What is XFOIL?

XFOIL is an interactive program for the design and analysis of subsonic isolated airfolls.
It can be used for viscous/inviscid analysis, airfoil design, and inverse design of airfoils.

The inviscid formulation is based on an inviscid linear-vorticity panel method with Karman-Tsien compressibility
correction.

Source distributions superimposed on the airfoil and wake permit modeling of viscous layer on the potential flow.
A two-equation lagged dissipation integral method is used to represent the viscous layer.

Laminar and turbulent flows are treated with the e" - type amplification formulation to determine the transition
point.

The boundary layer and transition equations are solved simultaneously with the inviscid flow field by a global
Newton method.

It can be used from low to high Reynolds number.
It is opensource and distributed under the GNU General Public License.
More information at the following link:

o http://web.mit.edu/drela/Public/web/xfoil/ o],

Subsonic Airfoil Development Systermn


http://web.mit.edu/drela/Public/web/xfoil/

What is XFOIL?

« The viscous/inviscid formulation implemented in XFOIL, allows you to conduct the following analysis,
* Forced or free transition.
- Laminar separation bubbles.
« Limited trailing edge separation.
- Lift and drag predictions just beyond maximum lift coefficient.
- Karman-Tsien compressibility correction.
* Fixed or varying Reynolds and/or Mach numbers.

-« Airfoil design and redesign by interactive modification of surface speed distributions, in two methods:
* Full-Inverse method, based on a complex-mapping formulation.
* Mixed-Inverse method, an extension of XFOIL's basic panel method.



What is XFOIL?

- Airfoil redesign by interactive modification of geometric parameters such as,
« Maximum thickness and camber, highpoint position.
« Leading edge radius, trailing edge thickness.
« Camber line via geometry specification.
- camber line via loading change specification.
* Flap/slat deflection.

« Explicit contour geometry (via screen cursor).

- Blending of airfoils.

- Drag polar calculation with fixed or varying Reynolds and/or Mach numbers.
« Writing and reading of airfoil coordinates and polar save files.

« Plotting of geometry, pressure distributions, and multiple polars.
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« The most important features of XFOIL compared to traditional
panel methods, is that it can predict transition to turbulence,
laminar separation bubbles, and lift and drag just beyond
maximum lift coefficient.
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Photo credit: Aerodynamics for Engineers (6th Edition). J. Bertin, R. Cummings. Pearson, 2013. Copyright on the images is held by the contributors. Apart from Fair Use, permission must be sought for any other purpose.
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« XFOIL is not the only alternative, but in our opinion, it is the most robust option, and is widely used in academia
and industry.

- Afew free or open-source alternatives:
«  XFLR5 - http://www.xflr5.com/xflr5.htm
« Javafoil — https://www.mh-aerotools.de/airfoils/javafoil.htm

* Eppler code — http://www.airfoils.com/

« Aerofoil — http://aerofoilengineering.com/

e PABLO- http://www.pdas.com/pablo.html



http://www.xflr5.com/xflr5.htm
https://www.mh-aerotools.de/airfoils/javafoil.htm
http://www.airfoils.com/
http://aerofoilengineering.com/
http://www.pdas.com/pablo.html

Additional comments about XFOIL

«  XFOIL uses the e" transition criterion where n is the critical amplification factor.

Less turbulence intensity Situation Ncrit (n)
Sailplane 12 - 14
Motorglider 11 -13
Clean wind tunnel 10-12
Average wind tunnel 9 — standard method (default/recommended value)
Dirty wind tunnel 4—-8

More turbulence intensity

* The values of the variable n are always positive and can range from 0 to infinity.

* However, suggested values are within 1 and 15.



Additional comments about XFOIL

« In XFOIL, you can also change the transition point. This is equivalent to adding a boundary layer trip strip.

« To change the transition point you will need to modify the XTR parameter (0 < XTR < 1 or min and max values of
airfoil chord).

- Avalue of 1 means natural transition (default value).
* Avalue of 0.25 means transition will be forced at 25% of the airfoil’'s chord.

No trip strip Zigzag trip strip

Photo credit: http://scherrer.pagesperso-orange.fr/matthieu/aero/nimbus4e.html. Copyright on the images is held by the contributors. Apart from Fair Use, permission must be sought for any other purpose.



XFOIL terminal window — Command line interface (CLI)

After launching XFOIL, you will see the following terminal window (with an 80ish style).
XFOIL is waiting for your input, do not worry, we are going to address how to move in this terminal window.
We will interact with XFOIL via a command line interface or CLI.

B | Ch\Users\joegi\Documents\xfoil\XFOIL6.9%\xfoil.exe — O x>

HlltP airfoil to labeled coordinate file
e airfoil to plain c nate file
= airfoil to ate file
airfoil to dinate file
Reverbe written-airfoil node ordering

ead bu++9r airfoil from coordinate file
5-digit airfoil and buffer airfoil
i y interpolating two airfoils
Juffer a1r+n11 nnrmall_at1mn toggle
~ Change CM reference location, currently 0.2

BEND Display structural properties of current airfoil

PCOP Set current-airfoil panel nodes directly from buffer airfoil points
PANE . =N .' vanel nodes ( 168 ) based on curvature
.PPAR

.PLOP Plotting options

WDEF £ Write current-settings file
RDEF f : 1d LUerht hPttlhﬂi file
MAME C A r

NINC

XFOIL c>



XFOIL terminal window — Command line interface (CLI)

In XFOIL, you can conduct computations for a single operation point (a given angle of attack or a target lift
coefficient value).

All the data can be saved in ascii files and plotted using external applications.

Side 1 free transition at x/c 9.5286

Side 2 free transition at x/c 9.3776
3 rms: ©.4479E-01 max: -.6828E+00 42 2 RLX: ©.732

a 0.000 = 2317

m -8 =

CL a.
C .@503 CcD a. = 0.08472 CDp = ©.00071

Side 1 free transition at x/c NQEH dQ1 2
Side 2 free transition at x/c 9.3884 3.000=1 DB
rms: ©.1953E-81  max: -.2555E+00 43 2 0. 0000

a = 0.000 = 0.2421 ' = (0.2423

m = -0.8527 = 00546  => = 9.08468 CDp = ©.00078 = _0.0527
9.5277 0.00547
9.3930 . _ uy. 31
.1885E-82  max: -.3648E-01 \ 9. 00

rms: @
El 0.000 2423
m = -9.8527 00547 => 0.00080

4
CL a.
C cD a.
Side 1 free transition at x/c
Side 2 free transition at x/c

5
CL a.
C cD a.
Side 1 free transition at x/c 9.5277 52

Side 2 free transition at x/c 9.3936 43

6 rms: ©.1436E-84 : -.2949E-03 Cat 43 2

=> (Df = ©.08467 9.00050




XFOIL terminal window — Command line interface (CLI)

* You can also run a sequence of operating points and plot/save the data.
- Workflows can also be parametrized for design space exploration or optimization studies

NACR 2uUlZ
0. 000
3.000~10°
9.000
Cn Cn
-0.053 D0.00B38
-0.053 D0.D0Os82
-0.053 D0.00547
-0.05%3 0.00508

0.00571]
D.00785

¥FOIL v 6.99

——

~rcod  -0.07 67558 O:UGB 1.000
.5676 -0.031 0.118%3 0.007 1.000
24,000 1.3722 -0.071 0.18628 0.007 1,000
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