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AB3TRACTY

The effect of 5 leading edge {iap on the aerodynamics of 2 low aspect ratio delta
wing is ctudied analytically. The ceparated flow field about the wing is represented
by a simple vortex model compozed of a conical ctraight vortex sheet and a con-
centrated vortex. The analysis is carriad out ia the cress-fow plane by mapping
the wing trace, by meazs of the Schwarg-Christoffel rensformation into the real
axis of the transformed plane. Particular attention is given to the influence of an-
gle of attack and fiap deflection aagle on lift and drag forces. Both lift and drag
decrease with tlap deflection, while the lift-to-drag ratio increases. A simple coor-
dinate transformation iz used to obtain a clesed formo exprecsion for the lifi-to-drag
ratio 2s a function of flap deflection. Thc main effect of lezding edge flap deflection
is a partial suppression of the ceparated {low oa the leeside of the wing. Qu:ﬂit:ﬁve
comparizon with cxperiments is preeented, showing agreement in the general trends.
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NOMENCLATURE
; @ perturbation velocity potential
g r vortex strength
‘1 a; exponent in the Schwarz-Christoffe] transformation
é a angie of attack |
¢  half apex angle of = main delta wing

é flap deflection angle
o coordinate of the physical plane
v voriex position in physical plane
] coordinate of the transformed plane

v veriex position in the transformed plane

n; trﬁnformntion cocfiicients
U uniform velocity
r complex poteatial
kE  the ratio of the spzn length of the main wiag fo the sotz! spar lepgth
U uniform velocity
i normal vector of the ap surfece
R resultant force
- Ry resultant force on the main wing
Ry resultant force or the flap surfzce

Y, v, w velocity components
Cr lift coefficient
Cp drag coefficient
Cp  preszure coefficient
Cv normal force coefficient
AC 1ift incremens § Cp, s1ap — CL withoutflap

N normal force

3 wn e 5 o e . o e &t s e ke e s = e e e e . e e i

- e

-,



ey

AC Y

oA

ey ST T ST

oA T

R S AN e e T e

P RTRE SER e L A TR AR R

vl T R T 8 R AR E e

e

TR ROr e, s T Se ey £

B N TR TR o

1. INTRODUCTION

- It is a well known phenomenon that above the leeside of a low aspect ratio delta
wing at incidence there occurs a vortical flow originating from leading edges, and
that this vortical flow is stable up to certain angle of attack. Thia vortical flow causes
an enhancement of lift, called vortex lift, especially needed during maneuvering as
well as in take-off and landing. Leading edge flaps have been suggested as a control
device of this vortical flow to retain She necessary aircraft ofability and control.
This application of the leading adge flap is cuitable {or subsonic-transonic tactical
delta wing aircraft, as well as aircraft having both superzonic cruise efficiency 2nd
high maneuverability.! ' - _

Coe and Weston? made experimental investigatious on the effecta of leading cdge
flaps. From their flow visualization it waa found that leading edge defiection was
effective in parily suppreseicg the formatior of leading edge vortices and promoting
attached flow conditivn. Hofer and Rao® conducted experiments and theorctical
studics using the vortex panel method, includieg the effect of tabbed fiaps. Their
results indicated an increase of lift-to-drag ratio. Froma the experimental rosulis
kaown so far we conclude that during flap deBection the drag tc reduced concideratly
and ¢he vortical dow is partially suppresced. The former consributes fo an increass
of lift-to-drag ratio and the laiter causes a detrimental effect on lift. The sccond
effect kas been overcome by the use of fiap taba. 589

Although many theoretical studies on the delta wing configuration have beon
conducted, 5789 the fizpped delta wing has not been analyzed outside the panel
method context.d Mc rcover, the pznel method does not provide a satisfaciary
explanation for the experimentally observed ch.mgeé in the lift-to-drag ratio. In
the present study we attempt to assess the trends of the effect of a leading odge
flap on the 2erodynamic characteristics of a elender deltz wing., For mathematical
copvenience theAconica;l geometry of she delta wing and the flap ure chozen as
shown in Fig. 1. The analysis ia conducted in the crocs-flow plane normal to
the wing with the assumption that the flow field iz also cenical. For this purpose
the simplest model for the separaicd flow” is chossn. This model is compesed of
a concentrated vortex and a straight vortex sheet, as shown in Fig. 2. In thic
model the analyeis is carried out in 2 plane normal to the wing surface, whick is
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shown in Fig. 1. By means of a simple coordinate transformation $he aerodynamic
forces are resolved into lift and drag. A cloced-form expression for the lift-to-drag
ratio is found, which indicates that this ratio must increase with flap deflection.
Comparison between theory 2nd experiment shows generally similar trends for the

aerodynamic coefficients.
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2. MATHEMATICAY MODEL

2.1 Methodology

To study the qualitative trends of the effect of 2 leading edge flap on the aero-
dynamic characteristica of a low aspect ratio delta wing, the simplest model for the
vortex sheet, suggested by Brown and Michael?, is chosen. This model, 25 shown in
Fig 2, simply acsumes the rolled-up shear layer to concist of o straight vortex sheet
and a singular vortex core and requires. thiz singularity system to be force freein a
global sence. '

The trace of the wing in the cross-flow plane is tranzformed into the horizontal
axis of the transformed plane by the Schwars-Christofiel tranformation. The ad-
vantage of this transformation is that the boundary condition on the wing surface
is gatisfied automatically in the mapping plaue. '

In this chapter the following effects of flap deflection are caleulated and compared

with experiments.3

e The influence of pressure forces acting on the flap curfaze on the iift-to-drag ratio.

e The draz on the main wing and the fzp surface.

o The lift increment on the main wing and the dap surfece.

o Tke infiuence of flap deflection 2ngle cn the vortex poaition and the ferce normal
to the wing.

2.2 Analogy between 2-D unsteady flow and 3-D cealcs. flow

In this section a comparison between the three dimensional vortex sheet growing
conically in space and the two dimensional vortex sheet growing in time is made.
For the detciled mathematical procedure, refer to the papcf by Kiichmaun and
Weber.6 '

For an incompressibie inviscid and irrotational fow the governing equation is
vie =0 (1)

where ® is the perturbation of the velocity potential due to ke wing and the
associated vortex sheels originating ot the leading edges.

i ks g 1o = 1 = S5 S e e ks
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For a conical flow the persurbatxoh of the vcloc:ty potbntxa.l and the geometry of
the vortex sheet can be written
@(=, nt) = z #(7,0) - (?)
S(z,n0) = r - = 7(0) : (3)
where ¥ = r/z is the conical parameter.

In conical coordinates (1) becomes

18¢ 19% .
¥ +(1+Y‘i) ;2'5'9—2--0 - (4)

‘The coadition for the vortex chect to be a streamline is

V.Vs =0 , - (5)
Combining (5) with (2) znd (3) gives
&g 3 . '35 "
R I :
(v+6-752); T Fa =0 (%)

where ¢ —F(39/97) = u;.
The Bernoulli equation on the vortes sheet, pegtuladivg that ne pressure dificrence
acrosa the vortex sheet exists, has the form

o = w(o- )+ (- (2 1) o

- For ap unsteady two dimensional flow, the peteniind function and the o geomatry.

of the vortex sheet czn be written
Re .
&(t,r,0) = - T) ) (8)

(,,9)-r—fz() O (9)

I G i g, S
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where ¥ = (ﬁ») / (2‘.) is Prandtl’s unsteady similarily veriable, and T and R

are a characteristic time and length.® ,

For the unsteady case we finally have the velocity potential equation as

186 . 8% . 10% o |

ror e e 0 (19)

~ . Boundary condition for the vortex sheat

a$ . f'9¢ |

mf- %t T =0 - : (11)
Bernoulli equation for the vortex shect

» P gziz(m—x) . 0¢ 86\2 | 1 £84\2 ,

% Y (7 ) 2am-1)¢ - 2+ () =(35) ) - 09

Let's compare the velocity potential cquation, the boundary condition aud the

Berncuili equation on the vortex shest for the usnsteady czse ({10),(11),(1€)) with
those of the conical case ((4),(6),(7}). Fims$, the equations for the velocity po-
tential in the two cases become identical if ¥ < 1. Nexi, the boundary cca-
dition and Bernoulli equation oa tke voriex sheet become equal if m = 1 and
vz = ¢—F($/37) < 1. Finally we must get the relationship between z and ¢, This
relationship can be obizined by returning the potential equation in both zases to

b the original variables. This gives

H ' *(ﬁé +-l-¢ —25¢ +¢ +l¢ ++—l-qb )—0 (13)

; T\GEOr P el et 2fr 2%00) = 9

; 2 2-3m, 12m?-3m+1, ¢2-2m ¢

: - - ———— b — -2~

J ' (mzr2 ou rm ot e m? ¢.+ 2 m? i r¢"+

5

: .

: 1 1

: ;g‘ﬁaa + ot ¢rr) =0 . (14)
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With m = 1 and z = U? these two equations become identical.
Now we cee that th2 thres dimensional cogical flow could be calculated from the
two dimeasional ursteady flow if the following criteria were satisfied

£

(1) ¥ < 1, maaning that the flow is gzometrically slender.
(2) vz < 1, meaning that the flow is ceredynamscally slender
If these two conditions are natisfied, we can colve the conical fiow problem from &
2-D unstecdy problem with the substitutionof 2= Uf andm=1.

The flow around a low zgpect ratio deltz wing satisfes thees two conditions
except near the vortex core, where v, ia closz to /. Thexn, this analogy can
be applied to slender delta winge with caution. RMoreover, in concentrated vortex
models, the axial velocity becomes singular at the core location, making the cnalogy
more reatrictive.

2.3 Vortex modelling

In the present mcde!, compozed of a ctraight vortex sheet and a cingular vortex
core =g showmn in Fig. 2, the vortex sheet and the vortex core do not follow stream-
lines; that is 5 say the vortey: sheet and the vertex core are not indepondontly force
free. Thue, Joukowsky forces 2ct both on the vortex cheet and the voréce: core, In
Brewn and Michael’s method thees two {erees are required to baiznce each other
out, meaning that the whole system is forve free? Ucding the unsteady ansalogy
derived in 2.2 and from Fig. 2c, we can ind a {orce free condition for the whole
vortex system. In the unsteady fiow, the force free condition ia

pU T (d —Van) d(sr)(am — ) =8 , (15)

where I; ia the % vortex strength,

it yortex,

vi 15 the position of ¢

V., is the velocity at the i*h vortex position excluding its own induced velocity,
Go; i8 the origin of the atraight veriex gheet

The first term is the force acting on the voriex core, the zecond is that acting

on the vortex sheet. The term do;/dt -V, ie the relative velocily causing the

P, e e mmtn n e
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Joukowsky force on the concentrated voriex core. The rate of change of the ith

vortex strengih is d(s;)/dt and this amoun$ of vorticity is supplied threugh the - .
' straight vortex sheet having uniform strength, which connects the points frema o,
to oy, '
j ' From 2.2, the relatiénrship befween the 3-D conical flow and the 2-D unstezds
~‘ flow is . d d
rri U T - (16)

ard from the geometry of a delta wing, tue conical relationzhip g'iveﬂ

: B=se (17}
i I € ' '
o — i = = - ' : 0)
: iz "z "R (175)

where £ stands for any quantity associzted with the kinematics of the flow field,
aud k is defined in Fig. 3 and ¢ is the half apex angle of the main dalta wing. :

Then the force free condition on the iff

o o e

vortex gystem can be rewritien

Ue e
"E‘(Z"m' ~Goi) = Vo, {18}
- d il; .

