7 File outputs

The files are supposed to be self-explaining and are not further documented.

Efficiency

The CPU time depends on the total number of panels(NP): NP? for dealing with the
determination of the influence coefficients and : NP? for dealing with the solution of the
linear system.

The requires memory is equivalent to the largest number of panels on a single patch.

The solution matrices can be reused after storage accommodating follow on stages of a
design cycle (mode shape changes). With a one button click it is possible to coarsen the
panelling to reduce computational time.

The warping matrices can be reused after storage accommodating follow on stages of a
design cycle ( Mach number and/or frequency changes).

The calculations can also be performed in batch.

20
& }
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Examples of applications

Applications of the general lifting surface AES=3= panel method

(

) have been described earlier in the report [38].

This chapter shows some examples of applications demonstrating the versality of the
AES=0= calculation and visualization method. These are the following:

1. Aerodynamic

@)

The calculated steady flow about a set of 4 donuts demonstrating the ability to
deal with thick and interfering bodies at high angle of attack and side slip at a low
subsonic Mach number.

The calculated steady flow about a set of 8 payloads demonstrating the ability to
deal with thick and interfering bodies at high angle of attack and side slip at a
transonic Mach number.

The warping of four FEM vibration modes to a wing body configuration.

The calculated unsteady harmonic pressure distribution on a rectangular wing at a
transonic Mach number demonstrating the ability to deal with approximate
transonic flow by introducing a shock plane.

Calculations of the AGARD wing w445.6 pressures, loads et cetera.

Thickness increases real part of pressures and loads, lowers frequency response
and probably more prone to flutter.

2. Hydrodynamic

@)

@)
@)
@)

the Wigley hull model [39]

The steady solutions due to a submerged sphere with the radius R =1
The submerged Delta wing of Rene Coene [40]

Steady calculations of a 1.6m submerged spheroid [4]

3. Aeroacoustics

@)

An acoustic demonstration at Mach number zero has been performed for one of
the cases proposed by Hess [13].
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Aerodynamic examples

A set of donuts

Figure 5 Calculated steady pressure coefficient and velocity distributions on a set of donuts at a subsonic
Mach number and relatively high angles of attack and sideslip

Figure 5 shows is a visualization of the calculated (steady flow) steady pressure coefficient
distribution and the velocity vector distribution about a set of 4 donuts at a relatively low
subsonic Mach number 0.34 , Angle of Attack 50° and Angle of Sideslip 30°.

A set of payloads

Figure 6 Calculated steady pressure coefficients and velocity distribution on a set of payloads at a relatively
high subsonic Mach number. Mach is 0.9, Angle of Attack 30° and Angle of Sideslip 30° for a set of 8 payloads.

Figure 6 shows a visualization of the calculated steady pressure distribution and the velocity
vector distribution at a relatively high subsonic Mach number. Mach is 0.9, Angle of Attack
30° and Angle of Sideslip 30° for a set of 8 payloads.



Change of geometry

Shown in Figure 7 is the workbench when changing the dihedral and thickness of a thick
' wing [41].
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Figure 7 Inspection/generation panelling (changing dihedral & thickness of a thick wing)

Warping on a wing fuselage

Figure 8 shows a visualization by AES=0= of 4 vibration modes of AGARD wing 445.6
warped to a F4 wing fuselage combination.
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Figure 8 Warping on a F4 wing body
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Approximate transonic modelling

This figure
=== presents a
visualisation of
the calculated
imaginary part
of the unsteady
Cp jump
distribution at
a rectangular
” - lifting surface
e with a shock
patch at 70%
= chord at Mach
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Figure 9 Unsteady pressure distributions on an oscillating rectangular wing in a transonic flow condition
Mach number 0.875 and reduced frequency 1.0.



Wing 445.6 Steady
The calculated steady pressure distribution for a thick 445.6 wing at a relatively high Mach
number 0.9 and angle of attack 20° is presented in Figure 10.
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Figure 10 Inspection of calculated steady Cp distribution at upper side of a thick wing at Mach = 0.9 and
AOA=20°

The calculated steady Cp distributions at spanwise sections of a thick wing at Mach = 0.9 and

AOA=0.83°
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and AOA=0.83e.
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Figure 12 depicts the calculated C1-Cd curves at Mach number =0.2 .. 0.9 of a thick 445.6
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Figure 12 Inspection of calculated Cl-Cd curves at Mach number =0.2 .. 0.9 of a thick 445.6 AGARD wing




Wing 445.6 unsteady

Real part Cp upperside

The calculated real part of unsteady Cp distribution at the upperside of a thick

445.6 AGARD

wing at
extreme
position of the
modeshape, at
Mach number
0.9 and
reduced
frequency 1. Is
presented in

Figure 13.

Figure 13 Inspection of calculated real part of unsteady Cp distribution at upper side of a thick wing at

extreme position of the mode shapes at Mach 0.9 and reduced frequency=1.
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The calculated real and imaginary parts of the unsteady pressure distributions along sections
of wing 445.6 are presented for the first mode and 6 frequencies (0.0 .. 1.0) in
Figure 15
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Figure 15 Unsteady pressure distributions due to the first mode on the thick 445.6 wing



Hydrodynamic examples

The hydrodynamic examples presented here are all made using the Havelock elementary
function, avoiding to need to model the free surface explicitly. An observer surface is used
for the free surface to show the elevation.

The Wigley Hull

For further investigation, numerical calculations have been made for the Wigley hull model
Wigley III [39] using a mesh of 19x20 points at the port side of the hull considering
geometric symmetry and presented in

Figure 16. The figures show the elevation on the free surface and the pressure coefficient
distribution on the free surface.
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Figure 16 Inspection of calculated Cp and wave elevation due to a Wigley hull moving at various Froude
numbers
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The submerged sphere

Figure 17 presents the steady solutions due to a submerged sphere with the radius R = 1 are
considered. Computations are made on a 13x13_mesh on the port side, considering lateral
symmetry about the xz plane. Five Froude numbers in the range 0.0 to 1.25 are considered
togethers with 5 sinkage numbers in the range 0.0 to 3.0
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Figure 17 Inspection of calculated Cp and wave elevation due to a sphere moving at various Froude numbers
and at various depths. Inspection of calculated Cp and wave elevation due to a sphere moving at various
Froude numbers and at various depths.



The submerged Delta wing of Rene Coene

In [40] an experimental experimental and theoretical investigation of cases of unsteady
propulsion in non-uniform flow conditions have been discussed at the hand of a not-so
deeply submerged rigid slender delta wing-like body in heaving and pitching oscillatory
motion moving horizontally through a regular train of surface waves at at the frequency of
encounter. The wave resistance has been calculated by the author in [42] as part of obtaining
the master degree at the Technical University of Delft in 1975.

For this configuration we performed several simulations and Figure 18 shows a visualization
of the calculated Cp and wave elevation due to Coene's delta wing moving at various Froude
numbers (0.0 to 1.25) and angle of attack (TRM) (-6 deg to 6 deg) and zero heave (Sinkage)
in order to analyse the free surface effects of not-so-deeply submerged wings which can be
associated with swimming slender bodies in surface waves and contribute to better
understanding of the resistance characteristics of surface ships in a wavy sea.
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Figure 18 Inspection of calculated Cp and wave elevation due to Coene's delta wing moving at various Froude
numbers and angle of attack [40]
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A submerged spheroid

Steady calculations of a 1.6 m submerged spheroid with length 10 m and thickness 2 m have
been performed for various Froude numbers (0.0 to 2.41). This is a well-known testcase (see
pp 27-32 of [4]). The spheroid is approximated with a mesh consisting of 9x10 points and an
observer plane at the free surface with a mesh of 9x10 points. A visualization of the
calculated pressure and wave elevation data is presented in Figure 19.

The main calculated forces Fx, Fy and My are presented in Figure 20. They are compliant
with the results presented in [4] (using a reference length 10 m) which are embedded with the
red, blue and green open circles in Figure 21. Note that our applied Froude number is a factor
3.003 higher due to the fact that we have applied implicitly a reference length of 1m. Also,
we have applied a factor 50 to the forces and a factor 500 to the moment presented in [4] to
account again for the different reference length.
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Figure 19 Inspection of calculated Cp and wave elevation due to a spheroid moving at various Froude
numbers
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Figure 20 Inspection of calculated forces (Drag, Lift and Moment) on a submerged ellipsoid
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Figure 21 Comparison of calculated forces (Drag, Lift and Moment) on a submerged ellipsoid with results
presented in [4]. The symbols are from [4].
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Aeroacoustics example

An acoustic demonstration has been performed and presented in

Figure 22 for one of the cases proposed by Hess [13]. The case chosen here consist of a finite
circular cylinder
and 2 interior
sources which are
placed
perpendicular to the
cylinder axis at
50% radius (0, 0.5,
0) and (0,-0.5, 0)).
The sources
generate an analytic
acoustic field
which should
conform to the
solution of the

TNDU0nnno MO
it NSRRI TR RN

acoustic SPL distribution: der and observerplane AE S :O: C O de

applying normal
velocity boundary
conditions derived from the analytic acoustic field. The radius of the cylinder is 1, its length
is 4, the wave number is 2. The latter yields a sound wave length of about 75% of the
cylinder length. An observer plane is located at the bottom.

Figure 22 SPL levels on finite cylinder and observer plane
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Summary of the AES=0= method

» Running of AES=0= requires basically ONE file the aes=o=.cnf file.
» Output is provided in text, Excel and Postscript format.
» The AES=0= system may be run along two main routes:
o steady and
o unsteady. The unsteady route may be run with steady flow field data obtained
from a previous steady run of the AES=0= system, with steady data from
other sources or with the undisturbed steady flow field.
» AES=0= uses the GLUI user interface library (Version 2.36). Control h is backspace
in the input boxes.

The AES=0= method supports 3 disciplines:

I.  Steady and Unsteady Aerodynamics,
II.  Steady and Unsteady Hydrodynamics and

III.  Aeroacoustics

I: Steady and Unsteady Aerodynamics

The AES=0= is a general steady and unsteady method with an almost unlimited application
range with respect to Mach number, angle of attack, angle of sideslip, frequency and
configuration. The code calculates 3-D airloads and pressure distributions for oscillating
parts with general unsteady motions characterized by the divergence rate and the reduced
frequency. Sinusoidal motions or gusts characterized by the reduced frequency and
exponential growing motions characterized by the diverging rate are modeled. The method
calculates pressure coefficients, overall forces, sectional forces&moments coefficients (Cl &
Cd and K,M (AGARD manual on aeroelasticity notation [28]) and generalised force
coefficients for rigid & flexible displacement modes. The pressure is calculated at the
centroid of panel leading and trailing edges and applied in the calculation of generalized
forces. At subsonic edges of lifting surfaces care has been taken to deal with the singular
behaviors of the pressure and to integrate the pressures consistent with the evaluation of
forces by global methods. AES=0= calculates the suction force, allowing accurate induced
drag calculation or the suction force analogy to estimate globally effects of leading edge
separation|

Il: Steady and Unsteady Hydrodynamics

AES=0= solves the Laplace equation for incompressible flow conditions about thick and thin
structures composed of wetted surfaces or by thin lifting surfaces which are parallel to the
free stream. The free surface is modelled as a wetted surface with the appropriate free surface
condition. The tool is a general steady and unsteady method with an almost unlimited
application range with respect to Froude number, Trim, Sinkage, frequency and
configuration.

The code calculates 3-D hydrodynamic loads and pressure distributions for oscillating
structural parts with general unsteady motions characterised by the reduced frequency. Waves
characterized by the reduced frequency and the distance to sea bottom are allowed. The
method calculates sectional forces&moments coefficients (Cl & Cd and K,M (AGARD
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manual on aeroelasticity notation [28]) and generalised force (or added mass, damping)-
coefficients for rigid & flexible displacement and wave modes.

The pressure are calculated at cgs of panel leading and trailing edges and applied in the
calculation of forces. At leading edges of lifting surfaces care has been taken to deal with the
singular behaviour of the pressure and to integrate the pressures consistent with the
evaluation of forces by global methods, allowing accurate induced drag calculation or the
suction force analogy to estimate globally effects of leading edge separation.

Ill: aeroacoustics

AES=0= models acoustic scattering based on the acoustic equation which is the same as the
one applied in unsteady aerodynamics. It is basically the same compared to the unsteady
aerodynamics model apart from the nondimensionalization with the speed of sound and the
modelling of incident acoustic fields.



Installation

The installation is performed as follows:

1. Installation should be performed for OSX Sonoma 14.2.1

2. Unzip the aes=o=.zip file

3. Move the files in the aes=0=/bin directory to your preferred bin location and/or set the
path.

4. Move the file in the aes=o=/home directory to your HOME.

5. Move the files in the aes=o=/run directory to your preferred run location.

6. Install a GLUT and an OPENGL framework when they are not already installed

7. Install gfortran libraries when AES=0= complaints about missing libraries.

The runs/445.6 directory contains:
e the preferences file .prefs _aes=o=(Table 33) and
e the configuration file: aes=o=.cnf.
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How to Run and Use information

This chapter covers usage issues.

After executing the command bin/aes=o0= the AES=0= workbench will show up in
aerodynamic (Figure 23), hydrodynamic (Figure 24) or aeroacoustics (Figure 25) mode,
respectively.

The workbench consist of a sidebar at the left, a sidebar at the right and a horizontal bar at the
bottom.

Left sidebar

The left top panel allows the setting of the case parameters.

The left mid panel allows the setting of the cconfiguration parameters.

The left bottom panel deals with general info and licensing parameters which will be
discussed in the next section

Bottombar
The mid bottom controls 2D graphics.
The right bottom panel deals with the execution.

Right sidebar
The top right panel controls 3D graphics
The mid right panel controls 2D graphics

Apart from the geometric and modes shape settings and many other aspects for which one
could also consult the documents [38] [3] this section explains the main aerodynamic and
structural (warping)control settings.

In the following sections we will primarily describe the aerodynamic usage while the
hydrodynamic and aeroacoustics usage will be only be described and highlighted in blue and
green, respectively when different.



Figure 23 The start-up screen of AES=0= in aerodynamic mode

Figure 24 The start-up screen of AES=0= in hydrodynamic mode



AES4AC

Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics,
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft

Figure 25 The start-up screen of AES=0= in aeroacoustics mode



License validation

Activation is not needed for the evaluation version during the trial period.
The trial period is set to X days starting from first run.

Open a terminal.

Go to your run directory.

Run AES=0= (see Figure 26)

Press info button. The info window opens.
Press activation in the info windows.
KEY in your validation license code.
Press activates.

Quit AES=0=
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X ) Activation

Close Activate

Enter Key [KEYS-KEYS-KEYS-KEYS-KEYS-KEY3-KEYS

AES=0= is NOT activated. Restrictions apply: ﬂ
Only embedded example can be run!
Mo .ps, xls and data output!

The app is activated by buying an activation key on www.aesdac.com ﬂ

Figure 26 Activation
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Left Sidebar

After starting up the workbench in aerodynamic mode the left sidebar deals with the case, the
configuration and general info depicted in Table 8 . The case parameters (Mach number,
angle of attack, angle of slip, reduced frquencies/ diverging rates and ground/wall distances)
can be prescribed in the top part and are explained in Table 11. In the middle part the rollouts
can be opened to prescribe configuration datat: Geometry, Downwash and Pressure
corrections and the parameters of the calculation method can be set. One can reduce the
number of panels/meshpoints in the main directions of the patches to reduce computer time.
At the bottom one can stop the program, save the configuration file et cetera.

After starting up the workbench in hydrodynamic mode the left border window deals with
the case, the configuration and general info depicted in Table 9 . The case parameters (Froude
number, the TRIM and Sinkage, reduced frquencies and seabed/wall distances) can be
prescribed in the top part and are explained in Table 12. In the middle part the rollouts can be
opend to prescribe configuration data: Geometry, Downwash and Pressure corrections and
the parameters of the calculation method can be set. One can reduce the number of panels/
meshpoints in the main directions of the patches to reduce computer time. At the bottom one
can stop the program, save the configuration file et cetera.

After starting up the workbench in aeroacoustics mode the left border window deals with the
case, the configuration and general info depicted in Table 10. The case parameters (Mach
number, Angle of attack, angle of slip, reduced frquencies/ diverging rates and ground/wall
distances) can be prescribed in the top part and are explained in Table 11. In the middle part
the rollouts can be opend to prescribe configuration datat: Geometry, Downwash and
Pressure corrections and the parameters of the calculation method can be set. one can reduce
the number of panels/meshpoints in the main directions of the patches to reduce computer
time. At the bottom one can stop the program, save the configuration file et cetera.

It is advised to close rollouts after use to prevent their window growing bevond the
screen bottom border resulting in losing control.




| Case Opfions =

[

" mach & alhpalfreq —|

Mach range start[0.0 =
Mach range endl4.0 —
MNumber of Mach points [g =
Alpha range start[ 0,0 =

=

=

Alpha range end /0.0
Mumber of Alpha/Beta points 11
L Slip Angle +

Red.Fr. range start[0.0 =
Red.Fr. range endl0.0071 =

Number of Red.Fr. points [6 =]
v Unifarm <= hyperh

Red.Fr./Div.Rt. rel. spacing lo.0z =
C Div. Rate +
[T Mach/alpha/Betas/Fregs fram .prfs

Ground/all distances
y coordinate wall[0,0 —
z coordinate Ground[0.0 =

" Configuration Options —

Panelling

Displacements

kean Yelocities

Trimming

Boundary Layer

Fressure Correction

" Method Options —
EWh options |

L5 options |
Panel coarsening

Pitch coarsening along chordwise —
Pitch coarsening along spanwiseh =

Cluit

Freferences

Info

I
I
Configuration |
I
I

Disclaimer

[ e Ty
Table 8 Left sidebar in aerodynamic mode

Main case panel

See table Table 11 Main Case
Parameters

Configuration Rollout
Set/change patches and types
Set downwash

Set explicit velocities

Set static state of geometry
Set a boundary Layer change to geometry

Set a Pressure correction

Set method options

Set Boundary Volume options.
Set Lifting Surface options

Reduction of number of panels in the
calculation.

