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SUMMARY

A fast and interactive software to simulate aircraft
behaviour may be a very useful and helpful tool for
aerospace research and design, especially when light
aircraft and sailplanes are involved, and when atmo-
spheric wind effects are to be considered. This paper
presents an attempt to give interactive and realis-
tic simulation possibility almost to everyone
through the use of JDynaSim code.

JDynaSim is an interactive graphic flight simula-
tion code written in JAVA and VRML (Virtual Reality
Modelling Language) languages which practically
allows any user with any hardware (PC, worksta-
tions, etc.) to fly the aeroplane under investigation.
This is true due to the fact that JAVA is a language
born to work under a generic Internet browser (such
as Microsoft Explorer or Netscape) and thus it is in-
dependent from the operating system under which
it is running. The code uses the VRML to represent
the aircraft motion and JAVA classes to control and
interactively fly the aeroplane, solving runtime the
dynamic motion equations in which atmospheric
wind terms have been included. A simple thermal
model has also been implemented in the code and
useful information on dynamic behaviour of sail-
plane can be drawn when this is flown through the
simulated thermals. Parametric variation of sailplane
aerodynamic and geometrical characteristics has al-
lowed to investigate the relative importance of aero-
dynamic coefficients on sailplane performances in
thermal soaring. This paper will present the results
of such an investigation.

|[DynaSim is available to everybody through
Internet at the following URL:
http:/ /www.dpa.unina.it/coiro/

VOLUME XXV, NO. 2 - April, 2001

173

NOMENCLATURE

€ = mean reference chord

C.G. = center of gravity referred to l.e. of m.a.c.
D

g = gravity
I = moment and/or product of inertia
L =lift force

= drag force

! = rolling moment
M = pitching moment
m  =mass

N = yawing moment

p.qr = rate of roll, pitch, and yaw, respectively
IM = transformation matrix Earth=>Body axes

t = time

V = relative velocity vector

V= absolute value of velocity vector
W = wind velocity vector

W = absolute value of wind velocity vector
% = distance along x axis

y = distance along y axis

z = distance along z axis

Y =y component of aerodynamic force
a  =angle of attack

B =angle of sideslip

d.  =elevator angle

@ = Euler angle (elevation)

¢ = Euler angle (bank)

y = Euler angle (azimuth)

@ = angular rotation vector

C;  =inertial terms

SUPERSCRIPTS

() = time derivative d/dt
SUBSCRIPTS

L =referred to inertial (Earth) coordinates
W = referred to wind coordinates

B =referred to body coordinates

X,v,z = measured in x, v, and z directions
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INTRODUCTION

Sailplane and aircraft behaviour are better under-
stood if simulation and visualization tools are avail-
able to the designer. In particular when complex and
non-linear maneuvers are to be investigated, the ne-
cessity of really looking at the true aircraft motion,
has led to the development of an interactive flight
simulator. If students needs have also to be taken in
account, portability of such a software and/or its
availability through internet become important re-
quirements. JDynaSim represents the result of efforts
done toward these requirements and it is the arrival
point of many researches performed by the authors
in recently past years regarding aircraft aerodynamic
and dynamic responses prediction.

JDynaSim originates from DynaSim (Refs. 1,2,3)
which was an interactive graphic code that allowed
the user to fly the selected aeroplane using the mouse
as stick command. DynaSim was presented and shown
at the last OSTIV XXV Congress. Originally DynaSim
was partly written in C language and partly in For-
tran language, but, in this case, the code was depen-
dent on the machine it was running on (it was writ-
ten for Silicon Graphics workstations) limiting in such
a way its portability especially to the wider PC’s user
world. So, to make this code more portable, it has been
totally translated in JAVA (Ref. 4) language allowing
in this way to be used by virtually any computer with
the only requirement that an internet browser, such
as Microsoft Explorer or Netscape, should be installed
on it along with the shareware software CosmoPlayer.
In fact the code uses the Virtual Reality Modelling Lan-
guage (VRML) (Ref. 5), thanks to which it is possible
to create an environment which allows visualization
of 3D aircraft motion resulting from the integration
of motion equations.

