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1. Foreword

PANUKL 2002 can be used for aerodynamic computation of an aircraft, using low cost panel
methods. This is the continuation of set of programs (PANeli UKLad 96) being developed in the
middle 90ties of past century. The most important changes were made in 2001-2002. Program is still
being developed.

Below one can find theoretical basis and description of main program functionalities. User
manual will guide through program installation and usage.

1.1.1. Index of variables

a, - sound speed of free stream flow

b — wing span

Cm — pitching moment coefficient with respect to % of MAC
CD - drag coefficient

CL — lift coefficient

p — total pressure

Q — pitch rate

S —reference area

V., - free stream velocity

X, Yy, z— Cartesian coordinates for geometry definition, usually defined as follows:
origin in fuselage nose or root wing section
x axis along root chord ¢y,
z axis perpendicularly to root chord directed “up”
y axis perpendicularly to right wing.

o, - angle of attack

@ - full velocity potential

@, - velocity potential in infinity

@, - velocity potential inside the body
¢ - potential of velocity disturbances
K - isentropic exponent

A - geometric aspect ratio (b%/S)

W - doublet strength

p - air density

o - source strength



1.1.2. Introduction

The develop of CFD methods and big increase of the computers power caused, that Euler or
Navier-Stockes models are used more often and potential methods could be seen as obsolete.
However potential methods, despite many simplification are still the attractive tool [1,2,3]. Low cost
and fact, that they are relatively easy to apply compensate their disadvantages and lower accuracy.

1.1.3. Physical and mathematical model

The most important assumptions made for physical model definition are that fluid is inviscid
and irrotational (except vortex wake). The viscidity effect is simulated by Kutta-Joukowski boundary
condition, what could be interpreted that circulation on the trailing edge is equal to zero.

The mathematical model is as follows:

- continuity equation:

op ., .
—+div(pV) =0 1
p (pV) (1)
- Eulera equation:
N, (Vgrad) V = 1 grad p (2)
ot p
- state equation:
p=p, ()" 3)
P

Because fluid is irrotational (rot V = 0) the scalar function, called velocity potential can be defined and
the following condition is satisfied:

grad ®©(x, y,z,t) =V (4)

If we assume, that ®=®,+¢ and: modVe << U, modVe<<a, and modVe << (Uy-as)
then we obtain:

1,0 0 2
(=t — )=V 5
(atvax)(p ¢ (5)

0

assuming additionally, that flow is steady and incompressible, we have:

Vo=0 (6)



1.1.4. Computational method

Computational method strongly depends on the way of aircraft body modeling. The model
defined in chapter 1.1.3 concerns only flow and doesn’t define the object. Generally two methods are in
use. In the first method the body of aircraft is modeled using thin surfaces. The second method uses
three dimensional model of the aircraft body. PANUKL 2002 package bases on the low order panel
method, where the Dirichlet problem is solved (Hess method [7]). The quadrangle panels are used. The
flat vortex wake, parallel to the free stream velocity or parallel to chord is assumed.

The base of the method is solution of the Laplace equation for the full velocity potential.

VD =0; (7)

The velocity potential can be written in form [6]:

CI)(x,y,z):41- I pa-(lde—l- _[ 0(1)d8+d)w (8)
BODY

BODY +WAKE an r 4 r

Assuming the following boundary conditions:

- internal Dirichlet boundary condition on the body surface:

1, j ua(lde—l- I G&js:o (9)
47[ BODY +WAKE an r 4TC BODY r
where:
doublet strength: p=- (® - @), (10)
source strength: ¢ = ou/on. (11)
- Kutta-Joukowsky conditions on the trailing edge:
Ap(XrY)TE =0 (12)
- on the vortex wake:

OX
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Fig. 1 — Approximation of the body surface by panel elements

and assuming, that the velocity potential inside the body ®; is equal to velocity potential in infinity @,
the integral equation is derived in form (9). The approximation of the aircraft body surface by flat panels
allows to approximate the equation (9) by system of linear algebraic equations with unknown doublet
strength (constant for panel):

N Nw N
> Cutt+ i+ Beci =0 (14)
k=1 I=1 k=1

where C,, C; and B, denote influence coefficients:

ckzi- J’ ot S; Bkz—i- j lolsk (15)
47[ S1234ar] rk 4Tc S1234 rk

N — numbers of panels on the aircraft surface;
Nw — number of panels on the wake;
S1234 — area of the k-th panel;

collocation
point under panel

Fig. 2 — Influence of K-th panel on point P



The source strength o (constant for panel), can be defined (using definitions (10), (11) and
boundary condition of the closed body 0®;/0n=0) as follows:

csz—n-VOO (16)

It will result in a set of equation with the doublet strength as the unknown. To determine the doublet
strength on the vortex wake, the Kutta-Joukowsky condition is used:

Hre = Uw = const (17)

The doublet strength on the wake is equal to difference between doublet strength on the upper and
lower surface close to the trailing edge. Using (17), the doublet strength on the wake can be obtained

from formula:

Hw = Ry - Je (18)

trailing

Fig. 3 — Relation between doublet strength on trailing edge and wake

The formula (18) completes the set of equations (14). Only integrals (15) have to be determined.
Effective method of determination of these integrals is shown in [6] and [7].

The solution of set (14) gives the potential distribution on the body surface. To obtain the
pressure distribution, necessary to obtain the global aerodynamic coefficients, the velocity distribution
must be found. It can be made by differentiation of the potential with respect to defined tangential
coordinates. Next using Bernoulli’s theorem the pressure can be computed. The numerical
differentiation in general case is not easy and can be the source of errors, especially in places, where the

grid is not regular.



The aerodynamic loads can be obtained as follows:

- lift force
N
PZ = —Z pSH -2 (19)
=1
- drag force
N
Py = —Z pSH, - X (20)
=1
- pitching moment
N N
My :Z‘ipisixini -z +lei8izini - X (21)
I= 1=

The lateral load components (P,, M,, M,) can be computed in similar way if we define lateral
components of airspeed. It must be underlined, that drag force obtained from (20) can be very
inaccurate. The potential methods cannot give reliable results of aerodynamic drag. Package PANUKL
2002 computes the induced drag coefficient by use of Trefz method.



1.2. Brief PANUKL software description — main subprograms and their
functionalities

PANUKL 2002 application is composed of three main subprogram groups. In first group we
can find data preparation programs. In second group we can find programs to process and compute
data. The last group is the managing program where we can watch obtained results and make
appropriate changes and modifications.

PANUKL works in Windows and Linux:
o MS Windows (2000/XP/Vista),
o Linux (extra information can be found in installation package).

Both program versions need OpenGL libraries.

1.2.1. Managing subprogram — GRIDVIEW

GRIDVIEW

All of PANUKL 2002 subprograms can be executed from GRIDVIEW — PANUKL’s managing
application (for detailed description go to chapter 3). From CREATE menu (one of the managing
application menus) we can access to subprograms. We can also run subprograms from command
line. Each subprogram needs a configuration file (see below). The correct order is necessary during
computation process.

1. MESH — grid generator (run: Mesh.exe name.ms2),
2. NEIGH — vortex wake and neighbor generator (Neigh.exe name.ngh),
3. PANUKL — velocity potential distribution solver (Panukl.exe name.par),

4. PRESS — pressure distribution and global aerodynamic results solver (Press.exe name.prs).

1.2.2. Data preparation subprogram — MESH

MESH

MESH subprogram is being used to create grid (made from quadrangle panels) describing
aircraft body. To create grid file [name.INP] user must prepare correct input files:

e main aircraft geometry description file [name.MS2] (contains aircraft reference data,
information about wing, tail , fuselage overall geometry),

e wing airfoil geometry file [name.PRF],
e fuselage geometry file [name.F].

For more information go to chapter 1.3.1.

10



1.2.3. Main computational subprograms — NEIGH, PANUKL and PRESS

NEIGH

NEIGH subprogram is being used to calculate neighboring panel numbers. Additionally it
extends grid with wake grid panels. The input file for NEIGH is [name.INP] - grid geometry file.
Configuration file is [name.NGH]. The output file with grid and wake panels is [name.DAT].

PANUKL

PANUKL subprogram computes influence factors, missing geometrical data and solves system
of equations. As a result we get velocity potential distribution. PANUKL subprogram input
parameters like angle of attack or angular velocities are read from [name.PAR] configuration file.

The results are saved to [name.PAN] output file which is an input for PRESS subprogram.
Creating [name.PAN] output file can last long and it is the most CPU consuming process.

PRESS

PRESS subprogram computes pressure distribution over the aircraft body by differentiating
the velocity potential distribution. Additionally we can obtain global aerodynamic coefficient values,
downwash distribution and inducted drag in Trefz plane. PRESS subprogram input parameters are
read from [name.PRS] configuration file. The results are saved to three output files (for more
information go to chapter 1.3.2).

e [name.OUT] - global aerodynamic results,

[name.CZY] - aerodynamic coefficient distribution over the wing,

[name.TXT] - the results for pressure coefficient, velocity, source or doublet distribution etc.

(for each panel of aircraft body),

[name.EPS] - downwash results (created as an option),

[name.BLN] - object geometry outline for current downwash computational

plane (created as an option).

11



1.3. Input data
1.3.1. Input data file description
File [name.prf] — wing airfoil geometry — file description

# - comment line (not necessary)

WING AIRFOIL FILE EXAMPLE

24 #n—number of points defining curvature lines for current airfoil (both top and bottom
curvature line), Fig. 4

# top curvature line definition #bottom curvature line definition
# X coordinates #Y coordinates # X coordinates #Y coordinates
0.000 0.000 0.000 0.000
0.006 0.093 0.006 -0.093
0.622 0.905 0.622 -0.905
2.233 1.655 2.233 -1.655
4.806 2.330 4.806 -2.330
8.290 2,911 8.290 -2.911
12.615 3.380 12.615 -3.380
17.693 3.722 17.693 -3.722
23.422 3.929 23.422 -3.929
29.687 4.001 29.687 -4.001
36.361 3.945 36.361 -3.945
43.311 3.776 43.311 -3.776

tY

top curvature line

0 100

bottom curvature line

Fig. 4 — Wing airfoil *.prf file definition - example
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File [name.f] — fuselage geometry — file description

# - comment line (not necessary)

FUSELAGE GEOMETRY FILE EXAMPLE

Number of points in one section15
Number of sections 10 #n number of defined fuselage frames/ sections
Section 0 #0 first fuselage frame/ section
#section def. point number #Y coordinate #Z coordinate
0.000 0.000 0.000
Section 1 #0 second fuselage frame/ section
#section def. point number #Y coordinate #Z coordinate
-3.3 0.000 -0.400
-3.3 0.100 -0.390
-3.3 0.200 -0.350
-3.3 0.280 -0.280
-3.3 0.350 -0.200
-3.3 0.390 -0.100
-3.3 0.400 0.000
-3.3 0.400 0.000
-3.3 0.400 0.000
-3.3 0.390 0.100
-3.3 0.350 0.200
-3.3 0.280 0.280
-3.3 0.200 0.350
-3.3 0.100 0.390
-3.3 0.000 0.400
Section 2
#section def. point number #Y coordinate #Z coordinate
-2.3 0.000 -0.610
-2.3 0.160 -0.590
-2.3 0.300 -0.530
-2.3 0.430 -0.430
Section 9 #(n-1) — number of the last fuselage Frome/ section
#section def. point number #Y coordinate #Z coordinate
1.3 0.000 0.000

Yellow marked section def. points belong to 3 independent stringers (Fig. 5), their coordinates are
the same outside the area where wing or horizontal tail penetrates fuselage.