Stop
Read preferences
Read and save configuration
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[ Case Options —i
" froude & alhpadfren —| .
Froude range start/0.5 = Main case panel

Froude range end!0.9 =]
Mumber of Froude points 12 E See Table 12
Trim range start[0,0 =
Trim range end! 0.0 =
Mumber of Trim/Sinkage points 1 =
C Sinkage  +

Red.Fr. range start[0,0 —
Red.Fr. range end[1.0 =
Mumber of Red.Fr. paints [g =
[ Unifarm <= hyperh

Red.Fr. rel. spacing e %_l!
[~ Froude/Trim/Sinkage/Freqgs from .prfs”

Groundsall distances
y coordinate wall[0.0 =
z coordinate Sea EIuttom'El.D f_l

-

" Configuration Options —
FPanelling

Configuration Rollout
Set/change patches and types

Displacements |

Set downwash

kMean Yelocities | Set explicit velocities
Trimming | Set static state of geometry
Set a boundary Layer change to
EBoundary Layer | geometry

Pressure Correction | Set a Pressure correction

" Method Options —h Set method options
BYM options Set Boundary Volume options.
Panel coarsening
Pitch coarsening along chordwise ] Reduction of number of panels in the
Pitch coarsening along spanwiseh = calculation.
qut |
Stop
PIEIEENED: | Read preferences
Configuration I Read and save configuration
Info |
Disclaimer |
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Table 9 Left Sidebar in hydrodynamic mode



Main case panel

See table Table 11 Main Case
Parameters

Configuration Rollout

Set/change patches and types
Set downwash

Set explicit mean velocities
Set static state of geometry

Set a boundary Layer change to geometry
Set impedances

Set Incident fields

Set Boundary Volume options.

Reduction of number of panels in the
calculation.

The setting of trimming, Boundary layer, Angle of
Attack, Slip are meant for the steady calculations
which can be useful for the effect on the boundary
conditions and the pressure, similar as a setting of the
mean velocities

Stop

Read preferences
Read and save configuration

Table 10 Left Sidebar in Aeroacoustics mode
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Case Parameters

" Case Options —h

" mach & alhpasfreq —|

hach range startl 0,0 —

kach range end!4.0 -

Mumber of Mach points 16 -]
Alpha range start[0,0 3

&lpha range endl0.0 =

Mumhber of Alpha/Beta points B =
Slip Angle —

Beta range start[ 0,0 =

Beta range endl 0.0 —

Red.Fr. range start[0.0 =
Red.Fr. range end[0.001 =

MNumber of Red.Fr. points [g —!
v Uniform <= hyperb

Red.Fr/Div.Rt. rel. spacing lo.0z =
(Div. Hate —
Div.Rt. range startl0.0 =
Div.Rt. range end /0.0 =

=1

™ Mach/dlphasBetas/Fregs from prfs

Ground/all distances
y coordinate Walllo.0 =
z coordinate Groundl 0.0 =

Set Mach number range
Set number of Mach runs.
Set Angle of Attack range
Set number of Alpha/Beta
runs.

Angle of Slip range

Set reduced frequency
range

Set number of frequency
runs

Set diverging rate range.

Override data with data on
.aes=o=.prfs

Set y coordinate of side wall
or symmetry plane.

Set z coordinate of
symmetry plane or runway

The distribution
of the Mach
numbers is
uniform.

The distribution
of the Angle
numbers is
uniform

The distribution
of the
frequencies can
be uniform or
hyperbolic with
an initial step.

Table 11 Main Case Parameters Rollout in aerodynamic/aeroacoustics mode




Case Options

-

- froude & alhpasfred —|

Froaude range startl 0.5 =
Froude range endi0.3 =
Mumber of Froude points 12 =
Trim range startl 0.0 =

=]

=]

Trim range endl 0.0

Mumber of Trim/Sinkage points 11
ialnkage =
ainkage range start[0.0 =
Sinkage range end 0.0 E.'

Red.Fr. range startl 0.0 =

Red.Fr. range end[1.0 =]

Mumber of Red.Fr. points [g 5
[~ Uniform <= hyperh

Fed.Fr. rel. spacing ID 0z —l

[~ Froude/Trim/Sinkage/Freqs from prfs

Groundswall distances
y coordinate Walll0.0 —
¢ coordinate Sea Eluttnmll].ﬂ =

Set Froude number
range

Set number of Froude
runs.

Set Trim range

Set number of
Trim/Sinkage.

Sinkage range

Set reduced
frequency range
Set number of
frequency runs

Override data with data
on .aes=o0=.prfs

Set y coordinate of side
wall or symmetry plane.
Set z coordinate of Sea
bed

The
distribution of
the Froude
numbers is
uniform.

The
distribution of
the
Trim/Sinkage
numbers is
uniform

The distribution
of the
frequencies can
be uniform or
hyperbolic with
an initial step.

Table 12 Main Case Parameters Rollout in hydrodynamic mode
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Configuration Parameters
The configuration rollout allows to set several modelling options et cetera:

e Panelling: set/change patches and types

e Displacements: set downwash

e Mean velocities: set explicit velocities

e Trim: set static state of geometry

e Boundary layer: add boundary layer thickness to geometry
e Pressure correction: set a correction gain on the pressures

In addition, in aeroacoustics mode one can set:

¢ incident sound field potentials and
e impedance distributions

Pressing the button will open associated windows which are detailed in the following
sections.

Panelling Panelling | button

The first is the panelling button which opens the Aero Patches window depicted in Figure 27
There are 3 buttons: the Basic options, the Model options and the Create/Change button,
respectively which will open associated windows described in the following sections.

Aero patches

Close

Basic Options

Model Options
Create/Change

AES=0= can deal with the following setting of the
patches:

&: Option control of symmetry modeling and
warping;

Figure 27 Panelling Window



Basic Basic Options | options button

The basic options button opens the aero patch basic control window depicted in Figure 28.

(X ] Aero Patch Basic control

apply | Reset | ciose |

index patch range hegin[ T 21 index patch range end [ 21

I all I all I all Il I all I all I all I all I all all
¥ Defaults Mirror-X2INat App! 5| Minor- ot App. 7| Integral factor Status permeability % Shock Jump U 1 link part 2 link part 3 link part
0.0 Active—+| oo oo fo fo fo
" Patch: 1 ISymmetric E| Ihiot Appl. | 2.0 oo oo lo lo [o
Active |
Setthe symmetry options of patches with respect to the xz plane and the yx plane. This allows the modeling of half and quarter models provided that are symmetric or ant =

The WALL and GROUND options take care that a symmetric model is applied while restricting forces & moments integration to the actual patches!

The contribution to the integrated forces of the full configuration can be set. Eg. when the starboard side of an A/C is only modeled the contribution of the portside of the A/C is obtained by setting
the integral factor to 2 and sym_xz to 5YMMETRIC for the parts NOT placed in the xz symmetry plane. The latter parts should apply the integral factor 1 and sym_xz= NOT APFL. |

The integral factor and symmetry options should be carefully checked and setto the carrect values in relation to the underlying elastormechanical model. When the displacements modes are obtained

Figure 28 Aero patch control

The Listbox options are presented in Table 13.

The window allows to set the symmetry options of patches with respect to the xz plane and
the yx plane. This allows the modeling of half and quarter models provided that

o0 Aero Patch |

Apply I Reset I Close |

index patch range begin|1 21 index patch range endl =

[ all [ all [ all [ all [ all
v Defaults Mirror- X2l kot Appl, | Mirror- I Hot Appl. | Mt e Status
0.0 Lactive 5|
[” Patch: 1 [Symmetric | [Hot appl. K| Iz —_—
[active j

Set the symmetry options of patches with respect to the xz plane and the v plane. This allows the modeling of half and guarter mc
The WaLL and GROUMD options take care that a symmetric model is applied while restricting forces & moments integration to the
The contribution to the integrated forces of the full configuration can be set. Eg. when the starboard side of an A/C is only modele
the integral factor to 2 and sym_xz to SYMMETRIC far the parts NOT placed in the xz symmetry plane. The latter parts should app
The integral factor and symmetry options should be carefully checked and set to the correct values in relation to the underlying e

Figure 29 Left part aero/hydro patch control

.
¢ control
al all [ all [ all [ all
permeability % Shock Jump U 1 link part 2 link part 3 link part
lo.0 lo.0 lo Io ]
LI — LI — TT— lg lo
provided that displacements are symmetric or anti- symmetric. -
1al patches!
contribution of the portside of the A/C is obtained by setting
2 integral factor 1 and sym_xz= NOT APPL. !
mechanical model. When the displacements modes are obtained L]

—
Figure 30 Right part aero/hydro patch control

displacements
are symmetric
or anti-
symmetric with
respect to these
planes

Special
symmetry
options are
provided to
deal with
ground/runwa
y/sea bottom
and wall effects.
These options
take care that a
symmetric
model is applied
while restricting
forces &
moments
integration to
the actual
patches! The

contribution to
the integrated

forces of the full configuration can be set. For example when the starboard side of an A/C is
only modeled the contribution of the portside of the A/C is obtained by setting the integral
factor to 2 and sym_xz to SYMMETRIC for the parts NOT placed in the xz symmetry plane.
The latter parts should apply the integral factor 1 and sym xz=NOT APPL. ! The integral
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factor and symmetry options should be carefully checked and set to the correct values in
relation to the underlying elastomechanical model.

The status of a patch can be set to active, observer or inactive. When the displacements
modes are obtained from an external dataset (eg FEM) the warping can be restricted to
selected parts (maximum 3) of the dataset (for example a winglet or effector). Entering zero
selects the full set.The permeability should be set to a nonzero value when modelling inlets
,outlets or blunt afterbodies.The shockjump parameter resembles the normal velocity jump
and applies to shock plane patches;

I\:Iirror XZ Mirror XY _ §tatus
Symmetric Symmetric - Deactive
Anti-Symm. modes| | Anti-Symm. modes Observer
Symmetric/Wall Symmetric/Ground )

Not Appl. Not Appl.
Symmetric Symmetric

Anti-Symm. modes §  Anti-Symm. modes
Symmetric/Wall Symmetric/Sea Botto

Table 13 Listbox options basic patch control

Model options Model Options button

The model options button opens the aero patch model control window depicted in Figure 31.

| I ol Optichs | |

N ) Aero Patch Model control

Apply | Reset | Close I

index patch range beginh i.l index patch range end [ i.!

[ all [ all [ all [ all [ all [ all
v Defaults Model Singularity 1 Singularity 2 Rear ext Suction

LLift, Surf, By -| lsources «| Lconstant 5 Iro «  Iro

[~ Patch, 1

[Bady By -| lsources « constant - IPlanar Wake = Iho

Edge options et cetera |

Set the aerodynamic modelling options of patches. ﬂ
Curved Patches should only he modelled with the BWh method, Planar patches can be modelled with the

BYM and the LS method.

In the later case the LS methods (PG, CPM and Doublet Lattice (AES=3=)) can he applied

.Sources , Doublets and both at the cambersurface can be applied in BV mode.

Figure 31 Model Options
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The Listbox options are presented in Table 14. The window sets the aerodynamic modelling
options of patches. Planar patches can be modelled with the BVM and the LS method. Non
planar Patches should only be modelled with the BVM method, Planar patches can be
modelled with the BVM especially when he suction force is required and with the LS (Lifting
Surface) method (PG , CPM and Doublet Lattice [1]) although it is recommended to apply
the AES=3= method in such a case. Apply sources for non-lifting parts, doublets for lifting
parts and the camber option incase of thin parts. In the later case the LS methods (PG, CPM
and Doublet Lattice (AES=3= like)) can be applied. The BVM method requires data at the
edges of patches by A) natural connections with other patches and B) extrapolation which can
be set in the edge options window which opens after pressing the Edge options button.. Type
of modeling: A) LS: Lifting Surface and B) BVM Body modeling, Type of loads integration:
A) no calculation of suction forces, B) including suction forces & including suction forces
according to Polhamus suction force analogy [20]. Patches might have a planar wake
extention at their rear end. A constant source and constant doublet distribution is applicable.
In supersonic flow a linear distribution is applicable for the lifting surface BVM and
recommended which applies a linear distribution in chordwise direction with special
treatment of leading and trailing edges to approximate closest the potential gradient method;
In supersonic flow a linear distribution is applicable for the lifting surface BVM and
recommended which applies a linear distribution in chordwise direction with special
treatment of leading and trailing edges to approximate closest the potential gradient method.
The calculation of suction forces and their adaption to the Polhamus suction force analogy
[20] can be set. Patches might have a planar wake extention at their rear end.

The model options button opens the hydro patch model control window depicted in

Figure 32 which allows to set the hydrodynamic modelling options of patches. The Listbox
options are presented in Table 1.

The free surface effect can be modelled in various ways:

A) Explicit assigning free surface patches which are modeled with the BVM method.

B) (Partly) Implicit by choosing the free surface singularity.

Constant Sources and Doublets and both at the cambersurface can be applied. Apply sources
for non-lifting parts, doublets for lifting parts and the camber option in case of thin parts.
The calculation of suction forces and their adaption to the Polhamus suction force analogy
[20] can be set. Patches might have a planar wake extention at their rear end.

Type of modeling: A) Lifting Surface BVM and B) BVM Body modeling, Type of loads
integration: A) no calculation of suction forces, B) including suction forces & including
suction forces according to Polhamus suction force analogy [20].

o0 Hydro Patch Model control " The mode]ing
Apply | Reset | Close | Of the free
surface can be
index patch range begin|1 i.‘ index patch range endlz i,l
performed
I all I~ al I all I all I all I all . ..
¥ Defaults todel Singularity 1 Free Surface Singularity Rear ext Suction ]mpl]c]tly
[Lift Surf, Biha +| lsources «| L Rankine (jnoFS]-mirrar) R K
I_MT 5 - ian:!ne :r FFSS]] rnllrrror,:n << ..)) (HaVelOCk) or
I” Patch, 2 Bady BYM +| Tsources <l [Havelock {quasiy steady ERIAE (= (RE1] WORelh )22 o e
E ] Rankine ([no FS] mirror) eXphCltly
[Free Surface BYVIM j [sources < [ Havelock {quasi) steady | Havelock (quasi) steady (Rankine
Havelock unsteady
approach).
Edge options et cetera | pp )
The latter
The free surface effect can be modelled in various ways: |
&) Explicit assigning free surface patches which are modeled with the BV method. i p]aces
B) (Partly) Implicit by choosing the free surface singularity. . L.
Curved body patches should only be modelled with the BVM method, Planar body patches can be modelled smgularltles at
with the |
, the free

Figure 32 Model Options
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surface and at the body. The singularities at the body can be optionally mirrored with respect
to the free surface. The BVM method requires data at the edges of patches by A) natural
connections with other patches and B) extrapolation which can be set in the window

that opens after pressing the Edge options et cetera button.

model Singulatity 1 | Singularity 2 Rear end Suction
lz?se;géaco Lift. Surf, BVM sources constant i m No
mode Body BVM doublets T-linear M1 | | o
Lift. Surf, BEM | both (camb ) Planar W;
. ( C-linear M Polham
Shock BVM |
I\

Rankine ([+ FS] mirrro|

Lift- Surf, BV Rankine ([- FS] mirrro

Body BVM Rankine ([no FS] mirro

Havelock (quasi) stead|

Free Surface Havelock unsteady
Table 14 Model listbox options




Edge options et cetera EdgE Dp’[iDnS et cetera button

The edge options button et cetera button opens the aero(hydro) patch model control B
window depicted in Figure 33.

The BVM method requires data at the edges of patches by natural connections with other
patches and or extrapolation explained in this section. The Listbox options are presented in

(X Aero Patch Model control B

Apply Close
Clal ol al al ol al ral al ~al al al al el I al
¥ Defaults LE option TE option PE option SE option LCOS at PE LCOS at SE Reverse Normal  bi-panel wake sector link patch LE link patch TE Solid BC LE Index
GN | G El G Fl e Tm— | — LT — N N — r o £l o o TV —| | Em—
I Patch, 1 r o 2 ) 5 . LEindex
GP_KI_&| GP Kl G Fl {reTm— [ e— LT — N T — = TV —| | —(

[The BVM method requires data at the edges of patches by A) natural connections with other paiches and B) extrapolalion. The specificalion can reduce cost (less AIC evaluations) , Increases accuracy and avoid problems with evaluation of velocity companents. At edges of patches:
GL_PL: Geometr al linear

GL_PC: Geamet

GN
GF_|

al constant
Geometry continued linear, Potential natural (tp edge)
c. onstant

PC: Geometry continued periadic, _Potential c

Figure 33 Edge Options

Table 15. The specification can reduce cost (less AIC evaluations), increases accuracy and
avoid sometimes problems with evaluation of velocity components. In general patches will
have natural (FREE) boundaries which are not connected to other segments. Examples are
leading, trailing and tip edges of lifting surfaces and apices of bodies. Use the natural
connection option for these cases.

Further the geometry at edges of patches can be set to a linear continuation, a periodic
continuation (autoconnection) with our without Kutta condition (airfoil/wing), a continuation
to the edges of another patch of the geometry, respectively.The potential can be set to a
constant, a linear, a periodic and natural continuation, respectively. The options are explained
in Table 2. The connected patches at leading and trailing edge should be specified by the
user. The connected patches at the port and starboard site are automatically searched for.

0 ae The so-called
Apply | Close | LCO (Llft-
Carry Over)
I all I all I all [ all I all [ al I all extension
v Defaults LE option TE option PE option SE option LCOS at PE LCOS at SE 3
o9 Tl a4 v A v e+ e Stripsare
™ Pateh, 1 embedded to
[P k| TGPk 4| [Gr | [GH E Iho E| Irio Il .
avoid
unphysical
The BYM method reguires data at the edges of patches by &) natural connections with other patches and B) extrapolation. The specification cz ..
GL_PL: Geometry continued linear, Potential linear VQlOC]tleS at
GL_PC: Geometry continued linear, Potential constant
d GMN : Geometry continued linear, Potential natural (tip edge) Wake edges
i GP_PC: Geometry continued periodic, Potential constant
i and need to be
Figure 34 Left part edge options window defined by the
user. The

singularity distribution on the LCO strips is extrapolated from the neighbouring planes.

The normal on a patch can be reversed for the case the patch normal definition leads to an
inward normal. The bi panel is meant to damp spurious oscillations due to internal reflections
(M >1). Parts of a patch can be set to wake parts. A positive value indicates the
trailing(shedding) edge. A negative values indicates shedding before the trailing edge.
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In case of an

Patch Model control B

abrupt end of a
thick body
I all I all I all all I all I all all without a
Reverse Normal hi-panel wake sector link patch LE link patch TE Solid BC LE index e
pr— 5 - I 5 [TV R— i 2 tralhng wake
r 0 E Io o LE index R
rm— T E— use the linear
extrapolation
reduce cost (less AIC evaluations) , increases accuracy and avoid problems with evaluation of velocity components. At edges of patches: = COl’lneCtlon
. option. In case
J oftroubles
Figure 35 Right part edge options Window with apices use

also the
aforementioned option. The connected patches at leading and trailing edge can be specified
by the user. The VB 1 and VB 2 are alternatives to the BVM methods and apply the normal
boundary condition by a simple difference in normal direction. In addition, cross derivatives
are neglected when VB 2 is selected in evaluation of pressures et cetera. The LE index is used
to determine the leading edge chordwise position.
In general segments will share boundaries with other segments to which the following
recommendations apply:

Geometry (panelling) and solution smooth across segment boundaries.

