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0.50000000  0.05231025 This i & general purpose airfoil series
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Airfoil Shape

For later analysis the trailing edge should be closed.
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B

approximation of » n
roughness factor (0 = smooth) 1
displacement thickness O

et

momentum thickness & =0
C
U

shape factor displacement thickness / momentum thickness | Hi,

Reynolds number based on local momentum thickness Re;, = Re,

Reynolds number based on local arc length Re,
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pp Transition i1s assumed to occur when Re, > e 77877 ATaTERRY R

enhanced b

Drela. g ) ) o

; Transition 1s assumed to occur when the value n_,, =9 — 1 1s exceeded.
e" approx.

Arnal e s i ] -

(Wiirz) Transition 1s assumed to occur when the value n_,, = 9 — 1 1s exceeded.

irz
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1 smooth, but slightly rough surface as for example a painted cloth surface
2 | similar to the NACA standard roughness
3 | dirty surface with spots of dirt, bugs and flies
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I
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(r = 2 NACA FEHEH & L KR
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SR IE
PRRERHY A IE R 1 ( "CalcFoil")

if (a>0)
b §
L

// handle separation on upper surface
// drag increment

C

2

- 9
sin” o (X‘IE Sk S

=i +

d, upper d, upper

)2 + O.O‘Z5-c-oscx-(xlE =5

sep, upper )
// 1ift multiplier reduces lift linearly with length of separated length

cy:c,@—og(xm—xmww»

1

}
elseif (e < 0)

f
t
// handle separation on lower surface
// drag increment
/ 2 ) 5
C‘d‘ lower C‘cl. lower + Sin? Qo (XIE - xoep. Iowef) + 0.025- cosa- (X‘I‘E - Xcep» lovrer)
// lift multiplier reduces lift linearly with length of separated length
C‘[ — C[ ' (l - 02 ) (X'I'E - Xsep. lower ))
1
J

// moment multiplier
C =C

5 2

09 -x° - x”

m, panel method T —

m, corrected

// 1ift multiplier due to suction peak criterion
1

C, =0, AL ¥ where AC, i1s the difference between the minimum pressure
P, max + I
20
/] L1 0> 55 B AL

53 % K7 v 7

Y7 NEEUL, BN RSOEIICHAILTY 7 M EED S ET

/T T D53 BEALER

5% K7 v 7

IFe— A v ML

IR e — 7 U L A0 EH (22T, P, max DCIZR/NES & D#ETT)

m}ﬂ

LA D S ITATVMREL & RISV E T,

\
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BB IS IEH 2 ( "Eppler")

if (e >0)
{

// handle separation on upper surface

lf( xsep. upper < X'I'E )
{ - -

// trailing edge angle of upper surface

y':.e _upper y'l'E
0. = arctan|— i
X:‘.ep. upper X'l'E

¥
else
{

Bg=0
oo
// drag increment

2

C‘d. upper = Cd. upper T 02 ' Sin (0“ 8 5 e'l'E ) ' (X'IE - Xsep. upper)
AC[ = C“l. mazx, fudge ' (0‘ * e'l‘E ) Tt (X'I'E - xsep. upper)
if(AC, >0)
{ - -

// 1ift reduction
¥
else
{

// lift multiplier

C,=0C, -(1 —sino - (X'I'E - S ))
¥

// moment increment

Cl = Cpp = 51000 (45— Sur e (0_.5 (14,

sep, upper

J- 0.2.5)
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j

elseif (e < 0 )

{

// handle separation on lower surface

lf( pr. lower < X'I'E )
// trailing edge angle of lower surface
v e\
< cep, lower < TE
0, = arctan|—
Xsep. lower — XTE
|
5
else
O =10
1
5

// drag increment
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/ ¥

Cd_ i T Cd lower 0‘2 * 8N {Ct’ —|_ e I'E ) i (K'I'E . Knep_ lcm'er)
'Acf = C!. mazx, fudge K (O" £ e']E ) T (X']E _ X:Jep. !mve.r)
if (AC, <0)
{

// lift reduction

C, =0, — AC,
h
else
1

// lift multiplier

O, =g, (1 —sino- (3‘:'1'1-:- = T ])

