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INTRODUCTION

During the past few years, supercritical
airfoil sections have become a subject of
interest not only for designers of commercial
aircraft, but for general aviation and motor-
gl ider desjgners also. In 1973, NASA started
a new airfoil research program based on
I'JhiLLombl$ I7n Lhick supercritical dirfoil
cA(w)-I(rl. the 0A(w) I airloil has dlreddJ
been u\ed in severdl generol dvidrion air-
craft and motorgliders. In 1977, Dornier AG

designed a 16% thick supercritical airfoil
!,lilh a ;q$le" 'ldp for use in d _rcdified Sky-
5ervdnrt/1, In fdcr, the (hdrd(terillics of
thick supercritical airfoil sections indicate
performance increases over conventional air-
foil sections not only at transonic speeds,
but also at low speeds.

The principal difference between conven-
tional subsonic aerodynamic technology and
supercritical technology lies in the cross-
sectional profi'les of lifting airfoils. At
supercritical l\ach numbers, a broad region of
local supersonjc flol^J extends vertically from
both airfoils, as indicated by the pressure
coefficients above the sonic value and by the
shad-"d areas of the f'low field shown in Fig. 1.
This region of supersonic flow usually
tenninates jn a shock wave, which caLlses an
energy loss and therefore a drag increase. In
addition, the shock wave produces a positive
presqu-F 9-.dia.l at the dirloil <ur[aLe.
which nray cause separation of the boufdary
layer hi h dn associdLed l,r"qe j'' radse in
drag, severe airfoil buffeting, and stabil ity
and control problems. The much flatter shape
of the upper surface of the supercritical
airfoil reduces both the extent and strength
of the shock wave, as well as the adverse
pressure rise behind the shock !,,ave, with the
corresponding reductions in drag. To compen-
sate for the reduced lift on the upper surface

of the supercritical airfoil, resultjng from
the reduced curvature, the airfoil has
increased camber near the trailing edge.

The characteristics of the supercritical
airfoil suggest sone potential benefits from
applications to gliders and motorgiiders.
The supercritical airfoil may permjt reducing
structural weight by using thicker l,ling
sections uithout penal iling aerodynaric per-
formance. Another advantage of this airfoil
appears at low speeds. Eecause of the much
larger leading edge radius, it provides
higher maximum lift than a conventional
ai rfoi I .

I]FSIGN CRITFRIA

0n the basis of performance calculations
for gliders, the following design criteria
for a basic airfoil of I7Z have been fixed:

- minimum drag for lift coefficients in
the range. of 0.1 < ct < 0.6

* maximum lift of the basic airfoil (flaps
in zero position): 1.6 < c{ < 1.7

- maximum lift with flaps:
2.6 . c\nax , 2.7

- pitching moment: I cm I < 0.1
o

DESIGN PROCEDURE

Several theoretical methods and conputer
aodes are in hand for analyzing the flow about
a given airfoil, and for optimizing ajrfoils
for a range of conditiofs. lhe theoretical
analysis basicallv consists of calculating
pressure distributions around arbitrary
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airfoils, incl!djng viscous effects. The
inverse problem is to calculate dn airfoil
from a desired pressure distribution, or
other crjteria. l,ljth today's computers, an
experjenced aerodynamicist can design a near
optjnum airfoil by an iterative approach
which produces high performance over a broad
rdnge of operating conditions.

our method is based on the small pertur-
oarion lrdnsonic potential equdLion in
conservation law form

(K - (r + 1) / z . tll,+ t'-. o

fys-t6r-o
with the velocity components u and v in
x- and y- di rect i on

capable of giving very accurate results not
only for smail angles of attack, but over the
vhole range in Hhich the airfoil may be used,
observing that our small perturbatjon method
fdils for large a-gles of-iLLd((, !r'e hdve
used Garabedian's method\!1. Tnis metnod is
based on the full potential equation and
involves the rapidly convergent finite
difference scheme of E,fl, l4urman in a coor-
dinate system tried out successfLllly by
C.C.L. Sel1s. This involves mappihg the
o(terior of the airfoil conformally onto the
interior of a unit circle.

The analytic function
interior of the unit circle
mally onto the exterior of
(x,y) - plane, so that the

ponds to infinity, has the

!/hi ch maps the
r < 1 confor-

an airfoil in the
origin corres-

an rn ei nt

-l

t = 0 corresponds to the

singularity in the poten-
nake the substl tution

D

and

1-i
' ' --7j

l4'- 
o

ti-"
x+ ly. p 11 glt; =

n

The point r=l,
cusp at the tail.

