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FLUTTER WORKSHOP OF A SWEPT WING
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• Workshop Objectives
– Find the matched point and the flutter boundary given the flight envelope
– Verify and animate the splines using normal modes
– Animate the flutter modes

• Software Version
– FlightLoads 2014

• Files Required
– modes.dat
– structure.bdf: Bulk data deck with structural model
– aero.bdf: Bulk data deck with aerodynamic model
– modes.dat: MSC Nastran input deck to run a normal modes analysis
– flutter_setup_import.bdf: Deck to import aero & structural mesh to proceed 

further with Flutter Setup
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• Problem Description (Swept Wing)
– Using the above files setup the flutter run, while following the guidelines for 

aeromesh, and find the matched flutter point. 
– The structural model of the wing is a beam model, consisting of the front 

and rear spar and some ribs.
– The objective of this workshop is to find matched points and the flutter 

boundary.

Units: N, mm, t, s
Reference Chord: 
4000mm 

(-500, 0, 0) (3500, 0, 0)

(4500, 10000, 0) (6500, 10000, 0)
Symmetry Boundary 
Conditions at Wing 
Root 
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• Suggested Steps
1. Read in the structure model and aero model provided using 

flutter_setup_import.bdf
2. Verify the box/wave length by fringe plot
3. Run Modes.dat.
4. Import the results for Modes run.
5. Verify the Splines.
6. Create unsteady aerodynamics 
7. Select the mach number, velocity and densities.
8. Run the analysis
9. Observe the flutter point and find matched point



FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software 
Corporation

WS5 - 6

• Compute the first 5 symmetric normal modes of the wing.
• Import the structure into Flightloads.
• Verify the box/wave length by Fringe plot.
• Verify the spline.
• Run several flutter analyses to find the flutter boundary.

– Hint: Begin with M = 0.5.

Tasks
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• Atmosphere for the purpose of finding matched point is shown
below

• Needed to fill in Density Ratios for PK method: SL to 5000m
– FLFACT, 100, 1., 0.908, 0.821, 0.735, 0.669, 0.601

Atmosphere

Altitude ρ c ρ/ρ0 √(ρ/ρ0)
0 1.225 340.290 1.000 1.107

1000 1.112 336.430 0.908 1.055
2000 1.006 332.525 0.821 1.003
3000 0.901 328.574 0.735 0.949
4000 0.819 324.575 0.669 0.905
5000 0.736 320.526 0.601 0.858
7500 0.557 310.172 0.455 0.746

10000 0.413 299.460 0.337 0.643
m kg/m 3 m/s
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		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912
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		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877

		2.9		-0.0832546875		-0.6339083805

		3		-0.1695092857		-1.3842416284
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atmosphere

		Altitude		r		c		r/r0		√(r/r0)

		0		1.225		340.290		1.000		1.107

		1000		1.112		336.430		0.908		1.055

		2000		1.006		332.525		0.821		1.003

		3000		0.901		328.574		0.735		0.949

		4000		0.819		324.575		0.669		0.905

		5000		0.736		320.526		0.601		0.858

		7500		0.557		310.172		0.455		0.746

		10000		0.413		299.460		0.337		0.643

		m		kg/m3		m/s





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154

		Matched
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• See if flutter point exists within the Flight envelope below

Flight Envelope
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		0.1		0.8347823553		0.8953109056

		0.2		0.4888857434		0.5623524613

		0.3		0.0608840737		0.0751113459
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154

		Matched

		M		EAS

		0.4616650504		157.1

		0.4764735606		152.7277211249

		0.5064308192		142.6998678946

		0.5206808904		138.1849071767

		0.5350579984		132.9336676693

		0.5803780138		100.9152391154
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														0.4931960003

														0.5064308192

														0.5172918432

														0.5260103705



SL

1000

3000

2000

5000

4000

M=0.5

M

EAS (m/s)

0

0

0

0

0

0

158.5

340.29

320.5376619965

301.3389343752

281.7756393847

265.3926996856

248.4472114481

153.8710353192

148.6191571688

142.6998678946

137.2854787868

130.685809732



Swept_Wing_Bound

		0		0		0		0		0		0		0.4616650504		0		0

		1		1		1		1		1		1		0.4764735606		1		1

														0.5064308192

														0.5206808904

														0.5350579984

														0.5803780138



SL

1000

3000

2000

5000

4000

75000

10000

Flutter Boundary
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EAS (m/s)

0

0

0
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0
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0