1
J

// moment mcrement

o = G —pme- (K'rE — Ko Jomr] - (0_-5 - (1 + X lower) — 02!

h

11 ETi D 5y BfE LR

I b1 D% A

85y % K7 v 7

1Y 7 &

I 7 3K
Ne—A2rA42 7 RX kK
IR i D 5y eV

/17T T D&% A

85y % K7 v 7

1Y 7 &

I 7 3K
Ne—A2rA42 7 RX 2k
IR\ NARE — 7 FEHEDEHIZ L 5 F D L5

52



C,=¢C,- 3 . where AC

3 p ma 15 the difference between the minimum pressure
ACP. max
——— | +1

(ZZC. P, max DC iTH/INES) & D#ETT)
BEER O S TAUTV MR TR & BRIV E T,
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JAVAFOIL O ERE

1920 4EfX1C Prandtl & Lanchester (ZX > T, BOAFAR AR NZENHMEREICH R L 52 5
ZENDLNY EL,

BB, EOMENEOHEL B4 E-ZF0 ) F2ik T7 0 x2)) ORE%KE LTHRE
TEDHZ &AL,

TIU MDD TV TT 00774 ] HEmlE, 19490 FRETT A o 0 7R S
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~ D TT,

4. JAVAFOIL (I “RGTCE O D= o D7 a 75 5 TT,

ZRIZH b BT, FIUELEO X0 BLENR A ATREIZ T 5 72 OICHRE O IEF I
MRETNVEZFLET,
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= o r. 9 NA
gravity constant g |m/s”| EHEKg m/sh2)

density of medium | P | m/s? | (F#EEE P~ m/s"2)
kinematic viscosity | v | m%/s | @iV mr2/s)
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wing area S | m | @oms
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EHEENR c ZIREL 7,
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OLL FTOREIEFF 2 ETL TS0y,
mital value
Re =10°
for (a« = a, to o, step Aa)

{

1terate

Re = Re
C. =f(a.Re)
Re' = |[—& = 11‘1 ¢’
% o C‘L . ]1' S
}
‘Re‘— Re‘
while (—— > =)
Re

EAEBMELIEZEINGENDIELTYH | BEISFLEE R TH D RITHEEL
TLTEEW,

FTva s — RTS DICHEBIL 2 E LGBl 05 MICFHEEHI1E ., AIREIC
Il LES,

CL— 0 OBAIIEELL ) LESDY £,

Z 2 T JAVAFOIL (F v A /v A& /NS W IREIT RS T D MEICHI R L £ 9,
C, = 0.02

60



FOES c2HIBRLT, —EDl §. BOLA JAVAKEEIHT I L L TEET,
WZe st st T A —4 B BIOcofbVic & IKHMLTEZSDITL 0 HEN
R lEZ LN TNEOT, ~huk JAVAFOIL Tl STV EH AL,

m 2 —_ m

LL, ZOBfRIE 5°¢ =5 ThHoHED, c=1LICHELRN L, JAVAFOIL T 7§

o

DRbYIZ 2§ FHATLZZLTHESTT,

BEx2 o127 AR M E~ vy IS 2B IMIE

Bz b5zl z AIzkt LT FROT A7 R hd 3D BIZEER DT A7 b EICHRIET 5
2D BATH L W WA AR L ET,