The cross connection options LE p,TE p,PE p,SE p or the autoconnection option GP are
the obvious best choices. Choosing another option always results in extrapolation of the
geometry at the boundary and will affect the results. Choosing the natural connection option
GN will result in an increase of computational cost because additional AICs will be
calculated and will lead to wrongly calculated pressures at lifting surfaces because the
program then makes the wrong assumption that the potential jump which is needed for the
pressure calculations across the boundaries is zero. In such a case use the nonconnection
linear extrapolation option GL_PL although in most cases it is less accurate than the natural
one it will keep you always out of trouble especially in supersonic flow because only data is
used generated at the segment itself and therefore it is less sensitive to changes in panellings
at the boundary. Moreover the fact that supersonic flow potential solutions basically behave
linearly contributes to the preference.

Geometry (panelling) non-smooth (non-aligned panelling) and solution smooth across
boundaries.

For the same reasons as mentioned in the previous section prefer the GL_PL options over the
GP options

Solution non-smooth across the boundaries (abrupt geometry change, wing fuselage
junction).

For all segment longitudinal strip edges the program checks if there are any neigbouring non-
smooth connections with longitudinal strip edges of other segments (There is no hunt for auto
non-smooth strip connections). In which case the program automatically applies the GL_PL
option for the relevant connected points (not the whole strip). For a segment longitudinal
edge this is only done when the natural nonconnection option GP is specified otherwise the
prescribed option is applied.This procedure will deal with most wing-body junction cases and
LCO connections. Incase the geometry is non-smooth along the boundary apply the GL_PL
linear extrapolation option. This is also true for LCO connections or wing fuselage
connections which for some reason have been missed by the program checks.The automated
procedure deals with most wing (wake) (LCO) body junction problems as long as the

EIR
a ;>
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longitudinal segment border of the wing (wake)(LCO) can be connected by that procedure to
a longitudinal strip edge of a body segment. So there is no need for a body segment to have a
segment border at the junction!. Incase this fails you should alway use the nonconnection
GL PL, GP_PL options. Beware the longitudinal edge of the wing (wake) (LCO) should
never cross a longitudinal strip edge of a body .

Incase the geometry (panelling) autoconnects (tipstore at a wing tip)

use the GP_PL option.

The constant solution extrapolation options GP_PC

are preliminary ment for the cases where the cross velocities are known to be zero. (Wing
fuselage junction in steady flow). This option can also be recommended when due to very
nonsmooth panellings the linear extrapolation will fail. However in supersonic flow options
GL PC, GP_PC are not recommended.

Another 'natural’ boundary is an edge in the symmetry planes.

When the natural nonconnection option GN is specified a special treatment is given to these
edges. This special treatment is not completely embedded for the calculation of the pressure
on lifting surfaces with the non-linear pressure formula. In that case use linear extrapolation
GP_PL for anti-symmetric modes and constant extrapolation GP_PC for steady flow and
symmetric modes. Advice is to use the linear pressure option.

In hydrodynamic mode one can set Dirichlet, Neumann and Absorbing radiation conditions
with respect to the free surface. The Listbox options are presented in Table 15.
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LE TE PE SE LCO |LCO |REv | Bj | Wa |Li |Li | Boun
PE SE | Ner |pa | ke |nk |nk |dary
mal ' nel [sec |L | T | Condi
tor |E |E |tion

' ' ( No o
e GPKC CL_Pl | ey :g% sl | B0%sti ses \B/\I;,\'I/l
GL PL GL_PL GL_P( GL_P| | 1testrip Last stri T
- N 1 GN
GL_pq CL-PC| ON |,
GN GN GP_P( | GP_P
GP_PCc| GPPl| | CGP-P
GP_P( GP_PL o GP
GP_PL p SE_p PE_p
GP LE_p -
| NS
TE_p
LE_p

Table 15 Selectable edge options



Create/Change

Create/Change

Button

The create/change button opens the Patch creation/change/deletion window depicted in

Figure 36.

There you can inspect and/or change the geometry of patches. You can easily change the

A

[ X} Patch creation/changing/deletion
Apply Unda | Close I
Each patch is defined by a number of subsequent chordlines, w ﬂ
hich
start at the leading edge (thin-airfoil appr.) or trailing edge
lowerside , continue clockwise and end at a assumed uniform
wakeposition and by a number of subsequent spanlines which s ﬂ
¢ Create & add new patch
@ Change existing patch
£ Delete existing patch
¢ Create & add new patch by mirroring selected patch wr zx plane
¢ Create & add new patch by mirroring selected patch wri xy plane
¢ Create & add new patch by cloning selected patch
£ Split existing patch
index selected patch 11 =
% LPlo.o % L5 [0.803336 %LEl4.16622 Constant Sweep degl43.161  Linear Sweep deg!0.0
v LPloo v Lslo 76z Constant Taper ratiol0.6601 Linear Taper ratinl0.0
zLrloo zLsloo nclzs Linear Twist  deglo.0 Quadratic Twist deF 0.0
% TP [0.557784 % 15011778 Caonstant Dihedral deglo.0 Linear Dihedral degl0.0
v TP [0.0 v Tsl0.762 %TE4.16622 Thickness growth %10.0 Linear Theknss grwth %10.0
zTrl-0.0 zT1sloo Paraholic camber %cl0.0
%PEL12.5 %3E[12.5002
nslg
il index splithl
jlindex splith]

Surface model

" flat model, # x-axis

 flat model

@ Curved model, B-spline, MR data
 Curved model, B-spline, PR data

 reverse i
 reverse |

& no index change

 reverse i&]

Figure 36 The patch edit window

sweep, the taper and/or
dihedral, thickness, twist
et cetera of selected aero
patches. Also you can
clone and split patches.
You can set various
symmetry options et
cetera. Additional
patches can be generated
ab initio by entering the
corner coordinates at the
portside and starboard
edges. Note these should
be parallel to the x-axis
when the LS like
modelling is chosen.
The normal direction of
each segment is
assumed to be in the
direction of the out
product of the directions
formed by the chord and
span lines. The sequence

of the chord and span lines should be chosen such that the normal is pointing outward. It is
possible to reverse the chord line (i) and span line (j) indices. When the thin aerofoil
approximation is applied the chord line should start at the leading edge else the chord line
start at the lower side trailing edge and continues clockwise to end at the upper side trailing
edge ( a assumed uniform wake position ) and by a number of subsequent span lines which
start at the portside of the patch and end at the starboard side of it. The panelling inside the
corners are carried out with the specified numbers and according to a hyperbolic distribution.
Also existing patches might be changed, cloned or mirrored. A change of curved patch is
performed with a B-spline using the latest patch data (MR) or the pristine patch data.

After changing the geometry, the original structural data is applied to model the vibration
modes with respect to the modified and/or new parts.
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Downwash

The boundary conditions (downwash) due to oscillations or deformation of the configuration
or the flow are accessible/(de)activated by four windows:

» The displacements window (see Figure 37). Deals with the setting of:

o Rigid translation and rotation of the whole configuration (Figure 39)
Sub Rigid translation and rotation of individual patches (effectors) (Figure
40)
Regular modes, which are warped to the aerodynamic surface (Figure 41)
Polynomial modes, for each aero patch (Figure 43,Figure 44)
Special modes, which involve warping for individual aero patches (Figure 45)
Sinusoidal gust modes in aerodynamic mode (Figure 46) or waves in
hydrodynamic mode (Figure 47) or sound waves in aeroacoustics mode.
o Patches with zero downwash (Figure 48)

O

o O O O

All the aforementioned modes can be inspected separately/by group/simultaneously
and moreover the regular and special modes can be simply compared to the original
support data. Various warping options for the regular and special modes can be
selected to accommodate accuracy and/or efficiency. A trim state can be set by
prescribing amplitudes of the modes to define a trimmed state.

» The trim window (Figure 51). Activates the modified geometry of the configuration.

» The BL windows (Figure 53, Figure 52) . Sets and activates a modified geometry of
the configuration due to boundary layer effects.

» The mean flow windows ( Figure 50, Figure 49). Sets and activates a steady velocity
field which can be part of the boundary condition and the pressure evaluation.

» The impedances (Figure 56)

» The incident fields (Figure 57)

The windows are described in the next sections.



Displacement button > The displacement window

After pressing the displacement button you can inspect and/or change the displacement
modes (Figure 37). You can activate/create/deactivate rigid, sub-rigid (effectors), regular

Displacement

Close
Rigids
Sub rigids
Regular Modes

Polynomial Modes
Special modes

Gusts

Deadbeat patches

AES=0= can deal with the following setting of the ﬂ
downwash:
A: Rigid translation and rotation of the whole
configuration, & modes max.
B: Sub Rigid translation and rotation of individual
patches, 12 modes max.
C: Regular modes, specified on AES=o0=dvs
(and/or on aes=0=.cnf), which are warped to

the aero/hydrodynamic surface, (256 modes max).
D: Polynomial modes, specified on AES=o=.dpy
(andfor on aes=o=,cnf), far each aero/hydro patch

El

L e I O O A O L ¥

ent:

(warped), polynomial, ecial (warped) and gust (waves) modes (see sections below).
Figure 37 Main Displacement Window (Downwash and Inspection)

The embedded example uses 4 regular modes, which are warped with the default volume
spline to the patches. All the modes can be inspected separately/by group/simultaneously and
moreover the regular and special modes can be simply compared to the original support data
(FEM). Various warping options for the regular and special modes can be selected to
accommodate accuracy and/or efficiency. Warping’s can be stored for reuse accommodating
follow on stages of your design cycle (Mach number and/or frequency changes).Most of the
modes can be used in steady calculations with a prescribed amplitude.

oo Displacement In hydrodynamic mode the displacement window is
— slightly different by showing the waves button instead of
Rigids the gusts button.
Sub rigids

Regular Modes
Polynomial Modes |

Special modes

Waves
Deadbeat patches |
AES=0= can deal with the following setting of the ﬂ
downwash:

&: Rigid translation and rotation of the whole
configuration, B modes masx.
B: Sub Rigid translation and rotation of individual
patches, 12 modes max.
C: Regular modes, specified on AES=0=dvs
{and/or on aes=o=.cnf), which are warped to

the aero/hydrodynamic surface, (256 modes max)
D: Polynomial modes, specified on AES=0=.dpy
{and/or on aes=0=,cnf), for each aeroshydro patch

S A

Figure 38 The Downwash Window
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Rigid button > Rigids Window

The user can apply 6 modes consisting of rotations and translations of the whole
configuration (Figure 39). Also, the mean amplitude setting ¢ activated in steady trimmed
calculations can be set.

(X ) Rigids
Close
Inputs
I Rigie:1 »[0.0 = y~[0.0 = z+[0.25 = x.[0.0 C y.l-1.0 = 2[00
I Rigid:2 x 0.0 | 0.0 | z[o0 | x[00 E| y.[00 | zlo0
I Rigid:3 x 0.0 = y~l0.0 = PN = x[0.0 = y.[0.0 | 2.f00
I Rigic:4 »[0.0 = y~[0.0 e 0.0 = %[0 e y.[0.0 = zloo
I Rigid:3 x 0.0 | 0.0 | z[o0 | x[00 E| v.[10 | zlo0
I Rigic:6 xf0.0 B y~lo.0 ] > lo0 O] x[0.0 ] y.[0.0 2 2l1.0
|Up 10 6 rigid modes can be specified, rotations (x.,y.,z.) in rad, translations (x*,y~,z*) in applied unit They are applied {o the whole configuration. J
~ 4

Figure 39 The rigids

Sub Rigid button > Sub Rigids Window

Sub Rigid modes (a maximum of 12) can be applied by selecting the patch and specifying the
displacements at the 4 corners of the selected aero patch. LP,TP,LS and TS denote the

‘“o® Sub Rigids

Close |

Mo sub rigids (control surfaces)l1 =1

Inputs

Subrigid: 1

I onfaff aeropatch 1 = g_trim 10,0 = dx_LPL0.0 -1 dx_TP L0.0 = dx L5100 = dx_TS10.0 =
dy_LPloo = gy trloo = gy 1sloo = gy_1sloo =
dz_LPlo.0 = dztrlop = dzLslon = dz_tsloo =i

Up to 12 sub rigid modes can be applied by specifying the displacements at the 4 comers of the selected patch. LP,TP,LS and TS denote the ﬂ
corners at the Leading edge-Porside edge, Trailing edge-FPorside edge, Leading edge-Starboard edge and Trailing edge-Starhoard edge,re
spectively

El

Figure 40 The sub rigids

corners at the Leading edge-Portside edge, Trailing edge-Portside edge, Leading edge-
Starboard edge and Trailing edge-Starboard edge ,respectively (Figure 40). g _¢rim denotes
the mean setting activated in steady calculations.




Regular modes button > Regular Modes Window

The regular modes are in generally obtained from a FEM calculation on an unstructured
[ N ] Regular Modes

Close | Warp Options |

Trim amplitude Regular Maodes
[ mode index [ =] g trim [0.0 B

Mo Deactivations [ =

Regular Modes (dejactivating
[I‘ Deactivated Reg Mode : 1 mode link To = g trim [o.0 =

IUp to 12 regular modes can he deactivated.

|
\ :

AL

Figure 41 Regular Modes

mesh. They are warped to the patches with the methods accessible in the warping window
after pressing the warp options button. The modes can be applied with a mean setting for

steady calculations. Also, modes (maximal 12) can be deactivated. g _trim denotes the mean
setting activated in steady calculations.
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Warp options button > Warp options window

Figure 42 presents the window associated with respect to the warping of the unstructured

,»

([ N ) Warp Options

- Inputs
Symmetry options

w00 OW

(Rejspply Regular Modes |

Close I

Apply Support Geometry Set as is
Assume Support Geometry Set is symmetric wit X2 plane

anti- symmetric modes wit X2 plane
asymmetric modes
symmetric modes wit X2 plane

Coarsening
[F’itch coarsening [ =

Re using data from =o=wms

¢ putwarped modes on =0=.ms
f+ no action

 getwarped modes from =0=14ms

Warping options
= Yolume spline

" planar surface spline

= polynomial

" planar surface spline+polynomial
= Yolume spline+polynomial

Kernel options
= R~Z Ln R (Biharmonic 20
= 1:R {Laplace 309
& R (Biharmonic 3D, Yolumespline)
[~ Far Field terms onfoff

Polynomial options
pal. deg. xl2 =
pol. deg. 5.'|2
pol. deg. 212

MM

r Other options
MME options

¢ MNNE off
= MNME on
¢~ MMNE on smoothed (global)
& MNMNE on smoothed (patch)

Influence domain (=0: cancel nnb; =0 nnb)|1 =

co_ordinate weightfactor %[1.0 il
co_ordinate weightfactor y11.0 il
co_ordinate weightfactor z| ol il

Options with respect to the warping of the unstructured ﬂ
support data to the aeroshydro patches. The information t
ransfer

at the fluid/structure interface is performed by the

follewing interpolation methods: j

Figure 42 Warp Options Window

support data to the aero/hydro
patches. Symmetry options with
respect to the geometry and the
modes can be set.

Computational work can be reduced
by setting the pitch value > 1;

A restart option is provided.

Various warping options for the regular
and special modes can be selected to
accommodate accuracy and/or efficiency
of the warping of the unstructured support
data to the aero patches: Volume spline,
Planar surface spline and

Least Squares Polynomial (LSP)
approximation.

Both spline can be applied in a combined
hybrid way with LSP enabling a noise-
free interpolation with respect to algebraic
type of motions.

The kernel can be selected,
the far field behavior and the order
of the LSP.

Various nearest neighbors strategies
are available to reduce
computational work. The smoothed
global and patch NNB are advised.
These take care of local and trends
of the support data (a variant of the

mollifier/VSIC method(see
The mollifier or the VSIC method)

A coordinate transformation can be
applied to set additional weight
factors to improve the warping.

101



Polynomial modes button > Polynomial Modes Window

The polynomial modes are in generally used in pre design studies or academic studies. Also
These modes can be applied with a mean setting for steady calculations. Modes (maximal 12)
can be deactivated. Polynomial modes can be (de-)activated and interactively prescribed (see
Figure 43 and Figure 44. The polynomials are defined along local patch coordinates.

e Polynomial Modes

Close | Edit/create coefficients |

Trim amplitude Polynomial Modes
[ mode index [0 = g trir [0.0 =

No Deactivations 11 =

Polynomial Modes deactivating
[I_ Deactivated Polynomial kMode : 1 mode link o = q trim [o.o =

Up to 12 polynomial modes can he deactivated. ﬂ
Mote the polynomials are defined along local patch
coordinates (s,f:

s=x-%_LP and t=distance((y,z)-(y,Z)_LP).The trim amplitud

e of each mode can he set j
W,
Figure 43 Polynomial modes
Edit/create coefficients button > Edit Polynomial Modes Window
[ X J Edit Polynomial Modes
Close Apply
éslecl index f mode to be edi 1 F POlynomlal
select associated patch (0 selects all patches)! 0 K modes can

% coeffs ——---- s*n
ex@0) o0& ex1,0) [0 2 cxz) [0 2 ox(a,n [00 = cxa0) [0 =G N T —
cx(0,1) [0 = exr1) foo 2 exz) [oo 2 ex@ oo cxia,1) [0 2 exs) [oo = rescribed
cx(0,2) [0.0 = ex1,2) fo0 2 exz2) [oo = ex@,2) [0 cx4,2) [00 = ex(5,2) [oo = p
cx(0,3) [0 = ex1,3) 00 2 exz3) [o0 = ex@g) 00 cxi4,3) [00 = ox(5,3) [00 =
cx(0,4) 0.0 = cx1.4) foo = exiz4) foo 2 ex@4) oo cx(d,4) 00 = exs4 oo = The
cx(0,5) [0.0 = cx1,5) foo = cxz,5) [oo = ox3,5 [0o x5 [oo = o5 [oo £l .

P — polynomials
cy(0,0) : X 2 eyl : ] 2 oyED : X 2 oy : cy4,0) :U 2 cy(E.) : X =

cy(0,1) 2 ey1) oo 2 eyz) 2 eyE) cy@, 1y 1o 2 ey =

cy(0,2) [o. SR ] lo.0 SR ) [0, = cy(3.2) I cy@,2) [0 2 cy(E2) Io. =l are deﬁned
cy(0,3) [0 2 ey1,3 [oo 2 oye,3 o = ey@y | cy(,3) [0 2 ey(s,s) o 2

ey(04) [ = oy foo 2 ooyl ERCION oyid 4) [0 2oy | =l along local
cy(0,5) [o. 2 ey foo 2 ey fo 2 oy f cy@,5) [0 21 cy(s,5 o 2

z coeffs -----—- 5°n atch
cz{0,0) [0.0 2 cz(1,0) foo 2 czzy foo 2 cz30 foo cz(4,0) [0 2 czs.0) foo = p
cz(,1) foo——— =1 cz(1,1) [0.0 = ez foo 2 cz3,1) [oo cz(4,1) [0.0 ST N Y T— Coordinates
cz0,2) [oo___ =1 ez1,2) [0.0 = czz2) fon = cz(3,2) Moo cz4,2) [00 S N T — | .
20,3 foo——— = cz1,3) [0.0 = czz3) fon = cz(3,3) Moo cz(4,3) [0.0 TG N T—
cz(0,4) [0 = ezt 00 = czz) oo = cz(a4) [0 cz4 4) [0.0 = cz(54) [oo =
cz(0,5) [00 = czi5) foo 2 czzs oo = cz(3,5 [00 cza5) 0o = czs,5 [0 =

IEG\( coefficients of polynomial modes 1
-

Figure 44 Coefficients of the polynomial displacements
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Special Modes button > Special Modes Window

Special modes can be applied by specifying the displacements at arbitrary points (Figure 45).