0

340.29

320.5376619965

301.3389343752

281.7756393847

265.3926996856

248.4472114481

152.7277211249

209.1520586545

173.8784666599

142.6998678946

138.1849071767

132.9336676693

100.9152391154
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• Header file of modes.dat

Normal Modes Analysis

SOL 103
CEND
$
SPC = 1
METHOD = 10
DISP(PLOT) = ALL
$
BEGIN BULK
$
PARAM, POST, 0
PARAM, GRDPNT, 0
$
EIGRL, 10,,, 5
$
INCLUDE 'structure.bdf'
$
SPC1, 1, 123456, 1, 7
$
ENDDATA
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• Normal modes analysis is needed for spline verification and to 
obtain highest frequency of interest to calculate minimum number 
of box/wavelength.

Resonance Frequencies
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• Requirement: 15 Boxes per Wavelength
• Minimum Velocity: Vmin = 50m/s
• Maximum Frequeny: fmax = 15Hz
• Minimum Wavelength = Vmin/fmax = 3.33m
• Maximum Chord Length: 4 m
• We need 15 ∙(4/3.33) = 18 boxes in chordwise direction.

Aerodynamic Mesh – Number of Boxes
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• Verify Aero mesh by using Aero Modeling … Flat  Plate Aero 
Modeling as shown.

• Plot the boxes/wave after entering minimum 
velocity and maximum frequency

Aerodynamic Mesh
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• Attach xdb file from modes.dat run
• spline verification of 1st mode

Verify Spline using Mode Shapes
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• Spline verification of 3rd mode

Verify Spline using Mode Shapes (Cont.)
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• It is recommended to run a first flutter analysis at M = 0.5.
• Minimum and maximum velocity from the flight envelope, 

together with fmin and fmax, are used to get kmin and kmax.
• Values will be adjusted based on the results of the first analysis.

Velocities and Reduced Frequencies

111.0
2 max

min
min ==

TAS
ck ω 291.1

2 min

max
max ==

TAS
ck ω

Altitude
m

EAS
m/s

TAS
m/s

0 170 170
5000 125 146
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• Import flutter_setup_import.bdf structure and aero model in two 
steps
– First thru file menu in structure preference

• This will import the structural portion of the model.
• Then import the aero portion of the model via Flightloads import/export menu.
• the INCLUDE statement will also import aero.bdf and structure.bdf)

• Select the Splines (shown in earlier workshops)

Set up the Analysis
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Set Global Data

b

c

a

d

e

f

g
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• At Step d & e enter 
below table values.

Setting Unsteady Aerodynamics

Mach No Reduced Freq

.5 0.2

.5 0.5

.5 0.6

.5 0.7

.5 1.0

bf

c

a

h

d e

g

d e
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Spline Selection

a

b

c

d
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Setup Analysis

b

d

e

f

c

a

g



FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software 
Corporation

WS5 - 21

Setup Analysis → Define Flutter Parameters

b

d

e

f

c

a

g h

i

Densities

1.

.908

.821

.735

.669

.601
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• Velocity Sets
– Enter the data shown. (158e3 to 170e3 in 

increments of 2.)
– Be sure to select Yes for 162e3 through 

170e3 mm/s 

Setup Analysis → Define Flutter Parameters 
(Cont.)

a

b

c

d e
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Selection of Velocity and Density Set

b

c

d

f

g

h

a
e

i
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• Insert below entries in Direct 
text input to obtain X-Y plot
OUTPUT (XYPLOT)
XPAPER=29.
YPAPER=21.
XGRID=YES
YGRID=YES
CURVELINESYMBOL = +1
XYPLOT XYPAPLOT VG / 52(G,F) 
OUTPUT (PLOT)

Select Output Requests

b

d
e

f

c

a

g h
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• In Job Parameters set the Analysis Type to 
Analysis Deck to Study the Input file 

Generate Nastran Input File

b

d

e

c

a
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• Point=52 data has been sent to plt file. Pdf can be generated from 
it as shown in earlier workshop. 

• The Flutter Summary in the .f06 shows that flutter occurs for 
points 4, 20, 36, 52, 68 and 84. Sample output shown in the next 
page.

• The flutter velocities are between 158 m/s and 170 m/s.

First Results
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Flutter Summary Results
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Flutter Summary Results (Cont.)
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Flutter Summary Results (Cont.)
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Flutter Mode Shape
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• Matched point at M=0.5 and Density=0.735 identified by fitting the 
data point on the Flight envelope graph.