SR ' Vo, = ==(F = ~Zlogle - c.:)) . 185} l
k ‘ » dU( 23’ SN tl)) ( ¥ !
:td - . . - . . - l‘
o where F is the total complex potential of the tlow feld.
S .. . v .
MR In our case we have . gystem of fcur vortices fed by vortes sheets emanating

from the leading edges and from the flap junctions. Since only ihe gymmetrical
configurations are treated, the analysis considers one half of the cross flow plaze.
Thus ooy =8 (k+ (1~ k)c_'.‘s) for the leading cdge vortex and o, = ¢ &k for the

i flap junction vortex, Then the force free conditions for both vortex systems are
Ue " -
- T(twvﬁ:(k 4 (1 — ke *5)) =
b : ; " (19)

oL + 3 !

— F = —==log{o — oy )

da( 2x ol vt/ 01

7




%f(za.ﬁ;ic) =

| | (20)
B%(F - %Iog(a - a"z)) Ia—«m )

The derivation of the complex potertial is facilitated by transiorming the trace
of the wing, together with its line of symmeiry, into the real axis of a transformed
plane. To perform this transformation the Schwars-Christoffel transformation is
used. The mapping procedure is shown in Fig. 3. ' '

The general form of Scwarg-ChristoiTel transformation is

do 2 . ’
I = Aﬂ(ﬂ-')i)" ' | (21)
=1
In integral form
2
6=C+A/ Flr—m)%idy &2)
flo =)

where o; = k; /= — 1, k; is the angle at the ¢** verten of the polygon, and g; s the
corresponding point of ¢ in the mapping plane. A and C are complex constants.

From Fig. 3, we get
ki=x,ko=r/2,k3=n-8,b4=2x, ky=r+&,g=x/2 , (23)
then

ay=0, a==1/2, a3==8/v, a4=1, asg =6/, ag=--1/2 . (24)

From Riemoenn’s mapping theorem we can arbitrarily choose two points. Let those |

two points be

= (25a)
No = 72 (268)

e 4 A Ao b3 bmmtros et e < ©
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These conditions imply that the leading edge is transformed to the origin and the
initizl point of the integration is taken arbxtr:mly at 7. Requiring that the velocity

in both planes be cqum at infinity, we hav

de

— =1} .
dnle—co

With (25) and (26), the transfermation function becomes

O =

" 7 (0-175\5/’
d
ns V(= a2)(n —ns) \u—as

(26)

(27)

The constants 52, 3, 75, Ne can be obtained by matching the four corresponding

points in the physical and the trancformed plane

oy = th — s
og=ch(+{2 -8} — @
cs=k = | .sy.r,
tg=0 = 95 .

Eere lengths are normalized with the balf epun leagth a(z).
Applying {28),

nis ¢ ',75..'5 6z
k*/n,‘\/(a ~6)(&-n2) (e=e) de=o

0 ¢ NI
1-4% — df =0
* ns V(ne = (€ - n2) (c —'23) . ¢
| 4 s & ns — € §lx
) > - - £ == C
: o Vs - €)(§ - 22) (‘t—'zs) ae_
fe ¢ & —ns\o/=
- 0
j-’is V(ne = €)(§ - m) (5"'13) dt = |
b)
¢ TR

(283)
(28d)
(280}_
{284}

(2%a)
(200)
(29¢)

(294d)

[
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This aystem i3 eolved numerically for 59, 93, 75, 75 a8 shown in Appeadix 1.
From Fig. 3 we see that the complex potential in the transformed plane iz the
sum of the potentials of a unform velocity and that of four vortices, two of which
are the image vortex systems needed to satisfy the boundary condition on the wing
surface. Here we neglect the inflnence of the vortex sheet on the flow field.

Then the complex potentizl in mapping pizne i3

n - 3_1‘_1._ =Gl __‘:_I:g R/ | o
F(n) = Uaz + P2 log(’? - ?fux) 2 199( - :"eu) ! (30)

and the ccmplex velocity in the physical plane is

P
de ~ dndo

T/ 1 1 Tpy 1 Loy Y
= ok | - L2 - /A
) [Ua+ 2w ("i‘%i fz—ﬁux) iz (=7-su:z fz—i;?u:z)]dﬂ
where
dn _ Vo —wd(n—nz)/n~ 9;3)5/3 (52)
do 9 oy | |

According to (32) the velocity becomes eingular at the leading edge, 5 =0, and
at the flap junction, 7 = 55. To avoid this cingularity we apply the Kutia condiiion
at these two points. The two equations for the Kutta condition are

: T; /1 1 : 1
Va5t (=~ —) -T2 (-__—1-——-—-):: , (33)
«® Aol Nl 27 \Tya Wz
1 T 1
Ua%—ii( 1l ___ 1 )—'3—"1( R ):0. (34)
28 5= fer A5 Mo/ 23X M5~ M2 05~ e

Witk the complex potential F the force free couditions given by (19) =nd (20)

10
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become
%(2&.1-}-:’(}: F(1-H)e)) =

et Bt )
27 1 — Ny 27 \ vl — vz Tt = T2

(\/('7:»1 - 716) (71 — 12) (fm - 7)3)5/‘:)

flul vl — N5

' (35)

iy d
+Er—d [log(ﬂ"’lvl)"‘ og{o — ‘701)]

GGy
%E(ZU'vz-%-ik) ‘=

.. r 1 1 To 1
YRS . N
28 \Mv2 — vl T2 — ol / aw Gua — Fu2

(\/(m-z - 06){72 — 72) (Fh" 78\ 5/"\}

STv2 Qv 5
STQ d ) ‘]
e do [loa(ﬁ Rv2) — log(o — o} s

Combining (33) and (34) with (35) and (36), we get the following two complex

equations for the vortex positions.

EE& (?.zfv, +i(k+ (1= k)r“)) =

[ l_CA(l_l)]x (a7
CB AD el — vl CB-AD et = Hv2 Mol =172 )

()

D B d
fre — —
trp < (togtr = 2) - teg(o - - ou))

C=0y G~1Cg1

11
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v (25yg + 8k) =

fal

1,DB(1_1)+CA 1]x
TCB-AD \nz-na M-/ CB-AD mz-T2l (28}

de A-C d '
(T, ¥eF=ap o lestn =) - os(o = o) .
where
11 _
A= —r : 30a
oy Mok ’ - ( )
1 1 -
Bz —— - — 300
M2 T2 ( )
R S (35¢)
55— Jui 15— Tol
Y S S (38¢)

e =702 G5 2

In the absence of dapa the only governing parameter would be the ratio of ¢/a .
In the present cose two additional pararceters ,§ 2nd k, are inciuded in the group
¢/(% a). The flap defiection angle § does not zppear explicitly but through tke
transformation parameters 92, 73, 75 and g, which zre functions of § znd k.

4 Newton-Raphson meth - d is uzed to colve the : hove tvio eauatxon‘s, the detailed
numerical procedure is given in Appendix 2.

Witk the vortex pesitions known we geb the vortex str engths from
i D-B

== ! {
5 ~ CO—AD ° (40a)

T, C—A - .
2x = CH-4D ° | (405)

2.4 Acrodynanic fozeces
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2.4.1 Hegultant fozco
To calculate the resultant force on each surface we consider the pressure coefli-

cient.

Cp =1+% = (/U = (v/U)2 - (w/UY? , (41)

where the v and w componente are given by

= e
-ne (£) ' e
=Re (V %i;-) | (42¢)

Ty, 1 1 Tor 1 1\
Re [(U +E’%(’7"ivl-’7""%1)_%“?‘(W—‘?vﬁuﬂ"ﬁvz)'}x

¢

(\/(fl ﬂe;(r—vzz)(;—r )5/ )] . | | (424)

7 i1 —q8
w -—=Z—§- | (5.3“)
=2 (57 5 52) o w
=Re (i V) | o (43¢)

herec = y + ¢z and ¥V = (9F/dn)(dn/30) ie. the complex velocity in the
cross-8ow plane '

The u componert is bezt obtained from the conical flow condition

1 3 89
= U 4+ - m e e e .
u=U+ p (@ 3y du) | (44a)

= U+§ne [Uan+'-r—‘z (n 33) ‘;fz (ﬁi—i)wu—zw} (440)
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The presence of the feeding cheet induces a discontinuity in the # component of -

the velocity, as demonstrated in Appendix 3.

The resultant force is given by

R = f pdo o {45)
each eurface

Thia integration is carried out numerically in the phyeical plane,

2.4.2 LifR-to-Drag ratio
Most experiments®®5 ghow an increase of lift-to-drag ratio with flzp deflection.
Before we calculate the lift-to-drag raiis we must conaider the normal vector on the
flap surface. The rotation of the leading edge flap shout the flap hinge axis causes
the normal vecior to have a component oppeosite to the free streain, Associated with
thia component there ia a force tending to decrenss the drag, which is responsible
for the increase in Cp/Cp . ‘This cozaponent can be obtained by parforming iLe
following transformations:
et's take the longitudinal axie of the wing 23 z, the axis normal to the wing
surface 25 y and the starboard direction as —~z; as shown in Fig. 1. ex,eyp,eq
denote the unit vectors along axis z,¢,z . With the rotations shows in Fig. 4,

these vectors arc exprecsed as

€x, cocse 0 since¢ ey

ey, | = 0 1 o© ey (46)
€3, —ane 0 cose 23 /

ex; 1 ] e \ /ox,
ey, | = |0 co2d sind ey | - (47)

€g, 0 —-snd coasé Cxy

Identifying n with the normal vector to the fiap surface we have

R = Cy - (48)

14
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Then

n =cosbey, + cinbeg,

=¢o8 § ey, + 8in §(—sin c ox + €05 € 5) - (49)

> ~esindex 4 cozdoy 4 sin b ey

The first term in the last line ghows the forward component of the normal Qecfcr,
This term contributes to the increase of the lift-tb-dra.g ratio when the flap is de-
flected. The first component, —esiné, gives the thrust force and is of higher order
than the other two. As the flap is deficeted the vortex comes closer to the wing
surface, cauaing a considerable change in drag. ‘

O2 the main wing the rezultant force is normal to the wing surface. Then the
lift and the drag components are '

Lw = Rw | (503)

where Ry is the resultant force on the mais wing.

COn the flap surface there are all threc comporents of {orce, as indicated by (49)

'Rpx = ~Rp ecoinb (514}
Rp, = Rpcos (S1B)
Rr; = Rpcainé : : (51¢)

where Rp ia the resultant force on the flap surface.
Since the Rr, component is cancelled by symmetry, only 2p, and Rp, contributa
to lift and drag - '

Lr = Rry—RBp; a : - (522)
Dp = Bp, a+ Rp; cosb . ‘ (528)
From (51a) and (51b)
Rpy = —etand Rpy . (53)
15
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From (51),(52) and {63) we get the drag and lift on the flap

. Ly = Rpy (1+¢ atanb) ) {54a)
Dy = aBR (l z tcmb') (54b
. p=ablp(1- = 4)
The total lift and drag are
L = Ry+ Bpy(i +¢atent) (55)
D = a(Rw + Rpy (1~ < éan&)) . (56)
) (55) and (56) show the influence of the forward component of force on the lift and
the drag. Due to this thrust component the lift increases by an amount of order
a2, whiie the drag is reduced by almost the came order as the drag itself. This
. increases the lift-ic-drag ratio during flap deflection.
For moderate defiection angle the iift-to-drag ratio is
i L _ 1y Rry ¢ )+ 0(e? -
| 7 =& [\1 + Ro T firy -&ixm ¢ )+ Ofe®)]. (5%}
" | RNumerical results show that the lift itself also decreazes with dap deficction while
N the lift-to-drig mtio increases. '
_ / i 2.4.%3 Normul force
- * As mentioned in the previous section the Gft decreases with flap deflection. By
considering the normal force we can infer the rezson for this reduction.