13



Numbering order:
symmetry plane for model - frame/ section def. points,
- frames/ section,

- stringers.

frame/ section - 4

striﬁgéf No. 7 "x“ -

' stringer No. 8

LA TR

RS
it

~\

e,

ea - &
stringer No. 0

Fig. 5 — Fuselage geometry definition

point No. 1

IMPORTANT NOTES:
e Fuselage geometry is described with fuselage frames/ sections.

e The stringer which intersects the first leading edge or wing/ horizontal tail point, separates into
two extra stringers which pass round the wing. Those extra stringers are defined in fuselage
geometry file and they are count to the max. stringer number for current fuselage.

e Point numbering order is not the same for frames and stringers, Fig. 5

e First and last fuselage frame/ section reduce to a point.

e Y coordinate for points defining fuselage frames/ sections can’t be negative.

e Y coordinate for the first and last point on a single frame/ section must be the same.

14



File [name.ms2] — complete aircraft model — file description

# - comment line (not necessary)

AIRCRAFT GEOMETRY FILE EXAMPLE

# MAIN FILE SECTION

begin
26.6
1.91
8.56
6.43
0.00

1

3% sk %k %k k
test_01
2

end

#

o R K O OR W R W

#

#

#

key word \

wing area (REAL) This data can be

wing MAC (REAL) omitjced. Progra?m will
) set it automatically.

wing span (REAL) This procedure is not

x coordinate for 0.25 MAC (REAL) > correct when first wing

z coordinate for 0.25 MAC (REAL) section is placed not on

model scale factor (INTEGER) the models symmetry

key separation signs ) plane.

output file name , *.inp”

number of independent wings, this wing has got defined distribution

along chord and it forces its distribution over the fuselage-wing
penetrate area (e.qg.: fuselage gets the section/ frame distribution
from wing).

number of dependent wings, this wing hasn’t got defined distribution
along chord. It gets its distribution from the neighboring geometry
(e.g.: wing gets the chord distribution from fuselage sections/
frames).

object symmetry flag, ,,0” — object is symmetrical, , 1” —only right half
is taken into account, ,-1” — only left half is taken into account during
analysis.

key word

# WING SECTION — WING ,,0”

begin_wing0
1

nac65006.prf
5.20

#
#

#

#
#

6.27 1.09 1.01 #
0.00 1.00 0.00 #

wing No. ,,0” start section — main wing
both wing ends closed with ribs (INTEGER)
0 — wing not closed with rib
1 — wing closed with tip rib
2 — wing closed with tip and root rib
wing — fuselage intersection type (INTEGER)
1 —intersection (rib No. ,,0” — inside fuselage geometry
rib No. ,1” - outside fuselage geometry);
0 — no intersection (fuselage is fixed to the first rib of the wing, rib
No. ,0” rib is outside the fuselage geometry)
number of the stringer which intersects the with wing leading edge
point (this number is consistent with number in fuselage geometry
file ,Fig. 5)
number of sections defining wing (INTEGER)
see description below:
airfoil type for current wing section (“*.prf” file name)
rib chord (REAL) section - 1
rib leading edge coordinates (REAL)
rib rotation angles X, Y, Z [deg] (REAL)

15




0 # current section number (INTEGER)
nac65006.prf
4.09
8.96 2.21 0.94 section - 2
0.00 0.00 0.00
1
nac65004.prf
1.60
13.90 4.31 0.73
0.00 0.00 -2.03
8
00.51.252.557.510 15 20 30 40 50 60 74 90 100
# wing chord distribution [%MAC] there are additional option available:
linear 15 — equal length distribution
cosine 15 — cosine distribution
end_wing # wing No. ,0” end section — main wing

# WING SECTION — WING ,,1”

begin_wingl # wing No. ,,1” — start section, in this example it is horizontal tail

section-3

1 The description is the same as in the wing No. “0”
1
end_wing # wing No. ,1” — end section — horizontal tail

# WING SECTION — WING ,,2”

begin_wing2 # wing No. ,,2” — start section, in this example it is vertical tail
The description is the same as in the wing No. “0”

o =

# 0—no intersection (fuselage is fixed to the first rib of the vertical tail,
V-tail rib No. ,,0” is outside the fuselage geometry)

16

3

nac65006.prf

5.00

10.58 0.00 1.52

90.00 0.00 0.00

1

nac65006.prf

3.54

12.57 0.00 2.25

90.00 0.00 0.00

3

nac65004.prf

1.93

15.69 0.00 4.35

90.00 0.00 0.00

7

unknown # undefined V-tail chord distribution

(program will set it automatically)




bottom # key word ,bottom” or ,top” means that the current wing has got only
bottom or top surface (it applies only to vertical wings — vertical tail,
etc., the other half of the wing is created as a mirror copy

end_wing # wing No. ,2” — end section — vertical tail

# WING SECTION — WING ,,3”

begin_wing3 # wing No. ,,3” — start section, in this example it is wing end plate

2 The description is the same as in the wing No. “0”
0

0

3

end_wing # wing No. ,3” — end section — wing end plate

# FUSELAGE SECTION

begin_fuselage # beginning of the fuselage section

1 # 1- fuselage is defined,

0 — fuselage does not exist (the rest of this section can be omitted)
test_01.f # fuselage geometry file name
7 # fuselage extra sections/ frames (set automatically)

9.910.511.311.6 11.9 12.3 12.6 # extra section/frame X coordinate
end_fuselage # end of fuselage section

# CONNECTIONS SECTION

begin_connections # the beginning of horizontal connections section

1 # number of connections (when 0 the rest of this section can be omitted)
21000151 # connecting V-tail (wing no. 2) with H-tail (wing No. 1), values
description:

2 — wing number — V-tail (begin_wing2)
1 — wing number — H-tail (begin_wing1)
0 — V-tail rib number which is connected with H-tail: 0 — first, 1 — last
0 — H-tail rib number which is connected with V-tail: 0 — first, 1 — last
0 — H-tail stringer number which is connected with V-tails leading edge
15 — H-tail stringer number which is connected with V-tails trailing edge
1 — H-tail surface which will be modified:
0 — bottom surface, 1 —top surface
end # the end of horizontal connections section

begin_connections_V # the beginning of vertical connections section
1 # number of vertical connections, e.g.: wing end plate + wing
(when 0 the rest of this section can be omitted)
03130161 # wing end plate(wing no. 3) (vertical) with wing (wing no. 0)
(horizontal):
0 — horizontal wing number — wing (wing no. 0)
3 —vertical wing number — wing end plate (wing no. 3)
1 — horizontal wing rib number which will be connected
with vertical wing: 0 — first, 1 — last rib
3 —vertical wing rib number which will be connected
with horizontal wing




end

0 — vertical wing stringer number which will be connected with
horizontal wing leading edge
16 — vertical wing stringer number which will be connected with
horizontal wing trailing edge
1 —vertical wing surface which will be modified:
0 — outside surface, 1 — inside surface
# the end of vertical connections section

18




T e e »independent” wing
WHELRTEER R RE LY creation method

(section 1) rib No. 0 — : NN _-__

(defined by user on symmetry plane) models symmetry plane

stringer, that intersects ﬁ-‘A ol ] —

ing leading ed B S e R v N N RN F— ;
S — ; 1 - T T (section 2) rib No. 2
rib N.O' generated N PrOgIans o \ iR (must be defined outside the
(intersection of fuselage and wing) 2 T fuselage area)
. . o X : section 3) rib No. 8
generated wing ribs % e e ( (defined )by user)
according to the distribution selected by user &

Fig. 6 — The example of ,independent” wing creation method (see wing No. 0 definition above in text)
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1.3.2. Output data file description

File [name.OUT]

Global aerodynamic results:

# - comment line

OUTPUT FILE STRUCTURE EXAMPLE

Data from file:
C:/Users/Lucas/Panukl/dat/panukl/predator.pan # file path

Geometry data: # geometry reference data

S = 10.00
MAC = 0.74
B = 14.70

Coordinates of reference point for moments calculation:
X = 3.31Y = 0.00

Angle of attack, sideslip angle and Mach number:
Alfa= 5.0

Beta= 0.0

Mach = 0.0

angular velocities:

P= 0.0

Q= 0.0

R= 0.0

Global results : # global results for current object

in body axis system: # global results for current object in body axis system
Cx = -0.0488533498

Cy = -0.000400980979

Cz= 0.757529054

Cl= 0.000270848351

Cm = -0.303237661

Cn = 0.000253265641

in stability axis system: # # global results for current object in stability axis system (related to % MAC)
Cz= 0.758904277

Cx = 0.0173555587

Induced drag and corresponding lift coefficient:
Cxi= 0.00832755596
Czi= 0.722843174

20




File [name.TXT]

The results for pressure coefficient, velocity, source or doublet distribution etc. (for each panel
of aircraft body) are placed in a single TXT file (easy to use file in most graph software ):

Bl Panuki 2002 - Grid viewer K -0l x|
File Draw Create Xfoil Tools Help

-2.00

Fig. 7 — Pressure coefficient distribution for current aircraft body — example results.
Data saved in *.TXT file

File [name.EPS]

Wing downwash/ angle of deviation results (see chapter 3.1.4):

7 N
' S . ) Eps [deg]
Wing angle of deviation distribution behind the object
_ 7 u1.570-1.660
1 432 = 1.480-1.570
- 386 =1.300-1.480
- 341 =1.300-1.390
T 205 =1.210-1.300
j 9 ®1.120-1.210
g 205 1.030-1.120
= 159
®0.940-1.030
= 114
o =0.850-0.940
.- 5 ®0.760-0.850
| 55 ZM | Lo 670-0.760
168 =0.580-0.670
<4 -114 0.490-0.580
g -15.9 0.400-0.490
s 0.310-0.400
mes 0.220-0.310
- 295
| 0.130-0.220
4 341
R 0.040-0.130
1 432 -0.050-0.040
——— T —T—— 11—+ 477 =-0.140--0.050
477 386 295 -205 -114 23 68 159 250 341 432 u-0.230--0.140
Y [m] =_0.320--0.230
\ 7,

Fig.8 — Example wing angle of deviation results for analyzed object
(graph made in MS Excel with *.EPS result file)
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File [name.BLN and name.EPS]

Object geometry for current angle of deviation
section is placed in [name.BLN] file.

1.00

-1.00

! ]
-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00

Fig. 9 — Example angle of deviation results near horizontal tail area

(graph made in GRAPHER with *.BLN & *.EPS result files)
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Fig. 10 — Example angle of deviation results near wing section area
(graph made in MATHLAB with *.BLN & *.EPS result files)



File [name.CZY]

Aerodynamic coefficients distribution over the wing — results, (Y, Cz, Cm, Cxi, Si, Ci):

Cz(Y)

045

0.40 P,

05 ~ \ ) TS

030

0.25 / \__/ \

0.20

015 / \

010
-10 -8 6 -4 -2 0 2 4 6 8 10

Y[m]

Fig. 11 — Example results — Lift coefficient distribution vs. wing span (results from *.CZY file)



2. Installation process

PANUKL software is made for PCs with Microsoft — Windows 2000/ Windows XP/
Windows Vista software. Additionally it will work on Linux based platforms.