• To get flutter boundary more runs will be preformed at Mach 
numbers 0.46, 0.48, 0.52,0.54

• 4 more subcases need to be created within Patran at these Mach 
Numbers=0.46,0.48,0.52,0.54 

Additional Runs to Get Flutter Boundary
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• Unsteady Aerodynamics

• The specific MKPAIR needs to selected while setting up the 
Flutter subcase for the specific Mach number

Setup for Mach Number - 0.46, 0.48, 0.52, 0.54

Mach No Reduced Freq

.46 0.2

.46 0.5

.46 0.6

.46 0.7

.46 1.0

Mach No Reduced Freq

.54 0.2

.54 0.5

.54 0.6

.54 0.7

.54 1.0

Mach No Reduced Freq

.52 0.2

.52 0.5

.52 0.6

.52 0.7

.52 1.0

Mach No Reduced Freq

.48 0.2

.48 0.5

.48 0.6

.48 0.7

.48 1.0

Mach-0.46

Mach-0.54Mach-0.52

Mach-0.48
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• In Job Parameters 
set the Analysis 
Type to Analysis 
Deck to Study the 
Input file 

Generate Nastran Input File for All Mach 
Numbers

b

d

e

c

a
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• The Flutter Summary for each Mach number is observed in f06 
file. 

• The EAS derived from the TAS at the specific air density is plotted 
on the graph to get the Flutter Boundary. 

• The flutter analysis is repeated for intermediate Mach numbers to 
get specific values as shown in graph in next slide.

Flutter Boundary
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Matched Point at M ~ 0.5

0.465779188, 158.5

0.480040424, 153.8710353

0.493196, 148.6191572

0.506430819, 142.6998679

0.517291843, 137.2854788

0.52601037, 130.6858097

0

50

100

150

200

250

300

350

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

EA
S 

(m
/s

)

M

SL

1000

3000

2000

5000

4000

M=0.5

Altitude rho/rho0 c EAS TAS M
0 1.000 340.290 158.5 158.5 0.466

1000 0.908 336.430 153.9 161.5 0.480
2000 0.821 332.525 148.6 164.0 0.493
3000 0.735 328.574 142.7 166.4 0.506
4000 0.669 324.575 137.3 167.9 0.517
5000 0.601 320.526 130.7 168.6 0.526