(—N~] Specials

Close I
‘Warping options

Optional
index special mode 11 H
Number of points L0 =
[Inputs —————
Apply I

Up to 12 special warp modes can be applied by specifying the displacements at up ta 31 arbitrary points The data is warped to the aero/hydradynamic surface, the warping can be restricted up to 4 sele j
cted

Figure 45 The special modes window

The data is warped to the aerodynamic surface, the warping can be restricted to selected
aerodynamic patches. The warping options can be selected by pressing the Warping options
button.

Gusts Button> Gusts window

Harmonic gust modes can be applied (Figure 46), harmonic variation (g+ik) in x (invariant in
y, z), amplitude is linear varying in |y| and |z|.

[ X ] Gusts
Close
Nr gusts 11 =
Gust setlings
[l‘ Gust: 1 amplitude[0.0 21 xoffsetln.0 21 yofsetln.0 21 |y| variation[0.0 21 zoffsetln.o 21 yfactor [0.0 21 zfactor [0.0 21 || variation[0.0 2
Up to 12 sinusoidal gust modes can be applied, sinusoidal variaton (red. freq.) in » (invariant in y,z), Amplitude is linear varying in |y| and |z]. j

Figure 46 Adding/Creating Gust modes

Wave Button> WAVES window

(X ) Waves
Close
Nrwaves 7 a
Waves setings
[l‘ Wave:1  amplitudel1.0 2 xoffset0.0 2 yoffsetf0.0 2 zofiset/0.0 = yfacter [00 = zfacter [00 2l angle x-axisl0.0 2| Seabed depth >=0l0.0 2| Phase [0.0 2
Upto 12 incident wave modes can be applied, which satisfy the Laplace equation the free surface condition and the seabed condition j

Figure 47 Adding/Creating Wave modes

Harmonic wave modes can be applied (Figure 47), harmonic variation satisfying the free
surface condition and the sea bed condition.



Deadbeat patch Button> Zero Downwash on Selected Patches Window

The downwash on selected patches can be set to zero (hard wall) (Figure 48)

© © Zero Downwash on Selected Patches

Close |

No Patches [ =
[Select Patches

[~ Deactivate Patch : 1 patch link Io =

Up to 12 patches can be deactivated. Downwash =
set to zeral

Figure 48 The deadbeat patch window
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Mean velocities Button> set UVW window.

(X ] Set UVW

Close
Apply

Control
™ Apply UVW data

Number of VW pointsl4 =

Inputs
Sup. Point. 1 =[0.0 E] ylo.0 - z 2 Alpha 2 Mach £ ] £l v = W £
Sup. Paint: 2 x0.56 = y[076 = z = Alpha = Mach = u 2 v = w =
Sup. Point: 3 x[0.81 = ylo.0 = z =i aphalod = Machlo E| u el v £l w =
Sup. Point: 4 EAENE] = yl076 El z 2 aphalo, = Machlo, Bl u Bl 4 = w £l

Controls the mean velocity field. The mean velocity field can be applied to the_unsteady boundary condition and the unsieady pressure coeficient alternatively to ihe velocity field that Is calculated in steady mode (aes=0=uvw file) | 4]
The mean velocity field can be defined at up to 61 arbitrary (x,y,z,Alpha & M) points. The data is interpolated in space and in Alpha and Mach with a 5d biharmonic spline
Il

Figure 49 UVW Window

In some cases, it is worthwhile to add the effect of the mean flow on the unsteady solutions.
One can perform a steady simulation or alternatively create a velocity field by entering
velocities in space for a number of points at selected Mach numbers and angle of attacks
(Figure 49). A 5D biharmonic spline is applied to interpolate the data to the boundaries.

Mean velocities Button> set UVW window.

In some cases, it is worthwhile to add the effect of the mean flow on the unsteady solutions.

(X ] Set UVW

Close
Apply

Contral
I~ Apply UVW data.
Inputs

[S"F Paint: 1 xf0.0 el yloo 2l zloo £l TRM 0.0 4 Froudefog 21 u fog 2l v Ioo £l w foo = ‘

Number of UVW points!1 K

Controls the mean velocity field. The mean velocity field can be applied fo the unsteady boundary condiiion and the unsteady pressure coeficient alternatively to the velocity field that s calculated in steady mode (aes=o=uvw file) | =]
The mean velacity field can e defined at up to 61 arbitrary (x,y,2,TRM & Froude ) points. The data is interpolated in space and in TRM and Froude with a 5d hiharmonic spline

Figure 50 UVW Window

One can perform a steady simulation or alternatively create a velocity field by entering
velocities in space for a number of points at selected Froude numbers and TRIM, SINKAGE
(Figure 50). A 5D biharmonic spline is applied to interpolate the data to the boundaries.



Trim Button> set TRIM Application window.

The trim vector (Figure 51) is the change of geometry due to a steady state
setting of the displacement modes. It is also possible to perform calculations
with a trimmed state of the geometry defined

( @® @ Trim Application Y on the file aes=o—.trm which should be
conform with the same number of points as
the geometry.

Apply
Close
[~ Apply trim vector
Activate application =
of tritn vector
L .

Figure 51 Activation of a trim vector

BL Button> Boundary Layer Correction window.

Controls the application of geometry corrections by means of adding Boundary Layer
Thickness (Figure 52). This allows a corrected prediction of pressures in zones where the
prediction

[ X ) Boundary Layer Correction
Close
Apply
Mumber of Boundary Layer points!4 i.l
Contral
[l‘ Apply Boundary Layer Canection  Reynolds Number[1.0__ 21
Inputs
Sup. Point: 1 x'UU—ﬂ yloo 2 2l E Alphal = nach [ El Re [100000, £ BL d[1.000008- =1
Sup. Point. 2 ElrET— y[076 el 2l = aphal = Machl E| Re [1oooo0_ =i BL d[1.00000e— =1
Sup. Point: 3 o T — ylon = 2l 2 alphal 2 Machl | Fe [iooooo,_ =i BL d[1.00000e— =1
Sup. Point: 4 x[1.18 = y[0.76 =i 2l = aphal = Machl El Re [100000 =l BL d[1.00000e- %]

Contrals the application of geometry corrections by means of adding Boundary Layer ThicknessThis allows a corrected prediction of pressures in zones where the prediction is known to be way off reality. ﬂ
The correction can be applied by specifying positive thickness in normal direction at up to 61 arbitrary (<,y,2,Alpha, M & Re) points. The data is interpolated in space and in Alpha, Mach and Reynolds with a
Bd hiharmonic spline

I

Figure 52 Boundary Layer Correction Window

is known to be way off reality (effectors) . The correction can be applied by specifying
positive thickness in normal direction at up to 61 arbitrary (x,y,z,Alpha, Mach number &
Reynolds number) points. The data is interpolated in space and in Alpha, Mach and Reynolds
with a 6D bi harmonic volume spline.
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BL Button> Boundary Layer Correction window.
Controls the application of geometry corrections by means of adding Boundary Layer
Thickness (Figure 53). This allows a corrected prediction of pressures in zones where the

(X ) Boundary Layer Correction

cs,

107

Close
Apply

Contral
[l‘ Apply Boundary Layer Correction  Reynalds Number[1.0 =

Inputs
[Sun- Point. 1 xl00 = yloo = zlon =1 TRMID.0 =1 Froudelon El e Lo = BL dl00 =

The carrection can be applied by specifying positive thickness in normal direction at up ta 61 arbitrary (x,v,2, TRM, Froude & Re) points. The data is interpolated in space and in TRM, Froude and Reynolds with a
Bd hiharmonic spline

Number of Boundary Layer puintsh =

Cantrals the application of geametry corrections by means of adding Boundary Layer ThicknessThis allows a carrected prediction of pressures in zones where the prediction is known to he way off reality. ﬂ

Figure 53 Boundary Layer Correction Window

prediction is known to be way off reality (effectors) . The correction can be applied by
specifying positive thickness in normal direction at up to 61 arbitrary (x,y,z, TRIM, Froude
number & Reynolds number) points. The data is interpolated in space and in TRIM, Froude
and Reynolds with a 6D bi harmonic volume spline.

Pressure correction Button> Gains window.

The calculated pressure distribution can be factored with a correction (Mach number,
frequency and position dependent) to accommodate transonic, boundary layer and edge

(X ] Gains

Close
Apply

™ Apply pressure gain

Mumber of pressure gain pointsl4 =

Inputs

Sup. Point: 1 | yloo =l zl0.0 £l klod 2 mlos 4 RE gainl1.0 2 IMgainl10 =
Sup. Paint: 2 Pl — | yl076 = 200 = (4] = mlos = REgain[i.0 = Mgain[i0 =
Sup. Point: 3 P — | yl0.0 = 2l0.0 = ko = 0.8 = REgain[10 = M gain[10 =
Sup. Paint: 4 AR — | w076 = 2[00 = k[0 = mloa = REgainbi0 = Mgainbo =

Contrals the application of gain factors with respect o the pressure coefficientsapplied in the generalised forces and loads (only unsteady!). This allows the corrected prediction of pressures in zones where
the prediction is known to he way off reality
A gain factor distribution can be applied by specifying the Re and Ai parts of the gains at up to 61 arbitrary {x,y,2.k &M) points

5

&

d

Figure 54 Gains Window

effects (Figure 54). These corrections are defined on a few support points and will be
interpolated to the aerodynamic patches with a hyperspace biharmonic spline



Pressure correction Button> Gains window.

The calculated pressure distribution can be factored with a correction (Froude number,

©ee Gains

Cantrals the application of gain factors with respect to the pressure i pplied in the ised farces and loads (only unsteady!) This allows the corrected prediction of pressures in zones where
the prediction is known to he way off reality.
A gain factor distribution can be applied by specifying the Re and Ai parts of the gains at up to 61 arbitrary (x,y,z k & Froude) points.

Figure 55 Gains Window

frequency and position dependent) to accommodate transonic, boundary layer and edge
effects (Figure 55). These corrections are defined on a few support points and will be
interpolated to the aerodynamic patches with a hyperspace biharmonic spline

Impedance Button> Impedance window.
The impedance can be globally set by means of a 5D bi-harmonic hyperspace spline based on

©ee Impedance

Contrals the application of Imp I istribution can be applied by specifying the Re and Ai partsofthe Impedances at up to 61 arbitrary (x.y,2,k &M) points.
The data is interg in space and in freg) & Mach with a 5d hiharmonic spline

Figure 56 Impedance window

support points in space, Mach number and frequencies (Figure 56).

Incident Fields Button> Incident Fields window.

Incident fields can be set by means of a set of singularities (Figure 57).

cee Incident Fields

Up to 6 incident field modes can be applied by specifying the acustic potential and/or acustic potential gradient at up o 31 arbitrary points.
The data is warped fo the surface when ow=1 else each support point acts as a source or doublet singularity using P of (PX,PY,P2)

Figure 57 Incident fields window
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BVM Button> =o= calculation options window.

Upon pressing the BVM Button a window (Table 16) opens where you can set options with
regards to the modelling of the aerodynamics.

o0 =o= calculation options

Close |
- BV M Method

AlC integration 0rp|1 =
BC gener_all
& Tangential BC
= Mass flux BC

BL & Trim model
f Geometry adapted for BL and trim
¢~ Transpiration applied for BL and trim

Cp
= Lin. [sentropic || Monlinear
= Quasi-Linear

¢ Linear

~ Mass flux consistent

CP=0 location TEMD.25 =
kdean flow
v Mean flow = Uniform free stream
) Wean flow from wsr input
) Ilean o from =0=.ghot

hean flow consistency
v no
t

¢ mean flow consisten

[T 3D <= 2D

[~ Apply Breaks{M=1)
Break angle trashold[15.0 =

[T Apply Mach Reduction Superinclined areas

Superinclined angle treshaldl3.0 2|
[~ Apply Mach Reduction with Equivaleht wedge

angle of Equivalent Wedge 0.0 =

Set options for the BVM modelling

Accuracy:

» 0:low; 1: modest; 2 good; 3 very

good et cetera,

» -1 (semi analytical, only M>1).
Set BC (boundary condition)
A) linear small disturbance boundary or B) mass-
flux boundary condition.
The effect of BL thickness and/or the trim\ can be
modelled as A) transpiration or B) geometry change.

Cp is calculated with 4 forms: A) linear isentropic or
nonlinear formula (steady).B) quasi linear small
disturbance formula) linear small disturbance
formula (compares best with slender body theory ).
D) consistent with mass-flux boundary condition.
Use A or B for flows with strong cross-derivatives.
The TE parameter controls the Cp behavior

at the trailing edge (Kutta).

The mean flow can be set Uniform, from user input
or from a steady AES=0= calculation.

Mean flow consistency means that steady velocities
are forced tangential to the body surface.

The calculation can be applied to a 2D section of the
first patch at its portside.

In supersonic flow geometric discontinuities
in chordwise direction (breaks) for full body
discretization’s can get a special treatment.
The break is recognized when the change in
angle is larger as the break threshold.

Super inclined panels are per default eliminated. Optionally the
local Mach number at these panels can be reduced and/or an
equivalent wedge angle from which a global corrected Mach
number is employed so that they are no longer super inclined.;

Table 16 BVM Window



BVM Button> =o= calculation options window.

Upon pressing the BVM Button a window (Table 17) opens where you can set options with

regards to the modelling of the hydrodynamics.

Set options for the BVM
modelling

Accuracy:

Increasing accuracy with increasing absolute
values, 0: low; -1, 1: modest ; -2, 2 good; -3, 3 very
good accuracy et cetera,)

Set BC (boundary condition)

A) tangential boundary or B) geometry adapted for
TRIM and SINKAGE.

The effect of BL thickness and/or the trim\ can be
modelled as A) transpiration or B) geometry
change.

Cp is calculated with 3 forms: A) linear isentropic
or nonlinear formula (steady).B) quasi linear small
disturbance formula) linear small disturbance
formula (compares best with slender body theory )..
Use A or B for flows with strong cross-derivatives.
The pressure contribution induced by a

wave

The scattered part or the incident part of
the pressure or both can be calculated.

The hydrostatic contribution can be added to the
pressure

The TE parameter controls the Cp behavior
at the trailing edge (Kutta).

The mean flow can be set Uniform, from
user input or from ae steady calculation.
Mean flow consistency means that steady
velocities

are forced tangential to the body surface.

Table 17 BVM Window Hydrodynamic mode

Upon pressing the BVM Button a window (Table 18) opens where you can set options with

regards to the modelling of the aeroacoustics.
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Set options for the BVM
N ) =o= calculation options modelling

Close |

Accuracy:
Increasing accuracy with
increasing values:

- B¥h hethod
AIC integration nrp|1 =

BC geneﬁ'l —
L‘;- Tangential BC 0: low; 1: modest ]
. : 2 good: 3 very good accuracy et
BEL & Trim model cetera,)

f+ Geometry adapted for BL and trim
¢~ Transpiration applied for BL and trim

The impedance in the BC

Cp
¢ Lin. Isentropic || Monlinear
{+ Cuasi-Linear

¢ Linear

The effect of BL thickness and/or the trim\ can
be modelled as A) transpiration or B)
geometry change. (steady)

Cp is calculated with 3 forms: A)linear

Cp scatter <= incident isentropic or nonlinear formula (steady).B)

« Bath quasi linear small disturbance formula) linear
 Scattered Part small disturbance formula (compares best with
¢ Incident Part slender body theory ). Use A or B for flows

with strong cross-derivatives.
CP=0 location TEN0.25 — :
kean flow The scattered part or the incident part of the
= Mean flow = Uniform free stream pressure or both can be calculated.
) Mean flovy from wsk input
¢ Mean flow from =o=.ghot

The TE parameter controls the Cp behavior
Mean flow cunsistency at the trailing edge (Kutta).

{* no

¢ mean flow consistent

The pressure
The scattered part contribution can be added
to the pressure

The mean flow can be set Uniform, from user
input or from ae steady calculation.

Mean flow consistency means that steady
velocities
are forced tangential to the body surface.

Table 18 BVM Window aeroacoustics mode




LS Button> LS options window.

Upon pressing the LS Button a window (Table 19) opens where you can set options with
regards to the modelling of the lifting surface (AES=3= type) aerodynamics.

® @ Lifting Surface options

N

Close |

Ls Method

Accuracy L0.0071
apanwise wake redisls

=
:I

-

- supersonic Options
[~ Adaptive Upwash Location

Unifarm Upwash Location (M:-1}|IJ.5 =
Adaptive Upwash Location (M=1) —
SUPErSanic Edge|tl.5 =

SUbsonic Edge'ﬂ.ﬁﬁ =

aUbsonic Trailing Edge'D.EIZE E
Methods

t+ PG (Potential Gradient) hM=1
{~ CP (Constant Pressure) M=1

Table 19 Lifting Surface Window

Set accuracy
Set number of parabolic
integrations for DL and CP

Set the upwash location for
supersonic/hypersonic flow
Adaptive to leading edge
type or invariant.

DL applies the 75%
location.

DL is default subsonic.

Set the supersonic

PG: low reduced frequencies &
high supersonic Mach

CP: high reduced frequencies &
low supersonic Mach

PG options for High Mach

o PGl Set numerics AIC calculation
PG method

r PGE PGO/PG1: low reduced

v PG3 frequencies and moderate

to high supersonic Mach. In
between use PG2/PG3
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Left Sidebar Bottom

The left sidebar bottom deals with general aspects of the aes=0o= method such as:
» setting, saving and/or reading of the .prfs_aes=o= file and the working directory
(Table 20).
» setting, saving and/or reading of the aes=o=.cnf file and the selection of the
geometry, regular modes and polynomial modes files, respectively (Figure 58).
» Licence activation, description of inputs and outputs (Figure 59, Figure 60).
» The disclaimer.

Preferences Button > Preferences window.

7 3
o0 Preferences
Close
= Defaults Apply default
preferences
= Save Save the preferences
Read and apply the
Read/appl
i PPy precedences
= WarkDir Set the working
directory

AES=0= savesireads casefcalculationsplot control ﬂ
toffrom prefs_aes=0=which is located in your
home directory.

