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Abstract
In this paper, an approximate method is

presented to compute asrodynamic characte-
ristiecs of high aspect ratio and low sweep
wings with rear separation at high inci-
dences. The method utilizes a three dimen~
gional linear lifting surface theory for
inviscid flow and a two dimensional airfoil
theory for viscous flow flow connecting
both theory within an iteration techique
for calculate 1lift, drag and pitching mo~
ment characteristics of wings.The computed
model of airfoil used in viscid-inviscid
iteration scheme with a higher order singu-
larity panel method,including the boundary
layer calculations and a displacement model
forrear separation. An integralmethod is
used in boundary layer calculations. The
computed results comparison with data from
other theory and exprimental as well. It
has showed that the method is a little
computational demand, fine converge and
good accuracy approximate method, which is
suitable to engineering computation.

I. Introduction

Ever since the science of aerodynamics
exists, the predictidn of the stalling for
wings is an important and troublesome pro-
blem in design of aircraft. In order to
predict the flow around the wing of an air-
craft at high incidence and low speed, it
is crucial to account for the viscosity
effects, including separation.

Many numerical methods for computing
aerodynamic characteristics of wing have
developed. The general method for computing
the three dimensional flow around the wing
with rear separation would be a combination
of a three dimensional panel method with a
three dimensional boundary layer mathod and
a three dimensional model of the separated
flow region or even three dimensional
Navier~Stokes question calculations. There
are manv problems in the details of such g
method,and andmust expect that such a me-
thod will consume an enourmous amount of
computer time which may be unacceptable for
practicagl applications. So, it is reasonable
to design an effective approximate method
to compute aerodvnamic characteristics of
the wing.

A prediction method for computing the
subsonic flow arounds with moderate to high
aspect ratio and low sweep at high angles
of attack has been presented by Jacob.k
(ref.1).The method utilizes a three dimen-
sional linegar lifting surfacs method for
inviscid flow and a two dimensional airfoil
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tics of

method for viscous flow at low Mach mumbers,
including the boundary layer calculations
and a displacement model for separation
flow and a compressibility correction, con-
necting both methods within an iteration
process. The total procedure allows for
predicting the complete wing characteristics
including maxium lift and post stall. But,
the mathematical model of two dimensional
airfoil theory in Jacob's method is very
complex. The model brings aboute incommod-~
ious in numerical computation. Aaerodynamic
characteristics of the flow around airfoil
is used in this paper. The model is good
responding aerodynamic characteristics of
the flow around airfoil. The Thwaites' me-~
thod is used to calculate the laminar bound-
ary layer. The cebeci's rule is used to
judge the transitionof the boundary layer.
The Grecn's Entrainment method is us=d to
calculate the turbulent boundarv layer. In
final, a compressibility correction is
applied to compute the aerodynamic charac-—
teristics of airfoil.

The modified mathod can pradict aerody-
namic characteristics of wing and airfoil,
The computed rasulits have showed that the
modifiad mevthod 1s a little computational
iemand, fine convergence and good accuracy
aporoximate method, which is suitahls to
cuglinesring compatation. Using the method
to compute a lifting curved line of wing,
average times neede by an angles of attack
is only haiy past two minutes CPU times on
IBM4%41 computer.

II. The Calculation Method

"1, Description of the three dimensional

lifting surface

For wings with moderate to high asbpect
ratio and low sweep, Jacob considered, ex-
cept for thes vicinity of the wing tips, the
section flow of wings is approximstely %wo
dimensional .The vortex system is essentially

determined by the spanwise 1ift distribution,

which may be efifected considerably by part-
ial separation with a given wing and given
oncoming flow.sS0, the vortex system is
diffience hetween three dimensional wing

and two dimemsional wing, and the reducing
speed and the effective flow is difference,
too.If the spanwise 1lift and the pitching
moment of wing is known, the values and
directions of effsective basic flow at ssch
sgction are comnutad by the linear lifiing
surface adversaly applied. In the other
words,1f the values and directions of effec-—
tive basic flow is known, the asrodvnamic
characteristics at each sesction of wing will
be calculated from the predicted values or
exprimental data of aerodvnamic characteris-—
airfoile.




In iterative procedure, for given plane
forms and geometrical angles of attack
wing, the Truckenbrodt linear lifting sur-
face theory is used to compute the first
values of spanwise 1ift and the moment.
distribution of wing, and than the linear
lifting surface theory is adversely applied
to the computation of the downwash flow
field. So, effective angle of attack at
each wing section are gained. According to
known effective angles of attack and Rey-
noids number, the corresponding second
values of spanwise 1lift and the moment dis-
tribution of wing are gotten from predicted
data or exprimental data of airfoil aerody-
namic characteristics. Iteration is done
again and again until covergence 1is reached.