Io renove the
tial at r=0, wei - $!t lrtt t

The iEthod involves iteration bet{een thedirect
solutlon and the design sblution. In the
direct solution, the Neunann problem for the
potential is solved. ln the design step, tbe
NeunEnn condition is replaced by a Dirichlet
condition, that is: the pressure distributjon
is specjfied. Based on the irrotationality
o'the flo!r', the 9 in x-direction gives

xy

{t, which is used in the sane way as in the

direct problem. After convergence, an inte-
gral boundary layer calculation is used to
determine the dispiacenent thicknesg and to
correct the profile coordinates and the drag
coeffi ci ent.

I'lore details of the calculation
procedure are given in Ref. 3.

optinal wave drag in the transonic speed
range has been used as design criteria for
the basic airfoil. 0nly a feI/i rodifjcations
have been made to adapt the airfoil shape to
provide low spee4 high lift characteristics.

OFF DESIGN CALCULATION

To calculate the complete polar
designed airfoil, we need an anajysis

of our
pr,ogran

{- cos (!+o) + o

v,/here o is the angle of attack. In terms
of Sells coordinates t and r , the second
order partial differential equation for the
velocity potential becomes

(.2 - i2) n.t - 2 r i i.tr * 
"2("2 

- i2l t,

-ziior+r (c2+i2 - 2i2) rr

t "-l (i2 . i21 1r-.a + r i .") = o

i-"-l[rot-sin(t+o)]
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At r = 0 the velocity potential satis-
fies the boundary condjtion

. - 21 ,"n-t lVr - ul tu^ 1t -"

involving the circulaiion r , and at
the l{euDan boundary condition is fulfil
or = cos (t +o)

The circulation, l1lhich is a period of o ,
will be determined iteratively so that the
Kutta-Joukowsky condition is satisfied at
t=0, r= 1

For more details consult Ref. 5.

BOUNDARY LAYER CORRECTION
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a4 dporop,,atp boLndd,y lay"r co.reLtion.
for this pufpose we use lhe integral qethod

This method is based on the differen-
tial equations of momentum thickness 62

1r,l

r= I
led

-a,.roz
(i 2+* 

u;--

-y2 - rw -o
'%(

and on the energy thickness 62

de, ,, o. 
duo/6, t-, ?

-x'%"3
-u2

_ z f rdu=0
;;f, J

ln order to use inviscid flovi theory
successfully in the design of airfoils, it
is imperative that no significant boundary
layer separation exists. If the boundary
layer separates, it introduces a perturbation
in shape caused bv the wake. It js therefore
necessary to calculate a boundary layer
correction that will predict sepdration and
indicate where the airfoil must be strean-
lined so as to moderate the ddverse pressure
gradient and bring the point of separation
back to the last t!,,o or three percent of
chord. liloreover, for lifting airfoils, even
the very thin unseparated boundary layer
diminishes the effect of the angle of attack
and causes a sflaller circulation because it
is thicker on the Lrpper surface than on the
lower. l,,lithout a boundary layer correction,
the only t{ay to recover this loss is to
increase the angle of attack and the free-
stream velocity sliqhtly. But the effects
of such corrections are never certain.

To overcome these difficulties, our
design program includes a lanrinar/turbulent
boundary layer correction. The potential
flow hp conpule i( gLppoqeo ro be tne 'nvis-
cid flow outside the boundary layer of an
actual airfoil. To find the true airfoil
generating our inviscid flow, it is necessary
to subtract from the calculated streamline
V = 0 a displacement thickness obtained from

To facilitate the niathematical treatmeht 6,
is replaced by

Z.arRen' a2

\,rhere n = 0.268 for a turbulent boundary
layer and the Reynolds number is

Re=
rJd. d2 Dd

Irtroducing this, the equation of momentum
thickness becomes

u:z'+z+ Ff -F^.0udr

l{ith

Fl = 2 + n + (r + n),t1l dz - M3

rl-r*n'/'"
' u6lud
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F2 = (1 + n) d 6z/G)!

The universal functions F1 and F2

may be evaluated jndependently of the
speciriL probler il t're'orm o'the ba:ic
velociry prolile in t"e bounddry layer is

The derivd[ive .il d!,./dr o' Lhe
rolac,ldr viscosiry, rhe potentidl velo{ ity
u6(x) and the local }4ach number lv1^(x) at
the outer bound of the boundary layer, are
known from the potential flow calculations.

lhe molecular viscosity may be calcula-
ted l,,lith the l,vell kno!,,n Sutherland formula

t, - o- rT \3/2 '-' " '-
r,- p 'T_/ T + 5 l-

w'rere I is total temperdtJre and S is a
constant equal to 0.3424.

l,{i th the shape parameter

the equation of the energy thickness nay be
written in the form

tt'' + tt* uj / !6 F3 + F4/z = o

The universal functions F3 and Fq are
defined as

F3'l - d1l 62+2 64/ 63

,o.F *1, (r+-H.)