The normal {orce can be calculated by corsidering the momentum change in the

3%
N = “"U/[(?a'y‘ - Ua) dydz (58)

Avplying Stokes’ theorem

cross-flow plane

N= —pU f & dz (59)

16
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In terms of the complex pbtemial and the teal stream fuaction

N= -pU j[ ¥m {F' do - ¢ ¥ do) (60)
[

Since the contour is a sireamline

= -pU/Im’ ) B (61)

Substitutiag for F

11, /0l il Ho2 '
= Uay + =tiop 1= TeL dp (6
N pUIm/c( @y + M.ag(q_.ﬁu) St (ﬂ—m ) R G

To perform this integral we firat exprees the part containing tLe logarithmic terms
on a circle of infinite radius, where do/dn = 1

. (Fes (2Eet) - (2222 )

Py, (n—auy_ e, r9- f—?w\)
= Shog(1oTL) L Edypy(12 2 Ny
v/.r=co<21-'_ g =¥l iz g("'?““ivzl 7

We gee that in the trapsformaed plone the normal foree arising from the legasithinie
terms doea not depend explicitly on the wing trace, bul imgplicitly through the
vortices positions and aérengthe. ‘This equaticn shicwe ¢hat the normal foree is just

(63)

the sum of the rate change of impulse of fwo pairs of vortices. Then the result could
be simply obtained by considering the impulse of 2 pair vortices, or by integrating

around the vortex sheet as shown in Fig. Sa. Following this . zcond appreach gives

Y
/x% (log(n fu1) — log{n — m))dv

S.F Nvy _ .
= -2-;_1— [/: log(n ~ nu1)lp—log(a = e ), -9 Zm dy
et

(64)
ﬁvl N -
+ / log(n ~ nua)lp — log(n — Tl cfn]
et )

=TI (’7u1 - ?l.:rl)

17
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Then 4he normal force criginating from the ldgarithmic terms is
Ny = Im pU[Ti(n01 = To1) — Talmez —o2)] - - (65)

This force is associated with the separated fiow field about the wing.

if the flow were attached. Integrating zlong the wing {race, ac shown in Fig. 5b,

we find
f n (n k. AL
e Vi =76)(7 - ng) V1 = s/
ns 2 P N1 £
i VI =ne)n —mlp M=/ p
1) ¢ 2 £~ 0/# a
Y (CR) CREE Y1 PAL Ak I X
e + / l 'i ')5 / e_‘:,T dn
LEL as V- ﬂc}(v ~nzjlp\n - 70 o o
)
ns 2 - 6]z L2
+ _ 1 (17 z75) Lo
e V—ne)(m—m2)lp\r—-ns/ |y
ns 2 —ner\8/x] ¢i4d
Al S . =) | Fwen
s Vn-ne)m-m)lpM -l pe
* j - - - 15) ‘\r) -9 ) it o0
s V(= a6)(n = 1s) p 3 p¢

dn
p

fs ne ns —~pe\8/x
= 2(/ + [ + coe 6 ) l W
N2 -,'75 \./(77 - 926){1 — 12)

where zubscript p reprecerts the priscipal value that means all values raust be

calcualted in the same Riemann surfacc.

18
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Ther the total pormal force s

¥ = Im (pU Ty(ns = Tur) - #U T2l ~ o)
(67)

o
7 e A
- pU% a Im f d
¢ +/(a - 7s)(n — ) (‘? - =ls)

The normal force is compozed of $wo parts; the normal force from cquivalent at-
tached fiow and that from the separnted flow,

Dividing this total normal force by the dynamic pressure ,cU'"‘/? and the pro-
jected area & a{z) (& + (1 ~ k)cos §)/¢ , we get the normal force coefficient

€ 1

O = & k‘{-(lm.’:)c’as&x

lm[ﬂ‘x('!vx -?iva) - 2Pa(9e2 = Tog) —

7 ;.
A =0sy6fz| % :
; 4o ( ][ | 4 co3Zs [ { ) a5 i] 5
- Gl \ 0 'zs ) '\/«“Y’G)(‘? —5z) 0~ p 4 P
' f ; where tke voriex intensity and g have been norm:uced with U a(*) and a(*) f
< respectively. |
/ : Here alt the values of the integrand are the principal values. This chows explicitly

the effect of the flap angle on the normal force. The rogion from iy to 55 is the
fap surlzce

For Jap deflection angles much larger than the angle of altack, it is conceivable
that the vortex may be located underneath the wing surfzce8 In this case the
dominant component in the crozs flow plane is not U a but the projection of U
oa a planc normal to the flap surface. This fact imposes 2 limit to the flap angles
for which this theory is expecied to apply.
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S. RESULYI AND DONTLUMONS

3.1 Reguliz
2.1.1 Conformul mapping

The following table chows the $rancicrmation corficients v)9, %3, Ns 6nd 5 for
varying fizp detlection angle § , with £ =00 and ¢ == 3595°.

§(deg.) 72 3 s ™
£6. . —0.6369 —0.5160 0.9785 1.301
6. —~0572 —0.5241 8.6650 . &t
32. —0.7051 ~0.5722 ©.9513 131
28. -—~0.7456 —-0.6004 $o355 1223
24, ~07824 —0.6284 6.9:83 2,165
20. —pn18 — 5552 BOIST L3855
16. -DB553 ~-B5335 D.0784 1.224
12, . —D.6024 —~D05163 0.0563 L.IT3
2. ~DBIT6 ~0.757 Q0063 1.028
8. —00544 D762 0.5130 1038
2. ~0.0822 ~D.TIE5 £.5010 3.018

Tablel
We see that 23 0 — @, 2 —+ —1 and gg—s 1, vhich corresy and 4o the Trown
2nd Michasl casz, |

312 Avrsdyanamiz ferces
To cormpare with the experimental seanlts of ref, {3] » wing with = 15.63° and
" &=006 ischosen. The angle of 284ack iz wikied froom 02 fo 26°.
Tig. 6 shows the confributioa Lo the drag of the main wing. T can be cemn that
$he model overealimates the drag, particnlariy at h,;,imr angies of adiach,
Fig. 7 showio the contribution to the deag of the flap. Notice thot this component
of drag can rezch uegmtive valnes, This i3 due o tke forwawd forcs component

dizcnseed 2bove.
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Fig. & 2nd 9 show the increment of Lift on the main wing and flap respectively.
The abrupt departure from experiments obzerved 2t about 12° appears to suggest
vortex breakdown in the experimerts. ‘

‘Fig. 10 shows the evolution of the resultant drag. The negative values of drag
arice from the conical assumptidns, where no trailing vortices and associzted drag
are copsidered. '

Fig. 11 depicts the total lift change. Again, the sudden departure from the
experimenial trends may indicate that those measurements were 2ffected by vortex
breakdown. _

Fig. 12 shows the change in the Cp/Cp ratio. Ho experimental values were
available. The no-deflection case is included for comparicon.

Fig. 13 shows the pesiticns of vortices for varying flap dedection. For flap
deflections less than 18° the secondary voriex almost disappears. The vortex

- positions in the physical plane are chiown in Fig. 14. We notice that flap deflection

causes the secondary vortex to meve away from the surface and the leading edge
vortex o apnroach the surfaze.

Fig. 1 describen the sirength of buth voriices vo function of Aop defleciion. Flap
defiection strengthens the recondary vortex and weakens the leading edge vorte:x,
The strength of icading edge vortex reduces by & half i 4G° fan defiection.

TFig. 16 shows the different componenis of normal force. We netice that flap
defection acts primarily on the leading edge vortex component of the normal force.
The secondary vortex hae a negligible effect ~ - the total force.

$.2 Conclusions
A conical delia wing with leading =dge flaps was analyzed vsing a vimple vertex-
feeding-shect model consisting of two pairs of vortices with corresponding vortex

sheets, One pair originates 24 the leading edges and the other at the flap junctions.

The leading ecge vortex pair iz much stironger and responsible for most of the lift and
drag changes that take place during flap deilection. In agreement with experitnental
evidence, it was found that Asp deflection causes = decrease of lift and drag, aad an
increase of the lift-to-drag ratio. A cloced form exprezsion exhibiting the lift-to-drag
ratio increzse woa derived. Tie rapid reduction ia drag is attributable to a thrust

21
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force component developed by the flaps, while the main reacon {or the 1ift reduction
is the partial suppreesion of the vortical dow. Thers is agreement with experiments
in the general trends, A '

The two main sources of limitation of the theory are the crudness of the vortex
system represeniation, and the azsumptlion that a crose-flow plane can be suitably
defined. The latter aspect becomes relevans in highly warped wings, which in this
case amounts te Aap deficctions that are large and comparab!s to the angle of attack,
whene tke notion of & plane normal te the wihg becomes mezningless.
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APPENDIX

A 1. Numecrizal procednre for eoifyma! mapping
A 1.1 Welfo mathad

‘Wolfe’s method is just a variatioz on the cecant method for svatems of nonlinear
cquations. Thia method has the advantage that as the solution becomes cloaer to the
root, the convergence cpeed is much faster than that of Newton-Rapheon methods.
For a single eguation the secant method is equvalent to volving the following two
equations, with two initial guesses '

ptp2=1 (Al.le)
p1f(za) + p2f(sn-1) = O | (A1.12)

The eolution is updated as
Zptd = Pi Tn-y P2 Zn {AL.1c)

For o system of & equations aust of w41 cquations must be solved with n4-1

vectors of initial querses,

n-il :
=
2P =1 (41.26)
i=1
ntl L. .
E}}' filz)yzdyoyzd?) = 00 = 1,200 A (AL.20)
j=1 '

For the solution updaie we ignore the vector @/ which gives the maximum residue.

n+l
. ) $
xllk-ﬂ"‘ sleg = LP;‘ =’ s atep (41.3)

=1 N !
where %/ = (2'1j,332‘;.“‘»=nj)~ :
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This procedure is renzated until the meximum residua becomes emaller than a given
P 8

value,

A 1.2 Integration at ologuiar polats

The integrand of the mapping function is singular at the points ¢ = M2, B3, 8.
To parform the numerical integration, the integrand ic expanded to 1s% o:der in

Taylor series about those points. For example, at 5 "2
fn3+s € ‘ (,7-5 - 5)6/: e
nz)\as—§ ’

m \/(’7‘5 - EE~

f__¢st+ma _(GS“Q-?iz)’i/“d
0 V(e —¢—n2)\Ns—¢—n2

~ M2 fis*ﬂz)‘f’f L g
Ve —n2\n3 — 2 RV

—pg\
S BN
Ve =z \n3 — 53

where ¢ = £ - i

mberg integration is used on the rest of the range.