Table 20 Preferences Window




Configuration Button> Configuration window.

(— 7] Configuration

Close

= Defaults

> Save

= jeofile

= dvsfile

|
|
|
= Read/&pply |
|
|
|

= plyfile

AES=0= savesfreads configuration data :l
toffrom aes=o0=.cnfwhich is located in your

home directory or in a directory specified on .prefs_aes=

Q=

m_

Figure 58 Configuration Window

Apply default
configuration

Save the configuration
Read and apply the
configuration

Select geometry file

Select a regular modes
file
Select a polynomial file

Info Button> Info window.

»
o0 Info

Close
Activation
Qutputs

Inputs

Aero(elastic) mode

This tool AES=0= solves the thin-airfoil equations using a 3 dimensional panel method for subsonic and supersonic
flow (without strong shockwaves) conditions about A/C and thick and thin A/C structures {thin wings, thick wings,
wing fuselages, T-tails, missiles) composed of wetted surfaces which are modeled by the boundary volume method (BYM
or by thin liting surfaces which are parallel to the supersonic or subsonic free stream.

In the latter case the AES=3= modelling can also be applied{Doublet Lattice in subsonic flow. Potential Gradient or
Constant pressure madel in supersonic flow).

The BYM method is a strict potential formulation, imposing boundary condition with a flux-balance model in subsonic
flow and characteristic differention for supersonic flow. It uses the evaluation of the potential at the A/C surface

and at a surface located a small distance from it.

Constant source and/or constant doublet singularities can be applied at the A/C surface or at the camber surface.

The toolis a general steady and unsteady method with an almost unlimited application range with respect to

tach number, frequency and configuration.

The code calculates 3-D airloads and pressure distributions for oscillating  airframe parts with general

unsteady motions characterised by the divergence rate and the reduced frequency.

Sinusoidal motions {gust) characterized by the reduced frequency AND exponential growing motions (gust)

characterized hy the diverging rate are allowed

The method calculates sectional forces&moments coefficients (Cl & Cd and K M (AGARD manual on aeroelasticity WOL. VI
notation) and generalised force coefiicients for rigid & flexible displacement modes The pressure are calculated at cgs of panel
leading and trailing edges and uses them in the calculation of

Sets Licence
activation,

and describes
Inputs and
Outputs

Figure 59 Info Window
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Activation Button> Activation window.

—

N ) Activation

Close | Activate |
Enter Keyl KEYS-KEYS-KEYS-KEYS-KEYS-KEYS-KEYS

AES=0=is NOT activated. Restrictions apply: ﬂ
Only embedded example can be run!
Mo ps, =I5 and data output!

The app is activated by buying an activation key on wwawaesdac.com :ﬂ

Figure 60 Activation Window

EFX
I
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Bottom bar
The bottom bar right row (Figure 61) deals with calculation aspects:

» Perform steady calculations

» Perform unsteady calculations
» Restart options

» Create & Save Output files

» H continuation

The bottom bar mid row (Figure 62, Figure 63) deals with control of the curve’s ranges of the
2D graphics pics:

» Select range and pitch of case parameters (Mach et cetera)
» Select range and pitch of patches and patch strips

Bottom bar right row

On the bottom bar right row on can activate the run, select the type of the run, select restart
H continuation

running hot/cold

{RejCalculate Steady | ¢ Steady Run & save =o=zhot file [~ Output Forces Max g continuationlo.0 |

+ Steady Run [ Output CPs Anply Hicontinuation & save AES=0=Hgafs
iRe)Calculate Unsteady | ¢ Steady Run using =o=.zhot file [V Output GAFs PN

¢ UnSteady Run & save =o=hot file Create Qutput files | Jiaavelsos ghonmer]

& UnSteady Run Save =0=zhot file

= Run using =o=hot file Save AES=0=(z)xs file I .

Figure 61 Bottom bar right row

options, select the type of file outputs, activate H continuation and saving of the restart files.
In aeroacoustics mode the steady calculation is meant to generate a steady flow field which
might have a purpose in the boundary conditions and pressure formulae

Bottom bar mid row (Aerodynamics&Aeroacoustics)
On the bottom bar mid row, a group of controls deals with the selection of two dimensional

-Curye Ranges run info
Fregquency/A0A(S) Mach number #ero Patch #ero Strips Count &oa09
hgn|1 = Mbgn"l = Pbgn|1 = Sbgn|1 = Count k: 10
end 1 = - endlB 2 P end [ =l 5 end [& =1 | Count t: I
ptch =5 ptehd = pptehl 2 sptchly =l

Figure 62 Bottom Bar mid row

graphics. One can set the range and pitch of (g+ik, angle of attack , Mach number, the
patches and the sectional strips of the patches. Also, the right columns presents info with
respect to the execution.

Bottom bar mid row (Hydrodynamics)
On the bottom bar mid row, a group of controls deals with the selection of two dimensional

-Curve Ranges run info
Frequency/TRM{fSMNKG)  Froude number Hydro Patch Hydro Strips count a0
bgn|1 21 Fn bgn|1 = P bgn|1 = 3 bgn|1 = Count k: 10
end [ = ~endlz = P endlz = Sendl1B = Count F: 12
pteh 3 =5 ptehd = pptch = spiechly =

Figure 63 Bottom bar mid row
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graphics. One can set the range and pitch of (ik, TRIM, SINKAGE, Froude number, the
patches and the sectional strips of the patches. Also, the right columns presents info with
respect to the execution (AOA=TRIM/SINKAGE).



Right sidebar

The right sidebar deals with the 2D and 3D graphics inspection/analysis of panelling, trim
state (static deformation & effector settings), displacement modes, pressure &velocity,
distribution & warping. Basically:

» 3D visualization of:

o Geometry (Table 27, Table 28)
Boundary Layer Thickness (Table 30)
Trimmed geometry (Table 31)
Displacements/Gusts/Waves/Fields (Table 29)
Pressure Coefficients/gains (Figure 64, Figure 65)

o Velocities( Figure 66)

» 2D steady plots ( Table 21, Table 22) of:

o Strip Forces

o Patch Forces

o Overall Forces

o Pressure

o Geometry
» 2D unsteady plots (Table 23, Table 26) of

o Strip Forces
Patch Forces
Overall Forces
Pressure
Displacements

o Generalized Forces
» 3D graphics control (Table 32)

» 2D graphics control (Table 21 bottom):

@)
@)
©)
@)

0 O O O
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3D==ZD Analysis |

L Show +F

C 3D Analysis Opts +

C[ 20 Graphics Unsteady £
" 2D Graphics Steady

— 1

Curves family ———
{I? A0AS <= Mach

raelect
tv Forces
- Cp
" Geo

v Strip Forces vs ADAMS, M
= Strip Forces ¥s span
¢~ Patch Forces
¢~ Overall Forces
¥ Forces == Cd
Span Sictn
{+ Strip Forces vs J index
= Strip Forces vs Y
¢~ Sitip Forces vs 2
= Strip Forces vs 5

[p CR{¥/C) <= Cp(¥)

F & hd
[ all v CI v Cd
[T Fx [ Fy [ Fz
k= [T My [ Mz

~ 12D Graphics Cipts — ||
zoom 2.0 =
Ticharks [0 =
[ Rounding
[~ Curve tags

Init/Replat |

Save AES=0=ps file |

Select 2D graphics or 3D visualization

Select 3D options

Steady rollout
Select curves versus Mach or Versus Angle of Attack/Slip

Select Forces, pressure or Geometry

Select Strip forces versus AOA or Mach
Select Strip forces versus SPAN

Select Patch Forces

Select Global Forces

Select Forces versus Drag.

Select SPAN: j index,y,z,S

Scale X with chord

Select the forces,

Graphics options rollout
Zoom in/out

Number of Ticmarks
Allow rounding

Use curve tags.

Redo

Create a PostScript file

Table 21 The right sidebar with steady graphics rollout




Steady rollout

Select curves versus Froude or
Versus TRIM/SINKAGE

Select Forces, pressure or
Geometry

Select Strip forces versus
TRIM/SINKAGE or Froude
Select Strip forces versus SPAN
Select Patch Forces

Select Global Forces

Select Forces versus Drag.

Select SPAN: j index,y,z,S

Scale x with chord

Select the forces,

Graphics options rollout
Zoom in/out

Number of Ticmarks
Allow rounding

Use curve tags.

Redo
Create a PostScript file

Table 22 The right sidebar with steady graphics rollout
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" 2D Graphics Unsteady —h 2D Unsteady rollout
Verical Axis
v Real Part/ Mgntd Select Vertical Axis: Real, Imaginary,
W Imaginary Part/Phs Magnitude/Phase
Ais
@ Re & Im Select Axis
" Polar
My & Ph
Curyes family ———— Select curves versus frequency or Mach
[I? Red.Fr. <= hach Number
- Select
+ Forces Select Forces, pressure, Generalised Forces
- Cp

. or Displacements
{— Generalised Forces

= Displacements

(+ Strip Forces vs kM

) Sitrln | Foress s span Select Strip forces versus frequency or Mach

 Patch Forces Select Strip forces versus SPAN
¢ Overall Forces Select Patch Forces

Span Sletn ————————— Select Global Forces

+ Strip Forces vs Jindex

{ Strip Forces vs Y C3i

¢~ Strip Forces vs 2 Select SPAN: j index,y,z,S

™ Strip Forces ws 5

Scale X with chord
[[7 CPH/C) <= Cpix) In aeroacoustic mode an additional option is
F & M provided to
Cal MK [ M W CplHiC) <= Cplx) present the
[CF< [ Fy [ Fz pressure in SPL
[T M= [ My [ Mz I_CF' == 5PL
- GAFS
[ al Select the forces, K and M in AGARD
v Diagonal notation
GAF selectar I
 Modes Select the Generalised aeroforces (Table 24)
[ all
Mode selector | Select the modes (Table 25)

Table 23 2D Graphics Unsteady Rollout



Mode Selector Button> Modes window

Tay GAF columns to
plot

Selects all or none

Make a selection

Table 24 GAF (GHF) Selection Window

GAF Selector Button> GAF window

ey
==

Tag GAF rows and
Forces to plot

e

Selects all or none

Make a selection

Table 25 Select the active mode
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2D Unsteady rollout

Select Vertical Axis Real, Imaginary, Magnitude/Phase
Select Axis

Select curves versus frequency or Mach Number
Select scaling

Select Forces, pressure, Generalised Forces( GHF) or

Displacements

Select Strip forces versus frequency or Froude
Select Strip forces versus SPAN

Select Patch Forces

Select Global Forces

Select SPAN: j index,y,z,S

Scale X with chord

Select the forces, K and M in AGARD notation
Select the Generalized Hydro force/GHFS or added
mass/damping. Added mass = Re(GAF)/w/w, Added
damping=-Im(GAF)/ w

Select the modes

Mode selecior

Table 26 2D Graphics Unsteady rollout in hydrodynamic mode




Show —
Aero/Hydro Patches (Fains
Displacements BL

(dICP & Q

mean L

Tirim state

- 3D Analysis Opts

" Aero/Hydro Patch Opts — |

[T Mormals =n=
[T COutlines <h=
[T Indexes =<i=

L Patches

+F

Fatch Selector |

Table 27 Rollout dealing with the visualisation of the geometry

Selects the quantities of
interest to be visualised
(depending on the
calculation)

Pressing the Aero/Hydro
patches shows the
patches selected in the
Aero/Hydro Patch
Rollout.

Selection of normals,
outlines and indices

Selection of patches.
The patch selector opens
a patch select window

The
window 1s
activated by
pressing
Patch
selector
button.
Select all or
none
patches

Select
pches

Apply
Close

Select patches to -
visualize

RESET |

check option

{ 3D==Z2D Analysis |

Show =
Aero/Hydro Patches | GHains
Displacements EL
(d)CP & Q mearn L&
Tititn state

[ 3D Analysis Opts

tag list
[~ Patch :1

Table 28 Rollout dealing with the visualisation of the geometry

[ Aero/Hydro Patch Opts
[ Mormals <n=
[~ Outlines <h=
[~ Indexes <i=
{PaEfches i—
pitch-i:l_ =
itch-i: 17 =i
v show all patches
pmin:|1 =
pmax:|1 E
pstp:|1 =

Fatch Selector |

=1

Reduces number
of visualised points
in 1 and j direction

Sets a patch range
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Pressing the Displacements button shows the selected displacements on selected patches.

The displacements can be vieuwed as deformation, as contour lines, vectors and vector
outlines. Pressing the modes selector you can select the active modes (rigids, sub rigids,
regular modes, waves, field modes et cetera) and also the options to show the original support

data of the modes.

Close
3D<=2D Analysis I

Select active modes | &
to visualize
Show =

Aero/Hydro Patches | (Gains
Displacements Bl
nly Original Sources <x=.
= Cnly Org = e mean VW
v (rejtag all regular modes Trim state
[~ (rejtag all gust modes
[_3D Analysis Opts =
tag to (dejselect C_Aera/Hydro Patch Opts + 1

Displacement Opts —

RESET I Displacements <d=>

taglist——— ¥ Contour Lines <c>
™ Vectors <v=

v warped: 1 Req. Modes :%d

e . % I” vector outlines

v warped: 2 Reg. Modes :%d =
¥ warped: 3 Reg. Modes :%d Iodes Selector |
¥ warped: 4 Reg. Modes :%d e
£ (d)CR/Gainia Opts + 1
Apply C_Boundary Layer Opts +|J
C_Ttim Opts +F

C_Mean UV Opts +|J
C_3D Visual Opts +F

L_2D Graphics Unsteady +|J
C_2D Graphics Steady +F
C_2D Graphics Opts +F

Table 29 Rollouts and mode selection window with respect to the visualization of the displacements, waves,
gusts and fields




3D<=ZD Analysis

- Show —
AerofHydro Patches (Fains
Displacements EL
(ICP & @ rrear L
Trrifn state

3D Analysis Opts —
C #erofHydro Patch Opts + |
C Displacement Opts + |

C T CEGEIR G Tt =
f¢ Eoth Be & [m dCF contours

¢ Re dCF contours

Al dCP contaurs

= Contour shading & lines

= Contour shading

f+ Contour lines

¢~ Contours off

[T UvW Vectors <v=

[T CP curves =p=

(0, k) (A0A, ADS) index selector[] i.l
Mach index Selectarl |

—l

Figure 64 Rollouts with respect to the visualization of the pressures,
gains, impedance & uvw

Pressing the (d)CP & Q button or the
Gains button (Pressure correction)
shows the pressure coefficients (or
gains) and velocities displacements
(steady) on selected patches together
with the displacements.

The real part and the imaginary part of the
pressures (or gains) can be viewed
together or separate.

In aeroacoustic mode the impedance

" (d)CP/mpedance Opts = field

@ Both Re & Im dCP contours | 4N be
¢ Re dCF contours viewed
A1 dCP contaurs and the
¢ SPL contours pressur

e can be in SPL

The pressures (or gains)can be vieuwed as
contour lines, contour

shading, and in the steady case with
curves put offset normal to the patches.

The UVW vectors apply only for the
steady case.

The real part is visulised together with
a displacement at is max position
The real part at is mean position

The pressure (or gains) is selected for
a frequency/AOA,AOS,Mach number
combination
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Pressing the (d)CP & Q button or the Gains button (Pressure correction) shows the
pressure coefficients (or gains) and velocities displacements (steady) on selected
patches together with the displacements.

[ dCEGAIn G OptE i
& Both Re & Im dCP contours The real part and the imaginary part of the pressures (or gains) can be viewed
 Re dCP contours together or separate.

¢ &l dCP contours

The pressures (or gains)can be vieuwed as contour lines, contour shading, and in

¢ Contour shading & lines the steady case with curves put offset normal to the patches.

¢ Contour shading Further the free surface is deformed with the elevation and the elevation can also
{+ Contour lines be viewed with curves put offset normal to the free surface patches

¢ Contours off

[T Uiy Yectors <y= The UVW vectors apply only for the steady case.

The real part is visulised together with a displacement at is max position

[T CF curyes =p= v 3¢
The real part at is mean position

(0, K} (TRM,SNKG) index Selector[5 i.l
Froude index Selectnrl 1 i.! The pressure (or gains) is selcted for a frequency/ TRIM/SINKAGE,Froude number

Figure 65 Rollout with respect to the combination
visualization of the pressures and waves




Pressing the BL button
shows the Boundary
Layer visualisation
options on selected
patches.

The BL can be
visualised as a surface,
vectors and as an
outline.

Contour shading and
Contour lines can be
applied.

The BL is selcted for a
AOA,AOS ,Mach
number combination

Table 30 Rollout with respect to the visualization of the boundary layer thickness




AES4AC

Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics,
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft

3D==ZD Analysis

ahow
Aero/Hydro Patches Hains
Displacements EL

(dICP & G

mean Ly

Tirim state

- 3D Analysis Opts

=

C aerofHydro Patch Opts + |

C Displacement Opts + |

C (d)CP/Gain/@ Opts

+f

L Boundary Layer Opts

+J

CiTrim Oipts

-

¥ Trm surface
v Trm Yectors
[~ Trm outlines

t+ Trim Contour shading & lines
" Trim Contour shading

¢ Trim Contour lines
¢ no Trim Contours

Pressing the TRIM
state button shows the
trimmed geometry
visualisation options
on selected patches.

The trimmed surface
can be visualised as a
surface, vectors and as
an outline.

Contour shading and
Contour lines can be
applied.

Table 31 Rollout with respect to the visualization of the trimmed state

EX
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Figure 66 Rollout with respect to the visualization of the explicit
velocity field

The mean UVW velocity field can be visualized for selected patches and AOA/AOS Mach
number combinations
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- 3D Visual Opts

|

[ Wireframe <w=
[~ Mirrors

- Dptions

scales 2.0

|

Text:
v Draw

[ Draw axes

| 8ES=0=
text <t=

v Contr lbls <=

" Proj views =
EH WL
A Init

P

) @
Rl

f« mouse = roti'¢" mouse = may
<+>Z00m==Fan<-=

A

il

oave AES=0=ppm file |

" Table 32 Controller of the 3D Graphics

Pressing the 3D visual
Opts Button opens a
rollout for controlling the
visualization.

Select wireframe, mirrors

Set scale

Draw axes on/off

Text on/off
Contour labels on/off

Select the projection

Change projection

Select mouse for rotation
or translation
Zoom in/out

Save a ppm file of the
visualisation.




Running AES=0=

1. Open a terminal.
2. Go to your run directory.
3. Run aes=o=.

The main input file is aes=o=.cnf which together with .prefs aes=o0= controls the calculation.
The .prefs.aes=o0= data is also written at the end of the aes=o=.cnf file.

The aes=o=.cnf file is created/updated upon saving in the configuration menu.