JAVA, once communication with VRML has been
established (Ref. 6), allows the user to control and in-
teractively fly the aeroplane.

Big effort has been put in the process of transform-
ing the original C and Fortran subroutines in JAVA
language especially because JAVA is not a language
oriented to scientific calculations, but the characteris-
tics of the language make the code user friendly and
machine-independent.

The practical use of such a tool is connected to the
possibility of analyzing the aircraft response in real
time for both interactive and pre-defined time depen-
dent control laws. The necessary steps to perform an
interactive session are:

1. Generation of geometry model (this is not neces-
sary to correspond to the real geometry)

2. Generation of virtual reality model to be used by
Cosmo Player. This is done through an automatic con-
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verter that translate a standard geometry data file in
a VRML file.

3. Generation of geometry and mass file input

4. Generation of non linear aerodynamic data base
eventually transforming the available forces from one
reference system to the appropriate JDynaSim refer-
ence system

5. Run the simulation

Steps 1 and 2 are necessary only the first time and
they can be avoided if the user accepts to see the
geometry of the model different from the real one.

Step 4 can rely on either experimentally determined
aerodynamic forces or on data deriving from numeri-
cal simulation. Obviously data should comprise the
whole range of angles of attack including the non-
linear part.

Previous work done in this direction {Refs. 2,3,7}
has shown that this procedure can be reliably used to
predict aircraft and sailplane performances and
behaviour. Part of the current work has also being
devoted to the inclusion of atmospheric wind terms
as forcing functions of the motion added to the nor-
mal control forces forcing functions. In particular a
simplified thermal model has been introduced in or-
der to investigate the sailplane performances in ther-
mal soaring. In fact one of the main objective of this
paper is studying the influence of geometric param-
eters and aerodynamic coefficients variation on sail-
plane performance. We have tried to answer the fol-
lowing question: “Would the sailplane perform bet-
ter if that coefficient or geometric parameter would
be greater or smaller than actual value?” In order to
reduce the number of degrees of freedom relative to
the motion under investigation, the study has been
done trying to obtain the same sailplane path in the
thermal assigning different control laws for each
maneuver!

JAVA LANGUAGE

JAVA is an object oriented programming language
similar to C and to C++ that allows to write applets.
Applets are applications ready to be transferred in
internet and to be executed by a local machine with a
simple internet browser like MS Explorer or Netscape
Navigator. In other words an applet is like a normal
audio or image file and it can be downloaded and
executed using the browser. JAVA has then introduced
interactivity in internet. To run JAVA applets, the
browser must include the Java Virtual Machine (JVM)
that is now normally included by default in most com-
mon browsers. The portability of JAVA and its char-
acteristic of being platform independent is connected
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to the way a source code is compiled. In fact, after the
compilation, the output is in a bytecode format that is
in a hexadecimal format and not in machine language,
see sketch n. 1.

SOURCE CODE | EXECUTABLE CODE

OPERATING SYSTEM

FORTRAN, |
C.C. ..

:
:
:
]
2

JAVA

Sketch n. 1: JAVA independence from platform

The interpreter of this type of language is the JVM.
In this way portability and flexibility are ensured. In
practice JAVA is a general purpose and complete lan-
guage, easily extendable to multimedia and to net-
works.

Being a new language born having in mind internet,
it has rapidly become a standard for applications
available to everyone in the net.

Another advantage is that it is free of charge and
its compiler is freeware.

It also allows a lot of library for a broad range of
applications starting from networking to data base
management.

VRML

The Virtual Reality Modeling Language (VRML) is
the language used to describe three dimensional ob-
jects for Internet. With VRML, authors can construct
entire sites, or “worlds,” with infinite space and depth.
Objects in these worlds can be links to text, audio, or
video files, HTML files or sites, or links to other VRML
worlds.