A 2. Namerical procedure for the verte: ponitions
A 2.2 Newton - Raphson methed {or complix fanctions

Consider the gystem of rea) equations
| f(x) = 0
The general form of the Newton-Rapheon-method ia
xn+.l =. Zp — J -’"If(xn)] £(zn)

where J[£(:zp)] ia the Jacobian of £(3) at =

In the case of a system of complex equmtmnu

= (x3+ 8y, 22 + 512,00+, T b 1Ya)

. s

(AlA.«e)

(A2.2)

(4.2.3)

P R R



L%

>y

TH ,7-:"

T,
‘e

NI LR R LU R
) i - b T

-

o
e L e

.
sz e rmey

-

Ly e

STRFEL TN S T T T

AT

e T £ T T

7 s o
N LTSN

:B06 ahv 2

-

P e T et et & say g
T IR I TR PR
A

rer Al N Sl
Dl T D 0 1 et e et o

PR,
i

ardiole
be.
Y gL
~

g’.

~
£
2
a3

Appfying the scheme to the real zud imaginary parts of £ we get

B (R (&
I 2o , To I -1 Zlggfz
¥3 =¥y -J .fz (A.2.4)
:’: n+l ;;: n . %g§: n
with
(Ro(38) Ro(3f) ... Re(34) no(3h))
Im(3) mm(3f) - m(3h) m(3)
J = : : . : : (A.2.5)
Re("zl) Re(%ﬁ*) Re(%)r Re(%‘:)
\B=(52) m(3) - m=(3h) m(EE) ),

For the prescat problom we have two cquations for the vortex positions, or 3 4 X 4
matrix. The reason why the Newton - Rapheon method is used here is $hat for Wolle
methods we necd one more initial puces than for the Newton - Raphson niethed,
which gives 6 x 6 matrixt. 4 more impertant reason ia that the Wolfe meshed needs
very accurate initial gueszes for good convergeuce.

A 2.2 Integration path for the mapping fauction

In using Newtoan - Raphzon method to colve the equations for the vortex positicns
we nexzd to calculate the correaponding poinis between the phyeical plane azd the
transformed plane by carrying ous the transformatica

~~
=%
34
[*2]

S

g =

q. 9 (n——ns)6/?d
Yna V(n=a2)(n ~5g) “u—ns

If we take the integration path as a siraight lice connectiag ng with the assumed
voriex position, we encounier the following problem: when the vortex position is
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! very cloce to the real axis, which i3 the case when @ is smail, the intzgration
path almost pasces through the singular poiats g and yg. To aveid this possible
numerical singularity, the integration path is taken in the following way:

LR SEve s s s s

o N2 = N2+ 12 — assumedRane + 2 — cssuned gy (42.7)
far . ; .
; The maximum imaginary value is taken a5 2, which i large enough to caleulate the
‘ t‘.‘ vortex 'oosxtzons
. ‘
o A 2.3 Veloelty ot the vertex location
o (37) and (38) in chapter 2 contain terms of the form
- |
q d'lo( ;) — log(o °)] A2.0a)
- dal. I\ — Quj 9 i oty . (A2.0a
2 .\i
which caz be written as
5 ' ' ar
b | . —— -— s} - (Tl LY
o = |lea(2 = 20} — dog(o uv.)] eeres 3 L" - {A2.80)
"t N In terms of {inite difiercnces this quantity can be appresimated by
g
{0 ( Nei + DJo; = Goi Nes = Ofei = oy .' d“l
L log ~lo ) / 2489,
;s [ o(nei -+ Oni) = 0w ga(;?v:' - &gy} = oy ( T l'.l ‘7 Fes
(A2.9)
<, : O = a(ny; A’?m)\
4 = [(os2 (00| &2
SN [ g”(’h’i + Any) = oy’ / Tvi do Nve
3 This is done in the transformed plane to avoid inverting (A 2.5).
\ ; A 3. Derivetion of the axicl velocity component
c In 2.4 we derived the axial velocity component vnder conical fow assumptions
| .
A
3% 9%
‘i : v =U+4 - (Q Jé—- - 5—;) (A3.1a)
s~ : | = U+ SRe [Ua"; + ﬂ-"-l»iog(t?ﬂ-) - E.E‘z-s’tm(-’7—“—:7-5:':\ - Yy -~ 7w](.é3 1)
L kU g/ 2 o \g-qe/ T
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o Here we have logarithmic branch points &t fy5, vz, Tupy Fe2e To numerically
Rt evaluate functions across branch cuts care must be éxercized since computers usually
: Fr " give tho argument of a comples: veriable between ~= and « while the value of interest
here is between 0 and 2#. As an cxample we consider two brauch points at g,y 2nd
3 Wv1, 28 chown in Fig. -5a
= login = 01) = log(n = nut)lp= log(n ~ u1)ic+s 2% in I,JI, 0,1V
1 AR =Hl) = | log(n = er)lp+i 25 = log(q = qu)l+i 47 1V
L (43.22)
! lo ( -7 ) — ’09‘(7} - gvl)lpz ’09('1 - "Tv.'.)'c’*'i i inl
: IR=Moa] = Y Logln = Fosdlpti 27 = log(n = Fon)le+4 47 in IALIV,V
R (A43.25)
% 1 where the aubscript p mesns the principal value sud ¢ meaus the value caleunlated
- from the computer, Actually the values are calculated only in region IV,V and half
L of I dua to the symmetry of the ow. :
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A4 Fortzan progrom for the Seliwvars-Chylotofel trencformation

C700

111

o

(4230 ¥}

10

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION S5 (10.10) ,KORK(10) ,0A(10.10) , 2{10) , IFVT (10}, xruo;
JENRI (10) , X {10, 10) , XZ(10) , B(10) , XX {10} , VX (10} , SX (10)

DATA IMAX,JMAX/4,5/
DATA P1/3.141592654/

DATA ERR,EPS/1.D-8,1.D-2/

DATA XRTO / .6153846154 /

WRITE (6, 700) XRTO .

FORMAT (5X, ' FLAP AMGLE = ',D15.6)

DO 1 J=1,JMAX

READ (35, *) (X(I.J),I=1, IMAX)

WRITE (30, 121)

READ(S, *) DLTAD

DLTA=DLTAD®*PI/180.

N=0

DO 2 J=1,JMAX

DO 3 I=1,IMAX

VX (1) =X(I.J)

CALL MATEL (VX, IMAX, JMAX, PI, XRTO, DLTA, ERR, EPS, £X)
DO 4 I=1,IMAX

SS(I.J)=SX(I)

$S (THMAX, J) =1

CCKTINUE

DO 6 I=1,IMAX

B{1)=C.

B (JMAX) =1 : e

CALL DECCHMP (10, JMAX, 8S,COND. IPVT, WORK, OA, Z, ZNORM)

-CALL SOLVE ({10, JMAX, SS,B, IPVT,XZ)

0O 7 I=1,IMAX
XX(I}=0.

DO 7 J=1,JMAX

XX (1) =XX{I)+X(I,J)*XZ(J)

CALL NCRM (OA, IMAX, JMAX, FMX, ENRM, XLCG, JC)
IF (XLOG.LT.-10.) GO TO &

IT (N.GT.50) GO TO §

DO 10 I=1, IMAX

X (I.JC)=XX (I)

N=N+1

WRITE (6, 500)N, (X (I.,JC), I=1, IMAX)
X (1,JC)=-DABS (X (1,JC))

X (2,JC)=-DABS (X (2.JC))

X (3,JC) =DABS {X (3.JC))

X (4, JC) =DABS (X (4. JC) )

IF (X(2,JC) .LT.X(3.JC)) GO TO 300
C¥X=X (2,JC)

X(2.JC) =X (3,JC)
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X (3.JC)=CXX

GO TO 300

IF(X(3,JC) .LT. X(4.JC)) GO TO 400
cYY=X(4,JC)
X(4,JC)=X(3,JC)
X(3.JC)y=CxY
GO TO 4CC
GO TO S
TE (6, 100)
GO 'I‘O 11
WRITE (6, SO0} N, (XX(I),I= -.IMM)
GO TO 11
WRITE (30, 202) DLTAD, (XX(I) I=1, IMAX)
IF (XRTO.GT.2.) GO 170 1
GO TO 111
STOP
FORMAT (3X, 'DLTA' SX, 'A2',14X, 'A3"', 14)’ 'AS', lé?u{. ‘A6’ ,1X/)
FCRMAT (14, '"MORE THAN 50 L'V‘EEU\TIO‘I')
FORMAT (1X,FB.5,4(1X,D15.6))
FORMAT (1X,12,4(1X,D15. s))
END

SUBROUTINE MATEL (X, IMAY,, JMA, PI, XRTO, DLTA, ERR, £FS, Y

IMPLICIT REAL®S (A-H,0-2)

DIMENSICH X{10).Y(10)

A2=X (1)

A3=X(2)

AS=X(3)

A6=X (4)

AZP=A2+EPS

A3M=A3-EPS

A3P=A3+EPS

A6M=AG-EPS

CALL ROMERG(1,i2,A3,AS,A6,A2P,A2l, ERR,DLTA, PI, XINT1)

CALL ROMERG(2.A2.A3,AS,AB6,A3P,0., ERR.DLTA,PT,XINT2)

CALL ROMBRG(2,AZ2,A3,A5,A6,0.,AS5, ERR,DLTA, PI, {INT3)

CALL ROMERG (3.A2,A3,AS,A6,A5,A6M, ERR,DLTA,PI, XINT4)

Y (1) =XRTO+XINT1+2.2A2*% ((A5-A2) /(A3-A2)) ** (DLTA/PI)
*DSQRT (EPS/ (A6-h2) ) *A3? (AS-A3) ** (DLTA/FI)
*EPS** (1, -DLTA/PI) /((1.-DLTA/PI) $DSQRT(
(AG-A3) * (A3-A2)))

XINT2+A3* (A5-A3) ** (DLTA/PI) *EPS** (1. -DLTA/PI)/
((1.-DLTA/PI) ¢DSQRT ( (A6-RA3) * (A3-A2)))

¥ (3)=1.-XRTO-XINT3

v (4) =XRTO-XINT4-

¥ (2)=1.-XRTO+

RETURN
END

2.¢A6* ((A6-AS)/(A6-A3)) ** (DLT:A/P1) *DSGRT (EPS/ (A6-A2) )
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G SUBRCUTINE NCRM (X, IM,JM, XMAX,X2®RM,XLOG,N) -
R IMPLICIT REAL*8 (A-H,0- Z)
ok DIMENSION X(10,10) ,XNRM(10)
o - XMAX=0.
it } N=1
S DO 2 J=1.JM
l & : XNRM(J) =0.
S ¥ DO 1 I=1,IM
¥ 1 XRH (T =XIRY (3) +X (I, .z)nz
1 : IE ((MAX.CT.XNRM(J)) GO TO 2
RN XMAX=XNRM(J) ,
& N=J
i 2 CONTINUE
‘ B FLOG=DLOG (XMAX)
R RETURN
END
SUEROUTINE DECOMP (NDIM,N,A,COND, IPVT, WORK, (LA.a.ZNO 4)
E IMPLICIT REAL*8(A-H,0-2)
L DIMENSICN A(NDIb‘ N) . WORK (N) , OA (NDIM, N) , Z (N} . IPVT (N)
INTECER NM1.I,J,K,KP1,KB, 1ML, 1
F DO 1 I=1,N
= DO 1 J=1,N
LR CA(ILJ)=A(L, 3)
-7 F 1 CONTINUE
S IPVT (N) =1
FANRS IF(N.EQ.1) GO TO €O
NS - NMi=N-1
AN ANORM=0) . : B
,- b DO 10 J=1,N :
R , T=C.
0O 5 I=1,M
i T=T+ABS (A (1.J))
! - 5 " CONTINUE
s : IF(T.CT.ANORM) ANORM=T
Ly 10 CONTINUE
py DO 35 K=1,N\M1
£l KP1=K+1
] M=K
g DO 15 I=KP1.N
] . IF(ABS(A(I.K)).CT.ABS(A(M.X))) W=I
P 15 CONTINUE
P IPVT (K) =M
AN IF (M.NE.K) IPVT(N)=-IPVT(N)
R =A (M, K)
i A(l.K)=A(K.X)
% A(K.K)=T
el IE(T.EQ.0.) CO TO 35
Lo 20 I=XP1,N
i A(L,Ky=-A(1.K)/T
r:
g _.' 43
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B 20 CONTINUE _
. DO 30 J=KP1,N
S T=A (M. J) :
A(M.J}=A (K, )

v

A(K,J) =T
IE(T. EQ 0.) GO TO 30
SR Do 25 I=KP1,N

) AMIL J)=A(I,J) +A({I.K) *T
N 25 CONTINUE

7 30 CONTINUE

35 CONTINUE
[ R DO 50 K=1,N
700 ‘ T=0.
R . IF(K.EQ.1) GO TO 45
141=K-1.
DO 40 I=1,KM1
JORE T=T+A(I.K) *woax(x)
B i 40 CONTINUE
, 45 EK=1
POt wld A IF (T.LT.0.) EK=-1
Rates , IF (A(K.K) .EQ.0.) GO TO 90

ok . WCRK(K) =- (r.v<+'r) /A K)
S O 50 CONTINUE
: DO 60 KB=1,NM1.