Fowler flaps have been used for some
tien as landing aids and are usually built
as slotted flaps. Because of the increase
of drag, however, they are not suitable for
qlider appljcation. Fowler flaps for qliders
must have, at all deflections, a smooth
surface variation without slots and other
irregular surface modificatiors. An airfoil
fultillino these reoJiremenLs has been
developed'by'.1. tJortrnn(4). lt is d l7%
thick airfoil with maximum camber at 43% and
a 362 chord Fowler flap to change camber.

To avoid construction djfficulties, we
propose a 30% Fowler flap, where the flap
deflection angle may be changed in the
completely extended position. 10% of the
Tor./ler fldp is dlwdys outside the bas ic
airfoil contour so that it may be used as a
conventional flap to chanqe camber of the
basi c airfoil.

AIRF0ILS l,,lITH SL0TLESS FOWLER FLAPS

jntegral method are given in Ref. 6. The
method is valid up to the separation pojnt.

THE SLOTLESS FLOUILER FLAP

For general application, it is sLritable
to use a set of airfoils of different thick-
ness for variation in the spanwise direction.
Therefore, a group of airfoils has been cal-
culated with thickness between 17 and 12%.
special care has been taken to produce
equivalent polars for the airfoils with
similar shapes. Thus, 'it is possible to
interpolate airfojls w'ith equivalent aero-
dynamic characteristics.

The aerodynamic coefficients have been
computed lor a I7, I5, IJ, and I2% Lhick
airfoil in its basic conFiquration (Fo$ler
flaps in zero position) and with Fowler
flaps in fully extended position. No

attention has been given to the change of

the Fowler flap which could be used to
dininish draq at low lift coefficients.

The coordinates of the profiles are
given in Table l where the first two numbers
give the design year and the last three the
thickness of the basic airfoil. The Fowler
flap is always 30% chord. The polars are
qiven in Fiqs. 2 to 5 ith the Fowler flap
in zero position and in fully extended
position with a deflection of 20 degrees.
A higher deflection may cause boundary layer
separation on the upper surface as indicated
by the boundary layer calculations.

In Fig.6 the pressure distribution of

' Td^r r' o n"!- -. x*;

The parameters o and 6 are determined with
a one parameter theory for the velocity
profile. N = 1 for turbulent boundary layers.

lvoae conpuLdLional detai ls ot Lhis
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the 171 thick airfoil is compared with those
of the GA(w) - I airfoil at 4 degrees angle
of attack. The pressure pedk at the nose has
been diminished and on the lorer side the
pressure distribution has beer filled up,
reslltinq in a lower moment coefficjent.

In Fjg- 7 the polar of the 179 thick
airfoil is compared with the FX 67-VG 170
of F-X. l{ortnann. The naximun l ift coeffi-
cient is higher but so is the fiinimum drag.
This behavjour is to be expected because of
the high lift design cr'iteria of our airfoil
and the minimum drag criteria for the
FX 67-VG-170.

CONCLUSION

ln general, our supercritical airfoils
shold a more gradual increase in velocity on
the suction side thar conventional Fowler
flap airfoils, The pressure does not peak
at the leading edge, but rather is distribu-
ted over the entire airfoil. Thus, lift is
distributed over much nore of the viing chord.

since the drag is proportional to the
-qurre of lhe velociL/, by reoucinq tne si/e
oi the pressure peak. the draq iq reduced.
And, since the pressure is distributed
farther over the airfoil surface, l ift js
increased.

This combination of reduced drag and

incrcased lift results'in smaller wings r.ith
less drag and less weight, or higher pay-
loads may be carried as it has been demon-
strated in flotorgliders and tvo-place
qiiders 'or training purposes. Ihe fedsi_
bility of such dirfoils for nighly efficienL
sailplanes remains to be dernonstrated.
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Fig. 1 SLrpercritical flolr phenomena Fig.2

l

Aerodynamic coefficients of S 78-F-170 a i rfoi'l

78 F- 130

it-

of s 78-F-150

f:

ofsAercdyndmic coeff icients Aerodynamic coefficients
ai r_foil

id-.==-=>!! , =l

r-rLlr
ll'

=1,.t

Fiq.3 Fig.4



IECHNICAL SOARING, VOL. V] N0. 1

iF*,
I rr- l l I

Fi-o. 5 Aerodynanic coefficients of S

I
6ir3,Icd'06

78-F- 120 ai rfoi l

t

ll
Li-

l

,::[[] i ; trl
'1 <--------- l,t- c \ +
't!t:!:!_o I s ?9{:11!L&

'1

Er:e4l=:rhh6
-. -t 

--|.D5

Fig.7Pressure di stri bution
shape of the 17% thick
supercritical airfoil
zero posi tion )

and airfoi I
low speed

Coflparison of the aerodynamic coeffjcients of
FX67-VG-170 and S 78-F-170 airfoii

."Li ;

::Ll I

I-. i

Fiq.6

26