A VRML file is an ASCII file containing 3D graphi-
cal data and it is read by specific browsers allowing
the user to navigate in an interactive way in three-
dimensional scenes. It is recently born, it is shareware
and it represents a standard in Internet. Some of the
possible uses of virtual reality with VRML are: teach-
ing, scientific visualization, dynamic simulation, in-
dustrial design, medicine, etc.
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Main advantages are its portability, economy,
diffusion, versatility

Even if it is a file format and not a real program-
ming language, it allows a dynamic control of the
graphical scene through JAVA code and with the
shareware library EAI (External Authoring Interface).

DynaSim AND JDynaSim

Dynasim (Refs. 1,2,3) is the original interactive
graphic code that allows the user to fly the selected
airplane using the mouse as stick command. It was
written using a combination of C and Fortran lan-
guages and was based on Open GL graphic libraries
running under Unix operating system on a
Silicon Graphic workstation. Its use was then limited
to people owning Silicon workstation who represent
only a very small part of total users. The portability
of DynaSim to PC world was the main reason to in-
vestigate the possibility to write a totally independent
platform software. In fact the simple transformation
of the graphical part of the code to Open GL running
under Windows operating system, would have lim-
ited the use of the code to people owning graphic card
supporting Open GL. Then only a combination of
JAVA and VRML represented a solution of the prob-
lem. The communications between JAVA and VRML
has not been an easy task. The other difficult part has
been translating the numerical part of the code in JAVA
language that is a language born for the graphic world
and then not really smooth for numerical computation!
JDynaSim screen snapshot is reported in figure 1.

3 C:\madonna\convestitare\sti2vmi\akiantemodeLwil - Wics
Fie Modca Yesizs  Freled  Shomead 7

Figure 1. Example of screen shot of [IDYNASIM flight
simulator code: ASW-24 sailplane.
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Aerodynamic prediction

Longitudinal and lateral-directional aerodynamic
coefficients, static and dynamic stability derivatives
and sailplane performances are obtained through the
use of AEREO code. Without going in detail about
the features of AEREO code (they can be found in Refs.
2,3,7) we just remind here that AEREO predictions are
based on a mix of semi empirical methods (see refer-
ences 8-12) and of an extension of Prandtl lifting line
theory to the non linear range of angles of attack.
AEREO predicts also power effect on aerodynamic co-
efficients together with static and dynamic stability
characteristics (characteristic modes, frequencies, root
locus, etc.). Aircraft and sailplane performances along
with load- and gust-envelopes are also generated.
AEREO code needs two dimensional airfoil aerody-
namic coefficients assigned as curves in function of
angle of attack and of Reynolds number. These data
are necessary for each lifting surface and they can be
either experimental or numerical data. In this last case
we use aerodynamic coefficients as obtained from
TBVOR code (Ref. 13). Examples of aerodynamic pre-
dictions as predicted by AEREO can be found in ref-
erence 7.

Equations of motion

The translation equations of motion are written in
the flight path axis system and the rotational equa-
tions of motion are written in a fixed body axis sys-
tem. The equilibrium values of the variables corre-
sponding to the trimmed input condition are first
found and then the integration of the differential equa-
tions starts. The code can interactively read mouse
and keyboard inputs as well as files with command
laws assigned in function of time. There is the possi-
bility to record the interactive session performed and
then to repeat the maneuver.

The solution is obtained solving 12 ordinary non
linear differential equations using a 4th order Runge-
Kutta integration scheme. Aerodynamics is input as
non-linear forces and moments expressed in function
of angle of attack, sideslip angle and control surfaces
deflections, thus they are input in multidimensional
matrix form and are interpolated at each instant of
time according to the instantaneous values assumed
by independent parameters during the maneuver.
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Wind terms in the motion equations