=N-K2
‘ =0,
S S _ FP1=K+1

b DO 55 I=KP1,N

T=T+A (I ,K) *HORK (K)

‘ CONTINUE
T WORK (K) =T
N M=IPVT (K)
b IE (M EQ.X) GO TO €0
2 =WORK (M)

: WORK {14) =WORK (X)
WORK (K) =T

it 60 CONTINUE
e YNCRM=0.

N DO 65 I=1,N
XA YNORM=YNORM+ABS (WORX (1))
ANy 65 CONTINCE
VA : CALI SOLVE (NDIM.N,A,WORK,IPVT,2)
PR A , ZNCRM=0.
A & DO 70 I=1,N
S ZNORM=ZNORM+ABS (Z (1))
[ 70 CONTINUE

S COND=ANORM* ZNCRHM/YNCRM
T .IF (COND.LT.1.) COWD=1.
RETURN
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35
B O 80 COND=1.
N IE(A(1.1) .NE.O.) RETURM
- 30 COND=1.E+32
1 RETURN
END
eI SUBROUTINE SOLVE (NDIM,N,A,B,IPVT,X)

At IMPLICIT REAL®6(A-H,0-Z) .
cLp DIMENSION IBVT(N),A(NDIM,N),D({H),X(N)
VA DO 1 I=1,N | .

c - X{1)=B(I)
P 1 CONTINUE
JAR A IF(N.EQ.1) GO TO 5C°

S B NM1=N-1

A CO 20 K=1,NM1
. '/ ’!_:; KP1=I{+1
FE M=IPVT (K)
| / o T=X (M)
[P : X (M) =X (K)
- : X(K)=
L DO 10 I=KPi,N
X(I)=X(I)+A(I.K) T
b 10 CONTINUE
qr 20 - - CONTINUE
o DO 40 KB=1,NM1

VAN KM1=N-K3

A S K=KM1+1
Y X (K) =3 (X) /A (I, KD
SRV T=-X(K)

AN _ DO 30 I=1,KMl
N A X(I)=X(I)+A(I.K)*T
TS E 30 CONTINUE
i S 40 CONTINUE
E S0 X(1) K(’)/A(lm)
. - RETURN
CE END
Pl
ko
{ i SUEROUTINE ROMERG (M,A2,A3,AS5,AG,A, B, ERR, DLTA,:?I,RES)
IMPLICIT REAL*8(A-H,0-7)
y DIMENSION Z(10,10)
I=1
: o DEL=B-A

o IF (N-2)20,40C.50

' R 30 Z(1,1j=.5*DEL® (FUN1{A,A2,A3, A5, A6,DLTA, PI)
S . +FUN1(B.A2,A3,A5,A6,DLTA,PI))
b GO TO 10
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40
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SRR TR '
Z(1,1)=.5°DEL* (FUN2(A,A2, 3,A5.A6,DLTA,PI)
- +FUNZ (B,A2,A3,A5,A6,DLTA,PI))
GO TO 10 :
Z(1,1)=.5¢DEL® (EUN3 (A, A2, A% AS,A6.DLTA,PI)
+FUN3 (B, A2.A3,A5,A6,DLTA,PI)) .
GO TO 10 -
J=IFIX(2.%*(1-1))
DEL=DEL/2.
I=I+1 :

Z(1,1)=.57(I-1,1)
Do 1 K=1,J

XA+ (2. *FLOAT (K) -1.) *DEL

IF (N-2) &0,70,80

Z(I,1y=2(1,1)+DEL®FUN1 (X.A2,A3,AS,26,DLTA,PI)

COTC L

2(1, 1)—-2(1' 1)+DEL*EUN2 (X,A2,A3,AS
COTO 1

Z(I 15=72(1.1) +D"'L""'UN3(X A2,A3,A5,A6, DLT.“..PI)

GO TO 1

CONTINUE

DO 2 ¥=2,1

Z(1.K)=(4. 22 (K-1)*2(I.K-1)~ "(i 1,K- l))/(‘i *% (K-1}-1.)

CCNTINUE

DIFF=DABS(Z(Z,1)~-Z(I,I-1))

IF(UIFE.LT.ERR) GO TC 20

GO TO 10

RES=Z(1.1)

RETURN

END

“.Aﬁ,DLTA,PI)

FUNCTION FUNI (X.A2.23.AS5,A6,DLTA, PI)
IMPLICIT REAL®S (A-H,0-Z)

FUN1=X* { (AS-X) / (.3~ k))’*(DLTA/PI)/DSQPT((AG X) *
RETURN

END

xQAz))

FUNCTION EUN2 (X,A2,A3,A5,A5,DLTA,PI)

IMPLICIT REAL*3{A~H,0-2) _
FUN2=X* ( {A5-X) / (X- AB))"(DLlA/PI)/DDQRx((Ab- <) * (X-A2))
RETURN

END

FUNCTION FUN3(X.A2,A3,A5,A6,DLTA,P1)

IMPLICIT REAL*8(A-H,0-7)

FUN3=X* ( (X-AS) /\X-A3)) %* (DLTA/PI) /DSQRT ( (A6-X) * (X-A2))
RETURN

END
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A 8. Portran program for the aczedynamic forece
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DELTA WING WITH FLAP PRCBLEM : ;
WITH ONLY ONE VORTEX ERCH LEADING EDGE )
USING NEWTON-RAPHSON METHODS
WITH DIFEERENT INTEGRATING PATH

QOO0 0On

ARRET ARG UASE AN NGNS ACOANANACACAROOLE N NODGLGRRRA O RGO RAUDRBOCENETICRGAR

IMPLICIT INTEGER®4(I-N) A .
COMPLEX®15 XI,X,2,W ,
_ REAL®Q ERR,PI, ALP,APX, ¥X1, 302, DLT, A2, A3, A5, A6, CAM, ALFD

; ¢ CL3,CLW, COW, CLF, CDF, CLT, €DT, CLL, TCL, TCD, RTOR , RTO

// DIMENSION 2Z(10),W(10) ,GAM(10)

/ COMMON /DATAL/ IMAX,JMAX

COMMON /DATA2/ XI,ERR,PI

COMMON /DATA3/ ALP,APX

COMMON /DATA%/ X{10)

A COMMON /DATAS/ XK1,XK2,DLT |
E COMMON /DATAS/ A2,A3,A5,A6 :
‘i .
K DO 100 1=1,10 . -
i CALL DATA{ALFD) P
A CALL NEWICH (Z,W) '
0 !
j# CALL VORTEX (W, CAM) . e
{;‘ o CALL TRESSURE (W, GAM) o
H CALL LIST(GAM,W,CL3) | |
r o CALL LIETI (GAM.W,CLW,COW, CLE, CDF, CLT, CDT, CLL, i
- o . TCL, TCD, RTOR , RTO) S S
C WRITE(5C. 300) ALPD, CL3,CLW, CDW, CLE, CDF, CLT. CDT, CLL r
| c ¢ ,TCL, TCD, RICR, RTC f
o i
1CO  CONTINUE
300  EORMAT(1X,ES.2,1X,D11.4/8X,5(1X.D11.4} /5X,5(1X,D11.4))
: 200  FORMAT[2X, ‘DLT',SX, 'VORTEX POSITION',9X, 'GAM',9X,
. ‘CLL',9X, 'CLV', 9%, 'CLT'/)
STOP :
, END :
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SUBROUTINE DATA (ALPD)
INPUT OF DATA USED IN THE WHOLE PROG’RM!
: RNAK COF MATRIX L.e. THE NUMBER OF UNKHNCHNS

IMAX @
JMAX - 5 FOR WEWTON-RAPHSON METHCDS (I-1.J).(I+1,J),(I.J-1)
(1,341}, (1.9)
X1 : SORT{-1)
FRR  : CONVERGENCE OF ROMBERG INTEGRATION
PI :2.14..... _

ALP . : ANGCLE OF ATTACK
APX  : HALT OF APEX ANGCLE OF MAIN DELTA WING

C%(I) : INITIAL GUESS

XK : RATIO OF MAIN DELTA WIRNG '1‘0 TOTAL SPPN LENGTH (=1)
DLT FALP DEFLECTION AKGLE

A2,A3, A.S AS : COFFF. OF SCHWARTZ-CHRISTOFFEL .LRANS['OR.%TION

IMPLICIT INTECER*4(I-N)
COMPLEX®16 XI,X

REAL*8 ERR,PI,ALP,AFX, XK1, XK2,DLT, A2, A3,AS, A6, ALPD, DLTD
COMMON /DATAL/ IMAX,JMAX

COMMON /DATAZ/ XI,ERR,PI

COMMON /DATA3/ ALP,APX

COMMON /DATA4/ X (10}

COMMON /DATAS/ ¥K1,AK2,DLT

CCMMON /DATAG/ A2,A3,A5,A6

DATA ERR,PI / 1.0—6; 3.141592654 /

DATA I / (O..1. o

DATR IMAX, JMAX / 1,5/

CATA ALP,APX / .17453278 , .2685121925 /

DATA XK1,XK2 / .6153946154¢, .BE46152846 /

DATA A2,A3,35,A6 / -0.636893, -0.515988,
. 0.97849%, 1.3006 /

WRITE (6, 1)

READ(S, *) DLTD

READ(S, *) ALED

DLT=DLID*PI/180.