The save operation expands control, case and bulk information to the aes=o=.cnf file. When
one is satisfied with the aes=o=.cnf file and need to change only the bulky data (geometry
and downwash) it is sufficient by specifying the new bulky file names at the begin of the
aes=o=.cnf. These names should be different from the names stored in the expansion area of
aes=o=.cnf to expand the new bulky file data in the aes=o=.cnf file and can be used to
perform calculations without having to change control et cetera.

When starting up the code without any files, the code will use its embedded data for the
AGARD wing 445.6

By pressing the steady or the unsteady calculate button the calculation is performed using the
specified Mach number range and angle of attack (or TRIM) & angle of slip range (or
SINKAGE) and reduced frequency distribution and activated downwash modes et cetera in
combination with the selected calculation method. The solution matrices can be stored for
reuse accommodating follow on stages of your design & certification cycle (mode shape
changes). Also note the possibility to coarsen the paneling to reduce turn around time.

The results (forces, pressures, velocities & applied downwash) can be extensively analyzed
by using the analysis accessible in the right sidebar together with control at the mid bottom
The calculated pressure distributions can be visualized simultaneously with their exiting
modes shapes.

The calculation can also be performed in batch by setting the first parameter on
.prefs_aes=o= to one

The Input files

The .prefs_aes=o= file

The .prefs_aes=o= file is expected/created in the home directory. Below an example is
shown.
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The first value

07 (0,1,2) selects,
normal,
immediate
calculation
and batch
calculation,
respectively
The second
value sets the
mode (0=
aerodynamic ,
1=
hydrodynamic,
2..6=TBD,
7=acoustic

J specifies the
working
directory
# case orps

0.00000 4.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.100000E-02 0.200000E-01 0.00000 0.00000 0.00000 0.00000

6161

0

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

# method orps

0.500000 0.850000 0.925000 0.100000E-02

0023

0.250000 15.0000 3.00000 0.500000E-01

000100001000

11

00

0

0

0.00000

# warping Orps regulars

203222201311

(D
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1.00000 1.00000 1.00000

# warping Orps specials

2032222013

1.00000 1.00000 1.00000

# plot 2D orps

0000

— | [ | [ | —

1

32

00000000000000000000000000000000

10000000000000000000000000000000

# data outputs

001

# physics

315.000000 1.000000 ! sosinf rhoinf SPL!

# init workbench

1920 1200 1 2

0.69 1.25 1.00 0.00

1.00 1.00 0.69 1.00 0.10 0.10 0.10 0.90

0 0 0240 01303060 25525060 6023022050240 13040 0220 0 127
127 127

Table 33 .prefs_aes=o= file

The aes=o=.cnf file

The first 3 records on the aes=o=.cnf file specify the filenames asssociated with
geometry, regular vibration modes and polynomial vibration modes, respectively.
The data on these files will be expanded to the associated sections on the aes=o=.cnf
when these filenames are different from the filename recorded in the latter sections.
Otherwise the existing data on the sections is applied.
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Outputs
(d)Cp pressure (difference) coefticient,
nondimensionalised with q the dynamic pressure

C Lift coefficient,

Drag coefficient.

Cq

K normal force coefficient, (Agard notation [28]).
M moment coefficient about quarter chord axis,
(Agard notation [28], positive nose down).

Fx force coefficient along x axis

Fy force coefficient along y axis

Fz force coefficient along z axis

Mx Moment coefficient about the x axis

My Moment coefficient about the y axis

Mz Moment coefficient about the z axis

GAF;j generalised aerodynamic force coefficients in

mode j as a result of mode 1, nondimensionalised
with dynamic pressure

GHEFj generalised hydrodynamic force coefficients in
mode j as a result of mode 1, nondimensionalised
with dynamic pressure, also added mass = real
part (GHFjj )/w/w and added damping is
imaginary part (-GHFj; )/w

Table 34 The outputs

The sectional unsteady force coefficients K are nondimensionalised with g, local chord and
.

The sectional unsteady moment M coefficients are nondimensionalised with g, local chord?
and m/2.

The sectional steady force coefficients are nondimensionalised with q and local chord.

The sectional steady moment coefficients are nondimensionalised with q and local chord”2.

Reference lengths are not applied.

Sound pressures can be presented in SPL requiring the speed of sound and density.



An aerodynamic demo application

In the present report some applications with respect to the features of AES=0= will be
demonstrated. For the verification of the underlying models we refer to references [21] [22]
[24] [32] [24] [1].

The objective of this example is to demonstrate AES=0= for a simple configuration.
AES=0= is hardly limited in applications and can easily support design and certification of
A/C and watercrafts. For demonstration purposes a panelling of wing 445.6 is already
hardwired in the app and also vibration mode data of wing 445.6 is hardwired in the app. The
vibration modes are defined on an unstructured mesh and can be warped to the panelling.
Running the app AES=0= ab initio will use the hardwired example and generate
automatically the preferences file .prefs AES=0= and the configuration file AES=0=.cnf in
your home directory. These files might serve as templates for your own applications.

An on the fly made steady and unsteady example using AES=0= is presented in this section
for the paneling, the warping of the vibration modes and the calculated loads and pressure
distribution.

After starting the code, the workbench shows up (see Figure 67)). First, we set the case
parameters (see Figure 68 ).

We select the case parameters for the steady calculations as follows:

6 Mach number in the range 0.5--0.9

6 Angles of Attack in the range 0.0--30 deg

We select the case parameters for the unsteady calculations as follows:

6 Mach number in the range 0.5--0.9

6 Reduced Frequencies in the range 0--1.0

The control that is applied is depicted in Figure 69, Figure 70, Figure 71 and Figure 72.

Next, we enter the paneling window and the embedded initial thick geometry of wing 445.6
is depicted in Figure 73. We enter the displacement window and the visualization of the
embedded displacement modes shows up in Figure 74. Next, we drill down to the edit
window ( Figure 75 )where we made 3 changes:

» We increase the thickness with 100% (doubling);
» We change the y coordinate of the starboard leading edge to 0.3;
» Finally, we change the x coordinate of the portside trailing to 0.7661.and

The resulting geometry is depicted in Figure 76 and shows a geometry with a gothic delta
wing signature.

As the displacement modes for the new geometry, we apply the same embedded data set for
wing 445.6 which is automatically warped to the new configuration. The warped data
together with the support data is depicted in Figure 77

By pressing the steady or unsteady calculate button the calculation is performed using the
specified case parameters and activated model data (Mach number, Angle of Attack and
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reduced frequency distribution and activated vibration modes for the modified geometry and
warping.

The steady results are presented in Figure 78, Figure 79, Figure 80, Figure 81, Figure 82 and
Figure 83. To generate these pictures the graphics control shown at the Right Sidebar has
been applied after pressing the steady calculate button. The time it takes to perform the
calculations is barely noticeable on today’s laptops.

Figure 78 Depicts the overall forces versus angle of attack for constant Mach number
curves

Figure 79  Depicts the overall forces versus Mach number for constant angle of attack
curves

Figure 80 Depicts the overall forces versus Drag for constant angle of attack curves

Figure 81 Depicts the overall forces versus Drag for constant Mach number curves

Figure 82 Shows a contour plot visualization of the pressure coefficient together with
pressure coefficient curves at Mach number is 0.5 and angle of attack 30 deg.

Figure 83 Shows a contour plot visualization of the pressure coefficient together with
pressure coefficient curves and at Mach number is 0.9 and angle of attack 30
deg.

The unsteady results are presented in Figure 84, Figure 85, Figure 86, Figure 87, Figure 88,
Figure 89and Figure 90. Again, to generate these pictures the graphics control shown at the
Right Sidebar is applied after pressing the steady calculate button. The time it takes to
perform the calculations is again barely noticeable on today’s laptops.

Figure 84 Depicts Unsteady Overall Forces versus Reduced Frequency, Constant Mach
number curves

Figure 85 Depicts Unsteady Overall Forces versus Mach number, Constant Reduced
Frequency Curves

Figure 86 Depicts Diagonal Generalised Forces versus Mach number, Constant
Reduced Frequency Curves

Figure 87 Depicts Generalised Forces versus Mach Number, Constant Reduced

Frequency Curves. AES=V= can be directly used to perform flutter analysis
with the data.

Figure 88 Shows a contour plot visualization of Real (left) and Imagainary part of the
unsteady pressure coefficient distribution combined with the extreme position
of the generating first mode at Mach number 0.9 and Reduced Frequency 1.0.
Note that the geometry is deformed according to the mode shapes.

Figure 89 Shows a contour plot visualization of Real (left) and Imagainary part of the
unsteady pressure coefficient distribution combined with the extreme position
of the generating fourth mode at Mach number 0.9 and Reduced Frequency
1.0

Figure 90 Shows a contour plot visualization of Real and Imaginary parts of the
unsteady pressure coefficient distribution for the four modes modes at Mach
number 0.9 and Reduced Frequency 1.0




Figure 68 Setting the case parameters
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N ) Aero Patch Model control )

Apply | Reset | Close |

index patch range hegin|1 21 index patch range endl =

[ all [ all [ all [ all [ all [ all
v Defaults hodel Singularity 1 Singularity 2 Rear ext Suction
LLift-Surf, Byh | lsources -l Lcanstant 5 Lia «  Ino -|
[~ Patch, 1
IBody BWh - lsources «| | constant 5 IPlanar Wake +|  Iho |

Edge options et cetera |

Set the aerodynamic modelling options of patches. ﬂ
Curved Patches should only be modelled with the BVM method, Planar patches can be modelled with the
BEWM and the LS method.

In the later case the LS methods (PG, CPM and Douhblet Lattice (~AES=3= type)) can he applied
.Sources , Doublets and hoth at the cambersurface can be applied in BYM mode.

Figure 69 The applied primary patch model control

e Aero Patch Model control B
Apply Close

ol Cal ral Call Cal ral al al al al Cal al Cal ol

¥ Defaults LE option TE option PE option SE opion LCOS at PE LCOS at SE Reverse Nommal  bi-panel wake sector link patch LE link patch TE Solid BC LE index
e [ rermn I T N rermm (R rs— N rs— N rrm— [ = g g | 3 o

I~ Pateh, 1 r Io & Io Io LE index
GP_KI +] GP_K ] GN B GN e No -l No. e No e BvM | 1 =)

The BYM method requires dala al the edges of paiches by #) nalural connections wilh other patches and B) exrapolation. The speciication can reduce cost (iess AIC evalualions) , increases accuracy and avoid problems with evaluation of velocily components. At edges of paiches

GL_PL: Geometry confinued linear, Potential linear

GL_PC: Geometry continued linear, Potential constant

GN_ : Geometry continued linear, Potential natural (tip edge)
GP_PC: Geomelry continued periodic, _Potential canstant

J=I

Figure 70 The applied edge conditions
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Figure 71 The applied BVM model options
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O

warped mo ITOIM =0=41T5

Figure 72 Applied warping options
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mach & alhpatreq - 3D<>2D Analysis
Mach range startl05 =t
Mach range enal0.8 Show  +

Number of Mach points [6— 3D Analysis Opts =
Alpha range statl00 Aerofiydro Patch Opts +
Alpha range endl300
Number of Alpha/Beta points [6 _Displacement Opts +|
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T
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Trimming Basic Options
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Create/Change

Method Options =
BYM options
LS options
Panel coarsening
o G T T L
Pitch coarsening along spanwise[T

(AES=0= can deal with the following sefting of the
patches: 2D Graphics Unsteady +
2D Graphics Steady +

© 2D Graphics Opts +

A: Option control of symmetry modeling and
warping;

| e [l [run running hotcold —————————————— H continuation
Preferences I E T (Re)Calculate Steady | | C Steady Run & save =0=zhot fle L 7 Max g continuation[0.03 =1
|F—— [ s — (17 [— © Steady Run
Configuration : S - ‘e | GecCalcute nsieany | | & 52V T
nfo Ppchi 3 s - C UnSteady Run & save
| © UnSteady Run
Disclaimer & E -

Figure 73 Opening the panel window

Aerodynamics

_case options = _ e |

macheahpateg | Seloctactve modes | & _30<x20 anaiyss |
Mach range sal0s— =1 o viouskze —
Mach range endl0.3 clshow  +f
Number of Mach points [6 € No Original Sources 3D Analysis Opts -
apha range santlos— 2| - [SOgiel Sourees <o B e —
‘lpha range ondl05— Aoy Pach Ogts |

1 Ty
g I (ot o regr s Dty
Red Fr. range start! 0.0 g astnes I~ Vectors <v:

Number of Red Fr. points 6 5 4 p e - h tag to (de)select r Vector outlines.
1 Unom < pperd o "
RedFr/DivAt rel. spacing 1662 — 24
_Ow Rt _+]
I~ MachvalpharselasFiogs fon s
GroundWal dstances
 coorinate Walll3—
2 coordinate Ground[0.0

HESET] (0)CP/Gain/@ Opts +
tag st Boundary Layer Opts +
1 Reg Motes %t =
2 Reg Modss %g (T 80
¥ warped: 3 Reg. Modes :%d Mean UVW Opts +
i

Reg. Modss % 30 visual Opts -
¥ Wireframe <w>

Apply ¥ Mirrors

Configuration Options —

Mean Velocities

Tert[ass-0-—
Trinming F Draw tod <t
Boundary Layer ™ Contr Ibls <I>
Pres Proj views +
Method Options =
BYM options ous
LS options o

Panel coarsening
Pitch coarsening along chordvise T
Pitch coarsening along spanwiselT

N
Save AES=O=ppm file

20 Graphics Unsteady +
2D Graphics Steady +
2D Graphics Opts +

Sub rigids
Regular Modes
Polynomial Mades
nom ‘Special modes
|displacement; Gusts
Deadbeat paiches
can deal with the following seting of the
n:
A Rigid ranslation and rotation of the whole

configuration, 6 modes max
8: Sub Rigid translation and rotation of individual

qQuit y patches, 12 mode ling hot'cold ontinuation
———— Frequency/A0A(S) Mach numoe er C: Reguiar modes, specified on AES=0=dvs iy Run & save =o=.zhot il ka continuation 0.0 21
— ¢ (and/or on aes=oe.cni), which are warped to Bleady Run |
Configuration | ot~ the aero/mydrodynamic surface, (256 modes max). dy Run 3 d e
nfo L — D: Polynamial modes, specified on AES=0=dpy inSteady Run & save =o= hot EEECNITe
| a2 (and/or on aes=0=,cnf), for each aeromydro patch inSteady Run
Disclaimer || ostesd . ]

Figure 74 Opening the Displacement Window



Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics,
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft

Case Of

Aero patches

mach

 unif

patche:

A: Option control of symmetry modeling and

warping;

AES=0= can deal wih the following sefting of the j
5

=l

Patch creation/changing/deletion

D .. NN

AES4AC

143

3D<>2D Analysis
Show __ +
3D Analysis Opts -
Aero/Hydro Patch Opts —
T~ Nomals <n>
I~ Outlines <b>
I~ Indexes <i>
Patches _+
Patch Selector

Displacement Opts +
(¢)CP/Gain/@_Opts +

Apply. | ciose |

X L5 [0.60339

Each patch is defined by a number of subsequent chordiines, w ﬂ
hich

startatthe leading edge (iin-airfoll appr) or traling edge
lowerside , continue clockwise and end at a assumed uniform
wakeposition and by a number of subsequent spaniines which s | v

 Create & a0d new patch

@ Change existing patch

 Delete existing patch

 Create & add new patch by miroring selected patch wt 2x plane
 Create & add new patch by mimoring selected paich wit xy plane
 Create & add new patch by cloning selected patch

 Split existing patch

index selected patch [T 2f

%LE[416622 | Constant Sweep degla3.161

viplog visfozez Constant Taper ratio[0.6601  Linear Taper
Plog 21500 nelzs Linear Twist  deg[0.0
XTPlos57762 XTs[1.1776 Constant Dihedral deql0.0
00 v1sM0762 %TE[216622 | Thickness growth % 0.0
zwlog zTslog
%PENZS %selz500z
nsl3
i | —
i T

Surtace model
© fat mode, // x-axis

€ fat model

@ Curved madel, B-spline, MR data
 Curved madel, B-spline, PR data

@ o index change
€ reverse i

© reverse |

C reverse iaj

Linear Sweep  degl0.0

Quadratic Twist deal0.0
Linear Dihedral degl0.0
Linear Theknss grwth % 0.0
Paranolic camber %cl0.0

Boundary Layer Opts +
Trim_Opts_+
Mean UVW Opts +
3D Visual Opts -

7 Wirettame <v>
I~ Minors
scales[05 Cl
Options
T~ Oraw axes

Text [gs=0=
7 Draw text <t>
I~ Contr ol <>
Proj views +
views __+
€ mouse > rot/@ mouse > mov
<+>Zoome>Pane->
a

1
Save AES=O=ppn fle

ratio[0.0

2D Graphics Unsteady +
2D Graphics Steady +
2D Graphics Opts +

running hot/cold
€ Steady Run & save =o=zhot file
@ Steady Run

"

H continuation
Max g continuation 0,03

(Re)Calculate Steady
®e)Calcuate Unsteady

€ UnSteady Run & save =o= hot file

Disclaimer ‘

Figure 75 Opening the patch create et cetera window

 UnSteady Run -
c 1 [Save AESzoxlel]

Aerodynamics.