The inertial reference frame is the Earth axis system,
based on the assumption that the Earth is a stationary
plane in an inertial space. The coordinate systems
used in this work have been: flight path axis system
(origin at the c.g. of the airplane and X,, axis directed
along the velocity vector of the vehicle relative to the
atmosphere), atmosphere fixed reference frame (use-
ful to evaluate the inertial wind velocity W), and body
axis system (vehicle fixed reference frame, based on
the assumption of rigid and symmetrical aircraft ). In
order to incorporate the variation of the wind in the
motion equation, the inertial velocity Ve (that is the
aircraft speed vector relative to the Earth reference
frame) must be expressed in terms of the wind vector
in thisway: ¥ =7, -# where the atmosphere motion
relative to the Earth is indicated with W and V is the
aircraft speed relative to the atmosphere. This means
that the translational equation of motion becomes
E+5x?=?!m+§fm+§—(ﬁ+5xﬁ), Of course if
the wind speed is zero or constant, the equation
will return to its original form. When vectors are pro-
jected on the path reference frame, translational equa-
tions will be modified consequently (Refs. 14,15,16).
The other obvious consequence of the wind variation
is that all aerodynamic forces and moments are ex-
pressed in terms of the aircraft speed relative to the
atmosphere (for istance D=CppV?5/2, where V is dif-
ferent from Vg ).

Angular rates relative to body axes will be affected
as well because it is necessary to add terms following
the trasformation of angular wind velocity

s
w=>VxW in body axis sytem. Due to the pres-

ence of ¥ operator, spatial derivatives of W compo-
nents will be used in evaluating the aerodynamic
coefficients. In fact the roll, pitch and yaw moments
are dependent on the values of the angular rotation
relative to the atmosphere. So, since the aircraft
angular velocity is evaluated in the Earth reference
frame - and its components p, q and r are expressed
on the body reference frame the angular wind veloc-
ity @y will not appear in the rotational equations,
but it will affect the calculation by its direct influence
on the aerodynamic moments. To evaluate this influ-
ence the angular rates must be modified as follows:

w = wp — wwp , wWhere wyg is the angular wind
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velocity projected on body axis and  is the final
angular velocity ( [ pr, qr, rr ] ) vector to be used in
computing the aerodynamic moments.

To obtain @yg a coordinate transformation matrix
will be used, since the wind angular velocity is usu-
ally evaluated in the Earth axis system, as

(ﬂVz/@—ﬂVy/&)
indicated here ww =| (W, /& - W,/&)|. The
(Wy/&*éu/x/é’)

transformation matrix and the complete set of non lin-
ear ordinary differential equations are reported in ap-
pendix.

Thermal modelling

Up to our knowledge, no complete thermal mod-
els are available in current literature. In this case one
possible way of proceeding is to choose a relatively
simple model that can be quite representative of a real
thermal. A complete thermal model would include a
distribution of wind velocity components in space and
in time.

Figure 2: W. velocity component inside the thermal
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Our simplified model not only “freezes” the veloc-
ity distribution in space but the velocity components
are also reduced to only one component (normal com-
ponent to the earth) that varies only horizontally (in
X-Y plane) according to a specified function. Further-
more the thermal has a circular shape (it develops in
an axial-symmetric body of revolution) and the total
mass is conserved inside the thermal itself. Figure 3
shows vertical wind distribution in a section obtained
cutting the thermal with a plane normal to the diam-
eter and passing through the centre. The thermal
diameter is about 800 meters with maximum upward
velocity varying from 5 to 10 m/s and maximum
downward velocity form 1 to 2 m/s.

Results

All calculations have been performed for the
ASW24 sailplane. We did not have the accurate
geometry of this sailplane and most of geometrical
data were deduced from available pictures. Mass and
inertia data were available to the authors. As far as it
concerns sailplane aerodynamic predictions, they
were already presented in Ref. 2. Once aerodynamic
coefficients and stability derivatives are available,
simulation has mainly regarded two types of
maneuver:

1) Straight crossing the thermal
2) Entering and climbing the thermal keeping the tra-
jectory approximately the same.

Sensitivity analysis has been performed to estab-
lish those parameters and aerodynamic coefficients
to which the sailplane would have been more sensi-
tive.

This analysis has been performed in the following
way: for each maneuver, as specified above, the sail-
plane has been trimmed at same initial speed and
height outside the thermal. Then for each parameter
or coefficient variation the control surface deflections
have been assigned (and, where necessary, modified)
in order to obtain approximately the same path
inside the thermal.

Altitude gain at the end of the maneuver has been
considered as the performance index.