WRITE (6. 2)

READ(S, *)A2,A3,AS,A6

WRITE (34, 100) ALP, APX, XK1, XK. DLT. A2, A3, AS, A6

WRITE (6, 600)

READ(S, *) (X (1), I=1, IMAX)
FORMAT (1X, 'DLT')

FORMAT (1X, 'TRANS. COEEF.‘}
FORMAT (/5X, '1. GIVEN DATA '/

* @X, 'ANGLE OF ATTACK = ',Dii.4/

& 8X, 'APEX ANGLE = ',Dil.4/

* 8x, 'FLPA RATIO = '.Dll.l}/

# 8X, 'TAP RATIO = D11.4/

* 8X, 'ELAP ANGLE = *,D11.4/

¢ 8X, "TRAN. COEFF. :',4( 2)’ Dil.4} /)
48
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FORMAT (1X, ' INITIAL GUESS')
RETURN
END

SUBRCUTIWE NEWICN(VZ, V)
CALCULATICN OF VCRTEX POSITION

IMPLICIT INTEGERY%(I-N)
COMPLEX®16 XI,X,W,wWN,Z,224.DER,DERM, VZ, VU

REAL*®8 EiR, PT,ALP, APX, XK1,XK2,DLT,A2,A3,A5,46,55,B,XZ,04

DIMENSION %{1C,10),
WN(1C) , 2 (10) ,DER {10} , ZM(iC, 10} , DERI (10, 10) ,
$5(10,10) ,B(10). : ,
IPVT (10} ,0A (10, 10) ,XZ (10},
VZ (10}, V¥ (10)
COMMON /DATAL1/ IMAX, JMAX
COMMON /DATA2/ XI,ERR.PI
COM:ON /DATA3, ALP, APX
COMMON /DATAS/ X{10)
CUMMON /DATAS/ ¥K1,¥K2,DLT
COMAON /DATAS/ AZ,X3,A5.A86
N=0 .
CALL NEWPNT (X,W)
0O 4 I=1,IMAX
DO & J=1,JMAX
WN(J)=H (I, J) :
CILL ZCALC (WN, 2, DER)
DO 6 J=1,JMAX
M(1,3)=2()
DERM (I, J) =DER (J)
CONTINUE
CALL MATEL (W, 724, DERH, SS, B)
CALL NORM (B, XLCG)
IF (4.GT.SC) GO TO 11
1F (XLOG.LY.-7.) GO %0 11
CALL DECOMP (S5, 1PVT,OA)
CALL SOLVE (SS, B, IPVT XZ)
CALL MEYPNT (X,%Z

2 5 Q0 D

WRITE (6,11 2N, swoa, (Z4(1.5), 1=1, IMAX) , (W(I.5).I=1, IMAX)

=N+1
GO TO 100 '
WRITE(E.1123) N, XLCC, (Z4(1,3). =1, IMAX) . (W(I.5),I=1, IMAX)
DO 12 I=1,IMAX _

. VZ(I)=2ZM(1,5)

VR{T)=¥(1, 5)

WRITE (34.200) VZ(1).VW{1)

40
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113 FORMAT(IX.I2,5X,' MAXNRM = ',D1S.6/
' 5%, 'Zz=',2D15.6/

0 5X, 'W=',2D15.6)

200 FORMAT{/5X,'2. VORTEX POSITION. '/
" 8X. '"VORTEX POSITION IN Z-PLANE : ',2Dil.4/ o ,
. 8X, 'VCRTEX POSITICN IN W-PLANE : ', 2D1l.4/)
RETURN ' ' ‘
"D

SUBROUTINE NEWSNT (XN, YN)

IMPLTCIT INTECER®4(I-N)

COMPLEX*15 N, YN, XI ' A ' o L
REAL 8 ERR.PI, XRE, XIM : ' :
DIMENSTON XN (1G).YN(10,10) '

COMMON /DATAL/ IMAX,JiAX

COMMON /DATA2/ XI,ERR,PI

Rty
e Fig &7
S S,

. | DO 1 I=1, IMAX :
K XRE=DREAL (X (1)) /100. v
) . XIM=DIMAG (XN (I))/100. C
B YM(I.1)=XN(I)-XRE i

- YN(I,2)=XN(I) +}RE

YN(I.3)=XN(I)-XIXIM
YN(I,4) =KN(T) +XI ¢XIHM

b 1 YN{I,S)=XN(I)
RETURN

5 END _ ' : .
2 &

g !
o i

3 SUBROUTINE MATEL (X.Z,DER, S, BB) %

4 IMBLICIT INTEGER*4(I-N) :

N ' COMPLEX*16 X,Z,DER,XILA,B.0,FUN2
i REAL*S S.BB,ERR,PI,ALE,APX. XK1,XK2,DLT, A2, A3, A5, A5 ' ,-:

: DIMENSION X (10.10).Z(19,10),DER (10, 103 o(lO 10).BB(LO) b
L COMMON /DATAZ/ XILEFR.PI - i
cov.\:oz» /DATA3/ ALP,APX : ;
N OVMON /DATAS/ XXL,XK2,DLT :

4 ccw:o" /DATAG/ A2,A3,A5.A8
A=(FUNZ2{X(1,2).2(1,2) ,DER(1,2))~ ;
= * FUNZ{X{(1.,1).2(3, 1) DER (1, 1))), {

St (X{1.2)-X(1.1)) :

i B={FUN2(X(1,4).2(1,4).DER(1,4))~ i

% ®  FUN2(X(1.3).2(1.3).DER(1,3}))/ :

L v({X(L. 4) -X(1.3))*(-XI)) :

¥ O=FUNZ (X{1.5),2(1.5) ,DER{%.5)) ;

o 3

B 5G ;

|

|

o .

3
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S(1.1) =DREAL (A)
S{1.2) =CREAL (B)
$(2. 1) =DIMAG (A)
(2, 2) =DIMAG (B)
8B (1) =-DREAL (O)
BB (2) =-DIMAG (O}
RETURN

END

SUBROUTINE NOWM (X, ¥LOG)
IMPLICIT INYTEGER¢4(I-H)
IMPLICIY REALS (A-H,0-2)
DIMENSION X(10)

- COMMON /DATAl, IMAN.IMAX .

IM=TMAX® 2
XNGRM=O.

DO 2 J=1.IM
XNQ&H~ANCQM*\DABaIY(J)))‘“Z
¥LOG=DLOG10 {XNORK)

RETURN

END

SUEROUTINE NEXPHT (X,Y)
IMPLICIT INTEGER*®4(I-N)

COMELEX®16 .3

REALS V,ERR, I

DIMENSTON X (10) ¥ (10)

COMMON /DATAZ/ XI.ERR,PI
X{2)=X (1) +Y (1) <RI ¥ (2)

X {1} =UREAL (X (1)) +XI* (DABS (DIMAG(X (1))
RETURN

END

SUBRQUTINZ ROMERG (IS,A, B, RES)

IMFLICIT INTEG/R®4(I- N) :
COMPLEX*1€ A.B,RES,XI,Z,DEL,FUN1,X,DIEF.FUNS
REAL®S ERR,P1I .
DIMENSION 7 (10, 10)

COMAON /DATA2/ XI.ERR,PI

I=1 -

CEL=B-A .

IF (IS.EQ.1) GO TO 1il
Z(1,1)=.5*DEL* (EUNS (A) +EUNS (B) )

GO TO 10

Z(1.1)=,5*DEL* (FUNL (A) +FUN1 (B))
J=IFIX{2.%¢(1-1))
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DEL=DEL/2.
I=I+1
Z(I.1)=.5%2(I-1.1)
DO 1 K=1,J
X=A»> (2. °FLOAT (K) -1. )*DEL
IF(IS.EQ.1) GO T0 3
Z(1.1)=Z(I.1) +DEL*FURS ()
GO T0 1
Z(I,1)=Z(I,1) +DEL*FUNL (X)
CONTINUE
£O 2 K=2,1
Z(X.X) = (4. 2% (X-1) *Z (L. K- 1) 2(1 1, x-x))/(q "4 (K-1) -1, )
CONTINUE - |
DIFE=Z(I.I)-2(I,1-1)
IF (CDABS (DIFE) .LT.ERR) GO T0 20
GO TC 10
RES=Z(I, I)
RETURN
END

FUNCTION EUNL (X)
IMPLICIT INTEGER*4(I-N)

COMPLEX®16 X.XI,EUN1

REAL®S ERR, PI,XK1,XK2,DLT, A2, A3, A5. A6

COMMON /DATAZ/ XI,ERR.PY

COMMON /DATAS/ ¥R1,¥K2,DLT

COMHON /DATAS/ 42, A3,AS, A6

FUNL=X* { -Aa)““(DLT/PL)/(CDSQRT(Y-A2)°CDbQRT %-A6)
0 , * (X-A3) ** (DLT/ET))
RETURN

END

SUBRCU2INE ZCALC (V.Z.DER)

IMPLICIT INTEGER®4(I-N)

COMPLEN*16 V,Z,DER.XI,EPS, SING,B,CB,BP, BEM, AZP, RS, RBP,
® REM, P2, P3P, P3M, XINT, XINTL, XINT2, XINT1P, XINT2E,
X XINT1M, XINT2H, ZM, ZP,C1.€2.C3
REAL*8 ERR,PI,XK1,XK2.DLT,A2.A3,A5,A6
DIMENSION V{10).Z(10).DZR(10)

COMMON /DATAL/ IMAX, TMAX
COMMON /DATAZ/ XI,EPR.PY
COMMON /DATAS/ XX1,¥K2,DLT

COMMON /DATAS/ AZ,A3,A5,A8

EPS=0.01*XI

C1=A2-AS
C2=A2-A6
C3=A2-A3
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SING=2.'AZ*C1°°(DLT/?I)“CDSQRT(EFS)/
. (CDSQRT(CZ)=C3°’(DLT/PI))
DO 1 I=1,JMAX
B=V(I)
DB=B/100.
_ BP=B+L3
BM=B-DB
A2P=A2+EPS
RB=DREAL (B}
REP=DREAL (BP)
RBM=DREAL (&4)
P2=A2+2.*X]
P3=RB+2.2XI
PAP=RBP+2.*X1
P3M=RBM+2.¢XI
CALL RCMBRG(1.A2P.P2,XINT)
CALL ROMERG(1,P2,P3,XINTI)
CALL ROMBRG (1,P3,B.XINTZ2)
CALL RCMERG(1,P2,P3P,XINTLP)
CALL RCMBRG (1.P3P.BP,XINT2P)
CALL ROMRRG(1,P2,PAM, XINT1M)
CALL XOMERG(1,P34, BM, XINTZM)
D4=XINT+XINTIM+XINT2M+SING
2(1)=XINT+XINT1+XINT2+SING
ZP=XINT+XINTIP+XINTZP+SING

DER (1) = { (COLOG{ (2 (1) -20) /(ZR~Z{1})))/{2.°UB)) °
. (CDSGRT (B-26) tCOSQRT (B-A2) * (B-A3) +* (DLT/PI)/
. (B2 (B-AS) ** (DLT/PI))}
CCNTINUE . '
RETURN
END

FUNCTION EFUN2(X1,Z,DER)

IMPLICIT INTEGER*4(I-N)

COMPLEX?16 X1.Z,DER,XX,FUN2

REAL*E FaR . PI,ALP, APX, XK1, 7X2,DLT, A2, A3, AS, A6

COMMON /DATA2/ XILERR,PI

CCMMON /DATA3/ ALP,APX

COMMON /DATAS/ XK1,XK2,DLT

COMMON /DATAG/ A2,A3,AS5,A6 |

FUN2=APX" (2. ¢ DCONJG (2) +XI ¢ (XKL= (1. -XK1) *CDEXP (-XI*DLT) )}/

(XK1*ALP)
“(1.-1./({%./X1-1./DCCNIG(X1]) ¢ (X1-DCONIG(X1})})
+(CDSORT (X1-A6) *CDSQRT (X1-A2) * (X1-A3) e (CLT/PI)/
(X1° (K1-A5) ** {DLT/P1)}) -

-DER/ (1. /X1~1./DCONJG(X1))

RETURN

END
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SUBROUTINE VORTEX (W, GAM)
IMPLICIT INTEGER®4(I-N)
CCMPLEX®16 Vi, XI '
REAL8 ERR,PI,GAM, ALP, APX
DIMENSION W(1C),GAM(10)
COMYON /DATAZ/ XI,ERR,PI
COMMON /DATA3/ ALP,APY
GAM{1)=2. *PT¥ALP/LREAL (X1* (1. /w(l) 1./DCONIS(W(1)}))
WRITE (34, 100) GAM {1) :
E'ORMAT(/J“, '3, VORTEX STRENGTH'/ .
¢ X, 'VORTEX STRENGIH = *,D1l. a7)
RETURN
ERD

SUBROUTINE LIFTL (GAM,VW,CLW,CDW,CLF,CDF,CLT, COT,CLL
» ,TCL, TCD,RTOR, RTO)

IMPLICIT INTEGER®4 (I~N)

COMPLEX*16 VW,X1,X2.X3,X4,ES,A2P,A3M,A3P, AGM,

¢ ASM,ASP,SINGS, SING6, SING?, SING8, .