Unsteady Run

Aero patches
case 0
‘wach 3D<>2D Analysis
show __+
3D Analysis Opts =
AerafHyaro Patch Opts —
Nun T~ Normals_<n>
AES=0= can deal wih the following sefing of the | & I”lowtines i<bo
patches I indees <>
Patches _+
A: Option control of symmetry modeling and —
warping; = _Patch Selecor |
@ Uni
w uni Displacement Opts +
[ X) Patch creation/changing/deletion A S
M Boundary Layer Opts +
a Aol vdo | cwse | Trim Opls +
Mean UVW Opts +
Each patch is defined by a number of subsequent chordiines, w | A1 BDNHUSII0] =
hich r e v
start atthe leading edge (hin-airoll appr) or raling edge I Mirors
lowerside , continue clockvise and end at a assumed uniform scales[05 |
wakeposition and by a number of subsequent spanlines which s | =] Options —_ =
™ Draw ares
{~ Create & atd new patch et laes- oo
@ Change exsting paich e
€ Delete existing patch
Create & add new paich by miroring selected patch it 2x plane _Projviews +
 Create & add new patch by mirroring selected patch wt xy plane
Mthod Opy ¢ Create & add new patch by cloning selected patch
BYM opti  Spit existing patch
L5 opti index selected patch [T 21
Panelcoat | pl5p x 150508356 %E[476617 | Constant Sweep deql37512  Linear Sweep degl00
Picheoal  viploo visfo3 Constant Taper ratiol0.3126  Linear Taper ratiol0.0
whood 3 iplee——  sislee—— nelZ5 " Linear Twist Guadratic Twist deqlo—
x1Pl11776 x 75011776 Constant Dinedral deq 00 Linear Dinedral deg[0.0 2D Graphics Unsteady +
v 1p00 v 150762 %TE[416617 | Thickness growth %[1000 ' Linear Theknss grvih %00 —
E2 2 — Parabolc camber %[00 ~ED raphics teany + |
2D Graphics Opts +
wPENiZS %sezs
nsls
jex spilT
e spith
qQuit Surtace model tunning hot/cold H continuation
Preference € fiat model, //x-ads @ no index change 0 (Re)Calculate Steady | | € Steady Run & save =o=zhot fie = Max g continuation[5.05 " =1
Preterei  fat model € reverse i fo———||ll e  Steady Run 7 c i o
Configurat  Curved model, B-spline, MR data  (* reverse | [ | _BeCalcuiste Unsteaty | | &
o  Curved model, B-spline, PR data " reverse i8]  Unsteay Run & save =0=hot fie
¢
¥

Oisclamer ]|

Figure 76 Changing wing 445.6 to a wing with gothic signature




_Case Options =
mach & alhparteq -
Mach range startl05
Mach range enal03— 21
Number of Mach points [
Alpha range stanl00_ 3|
Alpha range end50.0—

Number of Alpha/Beta points [6 2
Siip Angle_+

Red Fr. range startl00——
Red Fr.range enal1.0_ 3
iber of Red Fr. points [ 2
7 Uniform <> hyperb

Red Fr/DivRt rel. spacing 0,02 4
Div. Rate +[J
I™ Mach/alpha/Betas/Fregs from prfs
Ground/Wall distances
y coordinate Walll 00— =
2 coordinate Ground[0.0

isplacement

Close
R

/| Sub igids
P eS|
- | Regular Modes
Method Options Polynomial Modes
BYM options

LS options

Panel coarsening
Pitch coarsening along chord
Pitch coarsening along_span

Deadbeat patches

(AES=0= can deal with the following setting of the
downwash:
A: Rigid translation and rotation of the whole
configuration, 6 modes max
8: Sub Rigid translation and rotation of individual
patches, 12 modes max
C: Regular modes, specified on AES=0=.dvs
(and/or on ae ), which are warped to
the aero/hydrodynanic surface, (256 modes max)
D: Polynomial modes, specified on AES=0=.dpy
(and/or on aes=0=,cnf), for each aero/mydro patch

mm
(displacements|

Aerodynamics

varped: ‘4

3D<>2D Analysis
Show __+
3D Analysis Opts -
Aero/Hydro Patch Opts +
Displacement Opts —

7 Displacements <>
F Contour Lines <c>
I Vectors <v>

7 Vector outines

Modes Selector

(§)CP/GaiVG_Opts +

Boundary Layer Opts +
Trim_Opts_+

Mean UVW Opts +
3D Visual Opts -

scales (045 el
Opions -
T~ Draw axes
Text e
F Draw text<t>
I~ Contr Ibls <I>

Proj views +
views __+
 mouse > rot = mouse > moy
ane

1
Save AES=O=.ppn fle

20 Graphics Unsteady +
2D Graphics Steady +
2D Graphics Opts +

S ring oo H cotnuaton
rstwwn| i i e v e || e
= ==—"e1 rp Pocecue imsay [ | & S0Rn 7 I oo i
Info hi1 P pf € UnSteady Run & save ot file Create Ot
oveener | | € tnsmyrun s
Figure 77 Automatic warping of wing445.6 modes on the Gothic planform
o0 AES=0= Aerodynamics

Case Options =

mach & alhpastreq =
Mach range starll 05
Mach range enal0.3
Number of Mach points [5
Alpha range stant( 0.0

Alpha range endl30.0
Number of Alpha/Beta points [6 21 o.

© _Slip Angle_+

Red Fr. range stan(0.0

0,004

-0.013

Red Fr. range endl1.0
Number of Red.Fr. points 6 2
et

% Unifor <> hyperb
Red Fr/DivRL. el spacing 002 =

© Div.Rate +]
I~ Mach/Alpha/Betas/Freqs from prfs 0.19 0.

\ F oM

Ground/Wall distances

AirForces

y coordinate Walll0.0__ =
2 coordinate Ground[0.0

FeM. . (ava/s): m

Configuration Options — o
Paneling
Displacements 0.59
Mean Velocities o 5
Tinming
Boundary Layer 0.2
Pressure Carrection o.

Method Options

BYM options

LS options G
Panel coarsening
Pitch coarsening along chordwiseT__ =1
Pitch coarsening along spanvisel1 ' 2|

3D<>2D Analysis

show __+
3D Analysis Opts +

2D Graphics Stead, -
Curves fanily
7 [ROAZS <> Mach]

Select

& Forces

cop

 Geo

 strp Forces vs AOA/S,M
 Strip Forces vs span
 Patch Forces

@ Overall Forces

I~ Forces <> Cd

A399

7 CpOuc) <> Cpex)

Fam

Fal Fo Fcd
FFx FFy FF
FM FMy P

2D Graphics Opts +

=0 1T - TRORS 1F0A/S1
0.0 15.0 30.0.0 15.0 30.0.0 15.0 30.0
Quit Curve Ranges un info running hot'cold H continuation
—Pmlnmn:ns Frequency/AOA(S) Mach number Aero Patch Aero Strips. nt A0A N6 (Re)Calculate Steady  Steady Run & save =o=.zhot file ™ Output Forces Max g continuation0.03
e ognlT Mbgn——— s Pbgnli— 4 segnli C 0 | oCaicutats Unsioady | | & 51280 Run ™ Output CPs : I f
Configuretion endlG endlc 2 penal 5 | F— [ — Y| e st usin 1 W Output GAFs Save osahotie
Info pten [T Bl pchl 3 Ppenl 3 spenl € UnSteady Run & save =0= ot file Create Outpu fles =i
—_—  UnSteady Run Save =0=.zhot file
Oiscamer_| 2 e Save AES=0=(0)s fle [Seve wo-hoth |

Figure 78 Overall Forces versus Angle of Attack, Constant Mach Curves



AES4AC

Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics,
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft

oo
[ _Case Options. -~ T
mach & alhparteq - ‘ 3D<>20 Analysis
e arlo F
fach range enal0 3 ElShow 3+
Number of o points 6 =) 3D Analysis Opts 4
Alph.lnnun alos e | o. = |
range 39.. 1 £ 12D Graphics Unsteaty )
Number v'AIDhaleba pmm o o.
©_Sip Angle +] | — ——— [ 2D Graphics Stead, =
Red Fr. range starl[00__ = 0. o. ‘ﬁ“&m]
Red Fr. range endl1.0___ 21 L —]
Number of Red . poins 5 2 0. 0. Select
2 Uniform <> hyperb e
Red. Funlv,m rel. spacing [0.02 % 0. 0. — FaM ccp
© Div Rate_+ ] = - Geo
u = o o -0 AirForces
| T Mach/aphafetas Eleqs fom’prd ) = strip Forces vs AOA/SM
-o. -0 0.  Stip Forces vs span
y coordinate Walll00__ =f - - EsH:E ) Rooads  Patch Forces
2 coordinate Ground[0.0_ 3| - o. l—m & Overall Forces
Configuration Options | r ;o;;;; ca
[Erope o = 0. =
‘Panelling ] @ iip Foroes vs J e
—n o € 5lip Forces vs Y.
Displacements  Sirip Forces vs 2
Mean Velocities q € 5itip Foroes vs 5
Mean Velocies | - 4P -
Trinming .
Boundary L . [
Sy e —T| ¥ Cpoc) <> Cri9
Pressure Correction o. | FICheu0) <> Cp)_ |
— Fam
*_Method Options - - -o. - Fal F c| P cd
BYM options FFfx FFy FF
= o i Lo FO R PNy R
LS options . o
Fanel :nmunlngi -o. D Graphics Opts +/
Pitch coarsening along chordwisel T R
Pitch coarsening along spanvisel -o.
-0 =
-o.
—o.m%
- Twd 5 =— mech
0.500  0.700 0,900,500  0.700 0.900.500  0.700 0.900
Quit Curve Rangs L -running hotcols —————————— H continuation
PT¥STVES] Frequency/AOA('S) Mach number Aero Patch Aero Strips. Count ,: (Re)Calculate Steady  Steady Run & save =0=.zhot file I Output Forces Maxg comumonl_g 03 -4
—_— bgnl1 M w. (7] E— SbgnlT a Count — (Re)Calculate Unstead, @ Steady Run ™" Output CPs ApplyH cor
Configuration P r— | e r— "] ro— ) 1—5 —ly ¢ Steady Run using ot file, 7 Output GAFs
= P — 1 6 l— [ E— S ) Co— C UnSteady Run & save =o=hot fle Create Ouput fles
© Unsteady Run =
£ fun using corhotle [saimiacszcao il
4
Figure 79 Overall forces versus Mach number, Constant Angle of Attck curves
o0 AES=0= Aerodynamics
mach & alhparteq 30<520 Analysis
Mach range startl 05 p
Mach range endl0.3 Show __+|
Number of Mach points ¢ © 3D Analysis Of +f
Alpha range stan{0.0 |
Alpha range end[30.0 E =l =l F — .
Nanarof A pnts o . [l 0.001gumy 2D Graphcs UnsiEany
© Slip Angle_+ o A oo - 20 G cu‘:'-mly -
RedFr. range start[0.0 0. -0, J [l -
edFr. range enal1 g N P IAONS < Mach
Number of Red Fr. points 6 0. 0. N G =
7 Uniforn <> hyperd @ y . e o
RedFr/Div.Rt rel spacing (602 . N M Overall ccp
* Div.Rate +[ i M ' M fAirForces VS CD
r qs from prs -0, -o.
Ground/Wall distances d d —
¥ coordinate Wail G0 =1 -0.00093200 30 402504 0. 6050, 0QDTR 200 301 4B 504 0. 6050, GIDTA 200 AL 4T 504 0, 605 |ibloz (B087S):
2 coordinate Groundl0.0— 2|
@ ] o |
Configuration Options — 0, 0. N,
@ St Foroes vs J index;
e} | o € tip Forces vs ¥
o. € Stip Forces v 2
Mean Velocties o. St Foroes v 5
Trimning 0.3 B
Boundary Layer . I
| KBoundasyCeyerd] 0.5 & ¥ Cp(X/C) <> Cp(X)
Pressure Correction -o. E
= FaMm
Method Options = g g g Fal Fc Fcd
BYM options -0, (0DHIG200 304 4AR 504 0, 6050, 00BIR 202 304 4AR504 0, 6050, ANDIA 260 34L 4AR 504 0,605 gfg g:{v gfnxz
y
LS options =
[
Panel ©_2D Graphics Opts +[
Pich coarsening song chorawisel—
_Pitch coarsening along_spanvase 1
F
C
"
ESo
q
-0, G0D9W200 30L 4AR504 0,605
Curve Ranges n info  running hovcold H continuation
S Pratsrnces | Frequency/AOA(S) Mach number Aero Patch (qu ROR: s (Re)Calculate Steady C Steady Run & save =0=zhot file. ™ Output Forces Max g continuation[0.03 =1
—_— byl Moo Pogli s ngn Courte o {o)Calcutate Unsieady | | & S16a8Y Run I~ Output CPs A1y H COTtIUENDn B 8aVe AES=OR Haa
Configuration endlc——— ':‘z r—*l p .mi | ‘] s .m: :‘ CountimTe———— D D Sleaﬂy Run. using|=o=zhot e ¥ Output GAF's B —————— ]
] nl € UnSteady Fun & save ~ou ol fle Create Ouput fles
| e S m— c unsmny Run
Disclaimer T Save AES=0s(1)s fle

Figure 80 Overall Forces versus Cd, Constant Angle of Attack curves



Case Options -
mach & alhpartreq -

Mach range stan 05 =
inge end/0.3

RedFr. range stan[0.0
RedFr. range end 1.0 31
Number of Red Fr. points [6 ' 2|
7 Uniform <> hyperb

Red Fr/Div.Rt rel. spacing 002
Div. Rate 4,]I
™ Machvalpha/BetasrFregs from prfs
Ground/Wall dstances
y coordinate Wall0.0— =
2 coorainate Grounal0.0_ 2]

Configuration Options —
Pangliing

AES=0=:2025.0

Fat -

Overall

AirForces VS CD

FaM. . (m): aca’s

0.6050, 0.6050. 01998 240 301 442 504 0.605

F I o

Mean Velocities
Trimning
Boundary Layer

Pressure Correction

=

Method Options

M optons

s options
Panel coarsening
Pich cosrsening song choravise [T
Pich coarsening slong spamviseli

Quit
Preferences
Configuration
nfo

Oisclamer ||

| ase Options =
nach & ainparvey =
Wach range slos— 21
Vach range endl0s—
Number of Mach points 6 21
Alpha range startl00 =1
ipha renge endl300—
Nunber of Apna/geta ponts 6 —
* siip Angle +]
Red.range statloo—
Red.range enal 1.9
Nunber of ReaF. ponts 16—
1 Unom <> pperd
RedFr/DIv A rel. spacing 1062 —
* oo
™ Mach/Alpha/Betas/Freqs from prfs
GroundWal dstances
 coorainate Wallo5—
 cooranal Groundl00—

Configuration Options —
Paneling

Displacements
Mean Velosilies
Trinming
Boundary Layer
Pressure Correction

Method Options -
BYM options
LS options
Fanel coarsening
Fitch coarsening along chordwise [T
Pitch coarsening along spanwise[T

Configuration
Info
Disclaimer ‘

= I

ND6200 304 4AR 504 0.6050. 00BIR 200 304 4R 504 0. 6050, GADIA 200 34L 4ARE04 0,605

-0, 0D 200 301 AR 504 0,605

Curve Ranges un info

FromoncyAORG) _ Mach mmbor o Paten o stips : R)Calcutas Steaty
i om— Y

running hot/cold
‘Steaty Run & save =0=zhat fle
Steady Run

UnSteady Run & save
UnSteady Run

SRl

I Output Forces

Create Output files

Save AES=0=(2)s fle

Figure 81 Overall Forces versus Cd, Constant Mach number curves

Aerodynamics

(Re)Calculate Steady
(Re)Calculate Unsteady

running hovcold
Steady Run & save =0=zhat file
Steady Run

UnSteady Run & save
UnSteady Run

I~ Output Forces
I~ Output CPs
2 Output GAFs
Create Output fes
Save AES=0=(0) s fle

3D<>2D Analysis

Show  +]
30 Analysis Opts +

2D Graphics Stead =
Curves fanily

I [AOA/S <> Wiach]

Select

 Forces

ccp

 Geo

 stip Forces vs AOA/S,M
C Strip Forces vs span
 Patch Forces

© Overall Forces

¥ Forces <> Cd

 Cpe/c) <> Cpey)
Fam

Fal pa
PR Ry
P M B My

2D Graphics Opts.

P cd
P Fz
P Mz

H continuation
Max g continuation[0.03 ™~ 21

Save =o=ghot file

Save =0=.zhot file

3D<>2D Analysis
Show

AerofHydro Patches
Displacements
(@CP &G

3D Analysis Opts =
‘Aero/Hydro Patch Opts +
Displacement Opts +
©_(#)CP/Gain/Q_Opts +
Boundary Layer Opts +
Trim_Opts_+
Mean UVW Opts +

I~ Contr bls <i>

Proj views +
views __+
 mouse > ol/® mouse > moy.

<+>Z0ome>Pane-
o}

KE|

Save AES=0=ppn file

2D Graphics Stead +

2D Graphics Opts +

H continuation
Max g continuation 0,03

Save =0=.ghot file
Save =0=.zhot fil

Figure 82 Visualisation of the Pressure Coefficient at Mach number is 0.5 and Angle of Attack 30 deg



AES4AC

Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics,
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft

oo AES=0= Aerodynamics

Case Options -
mach & alhpatieq -
Mach range start[05— 1
Mach range endl03_ 3|
Number of Mach points [6— 21
Alpha range stantl 0.0
Alpha range end 300

Number of Alpha/Beta paints [6 3]
Siip Angle_+

Red Fr. range stat[00__ 21
ReaFr range endl1 g
Number of Red . points 16— 3|

5 Unior <= nypars

Red Fr/Div.Rt rel. spacing [0 2
Oiv.Rate _+
I Mach/alpha/Betas/Fregs from prfs
Ground/Wall distances
y coordinate Walll0.0
2 coordinate Ground[0,0

306220 Anaysis
show =
eroyar Patches
Displacements
@crea

3D Analysis Opts -
AeroHydro Patch Opts +
Displacement Opts +
(@CP/GaiVG_Opts -

ERE]

 Contour shading & lines
 Contour shading

Configuration Options —  Contour lines
€ Contours off
Panell
e 7 UVW Vectors <v>
Displacements  CP curves <p>
Mean Velocities (9.K/(AOA ADS) index Selector(6 3}
T g | Mach index Selector[s__ 2|
Boundary Layer _Boundary Layer Opts +f
Pressure Correction Trim_Ops -+
— Mean UVW Opts +
B = 3D Visual Opts +
BYM options
LS options B
Panel coarsenin g i
9 2D Graphics Steady +

Pitch coarsening along chordwise T =/
Pitch coarsening along spanvisel 2|

2D Graphics Opts +

rurning hotcold W continuaton
‘Steady Run & save =o=.zhot file I~ Output Forces Max g continuation[0.03 a1
Sleady Fun T Oupi oy T

le it F Output GAFs. e e |
UnSteady Run & save =o=hot fie Create Ouiput s _Save =o-ghat e |
il Save AESom(D s le _Save ~oshot e |

(Be)Calculate Steady
(Re)Calculate Unsteady

539939

Figure 83 Visualisation of the Pressure Coefficient distribution and the velocities at Mach number is 0.9 and ’
Angle of Attack is 30 deg