T UNBENREe LD L REIWGAEIE, BIOMEZEHTILERHD £97,

i HRATClE, v~y N EEINT 5 & X0 ZDEIINEAELET,

F 7 a s — RTHOMEOE A =b"/S % (AU bb LEOEMS) (215
ELIESEAICOHR, 3D B ENEHA S ET,

JEREMERALIC I T 2 3 DEOBIMEFE L CEITET 572012, LLFOMIEN 2 DEAC O
LREcEA s nE T,

MEIE, 7 AT D 2 >0 FRUTHIT b ET,

INSWT AT M A = DiF, UToOXBHWLNET,

Cv
C‘L: £
\/'l—.\fi+[ =
TASY MERAREWEAE, N = 4 | B ShERSER Sk,
: C
C, = e
1-M, +5 -

61



JAVAFOIL T 5EEH

public final static double LiftForAspectRatio(double d4dCl,
double dAspectRatio,
double dMachNumber)
{
double dReturn = dCl;
// correction for finite wings
if (dAspectRatio > 0.1)
// Source: Anderson, "Aircraft Performance and Design"
// lift gradient reduction factor
// a 0 / (pi*AR)
double dGradientRatio = 2.0 * Math.PI / (Math.PI *
dAspectRatio) ;
if (dAspectRatio < 4.0)
{
// low aspect ratio, compressible (Anderson [2.18b])
dReturn /=
(Math.sqgrt (1.0 - Math.pow(dMachNumber, 2.0) +
Math.pow(dGradientRatio, 2.0)) +
dGradientRatio) ;
1
else
// high aspect ratio, compressible (Anderson [2.16])
dReturn /=
(Math.sqgrt (1.0 - Math.pow(dMachNumber, 2.0)) +
dGradientRatio) ;
1
return (dReturn) ;
G BRFEDEE
ML 7 o B —= o TLZERE DYERE & 3Rt
1145 71 A BCARIBER 2L

/la_0/ (pi*AR)
IMET AT K, JEH
i T AT R, JEA

(Anderson [2.18b])
(Anderson [2.16])

DRF  IHF
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JAVAFOIL T 5EEH

public final static double DragForAspectRatio(double dCd, double dCl,
double dAspectRatio,
double dMachNumber)

{

double dReturn = dCd;

if (dAspectRatio > 0.1)
// add the induced drag of finite wing according to Prandtl
dReturn += dCl * dCl / (Math.PI * dAspectRatio);

1

return (dReturn) ;

}
/[l Prandtl (20> CHREOFHFEH 12 M2 5
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&'\v.\ Velocity Distributions
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X 32 : 5° DM x4 TH NACA 2412 % @il 5 8EE DA,

FERIT. HIERD D 50% c. KilidH 50% ¢ TOEHMBITTT,

779 RHRLE TN— FHRBT O DOBX AITxT 5 x #5 A DE R ER/NRIZH
ZBHIT, Ry MEEZENEN y=0, +50%, -50%ZBRETHLERD D Z LIER
LTLEEN,

Case a Cl Cd Cm 0.25 Reference
NACA 2412 [°] [-] [-] [-] Point
free 5.0 0.843 0.01610 -0.089 25% / 0%
ground effect 5.0 0.875 0.01403 -0.064 25% / +50%
Froude effect 5.0 1.234 0.02354 -0.091 25% /-50%

EGED 3 ODFED T EF— X P DLFEH,
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WDAZ U7 M, A NACA D AHTDEZ > a o nbibd T, 2EEOX T T +
—RABY 7 g EAENRT D HEAETRLTOVET,

A simple JavaFoil example which creates a two element
airfoil for downforce generation.

G NG NG .,
e e S S Y

// switch to US country settings

Options.Country (0) ;

// create a cambered NACA airfoil for starting

var dThickness = 0.15;

var dCamber = 0.02;

var dCamberLocation = 0.40;

var params = new Array ( dThickness, 0.0, dCamber, dCamberLocation ) ;

Geometry.CreateAirfoil (0,61, params, true) ;

//

// create a copy of this first airfoil element to be used later

Modify.Select (1) ;
Modify.Duplicate() ;

112 S>DEFE AR 2 HiffiZz JavaFoil O

HE D27 g — AR OB,

IPKEOERRECD X2 D

BT 272012 Y D&% NACA E A2 1ERkT 5

& THERT 272D, ZORPOEEERZRDO A —%2/Fl L £+
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// now select the first element again
Modify.Select (1) ;

// ... flip it upside down
Modify.Flip(0.0) ;

// ... scale it to 75%
Modify.Scale(0.75) ;

// ... rotate it 5 degrees trailing edge up around its nose (0;0)
Modify.Rotate(0,0,-5) ;
//

// now select the second element

Modify.Select(2);

// ... flip it upside down

Modify.Flip(0.0) ;

// ... scale this copy to 30%

Modify.Scale(0.30);

// ... move it back so that there is 5% overlap

Modify.Move (0.70,0.12) ;

// ...rotate it by 30 degrees around a point at (70%/12%)
Modify.Rotate(0.70,0.12,-30);

// finally: (THIS IS IMPORTANT!)