“ Cl,C2,C3,C4,C5,06,C7,C2,C09,22.2, ' : .
* XI,SIKGL,SING2,SING3,SING4,21,22,23,24, ' :
o ' ClO Cl1l1,C12,C13,C14,C15,C16,.%X5,¥%6,25,25

REAL?3 GAML A2 ,A3,A5,A6,U,VY, W, C2,ZRR,PI,X¥X2, XX1,DLT,

¢ AL, APR,CLY,CL2,CL3,CL4,CLW, COW, CLE, CLT, CDT,

# oF,CLL, R_OQ,uTO,TCL.TCD.CLS.Cbﬁ

DIMENSION VW (10) ,CAM{ -.0) ,2(700) , € (7CD)
COMON fDA'lA?/ ¥IL,ERR,P
COMMON YDATASY ALE,ADY

. COMMON /DATAS/ XK1,%K2,DLT

COMMON /DATAS/ AZ2,A3,A5.A6

ES={26-A2) /200.

AZP=N2+ES

A3M=HI~ES

A3P=hI+ES

AGM=AB~ES

ALNM=AS-ES

ASP=AS+ES

Cl=A2-A5

S2=A2-A6

C3=A2-A3

Ca=A3-A5

C5=A3-A6

Ce=A3-A2

Ci=A%-AS _
Ca=A6-A2 ‘ : ' : !
Co=AL-Ad

ClG=-AS

Clli=-A2

Ci2=-A5
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C13=-A3
Cl4=1‘-5'A6
ClS 9:5 82 Yo

Clﬁ-*.&-s‘na
SING1=2 *AZ'uDSQRT(nb)*Cl‘“(DLT/PI)/

(CDSQRT (:2) *C32¢ (DLT/P1))
SING2=-PI¢A3¢Cac? (DLT/PI) ¢ (~ES) *¢ ((2I-DLT) /PI)/
((PI-DLT) *CDSORT (C5) *CDSORT (6 )

fr

13
SING3=PI*A3¢C4t* (DLT/SI}) *ES¢* ((PI-DLT) /1) /

. ( (PI-DLT) *CDSORT (C5) *CDSQRT {C6) )
SING4=-2.°A6¢C7¢¢ (DLT/PI) “CDSQRT (-ES) /

o (CDSQRT (C8) *Cg 2 (DLT/P1) )
SINGS=-C12#¢ (DLT/P1)* (-ES) 8¢2/

& (CDSQRT (C10) *CDSQRT{C11) ¢CL3¢ @ (DLT/PT} *2)

 SING6=C12¢* (DLT/PI) *ES* 2/
(COSORT (C10) *CDSQRT (C11) $C13* ¢ (DLT/PY) *2)

SING7=-AStDI® (-ES) *0 ((PL+DLT) /PI)/

. (CDSQRT {C14) *CDSQRT (C1S) ¢C16°% (DLT/BI) ¢ (PI+DLT))

SINGS=A5¢PIYES"® ({PI+DLT) /P1)/
. (CDSQRT (C14) *CDSQRT (C1S) *C16% ¢ (DLT/PI) * (PI+DLT))
DO 10 I=1,101
X1=A2P+ (A3M-A2F) *ELOAT(I-1) /100.
CALL ROMBRG(1,A2P,X1,21)
Z(1)=2Z1+SING1
22=Z (1)
CALL VEL (VW,GAM, X1, ZZ.U,V.H)
10 CP(I}=1.+ALB9#2-Ust2-yaez-jee2
£O 20 I=102,202
X2=A3P+ {~.357-A3P) °FLOAT (1-102} /100
CALL ROMERG{1,A3V,X2,22)
Z (1) =XI*XK1+SING3+22 -
22=Z(1)
CALL VEL {VW,GAM,X2,ZZ,U,V.%)
20 CP(I)=1.+ALD®t2-Use2-Ven2.yes
LO 25 I=203,303 :
X3=- . 357+ {-ES+. 357) 4ELOAT (I-203) /1C0.
CALL ROMERG (1,A3P.X3,23)
Z (1) =XI*XK1+SING3+Z3
22=Z(1)
CALL VEL (VW,GEM,%3,22,U,V.H)

25 CP{I)=1l.vALP*#2-Une2-V¥22-{4*2

DO 30 I=304,40%
X4=ES+ (.475-ES) eFLOAT (I -304) /1C0.

CALL RCMBRG (1,ES,X4,Z24) -
Z{1)=XI* (XK1+{1.-XK1) “CDEXP (X{*DLT) ) +SINGG+24
22=2 (1) ,
CALL VEL (VW,GAM, X4,22,U,V, V)
30 CP(I)=1.+ALPtt2-Usw2-Vee)-yen)
DO 40 I=405,505
X5=, 475+ (ASH- . 478) *FLOAT (1 -4CS) /1C0
CALL ROMERG(1,ES,XS,Z5)
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Z(I)=XI® (XK1i+(1.-XK1) °*CDEXP (XI*DLT)) +SING6+25
22=Z (1)
CALL VEL (VW,CAM,XS,22,U,V,W)
40 CP (I)=1.+ALP*e2-Uee-yasg-yeu
DO 50 I=505,606
X6=A5P«(AéH-\SP)*ELOAT(I-SOS)/&OO
; A(I)“YI'Xkl+thGG*
| 2Z=Z (1)
i : CALL VEL(VW,GIM,X6,2Z, UV, )
50 CP (1)=1.+ALP*#2-(Joa2-yee.jos2
. CALL SIMP(Z,(»,CL1,CL2,CL3,CL4,CLS, cxe)
CLW= (-CL6+CL1)
CDW=CL¥*ALP :
CLE'= (~CL5+CL2) *DCOS (DLT) ® (1. *ALP*APKeDTEN (DLT) )

§ CDE= (~CL5+CL2) *DCOS (BLT} © (ALP-APX*DTAN (LLT) )
| CLT= (-CL4+CL3) *DCOS (DLT) * {1 . +ALD *ABX2DTAN (DLT) )

. CDT= (-CL4+CL3) *DCOS (DLT} * (ALP- APX9DTAN (DLT) ;

CLL=CLW+ (-CL5+CL2-CL4+CL3) *ICOS (DLT)
TCL=CLW+CLE+CLT
. TCD=CD'W+CDE+CDT
" RTOR=1. /ALP
RTC=TCL/TCD
c WRITE (34.100)
c DO 46 1=1,406.5
i C46 WRITE (34,2C0)2{1),CP (I} ,
WRITE (34, 300) CLW, CDW, CLF, COF, CLT, CDT, CLL. TCL, TCI. RIG, RTOR
100  FORMAT (20X, '2'.21X,'Cp', iX/)
i _ 2C0 FORMAT(lOY.ZD 1.4,5%,D11.4)
- 300  FORMAT{//7X,'6. LIFT BY INTEGRATICN OF PRESSURE'//

: “ 10X, 'LIFT OF MAIN WINC = ',D11.3/

; . 10X, 'DRAG OF MAIN WING = ',Dil.4/

: . OX, 'LIET OF FLAP = * Dit.&/
- * 10X, 'DRAG CF ELAP = '.Dil.4/
- * 10X, 'LIET OF TAP = ',Dil.4/

. . 10X, 'DRAG OF TAP = ',Dil1.4/

r & 10X, ' CHECK ECR LIFT = '.D11.4/
. . 10X, 'TOTAL LIET = ',D11.4
P * 10X, 'TOTAL DRAG = ',Dil.4/
: * 104, 'LIET DRAG RATIO = °',Dll.4/

. 10X, 'IDEAL RATIO = *,D11.4)
RETURN
END

SUBRCUTINE SIMP(Z,CP.CL1,CL2,CL3,CL4,CLS,CLG)
IMPLICIT INTEGER*4(I-N)

COMPLEX*16 Z :

REAL®S CL1,CL2,CL3,CL4,CP,CLS, CL6
DIMENSICN 2 (700) ,CP (7C0)
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N

10

20

30

50
60

CL1=0.
CL2=0.

CL3=0.

CL4=0.

CL5=0.

CL6=0.

0O 10 1=1,100 :
- CL1=CL1+CDABS {Z(I+1) “Z(I))* (CP(I+1)+CP (1)) /2.
DO 20 I=102,201

CL2=CL2+CDABS (Z (I+1) -2 (1)) * (CP(I+1)+CP(I))/2.
DO 30 I=203,302

CL3=CL3+CDRBE (Z (I+1) ~Z (1)} * (CP (L+1) +CB (1)) /2.
DO 40 I=304,403
CL4=CL4+CDABS (Z (I+1) -Z(I)) ¢ {CP (I+1) «CP (I)) /2.
DO 50 1=40S,504
CL5=CL5+COABS (Z (I+1} -Z(I) ) * (CP (I+1) «CP (1)) /2.
CO 60 I=5C6,605
CL6=CL6+CDABS (Z (I+1) -Z2{1})* (CP (I+1)+CP (1)) /2.
RETURN

END

SUBRCUTINE PRESSURE (VW, GAHM)
IMPLICIT INTECIR*4(I-N)

COMPLEX®16 VW, X,ES ,AZI-’.I:SE“I,AJ“ AGl4,C1,52,C3 .C5,C6,

* €7.C8,C9, %1, SINGL, BING2, SING3, b'CNu‘é 2’3./.:.,2'
REAL*S GAM.A2,A3,A5,A6, U V W,C%,ERR,PI, ¥H1, %2, DLT
¥ +ALP,APX :

DIMENSION VW (10) ,CAM(10)
COMMON /DATAZ/ XI,ERR.PI
COMMON /DATA3/ ALY, 22X
CC/ON /DATAS/ XK1,XK2,DLT
COMMON /DATA6/ A2,A3,A5,A6
WRITE (34, 100)
DO 200 I=1,41 _
X=AZ+ (AG-H2) ®FLOAT (I-1) /20.
IF (DREAL {X) .EQ.A2.OR.DREAL (X) .EQ.A3.CR.

. CREAL (X) .£Q.0. .OR.DREAL (X} .EQ.AS.OR.