Before installation process user must download the latest version of PANUKL software
suitable for current operating system. For latest version of program go to:
http://itlims.meil.pw.edu.pl/zsis/pomoce/PANUKL/panukl.htm - Files to download — card.

2.1. PANUKL installation guide In MS WINDOWS

Step 1) Download the: Panukl_Setup.zip archive file and unpack its content to a free folder on
your hard drive.

Step 2) Run: Panukl_Setup.exe — The installation window appears Fig. 12.

1! Setup - Panukl

(o

Welcome to the Panukl Setup
Wizard
This will install Panukl 2007 on your computer.

It is recommended that you close all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

Next > I Cancel

Fig. 12 — Installation Welcome window

Step 3) Click NEXT button and choose the destination folder for PANUKL software to install to.
The default setting is C:\Program Files\Panukl. Click BROWSE button to change the default
installation folder Fig. 13.

Click CANCEL button to stop installation. To go to previous installation window click BACK.
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http://itlims.meil.pw.edu.pl/zsis/pomoce/PANUKL/panukl.htm

=
Select Destination Location ‘
‘Where should Panukl be installed? @

Setup will install Panukl into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

Browse... I

At least 5.1 MB of free disk space is required.

< Back I Next > I Cancel

Fig. 13 — Destination Folder selection

Step 4) In next installation setup window, user can select the PANUKL software components to
install (or not) Fig. 14. XFOIL and FUSELAGE components are not essential to run PANUKL.

{5 Setup - Panukl N =10 x|

Select Components "
‘Which components should be installed? C

Select the components you want to install; clear the components you do not want to
install. Click Next when you are ready to continue.

Program Files 4.4 MB
Kfoil program 1.2MB
Fuselage program 1.1 MB

Current selection requires at least 7.2 MB of disk space.

< Back I Next > I Cancel

Fig. 14 — Select components window

Step 5) In next installation setup window user is asked to select Start Menu folder for program’s

shortcuts. Additionally one can choose program’s start icon to create on Desktop and in Quick
Launch Bar Fig. 15.
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i@ Setup - Panukl - = l = ll

i@ Setup - Panukl - = l = ll
Select Start Menu Folder ~ Select Additional Tasks ~
‘Where should Setup place the program's shortcuts? @ ‘Which additional tasks should be performed? @
" - i S ]
'L Setup will create the program’s shortcuts in the following Start Menu folder. Eﬁ:ic,s.:;i additonal laske o wocld ke et o performhie instaing Faoukl ten

To continue, click Next. If you would like to select a different folder, click Browse. Additional icons:

IV Create a desktop icon
Browse...

I” Create a Quick Launch icon

Cancel

< Back I Next > I Cancel I < Back I Next > I

Fig. 15 Fig. 16
Step 6) After selecting available options, setup displays review window. Click INSTALL button
to proceed with the installation. To end installation process click FINISH button Fig. 17.

TR 5

Ready to Install ~
Setup is now ready to begin installing Panukl on your computer. @

Click Install to continue with the installation, or click Back if you want to review or
change any settings.

15! Setup - Panukl s 1o x|

Completing the Panukl Setup
Wizard

Setup has finished installing Panukl on your computer. The
application may be launched by selecting the installed icons.

Destination location:

Click Finish to exit Setup.
C:\Program Files\Panuk|

Setup type:
Fullinstallation
{Selected components:

Program Files
Xfoil program
Fuselage program

Start Menu folder:
PANUKL

" of

< Back I Install I Cancel I

Fig. 17 Fig. 18

The end of installation process)

PANUKL first start) To start program click GridView [3] PANUKL icon.

During the first start /panukl subfolder will be created In users home folder. The *.ini and *.log files
will be stored in there. Additionally user will be asked to create DATA subfolders: /DAT & /OUT.

The proper DATA subfolder structure is essential to work with PANUKL. User can create subfolder
structure also in GridView managing subprogram [3.1.6].
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2.2. PANUKL installation guide in LINUX

Step 1) Download the: Panukl_Setup.zip archive file and unpack its content to a free folder on
your hard drive.

Step 2) When PanuklILinux.zip archive is unpacked, run installation script with: ,,sh
PanuklSetup.sh” command.

When script is run from user level, PANUKL will install to /home/username/panukl.
Additionally the desktop icon will be created for GridView — managing application.

When script is run from root level, PANUKL will install to /usr/local/panukl.
Additionally the symbolic panukl start link will be created in /usr/local/bin.

The end of installation process)

PANUKL first start) To start PANUKL type panukl in terminal window — the desktop icon will be
created during the first start.

During the first start /panukl subfolder will be created In users home folder. The *.ini and *.log files
will be stored in there. Additionally user will be asked to create DATA subfolders: /DAT & /OUT.

PANUKL Requirements) GLIBC > 2.3, libXft.so.2, libXext.so0.6, additionally XFOIL program requires
Fortran 77 libraries. Some of the new LINUX distributions need compat-libf2c. To run XFOIL program
from GridView managing application, interface install xterm software.
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3. Working with PANUKL

3.1.

PANUKL GUI description

To run PANUKL’s GUI, click GridView.exe managing subprogram icon,

on the

DESKTOP or in the START MENU. After few seconds the main application window displays Fig. 19.
PANUKL is ready to operate.

——— main application MENU

!'Q‘ Panukl 2002 - Grid viewer E _‘,‘m}.‘

- File Draw Data Create Xfoll Tools Help

program’s workspace
window

Fig. 19 — Main application window

To change program window size use standard WINDOWS buttons. User can access the particular

program functions from drop down managing application MENU.

3.1.1.

FILE menu description

Pl panuki 2002 - Grid viewer =10 x|
Draw Data Create Xfoil Tools Help

Open grid file ... Ctri+0

Open grid file with wake .. Alt+Ctrl+0

Open pressure distribution file .. Alt+Ctrl+T

Open and show results file ...
Save picture as ...
Exit

Open grid file ...
Open grid file with wake ... Alt+Ctrl+0
Open pressure distribution file ... Alt+Ctri+T
Open and show results file ...
Save picture as ... Ctrl+S
Exit

Fig. 20 — FILE menu
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Available options in FILE menu)

Function

Description

Open grid file
[Ctrl+O]

Open grid file with Wake
[Alt+Ctrl+0]

Open grid file *.inp, from user selected disc location, Fig. 21.

Open grid file with wake *.dat, from user selected disc
location.

Open pressure distribution file Open output *.txt file with pressure distribution for current

[Alt+Ctrl+T]

Open and show results file

Save picture as
[Ctrl+S]

Exit
[Alt+X]

analyzed body (for each grid panel).

Open and show global results *.out file in external
window,
Fig. 23.

Save current graphical window to JPEG , PNG or BMP
file , Fig. 22.

End program, exit application.

V8 Select grid file:

GO [ i

iy 2]
Organizuj v = Widoki v Nowy folder @
Ulubione tacza Hazwa | Data B~ T || Rozmiar_|~|
Nieokreslone (1) [=]
54 Dokumenty
B Pulpit t_est‘r?
/% Komputer piriglo
E Obrazy
p Muzyka
Wiece] »
Foldery v
= . Panuk :l
= | dat
|, dat ~
| fuselage
b =l
Nazwa plku |

=] [rinp Fies - —
MJ']_“ Inp
% *.da
*.txt

Fig. 21 — File selection window example

File selection Windows can be different dependent on the current operating software version,
window looks does not influence PANUKL'’s functionality.
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N Select/Enter bitmaprﬁlg name: .
C)O [+ tukasz Stefanek ~ Panukl + out =~ =<
Organizuj v  ff widoki v . Nowy folder 7]
Ulubione tacza ”{mfw1 |- Data modyfikac 1=l Tvp |+ Rozmiar_|~|
1. xFol
I Dokumenty
B Pulpit
& Komputer
[E obrazy
B Muzyka
4y Ostatnio zmienione
1B wyszukinania
.. Publiczny
Foldery A
Nazwa pliku: [testjpg < file name |
Zapisz jako typ: JIPEG (*.0PG) <« file extension EI-
*:
JP9
~ Ukayj foldery Zopisz | Anuki | *.png
£ * bmp
. . . s C—
picture format avaliable only in WINDOWS
Fig. 22 — Save to graphic file current PANUKL window
E ]
s . o—
File Edit : Orgaiay v Ggwhdol v | Nowy foder @
Data from file: e - ™
C:/Users/Lucas/Panukl/dat/panukl/predator.pan r"‘”"“""‘” B sammm—
Dolumenty
Geometry data: :::;'
s = 10. ~jaE
MAC = 0.74 g
B = 14.7 Wikcej »
Coordinates of reference point for moments calculation: Foldery v
X = 331 ¥ = 0. L. Busetooth Software |
I Dokumenty
Angle of attack, sideslip angle and Mach number: éztﬁ“
Alfa = 2 Wi
Beta = 0. B mayia
Mach = 0. 1B obrazy
angular velocities: ”f:f
; S . ). ok
Q= 0. ) ol »f
e L Output global results ! N e ]

Global results :

in body axis system:

Cx = -0.0488533498
Cy = -0.000400980979
Cz =  0.757529054
¢l = 0.000270848351
Cm = -0.303237661
Cn = 0.000253265641

in stability axis system:
¢z = 0.758904277
¢x = 0.0173555587

Induced drag and corresponding lift coefficient:

UWIM/

Cxi=
Czi=

0.00832755596
0.722843174

Fig. 23 — Output results window example
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3.1.2. DRAW menu description

EEPanukl 2002 - Grid viewer

Data Create Xfoil Tools Help

Redraw (1:1)

Enlarge

Reduce

IV Turn on keyboard control

Redraw (1:1)
Enlarge
Reduce

[V Turn on keyboard control

Fig. 24 — Draw menu

Available options in DRAW menu)

Turn on keyboard control

[-]

Function Description
Redraw (1:1) - ) o )
[F5] Redraw current object in main application window.
Enlarge L . . . .
[+] Zoom in viewport (in main application window).
Reduce

Zoom out viewport (in main application window).

Turn on keyboard control for analyzed object, Fig. 25.

[check box]
N Object translation
Home End | | - object rotation - X axis up
PgUp PgDn | | - object rotation - Y axis
) et || = || W ||| | ot
Ins Del - object rotation - Z axis
3 down

Fig. 25 — Keyboard controls explanation
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3.1.3. DATA menu description

PP anukl 2002 - Grid viewer z

File Draw Create Xfoil Tools Help
W g Fuselage data ... |g

\ Fuselage data ...

Fig. 26 — DATA menu
In DATA menu user can find subprograms that are part of the PANUKL application. Now there

is only one subprogram FUSELAGE DATA which can help to create fuselage geometry file [name.f].
For more information on FUSELAGE DATA go to chapter 4.2.

3.1.4. CREATE menu description

FlPanuki 2002 - Grid viewer =laix

File Draw Data Xfoil Tools Help

Create grid file ..
Create grid file with the neighbours ...
Compute doublet distribution ...
Compute pressure distribution ...
Connect two grids ...

Correct neighbours ..

Create grid file ...
Create grid file with the neighbours ...

Compute doublet distribution ...
Compute pressure distribution ...
Connect two grids ...

Correct neighbours ...

Fig. 27 — CREATE menu

CREATE menu is the most important menu in PANUKL. User can perform the complete
computational session with functions from CREATE menu for current analyzed object (aircraft).