Aerodynamic coefficient curves have been modi-
fied changing their slopes. For example, regarding the
lift coefficient, keeping the same Clya,, curve slope has
been changed increasing and decreasing it by an
amount of 10%.
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Same procedure has been applied to all coefficients
and only a reduced set of them has resulted having
a significant influence on performance index.

Straight crossing maneuver

In the first part of table 1, main characteristics of
original sailplane maneuver are reported. With
reference to these data, altutude gain or loss are
reported in the remaining part of the table.

)

T

Table n. 1

Original sailplane (weight = 500 Kg, C.G = .25 m)
Max height( m ) 1049.8

Min height (m) 988.

Angle of attack(deg.) |2<a <27

Modified Max height [Min height |Angle of attack
sailplanes variation  |variation

+10% CL, [Null Null 2<a<27
+10% CD, |Null Null 2<a<27
+10%Cm,  |Null Null 21 <a<2
Weight =350+ 4. m Null -05<a<0.5
Kg

CG. .19m [Null Null 22<a<28
CG..32m |Null Null 2<a<27
Wing span:  [Null -15m 19<a<24
(+13%)

Wing +2.5m -3.m 06<a<l1.9
surface(+15

%)

Horizontal |[~-1.m -25m 195<a<26
plane(+10%)

It can be seen that only wing surface variation has a
small impact on performance index.

Climbing maneuver

A typical trajectory in the X-Y plane is shown in
figure 3. In the same figure dashed lines represent
the marks of the thermal with outside and inside rings
representing respectively downward and upward
velocities.
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Figure 3. Path of sailplane inside the thermal for climb-
ing maneuuver.

Altitude in function of time is reported in figure 4.
It should be noted the oscillatory character of the sail-
plane path: this is due to the low damping of the
phugoid motion.

We remind that sailplane path has been held
approximatley the same for all cases investigated and
that appropriate control laws have been assigned for
each case studied. Typical elevator and aileron con-
trol laws are reported in figure 5.

height
(m)

1020 +

1000 .

980 T T T

1
0 20 40 g0 Time(s)so

Figure 4: Sailplane altitude in function of time.
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Figure 5: Control laws for climbing maneuver.

Variation of angle attack and bank angle in func-
tion of time for a typical maneuver are reported in
figures 6 and 7.

8

angls of
attack
(deg )
6 - i S
| ,
|r // \_,/\ -\
| S |
J ~
¥ H
4
V™
H-...—'—'—"'x"'{
2 4
Vs
2 T
0 20 40 80 Time (s ) 80

Figure 6: Angle of attack variation during
the climbing maneuver.

Again oscillations are present in both graphs. Nev-
ertheless average bank angle is around 42 degrees.
In table n. 2 results of parameters variation are re-
ported and they are relative to the climbing maneu-
ver. It can be seen that significant effect on perfor-
mance index are due only to wing surface modifica-
tion, and to lesser extent, to CL,
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Figure 7: Sailplane bank angle during
climbing maneuver.

The effect of wing surface variation on resulting
motion is shown in figure 8. Figure 9 shows the alti-
tude gain and loss due to increasing and decreasing
lift coefficient slope.

-1120
Height (m }
original sailplane
modified wing surface { + 154 %) %
1080 - i
.'r "
-1040
-1000 .
-p80 T T T ]

80 Time(s) 80

Figure 8: Altitude gain due to wing
surface varwation.

Cm, and CD, derivatives have only a little effect
on performance index.