“2., Description of the airfoil section
method

When flow over an girfoil, the simpler
method employ a viscid-inviscid interaction
scheme. In such procedures the viscous
boundary layer calculation yieids suffici-
ent information to effect appropriate dis-
planementcorrections to the inviscid flow.
and this calculation glves a new pressure
distribution for use with the boundary
layer calculation. the two computstions are
iteratively adjusted with respect to each
other until soms convergence criterion is
satisfied. The above mathematical technique
is of the direct type. Where the predicted
inviscid flow velocity distribution provides
an input to the boundary layer calculation
Computed viscous disnlacement effects and
the boundary layer separation point are
then used to adjust the inviscid solution
and so on. Modelling of the separated wake
is achieved inviscidly in the manner of
Dvovak and Maskew(ref.2), but as modified
by Lu(ref.3), using a higher orde» singula-
rity panel method that the vorticity and
sources distribition in each panel is
assumed linear with respect to the arc
length of the panel. The sequence of this
is as indicated in Figure 1.
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Figure 1. computed chart airfoil

For inviscid calculation, the airfoil
profile is replaced by an inscribed polygon
of vortex and source panels over which the
vorticity and source varies linearly, achi-
eving plecewise continuits between adjoining
panels. The free shear layers used to model

“the airfoil wake are comprised of uniform

strength vorticity panels. For boundary
layer calculation, the laminar boundary
layver portion were presented by Thwaites'
methods and the turbulent vortion were
represented by Green's entrainment method
The location of natural transition is
obtained using the correlation of Cebeci.
Details seen in ref.3.

The drag coefficient is estimated with
following manner:no separating the drag is
calculated with the Young-Squire formula
at upper surface and under surface trail-
ing edge point of the airfoil; when separa-
tation occers the Young-3quiree formula is
applied at senarated point of uvper surface
and at trailling edge point of under surface
adding contribution of pressure distribution
separated region.

II1I. Results and Discussion

TO assess the predictive capability of
the develop method, a number of comparisms
with wind tunnel data and other theoretical
data were made,

1. GA(W)=-1 airfoil

The section was originally develoved for
general aviation purposes. Theairfoil is a
17% thick section with the maximum thickness
lving at approximately 40% chord., The expe-
rimental data for the GA(W)-1 airfoil were
obtained in the WASA Low Turbuience Pressure
Tunnel. In Fig. 2 comparision is mad» be-
tween the lift,drag and pitching moment co-
efficient,
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Figure 2. aerodynamic characteristics
of GA(W)=1 airfoil

Fig.3 presents a comparison of calcnlated
and experimental vressure distribution at
19,06 deg.,for Re=6.3%¥106,Ma=0.15.In this
case, there i1s good agreement between the
pressure distribution and the separation
point is well oredicted

2. W4412 airfoil
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Figure 3. pressure déistribution
of GAGW)-1 at 19.06 deg.

This section is typical of many in general
use. Theex experimental data were obtained
in the NASA Low Turbulence Tunnel,

In Fig. 4, 1lift, drag snd pitching moment
coefficience characteristics are presented
at Re=6.3%¥10%,Ma=0.17, The predicted data
the ecxperimental data are in good agreenent,
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figure 4.aerodnamic characteristics
of H4412 airfoil section

3.Rectangle wing with N4415 section

In fig.5, 1ift coefficient characteristics
at two aspect ratio are presented for rect-
~angle wing with N4415 section.Here,sexperi=-
mental data of two dimensional aerodynamic
characteristics is used.Because the calcul-
ated values of N4415 section are over-—
predicted. One reason is considered that
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the Thwaites'_ method for N4415 with large
curvature at leading edge is not possible

to derive since 1t is a one-equation method.
Figure 5 illustrate that the computed re-
sults 1s well agresment with experimental
date than that in Jacob's paper.
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ving at different aspvect ratio
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4 ., Tapered wins and sweep wing with N23012
section

In Fig.6,Fig.7,1ift-drag characteristics
are present for tapered and sweep wing with
23012 section,hers experimentel dats of
airfeil are ussd. Trend of curves at two
figure is coincide with that in Jacob's
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Figure 6.lift-drag characteristics
of wing at different tapered wing
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