Available options in CREATE menu)

Function Description

This command will run Mesh.exe, PANUKL application

L component. User will be asked to point input file (complete

Create grid file ) ) ) }
aircraft geometry file*.ms2). Based on input file the output

*.inp, geometry gird file will be created, Fig. 28.
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E W select [.ms2] file:

Ulubione tacza

[ Dokumenty

B Pupit

™ Komputer

E Obrazy
EllPanuki 2002 - Grid viewer B muzyka

File Draw Create Xfoil Tools Help

Predator.ms2 —— Predator.inp

Nazwa pliku: ]Pledatol ms2

:l I‘.msZ Files ;]

Predator.inp | - generated grid file

Fig. 28 — Creating grid file for current input geometry data

Function Description

This command will run Neigh.exe, PANUKL application
component. User will be asked to point input grid file (*.inp).
Based on input geometry file the output *.dat, gird with wake

Create grid file with the i ) )
file will be created, Fig. 29.

neighbours

The *.dat file contains information about grid, wake and
numbers of , neighbours” for current grid panels.

Option No. 1 — we do have saved on disk configuration file *.ngh, Fig. 29

Run Create grid file with the neighbours and select saved configuration file *.ngh — file contains all
necessary information to create *.dat file. To open selected *.ngh file click OPEN button.
Configuration window will appear (Fig. 30) where one can see saved *.dat file creation options. To
generate *.dat file click Save and Compute (ok) button.

Option No. 2 — we do not have saved on disk configuration file *.ngh, Fig. 29

Run Create grid file with the neighbours and click CANCEL button when prompted for saved
configuration file *.ngh. The configuration window will appear (Fig. 30) where user can select options
to create *.dat file. To save current *.dat options to *.ngh file click Save [*.ngh] file as, to create
*_dat file click Save and Compute (ok) button.
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X i e: x
IVOO [ 17~ tukasz Stefanek - Panckd - dat < neih  + 23 [wyseuie © (OO [~ tukas: Stefanek + Panul - dat ~ negh v 3 [0 @J—‘
Organizuj v 4 widoki v Nowy folder @ Organizuj v 4ff widoki v Nowy Folder @
iblne facza Nazwa =~ |~ mmmdﬁﬁ'i S ryp -] Rozmier [ Ubonefacza Nazwa = || il-|Tvp || Roamiar |-|
I Dokumenty | Dokumenty
W Puipit B Pubit
W e we do have o we don’t have
[E obrazy configuration *.ngh file [E otray configuration *.ngh file
B Muzyka 9 Muzyka
|y Ostatnio zmienione {j Ostatnio zmienione
18 wyszukinania 15 wyszukiwania
Publiczny Publiczny
Foldery ~ Foldery ~
Nazwa pliku: [Predator.ngh | [~nah Files | Nazw piku: [ =] [“nonhFies =l
OPEN—> | Otwérz | Anuli
4 4

[.ngh] file parameters B

Input grid file Linp] IC'}UsersILucastPanukUdamnprredator.inp « *.inp file path Browse ...

Output grid file [.dat] ICJUserleucas!PanukIldat!daUPredator.dat « *.dat file path

click to check saved optionsy

[.ngh] file parameters ey

CANCEL—>
|

v click to select *.dat file creation options

Input grid file [inp] IC:IURRYM .inp

Browse ...

Output grid file [.da] |C IUsersiLucas/Panukl/dat/datiPredator.dat

30.0 Trailing edge angle [deg]:
60.0 Neighbour condition angle [deg]:
5.0 Angle of attack [deg]:

0 Sideslip angle [deg]:

20.0 Lenght of the wake (last panel - MAC multiplication)

0 Wake type

Wake type description:

0 - wake paralel to MAC

1 - wake with downwash due to angle of attack

2 - wake with downwash due to sideslip angle

3- wake paralel to the freestream

4-6 - wake with the same effect as in cases 1-3
but only for last wake panels

Save and Compute (0.K)

Save [ngh] file as ...

| Cancel

Fig. 29 — Creating *.dat file (grid with wake)

|30.0 Trailing edge angle [deg]:

|60.0 Neighbour condition angle [deg]:

|5.0 Angle of attack [deg]:
|0 Sideslip angle [deg]:

|20.0 Lenght of the wake (last panel - MAC multiplication)

Wake type description:

0 - wake paralel to MAC

1 - wake with downwash due to angle of attack

2 - wake with downwash due to sideslip angle

3 - wake paralel to the freestream

4-6 - wake with the same effect as in cases 1-3
but only for last wake panels

_|

Save and Compute (O .k

Save [ngh] file as ...

I Cancel

o waketye
R

———p create *.dat file

I—> save configuration

*.ngh file

Fig. 30 — Configuration options — creating *.dat file (grid with wake)

Setting

Description

Length

(MAC multiplication)

Wake type description

of the wake

Length of the wake (MAC multiplication)

Wake type creation methods:

1- Wake with

0 - Wake parallel to MAC

downwash due to angle of attack
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Trailing edge angle [deg]

Neighbour condition
angle [deg]

Angle of attack [deg]

Sideslip angle [deg]

2 — Wake with downwash due to sideslip of attack

3 — Wake parallel to the free stream

4,5, 6 — Wake with the same effect as in cases 1-3
but only for last wake panels

Trailing edge angle. If the angle between two trailing edge grid
panels is lower or equal to defined value, than wake line will
be created from such trailing edge.

Neighbor condition angle . If the angle between two
neighboring grid panels is higher than defined value, both
panels are not treated as neighbours.

Angle of attack (taken into account during wake creation).

Sideslip angle (taken into account during wake creation).

ElPanukl 2002 - Grid viewer N =10] x|

File Draw Create Xfoil Tools Help

Predator.dat

grid with wake

S

I\
.

=

e

Fig. 31 — *.dat file example: grid & wake ,,Predator.dat”
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Function Description

This command will run Panukl.exe, PANUKL application
component. User will be asked to point input grid with wake
file (*.dat). Based on input file the output *.pan, file will be

Compute doublet
created.

distribution

The *.pan file contains computed results for velocity potential
distribution for analyzed body.

Option No. 1 — we do have saved on disk configuration file *.par, Fig. 32

Run Compute doublet distribution and select saved configuration file *.par — file contains all
necessary information to create *.pan file. To open selected *.par file click OPEN button.
Configuration window will appear (Fig. 33) where one can see saved *.pan file creation options. To
generate *.pan file click Save and Compute (ok) button.

Option No. 2 — we do not have saved on disk configuration file *.par, Fig. 32

Run Compute doublet distribution and click CANCEL button when prompted for saved configuration
file *.par. The configuration window will appear (Fig. 33) where user can select options to create
* pan file. To save current *.pan options to *.par file click Save [*.par] file as, to create *.pan file
click Save and Compute (ok) button.

Panukl.exe computes influence factors and solves system of equations. As a result we get velocity
potential distribution. It is the most time and CPU consuming process. The computations can last
long . Computation time rises to the third power with generated grid panels.
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Pl select [par] file:

Ix

( )O 1 v tukasz Stefanek v Panukl v dat ~ panukl

Pl select [.par] file: L

Ix.

v & @ (-,)O [ ~ tukasz Stefanek ~ Panukl ~ dat v panukl @
Organizuj v 4] Widoki v . Nowy Folder @ Organizuj v ff Widoki v | Nowy folder @
Ulubi Nazwa ~ | ~| Data wykonania | ~| Tagi ~| Rozmiar | ~| Klasyfikacja h 3 Mazwa + | v| Data wykonania | ~| Tagi ~| Rozmiar | ~| Klasyfikacja -
lubione tacza Ulubione tacza
| Dokumenty ) Dokumenty
B Puppit B Pupit
% Komputer 18 Komputer
[ Obrazy [E/ obrazy
I Muzyka * - B Muzyka * -
U5 ostatrio merione we do have *.par file 5 ostatnioamerions we do not have *.par file
18 wyszukiwania B wysaukiwania
Publiczny Publiczny
Foldery ~ Foldery A~
Nazwa pliku: [Fredator par =] ["par Files = Nazwa pliku: [ | [%parFies =l
OPEN > [me] _sui | CANCEL >
2 Z

click to check saved options ¥

Panukl [.par] file parameters i

v click to select *.pan file creation options

Input grid file [.daf] |CJUsers!LucasfPanuld!daWaﬁPredator.dat

Browse ... |

Qutput file [pan] IC:IUsersILucas!PanukIIdavpanukI!Predator.pan

Angle of attack [deq]: [5.0]

Sideslip angle [deg]: [0
Mach Number: [0

Roll rate [radis]: |o
Pitch rate [radis]: |o
Yaw rate [rad/s]: |o

Browse ... |

Linear equation solver:
& LAPACK optimized procedure

<> not optimized procedure

Save and Compute {0.K)

Save [par]file as ... |

Cancel

Fig. 32 — Creating *.pan file

Panukl [.par] file parameters _

Input grid file [ dat] IC‘JUsers:LucasfPanukUdaﬂdauPredator.dat

« *.dat file path

Browse ...

Qutputfile [pan] [C:/UsersJLucasIPanukI!daUpanukl!Predator.pan

Angle of attack [dea]: |5.0]

Sideslip angle [deg): Io
Mach Number: |o

<« *.pan file path

Roll rate [rad/s]: [0
Pitch rate [radis]: [0
Yaw rate [rad/s]: |0

|
Browse ... |

Linear equation solver:
<% LAPACK optimized procedure

<> not optimized procedure

_I Save and Compute (0.K) | |—l

Save [par]file as .. |

Cancel

——> create *.pan file

|—> save configuration
*.par file

Fig. 33 — Configuration options — creating *.pan file (velocity potential distribution)

Setting

Description

Linear equation solver selection:

Linear equation solver

- LAPACK optimized procedure (default)

- not optimized procedure (more time consuming
procedure but more accurate)

Angle of attack [deg]

direction and OX axis.

Sideslip angle [deg]

Sideslip angle [deg].

Angle of attack [deg], measured from free stream velocity
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Mach Number

Roll rate [rad/s]

Pitch rate [rad/s]

Yaw rate [rad/s]

Mach number

P —roll rate [rad/s]

Q — pitch rate [rad/s]

R - yaw rate [rad/s]

Function

Description

Compute pressure
distribution

This command will run Press.exe, PANUKL application
component. User will be asked to point input velocity
potential distribution file (*.pan). Based on input file the
output *.out, *.txt & *.eps, files will be created.

The *.out file contains computed global aerodynamic
coefficients results for analyzed body.

The *.txt file contains computed results for pressure
coefficient, velocity, source or doublet distribution etc. for

each aircraft body panel.

The *.eps file contains wing angle of deviation results.

Option No. 1 — we do have saved on disk configuration file *.prs, Fig. 34

Run Compute pressure distribution and select saved configuration file *.prs

— file contains all

necessary information to create output result files — *.out, *.txt, *.eps. To open selected *.prs file

click OPEN button. Configuration window will appear (Fig. 35) where one can see saved *.prs file

creation options. To generate output files click Save and Compute (ok) button.