As weight concerns, lighter glider will obviously
climb better.
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“1809 Height (m )
original sailplane
1080 4 - - - . modified Clalfa (- 10% ) 2
-------- modified Claifa ( + 10%_)
-1040 A
-1020
-1000
-880 T T T 1
o] 20 40 60 Time(s) 80
Figure 9. Altitude gain/loss due to lift
coefficient slope variation.
Table n. 2
Original sailplane
Max height (m ) 1053.8
Min height ( m ) 990.5
Mean angle of attack (deg. ) [<5.5
Mean angle of bank ( deg. ) ~45
Mean angle of sideslip ( deg. ) |~3
Modified Max |Mean Mean Mean
sailplane height |angle of |angleof |angleof
variati | attack bank sideslip
on (m) | variation |variation |variation
+10%CL, |+8.1 [Null Null Null
-10%CL, |-7.5 |[Null Null Null
+10% CD, |-3 Null Null Null
-10% CD, |+2.5 [Null Null Null
+10%Cm, |+2.5 |[Null Null Null
-10% Cm, [-2.5 |Null Null Null
+10% Cns, |Null | Null Null Null
-10% Cns, |Null | Null Null Null
+10% Cyp | Null | Null Null Null
-10% Cyg  |Null [Null Null Null
Wing +20 [R5 - 10. +0.5
surf.(+15%)
Weight: 350 |+40. [-2.0 - 10. +0.5
Kg.

All other longitudinal and lateral-directional aero-
dynamic coefficients and derivatives have shown one
or little influence on performance index. No specific
indications came out from this study but the possibility
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of changing the performance index and the ease of
performing the sensitivity analysis, will allow further
investigations in the direction indicated in this paper.

Conclusion

JDynaSim has shown to be a valuable tool to
investigate and visualize sailplane maneuvers. Used
in combination with AEREO code it allows to study
the effect of geometrical and aerodynamic parameter
variation on sailplane performances. An example
of this type of study has been presented in this paper.
Despite the simplicity of thermal model, useful
information on relative importance of aerodynamic
and geometric parameters on straight and climbing
flights have been obtained and discussed. Through
this type of investigations a designer can be helped
during the designing phase where decisions have to
be taken to optimise a particular performance. The
possibility of JDynaSim use over internet will allow
a wide number of people to become closer to the
gliding world.
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APPENDIX

Translation equations are written in path axes.;
rotational equations and angular rates are written in
body axes. Trajectory coordinates are written in earth
axes. Terms due to turbulence are written in bold. Ii
should also be noted that angular rates derived by
gust components must be added to p,gq,r values
resulting from the equations solution.

a=q-pcosatanf-r sinatanf + {mg (sin8
sina + cos@cosg cosa) — T sina~ L}/ (mV cosp)
+[W,_sina - W, cosa+q W,cosa- W, (p cosa+

rsina) +q W, sina ]/ (V cosp)

B = psina-r cosa + {mg (cos@sing cosf + sin@
cosa sinfi -cos@cosg sina sinfl) -1 sinff cosa +Y
cosf +D sinf3} /(mV) + [W, cosasinfi- W, cosf+

w, sinasinfi- W, (rcosf+qsinasinf) + W, (p
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sinasinf-rcosasinf) + W, (q cosasinfi+p

cosf) ]/ V

V= {T cosf cosa +mgfcos@cosg sina cosff -sin
cosa cosf +cos@sing sinf] +Y sinf-D cosfl} /m -
(W, sinfi+ W, cosflcosa+ W, sinacosfl) - W,

(rsinfi- g sinacosf) — W, (p sina cosf +
-rcosficosa) - W, (q cosfcosa-psinf3)

p=(Cir+Cop)q+ Csl+CiN
G=Csrp+Cs(¥-p°)+ C; M

F=(Csp+ Cor)q+ Cygl+ CioN
9=qcosg-rsing

¢=p+ysing

w = (rcos¢g + q sing) / cos@

=V [cosa cosf cosBcosy + (sing sinf cosy -
cos@ siny) sinf+(cos¢ sin@ cosy + sing siny)
sina cosfi] + W

y =V [cosacosfcos@siny + (sing sinfsiny +
cosg cosy) sinf3 + (cos@ sin@siny - sing cosy)
sinacosf] + Wy

: =V (-cosacosfsin@+ sinfsing cos@ + sina
cosficosgcos6) + W

Matrix to transform terms from Earth reference
frame to Body reference frame:

cos @ cos cos Gsiny - sin8 ]

singsin@cos siinbiny . , |

. — €08 g5l singcos 0 |

TM = oS @in iy + cosdeoswy @ i
o cos gsinGsin 4 i

cosgsinfcos y + singsiny singcosw cos 9 cos |
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