m m/s m/s m/s


chart_stab

		0		0

		0.1		0.1

		0.2		0.2

		0.3		0.3

		0.4		0.4

		0.5		0.5

		0.6		0.6

		0.7		0.7

		0.8		0.8

		0.9		0.9

		1		1

		1.1		1.1

		1.2		1.2

		1.3		1.3

		1.4		1.4

		1.5		1.5

		1.6		1.6

		1.7		1.7

		1.8		1.8

		1.9		1.9

		2		2

		2.1		2.1

		2.2		2.2

		2.3		2.3

		2.4		2.4

		2.5		2.5

		2.6		2.6

		2.7		2.7

		2.8		2.8

		2.9		2.9

		3		3



stable

unstable

Time

Amplitude

1

1

0.8347823553

0.8953109056

0.4888857434

0.5623524613

0.0608840737

0.0751113459

-0.3407122129

-0.4508064863

-0.6239312751

-0.8854006251

-0.7334044798

-1.116213423

-0.6599098741

-1.0771815912

-0.438150422

-0.7670578948

-0.134409336

-0.2523683912

0.1720498125

0.3464657757

0.4088668919

0.8830569154

0.5269526259

1.2206156611

0.5098234456

1.2665658741

0.37437678

0.9975105483

0.1637389301

0.4679087368

-0.0653773795

-0.2003721363

-0.2573088764

-0.8457951722

-0.3704379206

-1.3059498049

-0.3856473802

-1.458149477

-0.3086771652

-1.2517476302

-0.1664083222

-0.7237489227

0.0014731869

0.0068718132

0.1530320574

0.7655904952

0.2541639281

1.3637307819

0.2858739933

1.6450912467

0.2473080984

1.526350577

0.1542273878

1.0208879407

0.0337189829

0.2393820877

-0.0832546875

-0.6339083805

-0.1695092857

-1.3842416284



stability

		5		-0.5		0.2

				stable		unstable

		0		1		1

		0.1		0.8347823553		0.8953109056

		0.2		0.4888857434		0.5623524613

		0.3		0.0608840737		0.0751113459

		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912

		0.8		-0.438150422		-0.7670578948

		0.9		-0.134409336		-0.2523683912

		1		0.1720498125		0.3464657757

		1.1		0.4088668919		0.8830569154

		1.2		0.5269526259		1.2206156611

		1.3		0.5098234456		1.2665658741

		1.4		0.37437678		0.9975105483

		1.5		0.1637389301		0.4679087368

		1.6		-0.0653773795		-0.2003721363

		1.7		-0.2573088764		-0.8457951722

		1.8		-0.3704379206		-1.3059498049

		1.9		-0.3856473802		-1.458149477

		2		-0.3086771652		-1.2517476302

		2.1		-0.1664083222		-0.7237489227

		2.2		0.0014731869		0.0068718132

		2.3		0.1530320574		0.7655904952

		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877

		2.9		-0.0832546875		-0.6339083805

		3		-0.1695092857		-1.3842416284





M-EAS

		0		0		0		0		0		0		0		0
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154

		Matched

		M		EAS

		0.4616650504		157.1

		0.4764735606		152.7277211249

		0.5064308192		142.6998678946

		0.5206808904		138.1849071767

		0.5350579984		132.9336676693

		0.5803780138		100.9152391154
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Swept_Wing_Bound
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		5		-0.5		0.2

				stable		unstable

		0		1		1

		0.1		0.8347823553		0.8953109056

		0.2		0.4888857434		0.5623524613

		0.3		0.0608840737		0.0751113459

		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912

		0.8		-0.438150422		-0.7670578948

		0.9		-0.134409336		-0.2523683912

		1		0.1720498125		0.3464657757

		1.1		0.4088668919		0.8830569154

		1.2		0.5269526259		1.2206156611

		1.3		0.5098234456		1.2665658741

		1.4		0.37437678		0.9975105483

		1.5		0.1637389301		0.4679087368

		1.6		-0.0653773795		-0.2003721363

		1.7		-0.2573088764		-0.8457951722

		1.8		-0.3704379206		-1.3059498049

		1.9		-0.3856473802		-1.458149477

		2		-0.3086771652		-1.2517476302

		2.1		-0.1664083222		-0.7237489227

		2.2		0.0014731869		0.0068718132

		2.3		0.1530320574		0.7655904952

		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877

		2.9		-0.0832546875		-0.6339083805

		3		-0.1695092857		-1.3842416284
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

		Altitude		rho/rho0		c		EAS		TAS		M

		0		1.000		340.290		158.5		158.5		0.466

		1000		0.908		336.430		153.9		161.5		0.480

		2000		0.821		332.525		148.6		164.0		0.493

		3000		0.735		328.574		142.7		166.4		0.506

		4000		0.669		324.575		137.3		167.9		0.517

		5000		0.601		320.526		130.7		168.6		0.526

		m				m/s		m/s		m/s
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		0.3		0.0608840737		0.0751113459

		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912

		0.8		-0.438150422		-0.7670578948

		0.9		-0.134409336		-0.2523683912

		1		0.1720498125		0.3464657757

		1.1		0.4088668919		0.8830569154

		1.2		0.5269526259		1.2206156611

		1.3		0.5098234456		1.2665658741

		1.4		0.37437678		0.9975105483

		1.5		0.1637389301		0.4679087368

		1.6		-0.0653773795		-0.2003721363

		1.7		-0.2573088764		-0.8457951722

		1.8		-0.3704379206		-1.3059498049

		1.9		-0.3856473802		-1.458149477

		2		-0.3086771652		-1.2517476302

		2.1		-0.1664083222		-0.7237489227

		2.2		0.0014731869		0.0068718132

		2.3		0.1530320574		0.7655904952

		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154

		Matched

		M		EAS

		0.4616650504		157.1

		0.4764735606		152.7277211249

		0.5064308192		142.6998678946

		0.5206808904		138.1849071767

		0.5350579984		132.9336676693

		0.5803780138		100.9152391154

		Altitude		rho/rho0		c		EAS		TAS		M

		0		1.000 €		340.290		158.5		158.5		0.466

		1000		0.908 €		336.430		153.9		161.5		0.480

		2000		0.821 €		332.525		148.6		164.0		0.493

		3000		0.735 €		328.574		142.7		166.4		0.506

		4000		0.669 €		324.575		137.3		167.9		0.517

		5000		0.601 €		320.526		130.7		168.6		0.526

		m				m/s		m/s		m/s
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