Option No. 2 — we do not have saved on disk configuration file *.prs, Fig. 34

Run Compute pressure distribution and click CANCEL button when prompted for saved configuration

file *.prs. The configuration window will appear (Fig. 35) where user can select options to create

output files — *.out, *.txt, *.eps. To save current output files options to *.prs file click Save [*.prs]
file as, to create output files click Save and Compute (ok) button.
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lect [.prs] file:

x| 7 : x|
OO | .~ tukasz Stefanek v Panukl v dat v press m OO | .~ tukasz Stefanek v Panukl v dat v press m
Organizuj v Widoki v | | Nowy folder (2] Organizuj v Widoki v | | Nowy folder @
Ulublone facza MNazwa vI Data mndifikaci' vI Typ |-l Rozmiar |-| Ulubione tacza Mazwa v[ Data modyfikacji 'I Typ |-' Rozmiar |-|
' Dokumenty ' Dokumenty
B Puipit B Puipit
8 Komputer % Komputer
[E| obrazy [E/ obrazy
I Muzyka % 5 Muzyka ¥
@ Ostatrio amienions we do have *.prs @ statrio aienions we do not have *.prs
[ wysakinenia configuration file [ wysakinenia configuration file
| Publiczny | Publiczny
Foldery ~ Foldery ~
Nazwa plikut | Predator | [ pisFies = | Nazwa piku: | [ prsFies = |
OPEN- [T] _wwi | CANCEL— Il
4 7
click to check saved options v

v click to select *.prs file creation options

Press [.prs] file parameters

Input file [pan] |C:IUsersILucale'anukUdaUpanukaPredatur.pan|

Range of panel's indices used for pressure calculation: |0 |1 00000 calculation method (0-8 see user manual) |8
X coordinate’s range used for pressure calculation: |0 |1 00.0 averaging of the local coordinate system v|
_| Xcomp tof p taken into for pitching calculation

Browse ... |

Downwash calculation:
& None

< YZplane

< KD plane

v| drag in the Trefz plane

Number of mesh points for downwash calculation longwise Y (X) axis: |18
Number of mesh points for downwash calculation longwise Z axis: E

X (Y) coordinate of plane for downwash calculation: Es.o

Y (4 b ¥ h mesh: WW
Zb h mesh: |-1o.oo |10.00

ntes of

¥ diantes of di

Compressible correction: <% None

<» Prandtl-Glauert

<> Karman-Tsien Mach Number: |0

Save and Compute (O.K) ‘

Save [prs]file as ...

Cancel |

Fig. 34 — Creating output result files: *.out, *.txt, *.eps

C:/Users/Lucas/Panukl/dat/press/Predator.prs

Inputfile [pan] |C./UsersiLucasiPanuklidatipanukiipredator.pan

Range of panel's indices used for pressure calculation: I(_) |100000

X coordinate's range used for pressure calculation: |3 |100.0

_| Xcomponent of pressure taken into account fol

<« *.pan file path

Browse ... |

calculation method (0-8 see user manual) |8
averaging of the local coordinate system v|

Downwash calculation:
<% None

< YZplane

< (@ plane

v| drag in the Trefz plane

Number of mesh points for downwash calculation longwise Y ¢ axis: |1 6
Number of mesh points for di

h calculation I

Z axis: la_

X (¥) coordinate of plane for downwash calculation: [25.0
Y () boundary coordiantes of downwash mesh: W W
Zboundary coordiantes of downwash mesh: [10.00 [10.00

3

Compressible correction: <% None

<> Prandtl-Glauert

<> Karman-Tsien Mach Number ‘0

Save and Compute {0.K) |

Save [prs] file as ...

gI
il
il

Cancel |

i

create:
*.out, *.txt, *.eps result files

|—> save configuration *.prs

file

Fig. 35 — Configuration options — creating result files
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Setting

Description

Range of panel’s indices used
for pressure calculation

X coordinate’s range used for
pressure calculation

X component of pressure

taken into account for
pitching moment calculation

Calculation metod (0-8)

Averaging of local
coordinate system

The values are the numbers of the first and the last panel

which will be taken into account for pressure computations.

X coordinate’s range used for pressure calculation (global

aerodynamic coefficients).

X component of pressure taken into account for pitching

moment calculation.

Computation method selection:

average from two out four of described below methods,
collocation method — with polynomial:

0 (%,y)=Ax’y*+Bx’y+Cxy’+Dxy+Ex*+Fy*+Gx+Hy+l,
collocation method (omitting point on current panel)
— with polynomial:
@(X,y)=Bx’y+Cxy’+Dxy+Ex’+Fy’+Gx+Hy+l,
approximation with polynomial:
@(%,y)=BxX’y+Cxy’+Dxy+Ex’+Fy*+Gx+Hy+l,
approximation with polynomial:
@(X,y)=Dxy+Ex*+Fy’+Gx+Hy+l,

method 1, 2i 3,

method 1, 2 i 4,

method 1, 3i 4,

(default) method 2, 3i 4.

Averaging of local coordinate system to eliminate errors

during potential differentiation.
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Downwash calculation:

Number of mesh points for
downwash calculation
longwise Y (X) axis:

Number of mesh points for
downwash calculation

longwise Z axis:

X (Y) coordinate of plane for
downwash calculation:

Y (X) boundary coordinates of
downwash mesh:

Z boundary coordinates of
downwash mesh:

Drag In the Trefz plane

Downwash (angle of deviation) computations:

None — downwash is not computed

(result *.eps file is not created),
YZ plane — downwash results are computed in OYZ plane,
XZ plane — downwash results are computed in OXZ plane,

Number of mesh points for downwash calculation
longwise Y (X) axis.

Number of mesh points for downwash calculation
longwise Z axis.

X (Y) coordinate of plane for downwash calculation.

Y (X) boundary coordinates of downwash mesh.

Z boundary coordinates of downwash mesh.

Drag in the Trefz plane computation

Compressible correction:

Compressible correction method for set Mach number:

None — no correction,
Prandtl-Glauert — correction method
Karmana-Tsiena— correction method

Function

Description

Click to run PANUKL’s application feature which enables user to

Connect two grids

connect input grids, [4.1].

Click to run program function for correcting neighbours (Fig. 36)

Correct neighbours

for current *.dat (grid & wake) file [4.2].




g Input grid file [.dat] ’cmssrleucastanukUdaudamest_m dat- *.dat file name & path

=

S — cuuandile (94 - output *.dat file name & path (after correction) Browse

-

2 { ¥ Rewrite input data file on output ] [ Neighbour condition angle [deg]: ‘60.0 ]

®

2

§ Compute (0.K) | Cancel |
v v

rewrite input data file
check box

neighbour condition angle

Fig. 36 — Configuration window — Correct Neighbours

3.1.5.

Pl Panuki 2002 - Grid viewer ]

File Draw Data Create Tools Help

XFOIL menu description

—

Interactive mode

Interactive mode for stored wing section geametry ...
Polar calculation ...

Conversion .prf-= xfoil ...

Conversion xfoil -= prf ...
Open Xfoil polar ...
Show drag polar

Show lift coefficient ..

Shoy

moment coeflicient

Fig. 37 — XFOIL menu

In XFOIL menu user can find functions which can help to analyze aerodynamic airfoils (used
in wing geometry definition) using XFOIL program. To use it wisely user must have basic knowledge

about XFOIL program.

Available options in XFOIL menu)

Function

Description

Interactive mode

Interactive mode for stored
wing section geometry

Click to run external XFOIL program (must be installed [2.1]).
Standard program window will appear (Fig. 38), XFOIL is ready
to work.

Click to run XFOIL for specified *.dat file (Fig. 38). *.dat file
contains coordinates of an airfoil to be analyzed.
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Labeled airfoil file.  Name: nacab5809 Foldery -

Max camher = 0.000000 at 0.0087

Current airfoil nodes set from buffer airfoil nodes ¢ 53 >

Pl select [dat] file: x|
=2 ~ tukasz Stefanek ~ Panuk v dat ~ xfoil v 2
Organizuj v 43 Widoki  ~ Nowy folder ©

| =| Rozmiar_|~|

Ulubione tacza

I Dokumenty

s B Fulpit

m==z======= R ————— A KOmputer

E brazy * i i H i

Mavk Deols: Hasoid Yain t :u;k: saved *.dat file with airfoil coordinates
ready for XFOIL

ogram Files'\Panukl' Xfoil.exe

This software comes with ABSOLUTELY NO WARRA Ostatnio zmienione
subject to the GNU General Public License . [USEisyruses

Publiczny

Number of input coordinate points: Nazwa pliku: [nacaESDOS dat _v_]l [‘dal Files :_]
Clockwise ordering i
Max thickness = 0.0899480 at 0.400 Otwérz I Anuluj

LE 8.00008 6.00000
TE »3 1.006000 0.00000

Chord = 1.00000

.PLOP Plotting options

WDEF f Urite current—-settings file
RDEF 2 d current—settings file
NAME s ¢ fy new airfoi

NINC Increment name version number

zZ Zoon | Cavailable in all menus) XFOIL program

d Unzoom |

XFOIL > interface

Fig. 38 — External XFOIL program window & *.dat file selection window

Function Description

Computing basic aerodynamic characteristics for an airfoil:

CL-lift, CD-drag, CM-moment, versus angle of attack and

Reynolds & Mach number. (airfoil geometry saved to *.dat
Polar calculation file).

Aerodynamic characteristics are computed in XFOIL external
program. Results saved to *.txt file (Fig. 41).

Load file from disk with saved aerodynamic characteristics
Open XFOIL polar , 0 . .
(Fig. 41). When *.txt file is loaded, functions below turn active:

Show Drag polar Show drag CD polar, Fig. 42.
Show Lift coefficient Show lift coefficient CL graph, Fig. 42.
Show Moment coefficient Show moment coefficient CM graph, Fig. 42.
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active/ not active

Wing section polar calculation

—> - input airfoil *.dat file name and path | Browse .. i
Wing section polar file [td]: IC fUsersiLucasiPanuklioutioilinacali09.b¢ - output characteristics *.txt file name and path Browse .
—{—F Xfoil embeded NACA wing section INACADODQ - airfoil name I
Angle ofattack sequence: START: [3.0 | EnD:feo | stEr[to >  angle of attack range and step

Reynolds number: I3e+006 | Mach number: I0.30 I
oK Cancel

v v &
Reynolds Mach * dat file path <—
number number

Y

« click to generate airfoil by XFOIL program
avaliable NACA airfoil series 4 & 5

» aerodynamic characteristics are computed
for selected airfoil

Fig. 39 — Polar calculations setup window

During XFOIL aerodynamic computations user must check if results converge.

Otherwise obtained results can have no physical sense. For more information go to XFOIL manual.

NACA 0003

Ma = (0.300

Re = 3.000»10°
9.000

.0056Y

.2309 -0. .00505

L1159 -0.000 0.00470

.oooo -0. .0046D
.00470 D0.410 D.B90
.00505 0.259 0.813
.00564  D. 509
.00635 0.052 D.968
.00718  D. .593
.00814 D. .998
).00927 08g

Fig. 40 — XFOIL window — aerodynamic coefficients computations for an airfoil
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Select [.txt] file: o
(U [0 = uukesz tefanek - Panud - out = ol
Organizuj v  iffWidoki v . Nowy folder 0
Ulubione tacza Nazwa = | »| Datamodyfikacii | »| Ty | =] Rozmiar_ |~
| nacad009
E\ Dokumenty
B Fupit N
/M Komputer 3 .
B obraxy select *.txt, file with saved
B Moy aerodynamic results
|/ Ostatnio zmienione
B wyszukiwania
. Publiczny
Foldery A
Nazwa plku: | | [ tFies =~
[Tomse | Anui |
Z

Fig. 41 — Selecting result file with aerodynamic characteristics for an airfoil

When *.txt file is loaded: Show Drag polar, Show Lift coefficient, Show Moment coefficient
functions turn active.