// select both elements again for all further analyses

// if only one element is selected on the Modify card, only this element
// will be considered during the calculation of polars etc.!
arr = new Array(2);

arz[olh="1"

arr[l] = 2;

Modify.Select (arr) ;

// and move both elements up by 25% for ground clearance

// (note that the airfoil may not cross y=0 i.e. the ground plane)
Modify.Move( 0.0, 0.25 );

/*
* prepare for analysis
x
// switch ground effect simulation ON
Options.GroundEffect (1) ;
Options.MachNumber (0) ;
Options.StallModel (0) ;
Options.TransitionModel (1) ;
Options.AspectRatio(0) ;
Modify.SetPivot (0.25,0) ;
// velocity versus x/c should show no strong suction peaks in the
// nose region of 2nd element
Velocity.Analyze(0,0,1,0,false);
//
// polar for Re=500'000, alfa=-15 to +10 degrees
// with ground present a strong suction force is generated
// (even for single element airfoils)
// therefore a Cl min in the order of -4 to -5 can be seen.
P7lar.Analyze(500000,500000,500000,—15,10,1,1.0,1.0,0,false);

// finally: export coordinates in XML format
Geometry.Save ("Z: /groundforce-example.xml") ;

B OER % 5 —ERIRT 5

I R LT

I TBY% IR

../ — X% 5 B AE BICEERSHET (050)

112 3FHDOEREZRIRT S
. ER LT

/.2 D3 E—% 30%\Z45KHE/ N5
.. 5%A— "= 7T HEITICELET
... (T0%/12%) OfLE % H0Z 30 ERlii S5
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T OYE AT D

*

IMED R S 2L —a vz 4 it 5

IGEEE & x [ ¢ ORIZERVES B — 27 R 570

/12 % H O F5E O Sk

// Re = 500'000, alfa =-157+ 10 £ DA

IR S TEAET 5 L3S I3 ET 5

Il (R—ZROBRBIDOEAETYE)

HLT=MM o> T, 465 DA—%—@ ClLmin NR.HNFE T,

// finally : JE#E % XML 7 +—~ v Fh T AR — 95

A9 ) T N&FE->1- JAVAFOIL ) BEi1E

JAVAFOIL 1%, 2002 ELISE, 23720 S TIVIEMER| A7 VT " AV H—T = — A% Ff
S>TWE L7,

2012 F1C, ZAUIAZ U 7 N EEEE LT JavaSeript ZFHT 5 X ICEZEINE LT,
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7 M EAREIZLET,

A7 VT MEI, BTAIZ VT N7 7 A NVICHAHAT H7-01Z508k 28, BLIOREFETE E
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7 va U EREMBL TWET,
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R
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Tt JAVAFOIL 137 4 RO B 2R AXTIL, A2 VT v T77A4 vDa~wy
REFEITLET,

A2V T N7 7 ANDLRETNL. 2 ODHIET JAVAFOIL [ZHEE T £,

FT ORIV ERTLIENTEET

java a2~ KD [-D] a~vw > R4 AT va v a2 LE IDAT LT a7 1) 1%,
WD XS0 E7,

|java.exe -DScript="Path\Script" -cp "Path\mhclasses.jar" -jar "Path\javafoil.jar" I

HHNE, ROEHICa~r RIA4 88 ELTHEHALTAZ YV T N7 7 AV EETE
7,

| java.exe -cp "Path\mhclasses.jar" -jar "Path\javafoil.jar" Script="Path\Script" |

ELLDHELRETHY . FUMRPFHFLNET,

Z ® Windows A& A /VOFITIX, Unix 74 7 DGHE, 77 A NVKEID FE LTy
AT yvaZEHLTHET,
VAT ATIREYI R XYY T, @EIEAT vy a2 AT AMERD Y T,
JavaScript 1INy 7 AT v 2 WFEE (22 —7) s LTHEAL £,

[17) 2#HET 2

I\ n] CTRY->TLZEV, Windows TiL. N7 AT v = FEFTRAXL) Y LF b
LTHERHINET,

L7eRo>TAZ U RTIEL, CFFINO/SAA D double TEILTWD Z & 2R T 54
ERH T,
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(e.g. filename = "C:\\dirl\\dirp_\\file_name..;)
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