(X J AES=0= Aerodynamics
+_Case optons = —
nach & aparteg = 30<520 Analysis
Mach range satl0s— = o .
Mach range endl0s—
Number of Miach points 16— 50 Anaiyss opts +
ipha range stat[o0—
ipha range endl50.5 2D Graphics Unsteas =
Number of Alpha/Beta poins [5— =
Slip Angle + Vericalifods
F ¥ Real Part/ Mgntd
RodF range statlz0 % maginary ParuPhs
RedFr range endl 19— L eanay PATR
Number of Red Fr. points [6 s
¥ Uniform <> hyperb @ Re&im
Red Fr/DivRt rel. spacing [0.02 21 FeM  Polar
" DvRate 4] e — Cugsen
I~ Mach/Alpha/Betas/Freqs from prfs o. 5 Curves family
Ground/Wal distances o ® ¥ edFr <> ach)
) coadinte WallZT— . : Fer. Go: n soec
2 coordinate Ground (0.0 - 1,  Forces
005 i i o
connyurston optons )| | . ) Genoralsed Farces
> ¢ Displacements
Panelling o o
= stip Forces vs kM
o <4 =1  Strip Forces vs span
Mean Velocities P P
Mt o | . Fmal  Paich Forces
Trnming 15, 2.4 1  overal Forces
" Sveel!
Pressure Correction 10, - ¥
7 0.5 0.5 -
Method Options = ] W e L
BVM options. &
LS options
Panel coarsening 2.  Cpeuc) <> Cpx)
Fich coarsening along chorwise [T . e
Pich comsent n— .
tch coarsening along_spaise Pl R
FFx CFy MFz
M FMy M
-0 anrs
> Diagonal
GAF selector
2.0 ]
Tt TaET o
.00 0,500 1,000,000 0,500 1.000 o
Mode sslector
rve Ranges run info running hot'cold H continuation
Frequency/A0A(/S) Mach number Aero Patch Aero Strips 5 (Re)Calculate Steady | | € Steady Run & save =0=.zhot file I Output Forces Max q continuation[0.05 =1
. bgn' MbgnT Pogni s sbni DT | Bocaicols Uy | | © 539 Run - Output CPs ST
Configuration endl6 end [ Pendli S endls 1Te Y1\ &) steady Run) usin I IOUNUIGAGS Save ot fle
= e ——3 3 w3 w3 € Unsteady Fun & save Create Outpt s [E=Es= ol ]|
e 7  Unsteady Run Seve womahot e
Ducaner_| | £ o Save AES==@ s e |

I €. Bun sengcehotle
Figure 84 Unsteady Overall Forces versus Reduced Frequency, Constant Mach number curves




AES=0= Aerodynamics

Case Options =

‘ 3D<>2D Analysis

Mach range endl0.5 Cib =
Number of Mach poins 16 © 30 Analysis Of +
‘Alpha range statf00
‘Alpha range endl30.0
Number of Alpha/Beta points [o

 _Slip Angle_+
RedFr. range stanf0.0
Red Fr. range endl.0
Number of Red Fr. points [ 3|
% uniform <> hypert

[ _2D Graphics Unsteady =

s
& Re &in
Red Fr/Div.Rt rel. spacing [0.02 FaM € Polar
5 Div Rale_% AirForces e
I~ MachvAlpha/Betas/Fregs from prfs [ Curves fanily ———
Groundnval " [Red . <> Mach]
y coordinate WalllG0 [ChoC8 (3  Select
2 coordinate Ground (0.0 © Forces
Configuration Options —

ccp
 Generalised Forces
Panelling € Displacements.
 strp Forces vs kM
Mean Velocities
Trimming

Boundary Layer

Pressure Correction

Method Options
BYM options
LS options

Fanel coarsen
Pitch coarsening along chordwise [T J

& Strip Forces vs &

Pitch coarsening alang spanwisel

F Cpe/C) <> Cp(X)

I¥ Diagonal
GAF selector
o ] M i h F—
0.500  0.700 0.900.500  0.700 0.900.500  0.700 0.900 Pl
Mode selector
qut Curve Ranges  run info running hoticold H contuation
Breewcenl Frequency/AOA(/S) Mach number Count soR T8 (Re)Calculate Steady | | € Steady Run & save =o=zhot file I~ Output Forces Max q contin 005 a1
—_— bgnl1 2 MubgnlT 2 Court ¥ T6. — {Ro)Calculats Unsteady | | & Siead¥ Run I~ Output CPs. Apply H continuation & save AES=0= Hgafe
Configuration ondlc . endlo | countm e  Steady Run using =0=zhot file. ¥ Output GAFs. e e
= r— o r—| e e—  UnSteady Run & save =o=hot file Create Output fles =
o @ UnSteady Run T T ‘Save =0=zhot file
Disciam " uaing -o-ot e |
IS

Figure 85 Unsteady Overall Forces versus Mach number, Constant Reduced Frequency Curves

[X) AES=0= Aerodynamics
Case Options = ——
mach & alhparfieq ] 3D<>2D Analysis
Mach range stanl05
Mach range endl 3 EH 2
Number of Mach points [6 © 3D Analysis Opts £
‘Alpha range stan[g.0 & e [eor 2 2 |
Alpha range endl30.0 ® R i " =
RN oo . E T |
JEAE z g I Real Par/ Mgntd
RedFr. range startf[00 — ] ¥ Imaginary Part/Phs
RedFr. range endl 1.0 & o
Number of Red Fr. points [ 2]
% Uniform <> hyperb
Red Fr/Div.Rt rel. spacing (302 = Generalised
© D Rate +] -16. AirForces
I~ Mach/Alpha/Betas/Fregs from pris  Curves fanily
Grouna/Wal distances ———— ] I [Redkris Mach)
| e
y coorainate Wail[ G5 =1 ] fao(g cSelect—————————————
2 coordinate Groundl00_ | ] © Forces
\"\\ o
Configuration Options — ] @ [Generalised Forces.
Earlk C Displacements
Displacements 5 € 5tip Fores Vs kM
2. & tip Foroes vs span
Mean Velocities | € Patch Forces
Trimming = & Overall Forces.
Boundary Layer g ] [ sl
3 @ i Fores vs J inex
Pressure Correction =5C € tip Forces vs
-
g & sitip Foroes v 2
EBTHERATE = H € Stip Foroes ve 5
BYM optians
TS
LS options P
Panel coarsening I |CRONC) <> Cr).
Pitch coarsening along chordwise[T =1 Y & S —
Pitch coarsening along spamwiselT 21 i
’\.\ a, m
\\\:—‘\ Ry, I
AES:=o:
-24.] .
Modes
0.500 0.700 0,900,500 0,700 0,900 Pal
|
auit Curve Rang run running hoticold H continuation
e Frequency/AQAYS)  Mach number Aero Pach Aero stiips Count 2056 | (Re)Calculate Steady | | € Steady Run & save =o=zhot fle I OuputForces  Max g continuation 003
L bgni_ s Wbl s ol seonli_ sl | Coutils | Rocicuse nseagy | | © S0V Run ™ Output CPs PPy COMTIENon B/ Save
Configuration endle | ro— ] — | —) Countilg— € Steady Run using =o=zhot il ¥ Output GAFs. STREEHRNA
Info pienl 3 penh 3 Ppenl Sptenl 3  UnSteady Run & save == hot fle Create Output fles JEEE |
| | & Unsteady Run Save =o-zhot fie
Disclaimer B B i o e ‘Save AES=0=(2)ds file
T —

Figure 86 Diagonal Generalised Forces versus Mach number, Constant Reduced Frequency Curves



AES4AC
Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics,
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft

149

oo AES=0= Aerodynamics

mach & alhpa/ireq - 3D<>2D Analysis
Mach range startl[05— 1
Mach range endl0.3__ 2 Show +
Wunber ot g pas 75— 31 —_— = —  naicops .
Alpha range start[0.0 | 13, — - 2, op128 2L
T ] R R =] 2D Graphics Unsteady S
wmow octpruse pie s 3 €t ==
1 1 AES=0=12025,0 7 Real Part Mgntd
Red Fr. range stat[00__ 21 i o4 =0=:2025, ¥ maginary PariPhs
Red Fr.range end 1.0 2| Wt "
Number of Red Fr. points 56— 2] — N — s
[ Uniform <> hyperb :§ —— @ Re&in
Red Fr/Div.Rt rel. spacing [0.02 2| -0. Generalised € Polar
Div. Rate _+ o € Mg &Ph
™ Mach/Alph: Gar P 1 [GAF irforces
Ipha/Betas/Fregs from prfs 5.5] -0. Curves family
Ground/Wall distances R 1 R I” RedFr. <> Mach
- :
y coordinate Walll0.0 o~ E=E= SHEET )RR Select
2 coordinate Groundl0.0 Y = g —  Forces
= -4, 5
Configuration Options — Y " @ Generalised Forces
aneing ™~ © lpacemers
. EE
Ty 2 . HEE ‘
—
Boundary Layer € € L]
Lo ‘
Pressure Correction 0. -  — P
s | e g T =
Method Options = 2n | —— L} — -
SV optons -2 —
LS options Y
Panel coarsening -4 -0. .
Pitch coarsening along chordwise [ - (FET T GAF |2 GaF_Jd_3 [GAF 4
Fich coarsening ong spemseli— 3 5.2 0. 7o
= R R Fal BK R
N 6. 7 4 = 4
] S 3% 37
3»,’; 3,';I GAFS
Y mm— -0. I~ [Biagonal)
- GAF selector
mach =ue mach -2.9] mach 4. ‘mach.
ote setectr
T T raing vveot Hcanruaton
Preforences (AL ) e Aero Paich (Re)Calculate Steady | | Steady Run & save =0=zhot fle I OutputForces  axq continuation[9.03 =1
NERTE Vol o Cocacuae seets | | & Seaay mun ot v e
o o——H  pown—— T O ' O I A
Info pten P ptch [ € UnSteady Run & save =o=hot file Create Output files 3
T & Untesty e Ot e | Sovs cor e
Disclaimer 2 Save AES=0(2)xs fle
—— A
Figure 87 Generalised Forces versus Mach Number, Constant Reduced Frequency Curves
- e _
e
Case Optons = I
5020 ana
B T — Seect acive modes j [E=mem|
Mach range end0.3 Show, X
Nunbe of o pots 15— = Mo Orghal souces % boats o =
A e {0 — £ Lo Saces <o =
Ao g oS3 oo O Sk oo oo P Gt -]
Number of Alpha/Beta points (6 = Displacement Opts +
Slip Angle_+ I (re)tag all regular modes (@)CP/Gain/Q_Opts -
RedFr. range startl0.0 I (te)tag all gust modes. % Both Re & Im dCP contours.
R, rage el 15— & Raacs comous
Number of Red Fr. points [6 2 tag to (dejselect € Al '4CP contours.
o e
Red Fr./Div At rel. spacing [0.02 =1 RESET © Contour shaging & lines
Db nae_+ —re | £ ot s
L [btachBpliaGotan ool it F warped: 1 Reg. Modes :%d € Contours off
Ground/Wall distances I~ warped: 2 Reg. Modes :%d ™ UVW Vectors <v>
) connee Wal 27— Fvames 3 et wodes %a | ||| I Gbcues won
2 coordinate Ground[0.0 I warped: 4 Reg. Modes :%d (9K/(80A,40) index SelectorTs
Mach index SelectorT6 2]
Paneting — R,
Dipacanens
Doty | i 0V s +
Vian Volotes
| T G | % Wireframe <w>
Boundary Layer ¥ Mirors
| Mot optons =] . =
SV ptans £ vz
Pitch coarsening along choravise T _views  +|
P ceaing ang spamviats— Proem o= e
SRS
KIN] o
Sav aEs-0-pom e
20 captics nstoaty
20 captics ot +
o : o = Hcommuaion
renee cy/A0 er Cour [ _(Re)Calculate Steasy | | C Steady Run & save =0 Max g continuation[0.03 24
Configuration endle————8 .endle 3 Pendh 3 ] )Calcu y | | ¢ s iy I gl 1 s ston & 2 RES-O-HyET
Info ptch v = pen 5 ppenly = € UnSteady Run & save
_— | = = = @ UnSteady Run
Disclaimer ‘ c uri g f

lFigure 88 Real (left) and Imaginary part of the unsteady pressure coefficient distribution combined with the ’

extreme position of the generating first mode at Mach number 0.9 and Reduced Frequency 1.0



AE: Aerodynamics

Case Options -

mach & alhpartreq -

Close

Red Fr. range start[0.0
Red Fr. range endl1 0
Number of Red Fr. paints [6 2
2 Uniform <> hyperb

Red Fr/DivRt rel. spacing (002
Oiv.Rate _+
I Mach/Alpha/Betas/Fregs from prfs
Ground/Wall distances
9 coordinate WallG.0
2 coordinate Ground[0.0

3D<>2D Analysis
Select aclive modes. j
o visualize —

Show 0 +f
@ No Original Sources ODAnalysisopts
€ +Onginal Sources <o>. ‘eroiyaro Pach Opts +
 Only Onginal Sources <o
_Displacement Opts +
I ()tag sl requiar modes (@CP/Gain Opts
I~ (teYag al gust modes B0t Re & Im dCP confours
€ Re dCP contours
tag to (de)select € Al dCP contours

RESET  Contour shading & lines
€ Contour shading
taglist——— | || & Contour lines
I~ warped: 1 Reg. Modes %d  Contours off
I warped: 2 Reg. Modes %d I UVW Vectors <v>

I warped: 3 Reg. Modes %d I CP curves <p>
B I warped: 4 Reg. Modes :%d (K40 AOS) index Selectorls 12
Mach index Selectorls 2
Configuration Options — py | —
Paneling
—_— Trim_Opts_+
Displacements
Mean UVW Opts +
Mean Velacities
—_ 3D Visual Opts -
TS| 7 Wireframe <w>
Boundary Layer 7 Minors
Pressure Correction scales[7.0 Fl
Options +
Method Options - [ _Proj views |
BYM options = =
LS options 0 =
Panel coarsening
Pitch coarsening along choraviselT__ 2 views __+
Pitch coarsening along spamise  mouse > 1oty mouse > mov
<+>Zoome>Pan<->
A 5|
Save AES=0= ppn fle
20 Graphics Unsteady +
2D Graphics Opts +
aQuit un info running hotcold H continuation
Preferences Count AQ e)calcuste teady | | C z:::z b e Maxa contuaton[05— =
Configuration (Re)Calculate Unsteady | | ¢ el
o C Unsteady Run & save
| SO @ UnSteady Run
sclaim P 2
|

o 5 ‘
Figure 89 Real (left) and Imaginary part of the unsteady pressure coefficient distribution combined with the

extreme position of the generating fourth mode at Mach number 0.9 and Reduced Frequency 1.0

\erodynamics

Case Options =

mach & alhpa/treq =
Mach range startl 05
Ma

3D<>20 Analysis
Show +
30 Analysis Opts =
\ G y Asro/Hydro Patch Opts +
Alpha range endl500 arped 1
Number of Alpha/Beta points [6 = ; Displacement Opts +
Siip Angle_+]' \ ¥ (@)CP/GaG Opts +
Red Fr. range startf0.0 I\ 1 A 1 - Boundary Layer Opts +
Red Fr. range endl7 0 7 4 NN 1 Trim Opts_+|
Number of Red Fr. points [ 2| ¢ ) V ZgPSENRN, £ N i Trim Opts -+
[ Uniform <> hyperb 11 # LT Vi) L TSN J
Red Fr/Div.Rt rel spacing 002 2 Zo) R T

Div. Rate +
I Mach/alpha/Betas/Fregs from prfs
Grouna/Wall distances

Mean UVW Opts +

3D Visual Opts -
¥ Wireframe <w>

¥ Mirors
scales 3.3 |
y coordinate Walll00_ =1 Options -
2 coordinate Ground 0.0 T~ Draw axes
Text [AES=0=
Configuration Options — ted <t>
Panelling

I [Corir Tols <6 ]
Displacements

Proj views e
Mean Velocities

2 vz
Trimning XY it
Boundary Layer CLviews  +|
Pressure Correction  mouse > ol mouse > mov
_— <+>Z00me>Pan<->
Method Options = | »l
BYM options
LS options

Save AES=0=ppn file
Panel coarsening
Pitch coarsening along chordwise T 21

Pitch coarsening along spanwise[ 3]

©_2D Graphics Unsteady +f
2D Graphics Opts +
Quit " running hovcold H continuation
Preference (Re)Calculate Steady | | C Steady Run & save =0=zhot file I OuputForces  Max g contnuation 305 21
frerrences | @ Steady Run I~ Output CPs finuation
Configuration (Re)Calculale Unsteadyl | e using =0=zhot e ¥ Output GAFs
o C Unsteady Run & save Create Output fles
|  UnSteady Run
camer_| | o “ Save AES=0=(2)s fle

Figure 90 Real and Imaginary parts of the unsteady pressure coefficient distribution for the four modes at
Mach number 0.9 and Reduced Frequency 1.0



AES4AC| 475

Modelling, prediction and analysis of subsonic & supersonic (hypersonic) steady & unsteady aerodynamics, 373
free surface hydrodynamics and aeroacoustics for oscillating and deforming aircraft and watercraft .
151

Conclusions

This report has described the detailed formulations and usage of the aerodynamic
/hydrodynamic and acoustic calculation methods embedded in AES=0=. Steady and
unsteady surface pressure and loads distributions of complete aircraft/watercraft can be
predicted effortless with AES=0= and might form the basis of a design generation or a
second opinion.

AES=0= incorporates a very flexible panel method avoiding unacceptably large turn-around
times, especially when dealing with design, certification and qualification studies and
modifications/installation effects reckoning with aerodynamic, hydrodynamics,
aeroacoustics, and aeroelastic applications and a low level of effort at work-floor level.

AES=0= deals with simple three-dimensional shapes (wings) to complete fixed wing
aircraft/watercraft and arbitrary two-dimensional shapes (aerofoils and arbitrary cross
sections). The applications are easy to use for engineers, the processes are easily repeatable,
robust and fast.

As a bonus, the mollifier/VSIC method has been described in detail and demonstrated.
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Appendix AES4AC B.V.

AES4AC B.V. ( ) provides expert assistance and software in aero-elasticity
and flutter speed prediction for Subsonic, Transonic, Supersonic and Hypersonic operations.

The followings methods are available:

» AES=2=: Calculates 2D unsteady aerodynamic
forces & pressures on (partly(effectors)) oscillating flat plates in frequency domain,
Incompressible, subsonic, sonic and supersonic/Hypersonic
» AES=W=: Calculates 2D unsteady aerodynamic.
forces & pressures on (partly(effectors)) oscillating flat plates
The flat plate is placed in between upper and lower walls.
» AES=3=: Calculates 3D unsteady aerodynamic.
forces&pressures on oscillating surfaces in incompressible, subsonic
and supersonic/Hypersonic flow.
» AES=V=: Aeroclastic Pre and Postprocessor for geometry, warping & mollifying,
Grid generation and flutter & time trace analysis.
» AES=0=: Prediction & analysis of 2D & 3D steady &
unsteady aerodynamic/hydrodynamic pressures/forces on platforms (thick & flat
surface panel methods. Incompressible, subsonic (~transonic)
and supersonic/hypersonic

Also flutter support based on linear and nonlinear unsteady CFD methodology (Full
Potential, Euler, Reynolds Averaged Navier Stokes(URANS), Thin Layer Reynolds
Averaged Navier Stokes(TLNS), Baldwin Lomax and Spalart Allmaras turbulence models).
True surface and transpiration boundary conditions.

AES4AC B.V. performs very fast and efficient A/C flutter analysis and calculation of
generalised airforces by means of its aero-elastic workbench importing generalised mass,
stiffness, node coordinates and mode shapes obtained from FEM applications.

Contact:

247 Chemin Saint Clair
83340 Le Cannet des Maures
France

+33 66948 39 30

Linkedin

Academia

Researchgate /2
AES4AC
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