3 CD drag polar

drag coefficient CD

Calculated polar for. NACA 0009
0008 3 - i

0.0074--+4--

0.006--4--

0.005

03 62 <01 oo 01 02 03 o4 o5 os o7 @

Mach= 0300 Re= 3000e6 Ncrit= 9000 lift coefficient CL i]
- Xass ond + - Y ass g » Detaut El
Cc™M Ca\cu!aled polav:lcr NAC/} 0009 : : _ _ _ 1]
|
! 3
: : Mach= 0300 Re= 3000e6 Ncrit= 9.000 AOA [deq]
0014 mmdemmemmemd e L S e
: i - ads gid + H Yats gnd - o Detaut
! A
P +
01004 = ~eme e e e ; i
L= P = CL lift coefficient graph
i |
P
H : 1
BN e e L s R e e e s
i : 1
H 1
e 1 @ o3 i <
: JRARS ASEST AAORE REGK TASES A Gl 3
Mach= 0300 Re= 3000e6 Ncrit= 9.000 AoA [deq)
o [ewae + - [Famona B e Detaun CM moment coefficient graph

Fig. 42 — Example results CL, CD, CM versus Angle of Attack




Function Description

. Click to convert *.prf PANUKL airfoil gecometry file to *.dat
Conversion *.prf to XFOIL o i )
airfoil XFOIL file (Fig. 43).
Click to convert *.dat XFOIL airfoil file to *.prf PANUKL airfoil

Conversion XFOIL to *.prf } )
geometry file (Fig. 43).

file conversion *.PRF - PANUKL to *.DAT - XFOIL

Wing section data conversion (PANUKL -> XFOIL)

Panukl wing section file [.prf] lc;lUsersILucasﬂanukﬂdaﬂpmﬂ!dﬂacaasous.pn - *_prf file path Browse ... |
Xfoil labeled data file [.daf] IC:!UserstucasiPanukUdaMomnacaﬁSnog.dat - * dat file path Browse ...

Wing section name [NAC465009| - airfoil name (type here)

0K Cancel |

file conversion *.DAT - XFOIL to *.PRF - PANUKL

Wing section data conversion (XFOIL -> PANUKL)

Xfoil labeled data file [.dat]: |C‘JUsersILucas!PanquaMuWnacaBSBOQ.dat - * dat file path Browse ...

Panukl wing section file [pri: Ic:!Users!LucasrPanukildavproﬂle!nacaﬁﬁoog.prf - *,prf file path Browse ... |

Wing section name: [naca65009, - airfoil name which is converted (loaded from *.dat file)

0K Cancel |

Fig. 43 — Airfoil file type conversion
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3.1.6.  TOOLS menu description

Pl Panukl 2002 - Grid viewer

File Draw Data Create Xfoil ! Help

Files location ...
Image options ...
Image translation ...
Colormap ...
JPEG p
Save options

Shift+Clri+S

Files location ...
Image options ...
Image translation ...
Color map ...

JPEG parameters ...
Save options

Fig. 44 — TOOLS menu

Available options in TOOLS menu)

Function Description

Files location ) )
and output files, (Fig. 45).

Click to display window where user can select path for input

4 N
x
Select data files directory:
dat
fuselage 5 Pandd E
- + . [BES
|np # . out
meSh ) Pobieranie
/Panukl/dat/ { neigh +— el I
B q
panukl 0 [ Ulbione
ide =
press e
profile Folder; | dat
Xf0| | Utwérz nowy folder I | oK I Anuluj |
3 >
Files location K ﬂ
Executable files directory: k)Jngram FilesiPanukli - execut*le files data path Browse ..
Data files directory: IC:IUsers\Lucas!PanUklfdaU - input data files path Browse ...

v Data files subdirectories

| Create subdirs l

Outputfiles directory: [C:IUsers\Lucas!Panuklrouu - output result files path

Browse ...

O.K. (Apply) Save Cancel

AL

Fig. 45 — Files location selection window

Click CREATE SUBDIRS button to automatically create proper directory structure for PANUKL's input

and output data. . Click SAVE button to save options.
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Function Description

. Click to show window where user can change the way
Image options

(0] PANUKL displays geometry grid model in main

GUI window, (Fig. 46).

wake visible

pressure distribution visible (if computed)
shading enabled

contru lines visible

¢ Vortex wake visible i
I .
w-
| -
e
|-
L

Color scale » results color scale visible
| -
»
| -
-
| -
L
| -
»

> Pressure distribution

Shading render

Contur {with pressure)

Reverse Calors change background color to white
hide invisible edges

antialiasing

Wide lines 4 oo set width of displayed lines

Frontlines offset W00 »n front line offset

User defined display aspect 4 l 0.00 ﬂ » display aspect ratio

Hide invisible edges
Antialiasing

L R R R R SR SR 2

o | Save |—+——> save current options

Fig. 46 — Grid model display options window

Function Description

Click to display window where user can adjust image translation

Image translation . .
options, (Fig. 47).

X translation:
4| <[ 005 | » |[pp|—» Xtranslation

Ztranslation:

«| « | 0.12 » |»|—+> Z translation

Close I

Fig. 47 — Image translation options

Function Description

Col Click to display window where user can adjust options
olor ma
s for graphic representation of results, (Fig. 48).
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variable selection

 ——
source

color map scale/ type vied

W_d

linear vz_d

expotential Vx_s

grey scale Vs

reversed scale Vag

pressure range s
display setup i [§ o]

———

Pressure:

below. {I‘ 20 L]Ll
Null pressure index:

Color Index:
d 7 0 |4

i

# linear

< expotential

I™ grey scale

[~ reversed scale

Caolor map type:

RGB componenets:

Variable selection:

Cp

b _c!

[ s ]

[ Close

I Default ]

v

save options

v

v

default settings

RGB components

result representation
color scale

color index > close window
v
null pressure color index
Fig. 48 — Graphic representation of results setup window
Function Description

JPEG parameters

Click to display window where user can adjust JPEG picture

capture quality and options, (Fig. 49).

low high
Quaiity: | 80 | T— JPEG quality

small

¥ Progressive Display

¥ Optimize for Size

large

» JPEG progressive display
» JPEG optimized for size

I~ Show this dialog box each time » dialog check box
[ s | ok |
.
save options button

Fig. 49 — JPEG screen capture setup window

Function

Description

Save options [Shift+Ctrl+S]

Click to save current JPEG options.
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3.1.7. HELP menu description

Pl Panukl 2002 - Grid viewer ) =101 x|

File Draw Data Create Xfoil Tools

Manual ... F1
Manual language »
PDF reader selection »
About ...

Manual ...
Manual language >
PDF reader selection >
About ...

Fig. 50 — HELP menu

Available options in HELP menu)

Function Description
Manual ) .
(F1) Click to display the manual document for PANUKL.
Manual language Manual language selection (available: PL & ENG)
PDF reader selection PDF document reader application selection.
About Click to display about PANUKL window, Fig. 51.

Panuki Package
Copyright by TGG 2002

Acknowledgments:

Pawel Blaszczyk for idea of Mesh program
Franciszek Dul for vector class library
Dawid Mieszalski (DM) for Connect program
Lukasz Stefanek (LS) for Help system

DM & LS for Fuselage program and maual

OK &3

Fig. 51 — About information window
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3.2. Computational procedure — diagram

| Creat grid file
M result file

Menu CREATE ]

> test_1.f
L NACA_0009.prf input file
airfoil geometry Menu CREATE
initi test_1.ngh
definiton L Creat grid file with neighbours |save conﬁgu;ﬁong,,e
— Ltzesf:erﬁ%igeometry result file

complete aircraft
—® definition

input file
Menu CREATE test_1.par
|_Compute doublet distribution |save conﬁgu;ﬁon file

—p result file

input file

Menu CREATE = ,

| Comput distribution test_1.prs
ompute pressure u save configuration file

RESULTS

Fig. 52 — Option No. 1 — basic computational procedure

A 4

(output files)

A
MODEL
test_1.out
test_1.txt
test_1.eps

TA A
,

downwash angle
results (optional)

results for pressure coefficient,
velocity, source or

doublet distribution etc.

for each panel of aircraf body

global
aerodynamic
results

gféwne okno graficzne
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input file read

Menu CREATE
| Creat grid file with neighbours

result file

input file read

Menu CREATE
|_Compute doublet distribution

— result file

please

wait !
read

Menu CREATE
|_Compute pressure distribution

test_1.ngh

configuration file

test_1.par
configuration file

test_1.prs
configuration file

\ 4

RESULTS
(output files)

A 4

MODEL
test_1.out <
test_1.txt <
test_1.eps < ]
downwash angle o |

results (optional)

results for pressure coefficient,
velocity, source or @——

doublet distribution etc.

for each panel of aircraf body

global
aerodynamic @————
results

gféwne okno graficzne

Fig. 53 — Option No. 2 — simplified computational procedure (user has got input grid and all necessary configuration files)
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3.3. Data flow In PANUKL during the computation process

Panukl 2002

Grid viewer =10/ x| Panukl 2002 - Grid viewer =10/ x|

File Draw Create Xfoil Tools Help File Draw Create Xfoil Tools Help

1 >
[subprogram NEIGHJ
s

ubprogram PANUKL

[subprogram MESHH
Panukl 2002 - Grid viewer ] subprogram PRESS]

MODEL File Draw Create Xfoil Tools Help
test_1.ms2

test_1.f
NACA_0009.prf

Fig. 54 — Data flow between MESH, NEIGH, PANUKL i PRESS subprograms



4. Suplement

4.1. How to connect grids - CONNECT TWO GRIDS option

From CREATE menu choose CONNECT TWO GRIDS option (Fig. 55). It will be used to connect
saved on disc two grid files with wake[name.dat — file].

Create grid file ...

Create grid file with the neighbours ...
Compute douhlet distribution ...
Compute pressure distribution ...

Connect two grids ...

Fig. 55— CREATE menu — CONNECT TWO GRIDS

This program function enables user to create complicated model grids assembled from more than
one object. Additionally we can create non symmetrical model grids.

1ol
File Draw Create Xfoil Tools Help
first grid & ;
test_01.dat ) A
7

second grid
test_02.dat

grid assembly
test_01_and_test_02.dat

Fig. 56 — What does CONNECT TWO GRIDS function do ?
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How it Works ?

Option 1 — we do have configuration *.con file, Fig. 57

Run CONNECT TWO GRIDS and select saved configuration file *.con — file contains all necessary
information to create *.dat file (which will be an assembly of two existing grids). To open selected
*_con file click OPEN button. Configuration window will appear (Fig. 58) where one can see saved
* dat file creation options. To generate *.dat file click Save and Compute (ok) button.

x|
() [1 - Pt~ dat ~ neon
Organizuj v  4ffwidoki v | Nowy folder ©
Ulubione tacza Nezwa 4 | -] Data S Jig |- Rozmiar |~
| test.con
"‘\ Dokumenty
B Pupit
/& Komputer
B/ obrazy
B tuzyka " g .
wiecej » there is a configuration *.con file
Foldery v
). dat ;I
). fuselage
L inp
|, mesh
1. neigh |
Nmplultest,con ;_I I“con Files _'_I
OPEN-> sy |
A

Fig. 57 — Open the connection configuration file *.con
Option 1 — we do not have configuration *.con file

Run CONNECT TWO GRIDS and click CANCEL button when prompted for saved configuration file
*_.con. The configuration window will appear (Fig. 59) where user can select options to create *.dat
file. To save current *.dat creation options to *.con file click Save [*.con] file as, to create *.dat file
click Save and Compute (ok) button.