»  DREAL(X). EQ Ao) GO TC 200
© ES=(A§-AZ) /200

A2P=A2+ES

A3M=A2-ES

AJP=A3+ES

AEM=A6-ES

Cl=1\2 'AS

C2=A2-A6

C3=A2-A3

C4=A3-AS
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300
c

200

160
o0

1

. (CDSCRT (CB) #C9*¢ (DLT/P1))

C5=AZ-A6
. C6=A3-A2

C7=A%-AS

C8=AG-A2

C9=AG-A3

SING1=2.%A2¢CDSQRT(ES) *C1e¢ (DLT/PL}/
(CDSQRT (C2) *C32* (DLT/PI) )

STNuzn-PI°A3°C4°°(DLT/PI) (-ES) #¢ ((PI-DLT) /P1)/
((PI-DLT) *COSGRT (C5) # CDSCRT (C5) ) _

SING3=P1:A3*C4?® (DLT/PI) *ES** ((PI- DLT) /PI}/

® ( (PI-DLT) *CDSQRT (CS) *CDSQRT (C5) )

SING4=-2.*A6%C7*¢* (DLT/PI) *CDSQRT (- ES)/

IF (DREAL (X) .LE .DREAL (A2P)) CO T0
TF (DREAL (X) .LT.DREAL (A3M)) CO TO
IF (DREAL (X) .LE.DREAL (A3P)} CO TO .
IF (DREAL (X} .LT.DREAL (A6}) ) GO TO

GO TO 2C0

CALL ROMERG(1.A2P,X,Z1)
=Z1+SING1

GO TO 300

CALL ROMBRG (1,A3P,X,22)
Z=XI*XK1+SING3+Z2

CALL VEL(VW,GAM,X,Z,U,V,W)
CP=1.+ALP## 2-Un#2.y8az-[eny
WRITE (6. %) 2Z,CP,U.V, U

WRITE (34,4C0)2,CP.U,V, W

CONTINUE

FORMAT (/5%, '4. PRESSURE DISTRIBUTION '/ ‘ =
Y V.

14X, 121,187, "0t 11X, UL, 12K, VL 42K, WL 1K)
FORMAT {4X, 2D11.4, 4 (2X,D11.4) } :
RETUAN
END

SUEOUTINE VEL (VW,CAM,%,Z,U,%, )
IMPLICIT INTEGER*4(I-N)
CCMPLEX*16& VW, A, FUN4,X,Z,XI
REAL*8 GAM,U,V,W, ERR,PI, ALY, APX, XK1, X¢2,DLT
DIMENSION Vi(10),CAM(20) - ‘
CCMMON /DATAZ/ XI,ERR,P1
COMMOM /DATA3/ ALP,APX
CCMMON /DATAS/ X¥1,XX2,DLT
A=SUN4 (VW (1) . GAM (1) , %)
V=DREAL (A}
W=DREAL (XI*A)
IF (DREAL (X} .GT.0.) GO T0 1
U=1.+DREAL (ALP*X+XI *GAN (1) ¢ (CDLOG (~VW(1}) -

¢ CDLOG {X-DCCHJIG (VM (1)) } =2, *PI¢XI) /(2. 4P}
o ~DREAL (Z) *V-DIMAG (Z) *W) “APX, XK1
Co TO 2
U=1.+DREAL (ALP*X+XT9GRM (1) 7 (CDLOG (X-VH (1) ) -
58
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) ' CDLCG (X-DCONIG (VW (1)) )) /(2. *PI) i
. -DREAL (2) *V~-DIMAG (Z) ¥W) APX/XK1 !
2 - RETURNW ‘
END
VAR FUNCTION FUN4(V.G,X)
AR IMPLICIT INTECER®4(I-N) o ,
2 ‘COMPLEX*16 V,X,FUN4,XI .~
Tt REAL*8 C.ERR,PI,ALP,APX, XK1, ¥K2,DLT,A2,A3,A5,A6
= COMON /DATA2/ XI,ERR,PI a ~ :
i COMMON /DATA3/ ALP,APX
. COMMON /DATAS/ XK1,XK2,DLT
. COMMON /DATAS/ A2.A3,AS,AS
| FLN4= (ALP+XI®Ge (1./(X-V) ~1./ (X~ DCOMJG(V)))/(’ ¢PI)).
. . *CDSQRT (X-A6) *CDSCRT (~A2)  (X-A3) 2 (DLT/PI} /
| . (X# (X-AS) @* (DLT,P1))
*'f RETURN
o END )
)
)
i
£ ' ‘
. SUBROUTINZ LIET{CAM.W,CL}
P IMPLICIT INTEGER*%(I-N)
; f COMPLEX*16 W,XI,A2P,A3M,AGM,ES,C1,C2,C3,C4,C5,C5,C7, :
A . €8,C9,C10, XINT'L, XINY2, XINT3, SINGL, SING2, |
Lo ¢ SING3, 5ING4,CLL :
P REAL*8  GAM,CL1,CL2,CL,ALP,APX, XKL, XH2,DLT,A2,A3, 45,48,
{‘]{ ’ o ERR P.s. ’ - ’
[ _ DLM:NSLON GAM (10) . W(10) .
v ' COMMON /DATA2/ XI,ERR,PI P
R COMMON /DATA3/ ALP,APX ' : b
& - COMMON. /DATAS/ XK1,¥K2,DLT :
CF CCMMON /DATAS/ A2,A3.AS5,A6
AR ES=(A6-A2) /100.
Fak C1=A2-A5
) C2=A2-AS
RN C3=A2-A3
oo b C4=A3~-AS
N C5=A3-26
PN o C6=A3-A2
g C7=A6-AS
5 C3=A6-A2
s C9=A6-A3
- . C10=AS.
) A2P=A2+ES
¥
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100

@ - 8, "' TOTAL LIET

¢ : 8x,"' LIET FROM VORTEY

A3M=A3-ES
ASM=AG-ES
CL1=2. *GAM(1) °DIMAG (k (1) -DCONJG (W (1)) ) *APX/

1& (X:K{1+ (1. -¥X1) *DCOS (DLT
CALI. ECMERG (2,A2P, M~ KINTL) ! e,

CALL ROMERG(2,A3P,C10, XIT2)
CALL KOMERG{Z,C10,ASH, XINT3)
SING1=2.*A2892¢C1®e (DLT/PI) ecnagp'r(r:s;/

_, {CDSERT(C2) #C3° ¢ (DLT/P1))
SING2=-PI2A2292¢Ca7? (DLT/PI) * (-ES) #* {{PI- DLT)/’?I)/
((PI-DLT) *CDSQRT (C5) “COSQRT (C6) )

SIPG3‘-2 “Aﬁ"’“t?*@(DLT/PI)°CDSOR£( gy, - T

(CDSORT (58) *Cov e (DLI/PI))
SINGA=PI*A3¢#2#C4% % (DLT/PI) *ESe® { {(PT-DLT} /PX)/

((PI-DLT) *CDSQRT (CS) *COSQRT (C5) )
| CLL=XINT1+SING1+SING2+XINT3+SING3 _

+ {XINT2+SING4) *DCOS (2. *DLT) o
CL2=-4.*ALP*DIMAG (CLL} *APX/ (¥K1° (XK1+(1.-XX1) #DCOS (PLT)) )
CL=CI1+CL2 : ,
WRITE (6, %) CL1,CL2,CL ‘

WRITE (24, 160) CL1,CL2,CL

FORMAT (/5X, '5. LIFT COEFEICTENTS. '/
: t,Di1.4/

',D1Y.4/

8%, LITT FROM ATTACHFD FLOU
',DLL.4/)

RETURN
END

FUNCTION EUNS (X)

IMPLICIT INTEGER®4(I-N)

CCMPLEX®16 FUNS,X,XI - :
REAL®S ERR, I, XK1, XK2,DLT, AL, A2 A5, A6
COMMON /DATA2/ XI,ERR,PI S
CCMMON /DATAS/ XK1,¥XZ,DLT

CCII4ON /DATAS/ A2.A3,A5,A6

IF (DREAL (X} .EQ.O. .OR .DREAL (X) .EQ.A5) GO TO 1

© FUNG=X+*2¢ (X-A3) ** (DLT/PL}/

N -

« (CDSQRT (X-A6) *COSCRT (X-A2) 3 (X-A3) ¢ (DL""/PL))
GO TO 2

FUNS=0.

RETURN

END
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A SUERCUTINE DECOMP (A. IPVT,OA)
- i . IMPLICIT INTECER®4(I-N)
; i IMPLICIT REAL®S (A-H,0-2) -
DIMENSICN A(10.10) ,WORI{10) ,0A(10.10},2Z(10) IPVT(IO) _-
! COMMON /DATALl/ IMAX,JMAX , ! )
‘ ; N=2¢IMAX - ,
S DO 1 I=1,N
5 - Co DO 1 J=1,N
) g OA(L.J)=A(I,J)
v 1 CONTINUE
: IPVT (W) =1
: IF (N.EQ.1) GO TO &0
MMI=N-1 _ V S
P DO 20 J=1,H e - : P
o T=0. T ‘ -
b DO 5 I=1,N e
g _ T=T+DABS (A(I,J)) ' : ' _ ' e
-; 5 CONTINUE
o IF (T.CT.ANORI) ANORM=T
RS 10 CONTINUE
: DO 35 K=1,Ml . S - L )
Lo _ XP1=K+1 ’ N
o : M=K - : P
R D3 15 I=KP1,N ' - ‘
,! ._ IF (DABS (A(I.K)) .CT.DABS{A(M.K))) KX
: ' 15 CONTINUE
o IFVT (i) =M - ,
IF (M. M2} IPVT N} :w=-IBVT () s
T=A (M, K) o ] , ' : Lo
AU K)=A(2.K) : . : P
AR, K) =1 IR
IF(T.EQ.0.) GO 10 35 . f :
DO 20 IsKP1,N
A(I.K =-A(1.K)/T :
20 CONTINUL _ L
DO 30 J-KP1.N %
T=A(M.J) !
A(M.J) =A{K,J) ‘
A(K,J)=T |
IE{T.£Q.0.) CO TO 30 E
o 25 I=Ko1,N !
A{I,3)=A(I,J)+A(L.K)*T . i
25 CONTINUE L , . i
30 CCNTINUE : » o
. as CCNTINUE
; DC SO X=1.N
. IF (.EQ.1) GO TO 45 i
. K1i=K-1 5
61 -
|
i
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DO 40 I=1,KM1
T=T+A (I, K) *HORK (I)
CONTINUE
EK=1.
IF(T.LT.O.) EK=-1.
IF (A{K.X} .EQ.0.) GO TG 90
WORY(K)--(EK+T)/A(K,K)
CONTINUE
DO 60 KB=1,NM1
K=N-KB
T=0.
KP1=K+1
DO 55 I=KP1,N
T=T+A (1K) *WORK (K)
CONTINUE
VORK (K) =T
| M=IPVT (X)

IF (M.EQ.K) GO TO 60

T=WORK (M)

WORK (M) =HCRX (K)

- WORK (K) =T

CONTINUE
YNORM=O. o

DO 65 I=1,N . .

YNORM= YNUNM#DAB$(WO M{L) 3
CORNTIHUE

CALL SCLVE (A, WCRK, IPVT, Z)
ZNORA=0.

DO 70 I"l,N

zwﬂnM+Dd55(2(1))

coxvnmm

COND=ANCRM® ZHORM/YNCM
IF (COND.LT.1.) COND=1.
RETURN

COND=1.

IF (A(1,1) .NE.O.) RETURN
COND=1.E+32

RETURN

END

SUBROUTINE SOLVE (A,B.IPVT, X}
IMPLICIT INTEGER®4(-N)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION IBVT{10}.A(10,1C),5(10},%(10) -
COMMON /DATALl/ IMAX, JMAX
N=2+IMAX
DO 1 I=1,N
X (I)=B(I)
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