Input master grid file [ daf] [c;umum-mmm Browse ...
Input slave grid file [daf] MWM& Browse ... I
Output grid file [ daf] |C fUsersiLucas/Panukl/datidattest_01_and_test_02 dat Browse ...
Master transformation: Slave transformation:
Offset coordinates (in input master coordinates system). Offset coordinates (in input master coordinates system):
xfo Yo zfo xfo Y:fo zlo
Rotation angles [deg]: Rotation angles [deg]:
yaw [0 pitch: o rolt:[o yaw [0 pitch: o roli:fo
Rotation origin coordinates (in master coordinates system): Rotation origin coordinates (in slave coordinates system):
xfo Yo zfo Xfo Yo zo
Rotation origin option: Rotation origin option:
@ yser defined © origin (0,0,0) © MAC quarter origin (0,0,0) © MAC quarter
Reference values:
Dison Surface: [0 Wing span: fo mac:fo
® yserdefined  ©mastervalues  © slave values
Moment calculation origin X fo zlo
> save and compute I—» save configuration
new *.dat file *.con file

Fig. 58 — CONNECT TWO GRIDS setup window
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for ex.: test_01.dat

MASTER grid, rotation, scale, translation
options,

input grid files name/ path
selection & output grid file
name/ path selection

[.con] file parameters

Input master grid file [.daf] |C:IUsars!LucasfPanquanaMSLﬂ1 .dat

Browse ... |

Input slave grid file [.daf] |CJUsersn.ucas!PanUWGavuamest_ouat

Output grid file [.dat] IC:IUSersILucas!PanukUdaUdamest_l]1 _and_test_02.dat Browse

Master transformation:

Offset coordinates (in input master coordinates system):

o Y:jo zlo
Rotation angles [deg]:
yaw: |o pitch: |o roll: ]0
tion origin (in master Y
X o Y:jo Zo
Rotation origin option:

@ yser defined © origin (0,0,0) & MAC quarter

Slave transformation:
Offset coordinates (in input master coordinates system):
xo Yo Zo
Rotation angles [deg]:
yaw: [0 pitch: [0 roll:{o
Rotation origin (in slave ystem):
X o Y:jo Zlo
Rotation origin option:
{Q user defined §O arigin (0,0,0) © MAC quarter

@ yser defined © mastervalues  © slave values

Reference values:

L Surface: |o Wing span: |o MAC: E
|0 & E

Moment calculation origin X

and Compute (O.K)

Save [.con]file as ... |

Cancel

reference values definition for
combined grid
for ex.: test_01_and_test_02.dat

Fig. 59 — CONNECT TWO GRIDS main options

SLAVE grid, rotation, scale, translation
options, for ex.: test_02.dat

Function

Description

Offset coordinates (in input

master coordinates system)

Rotation angles [deg]

To rotate component enter the necessary rotation angles [deg].

Rotation origin can be defined as:

User defined
Origin (0,0,0)

MAC quarter

User must specify reference values for target output object:

User defined
Reference values

Slave values

Master values —

— defined by user,
— the origin of coordinate system

for current object,
% MAC for current aircraft.

— defined by user,

reference values will be taken from
master grid model

— reference values will be taken from

slave grid model

Offset coordinates (in input master coordinates system) — X, Y, Z
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4.2. Creation of complex computational grids — CONNECT TWO GRIDS
option
The program PANUKL in the newest version offers the possibility of creating complicated

computational grids and asymmetrical grids. The whole procedure of creating is based on the
function — CONNECT TWO GRIDS [4.1].

Below we can find an example procedure of creating complicated grid file with use of
components — *.dat geometry files.

Pl Panuki 2002 - Grid viewer 3 =T
File Draw Data Create Xfoil Tools Help

Fig. 60 — Complicated grid mesh example in PANUKL

How it is made ?

Step 1

Pl panukl 2002 - Grid viewer = IDI)_S.I
File Draw Data Create Xfoil Tools Help

Fig. 61 — *.dat file — first part of the complicated grid file (wing part, fuselage, tail)
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Create first geometry file ,,01.dat” . File will contain symmetrical fuselage with wing part and
complete tail unit. The ,01.dat” file must have vortex wake generated.

Important note: The wing part cannot be closed with rib because the next grid part will be
connected to it. In aircraft *.ms2 definition file choose: 0 — don’t close wing with rib Fig. 62.

Step 2

@Panukl 2002 - Grid viewer ;lglll

File Draw Data Create Xfoil Tools Help

Fig. 62 — *.dat file — next part of the complicated grid file (wing & nacelle part — left side)

Next geometry ,02_L.dat” file contains right nacelle part, part of wing (not closed with rib)
and generated wake. Not symmetrical grids can be made by changing the proper flag in *.ms2 file
section. Nacelle is made similarly like fuselage.

Important note: Changing the proper flag in MAIN FILE SCTION in *.ms2 file [1.3.1], we can easily
create (not symmetrical) left or right side of model/ body.

Step 3

ﬂPanukl 2002 - Grid viewer - :ngll

File Draw Data Create Xfoil Tools Help

Fig. 63 — *.dat file — next part of the complicated grid file (wing end & nacelle part — right side)

Next geometry ,03_L.dat” file contains left nacelle part and right wing ending. The ,,03.dat”
file must have vortex wake generated.
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Right side of the object is made similarly!

PAPanuki 2002 - Grid viewer ] =[Ol x| Pl Panuki 2002 - Grid viewer =10l x|
File Draw Data Create Xfoil Tools Help File Draw Data Create Xfoil Tools Help

Fig. 64 — Complicated grid elements (right side)
Step 4

When we have all grid elements, we are ready to connect them into one complicated grid file.
We will use CONNECT TWO GRIDS [4.1] function. To connect grids properly we need to know their
exact position in global coordinate system.

This is an example grid connection procedure:

connect operation No.1 result
Pl Panuki 2002 - Grid viewer E =101 x| Pl Panuki 2002 - Grid viewer =101 x|
File Draw Data Create Xfoll Tools Help e Draw Data Create Xfoll Tools Heip

Fig. 65 — Connect operations number 1

connect operation No.2 result
P Panukl 2002 - Grid viewer | =lolx|
File Draw Data Create Xfoll Tools Help Flle Draw Data Create Xfoil Tools Help

=laix|

Fig. 66 — Connect operations number 2
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connect operation No.3 result
3 Panuki 2002 - Grid viewer =10lx|
File Draw Data Create Xfoll Tools Help Flle Draw Data Create Xfoll Tools Help

Fig. 67 — Connect operations number 3

connect operation No.4 result

=loixf

File Draw Data Create Xfoll Tools Help File Draw Data Create Xfoll Tools Help

Fig. 68 — Connect operations number 4
Step 5

After the last connect operation we must check the new grid with — CORRECT NEIGHBOURS
[3.1.4] function to avoid grid errors.

Pl Panukl 2002 - Grid viewer o [=] ]

File Draw Data Create Xfoil Tools Help

Fig. 69 — Generated complicated grid + example results

The complicated grid is ready to proceed with farther analysis.
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Important notes:

What we should know before we will start to connect grids.

Connected grid elements cannot be closed and must have the same division, e.g., two wing
grid parts must have in connection area the same airfoil and its chord division and chord

length.
Connected grid elements must have one common plane.

With this connection procedure we can create difficult grids that are not symmetrical.

To make not symmetrical fuselage or nacelle we must remember to have the same number of
sections/ frames for both sides. Section/ frame location must be also the same for both

fuselage or nacelle parts.
Fuselage or nacelle section/ frame number and location must be the same for left and right
part.

Sometimes we can simplify the geometry to connect two grids, e.g. wing body intersection

area.

¥ Panukl 2002 - Grid viewer i [=] S|

File Draw Data Create Xfoil Tools Help
' |

i
1!‘[

3
|

e

1
EEATY

— |l
1

Fig. 70 — Grid trick — easy to create wing body intersection area
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4.3. FUSELAGE DATA - external subprogram description

Program FUSELAGE DATA

FUSELAGE DATA program was made to help with creating fuselage/ nacelle geometry files
[name.f] for PANUKL application. With FUSELAGE DATA we can create:

e Fuselage geometry file [name.f] from txt [name.w] files. Each file contains frame outline
definition points described by free coordinates.
e Fuselage geometry file [name.f] from txt [name.txt] UNIGRAPHICS files. Each UNIGRAPHICS file

contains information about point describing one frame.

Important note: Each fuselage or nacelle section/ frame needs one [name.w] or [name.txt] file with

points describing its geometry. The section/frame point coordinates order in file is free.

e Modification of present fuselage files [name.f]

Main FUSELAGE DATA application window

Dilelctory 3 |

E:/FUSELAGE/FRAMES/ Browse...

Output File :
E:/FUSELAGE/FRAMES/Fuselage.f Browse...

Create m’
Frames Prefix :

66

2P

Clear Create

[CINX files [JFrame #0

Fig. 71 — Main FUSELAGE application window
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Main program options:

Browse button, for input files.

Output fuselage geometry file name and path [name.f].
Browse button, for output file.

CREATE or MODIFY program modes.

00000

Fuselage geometry file — Preview button.

Weevien 1ol x|
[save copy a5 EHE [ Fuselage.f |
Tlosc  punktow na wredze 15 x
Tlosc wreg 31 —
Wrega 0
0.0000 0.0000 0.0000
urega 1 U
150.0000 0.0000  -180.4524
150.0000 41,8783 -174.4900
150.0000 80.5378  -157.3226
150.0000 113.4116 -130.6848
150.0000  138.8088  -06.8157
150.0000  155.7428  -58.0063
150.0000  163.8136  -16.4349
150.0000  162.6027 25.8904
150.0000  162.6027 25.8904
150.0000  162.6027 25.8904
150.0000  149.5808 71,6466
150.0000  124.7965  112.2441
150.0000 89.7626  144.3986
150.0000 46,9871 165.1445
150.0000 0.0000 172.3266
wrega 2
300.0000 0.0000  -202.4588
300.0000 68.6992  -282.6371
300.0000 132.0419 -254.2738
300.0000  185.7380  -210.2658
300.0000  227.0116  -154.4144
300.0000  254.1669  -90.4741
300.0000 266.5607 -22.1093
300.0000  262.9191 47,2205
300.0000  262.9191 47,2295
300.0000  262.9191 47,2295
300.0000  239.2065  116.6081
300.0000  197.1904  176.7975
300.0000  140.1570  222.9847
300.0000 72.7311 251.9793
300.0000 0.0000  261.8606
wrega 3
450.0000 0.0000  -382.7154
450.0000 91.3805 -370.0054
4500000  175.9616  -333.1124
450.0000  248.1035  -275.5597 v
(ot o men oo enee IHJ

Fig. 72 — Fuselage geometry file — preview window

Create mode in FUSELAGE DATA

i

D.el““y - | |

|E:/FUSELAGE/FRAMES/ | Browse... I
Output File :

|E:/FUSEU\GE/FuseIage.f | | Browse... l

Prefix : frm

| Clear | |

WNX files @WCS @ @ X:o ]

Folder path for input fuselage geometry frame files: [name.w] or [name.txt] files.

Fig. 73 — Create mode in FUSELAGE program



In this mode we can create fuselage geometry file for PANUKL:

o
(2]
(3]

Max. frame number defining fuselage geometry (frame No.0 counts in).

Number of stringers on a single frame.

Frame name syntax must be: [<prefix>_<No.>.w] or [<prefix>_<No.>.txt]. Where <No.>

is the number of next frame (numeration starts from frame No.0). Frame No.0 point coordinates can

be defined in 0

To use [name.txt] UNIGRAPHICS files in section e select NX FILES check box and specify

coordinate system for defining frame points: WCS or ABSOLUTE.

o

Create fuselage geometry file button.

Modification mode in FUSELAGE DATA

= Fuselage A =15] x|
Directory :
1 |} 1 |
|E FUSELAGE/FRAMES/ | [ Browse... |
Output File :
IE /FUSELAGE/Fuselage.f ] | Browse.. |
a—b Wscale [ Transiate]
B Equalfactors f B Symmetically
it X:
XF S (N ‘_6
Delta
4 / | I Clear |
/ AT
e . e
| W
B Symmetrically I
DX:
| OTo A Point L] I
| I .5 o
L — — — — — —

Fig. 74 — Modify mode in FUSELAGE program

In this mode we can modify existing fuselage geometry file. Things we can modify:

@00 00

Scale fuselage. EQUAL scale FACTORS 0 can be used in every scaling direction (X, Y, Z).

Translate fuselage. Translate to a specified X, Y, Z point location
or delta translate: DX, DY, DZ coordinate increments must be defined.

Translate fuselage only in XZ plane.
Translation type selection.

Click Modify button to accept changes and modify fuselage file.
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4.4. How to export geometry from UG NX system to PANUKL software

Export geometry procedure from UNIGAPHICS NX to PANUKL is only an example what we can
do with available engineering tools. The export procedure can be used for complicated grids.
It enables to export in detail 3D model geometry to PANUKL grid file. It is not optimized procedure it
takes long but it works well.

Below in document you will find a short description of procedure for preparing fuselage
geometry for PANUKL in UNIGRAPHICS NX software. The example can show you the way to create
your own PANUKL’s geometry files: [name.f], [name.ms2] & [name.prf] with a help of any available

CAD tools.

Export geometry procedure assumptions:
e we do have 3D model geometry file and we can open it in UNIGRAPHICS NX;

e we have basic knowledge about modeling in UNIGRAPHICS NX system.

Example procedure

0 Load 3D model geometry file. Translate geometry if necessary to (0,0,0) point of global
coordinate system (nose of the aircraft is in (0,0,0) point, X axis to back, Y axis to the right
wing, Z axis up).

0 Trim right half of model with ZX plane. We will not use it.

WNX 4 - Modeling - [example_nBOLEX_Panuklprt (Madified) 1 =181 %]
@ Fle €& Vew Inget Fopmat Joos Assewblies [nformatin Ansiysis Preferences JDWNX Window Heb =181}
-V 3W+RE0S. EERACLsw-&- [k V2% =D,

BEOTZ % P @23 IINFIS ST . AaUBT U . alTE mg R,
dUIL2 G4SN 290 0DDAL BA&k. |/ "~ + B~ -&-.

Drag cursor to rotate view about X-Y

[ |-
(%]« IGTEER

~

[ ARAEIEIE P

Fig. 75 — Left half of model in UG NX4, aircraft nose located in (0,0,0) of global coordinate system
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9 Trim fuselage with scaled wing . (Scale wing geometry for about 30 percent). Hide wing we will

not use it now.

). ‘\wtl\ l
’rhﬂstsma‘
AN~ 4+ % BA-§-.

enlarged wing airfoil

(we cut off enlarged wing from fuselage)

.

ALY L IR e YA ey Al 1 LYEN

Fig. 76 — Trimmed fuselage geometry in UG NX4

0 Insert ZY, DATUM PLANES where we will have fuselage frames. It is important to remember

that too many fuselage frames make geometry hard to export to PANUKL. If you have time

and fast CPU insert as many as you want ©.

|® IBRAOL slw L . 'k 9v2%. =D

| W‘_NGU 3@ ‘a [@yst el nes.

IE H)IDDDQLU-G&H/’\~~+-* O~-5-. o
Dragi |

— ==
el s
™ =
% B
. »
1 &
: -———
o E)
= ~._Datum Planes

BT

WAL Y IS I A A oL B

Fig. 77 — Fuselage half with DATUM PLANES in UG NX4
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Remember: don’t insert DATUM PLANES where wing trailing & leading edge intersect fuselage.

start point end point
N e i,
~._Datum Planes ~._Datum Planes
wrong correct

Fig. 78 — Important note about inserting DATUM PLANES for frames, UG NX4

9 Use INTERSECTION CURVE (UG NX4) function to create intersection curves where we have

inserted DATUMS. Additionally add curves where the model was trimmed with wing.

We have made our fuselage frames.

NX 4 - Modeling - [example_nBOLEK_Panukl_2.pet (Modified) |

v alelx
@ Ble Edt Vew Inget Fonst Jook Assenbles [formstion Anslysis Preferences WX Windgw Heb =181
o NOU+RE0 S [ERONAOLIS w-&-. [ 2% [=D .|
BETZ e @ $- 29030 Ts . |[FULBT . AREYE g .
KYYO2GeUNSHE. YEPDDAL BA&k. |/ Y~%+*O4%-&-.
Drag cursor to indicate zoom rectangle Pan cancelled
=
& =
“.l t
intersection curves oy |
o)
: !
b5 1
‘\;'; )
- 5
\__added curves

G ECT

LRSS H SR AHIE VO RE.

Fig. 79 — Fuselage intersection curves — fuselage frames, UG NX4

0 Now we need to create points on our frames — use POINT SET/POINTS ON CURVE function.




MNX 4 - Modeling - [nBolek_Panukl_01_0ST.prt (Modified) ] =l81x|
U Ele Edt Vew Insst Fommet Tooks Assemblies Information Analysis Preferences 3DV Window Help =lslx]|

B OH+ A0S [ER0Q0[slw-&- [0k 59% [=n
Bovzz | v leoxsiinadose /ayss . alvesnam .
QUL ?eee24aSHA DBIEDALIEAd.]/ ~4+ % B4 -&-

|Drag cursor to pan view Rotate cancelled I

— | |
3 e
-~ ==
o] =
s - [
{ b

o g
>
5

[+00

HEEIREN |

O
-

G

e R T Y e e e

Fig. 80 — Model half with points placed on frames, UG NX4

Connected points on frames will create fuselage stringers. If you want to have a very accurate
grid model in PANUKL — create a large number of points.
Number of points on a single frame must be the same for every fuselage frame. The only

exception is fuselage start and end point.

Remember: always think about number of grid panels - if you create more frames more frame

points than the grid in PANUKL will be more complicated and the computations will last longer.

14 points on each frame

basic wing airfoil
enlarged wing airfoil

e ————
\1\

points 7,8,9 have

’_'___’__0——“"'
points on one frame

_ Datum Planes

- points in red elipse must lay on the same plane and must intersect
with leading edge or trailing edge point (green point);

8th - stringer intersects wing leading edge point in this example;

Fig. 81 — Frame point distribution near area where wing intersect fuselage
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In some fuselage areas you will have to adjust the position of points on frame. There are also

locations where you will have to insert more than one frame point in the same place (see Fig. 81).

Well positioned points on frames will create smooth shaped fuselage stringers.

3 NX 4 - Modeling - [nBolek_Panuki_01_0ST.prt (Modified) | =lslx|
@ He Edt Vew Inget Fomat Took Assenbles [formton Arolysis Breferences J0XNK Windgw Heb aloix]

G- 1WA RB0L. [ IECROTIsw-&- L'k 52% . [=5.
BOTZ Z. P $- 2Rl 3T 8T . aldfenes .
SURseeeentaSNa. [ YBEO0DAL FAR ]/ N\~ + 655

Select objects and use MB3, or double-chick an object

-~
.
O
%L EABR/SIHHE IR LB, 208D,

Fig. 82 — Fuselage points connected into fuselage stringers, UG NX4

0 Now we are ready to export all points from each frame to fuselage frame files.

INFORMATION/ OBJECT/ POINT.

Remember: to set proper names to consecutive frames, e.g.: w_1.txt — frame No.1.

than w_2.txt — frame No.2 etc. It will help to avoid mistakes.

3 NX 4 - Modeling - [nBolek_Panuki_01_0ST.prt (Modified) ] =18 x|
@ Bl Edt Vew Ingst Fomst Took Assembhes Informatin Ansysis Breferences JNX Windgw beb =l
= . i . - ; 7 2 v T =
&) s MRl DEQAOL s W L. [0S %. =D,
T i O - @G N B <[ PG 2
BEUTZ L. @@ -LPSILYYW I T8, |FY™Y AR g .
T@ ) >0 RS JE : B Al oy T
SUQL2e@ephSHL. | YD)BRDDAL .|/ Y+ MBN-S-.
‘Select objects and use MB3, or double-click an object
) [ I 4ol o |
0 e € o
- ks
™ Information listing created by : Lucas j -5
. Date 1 2008-03-16 12:14:24 i
Current work part : D:i\Praca_Nagisterska\R =]
jode name 1 1339 N
v
Information on object # 1 5
ovning part D:\Praca_Magisterska)Rysunki_Koncep bl
Layer 210
Type Point ?)
color 47 (Nediws Faded Yellow) -
() Font SOLID
- videh Normal 5
O Modified Version 383 1S sie 2007 15:40 (by user Lu =
i Created Version 383 15 sie 2007 15:40 (by user Lu =]
2 2 Information Units o )
. Coordinates XC = 1800.000000000 X=18 | S—
YC = -396.390685771 Y- -
2C = 688.786153154 z= 6 -\
cbject Dependency Graph: 3]
Point - ID 337169
Used by:
Spline(291)
T —| ;l'l
® > PR ., W IERC Y ;. I o] -»
s DR LR 5 4 Al AH MBS 293

Fig. 83 — Export fuselage frame points from UG NX4
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0 Now when we have all fuselage frame files we can create complete fuselage geometry

file[name.f] ( 4.3).

Important notes:

Top View :
airfoil1 . airfoil 1 airfoil 1
g { LTSS W A a;_":_' """ \*\"”";"
= ﬁ@%ge\//
X \
\ . e .
P
L &\
\
1\ b
end airfoil : end airfoil end airfoil
wrong correct
Fig. 84 — Definition of two first airfoils of a wing in PANUKL
Below one can find the results of export geometry procedure:
[PPanuki2002-Gridviewer =lof x|

File Draw Create Xfoil Tools Help

Fig. 85 — Models prepared with the use of the introduced procedure of the export
of geometry for PANUKL
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Panukl 2002 - Grid viewer W;,\_,;zt

File Draw Create Xfoil Tools Help

Fig. 86 — Models prepared with the use of the introduced procedure of the export
of geometry for PANUKL

Panukl 2002 - Grid viewer = :L;L@Et

File Draw Create Xfoil Tools Help

Fig. 87 — Models prepared with the use of the introduced procedure of the export
of geometry for PANUKL
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Panukl 2002 - Grid viewer

File Draw Create Xfoil Tools Help

Fig. 88 — Models prepared with the use of the introduced procedure of the export
of geometry for PANUKL

Panukl 2002 - Grid viewer
File Draw Create Xfoil Tools Help

Fig. 89 — Models prepared with the use of the introduced procedure of the export
of geometry for PANUKL
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